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PREFACE.

DiaseTrics and especially diabetic children are here to stay. Years
ago I longed to buy them an island or a continent where they could
grow up without realizing what they missed, but they would resent
such an habitat today, because modern medicine has made them
superior to their disease. Furthermore, we should miss them dread-
fully, and scientifically we cannot spare them, until we learn how to
prevent those complications which their one-sided diet develops
both in them and even more subtly in ourselves. Diabetic Utopia,
therefore, we want in our midst and I cannot help being happy that
one of the islands of that blessed archipelago will be at the New
England Deaconess Hospital and near the Harvard Medical School.

The point of view toward the diabetic has changed and in this
edition I have tried to present this to the reader. The book has
been rewritten, much omitted and replaced, and material added
to illustrate how the patient should be treated taking advantage of
our newer knowledge., The former edition appeared when insulin
therapy was in its infaney; today it approaches stabilization and if
in its use the doctor applies intelligently the advances in physiology,
chemistry and pathology, as well as the evidence derived from
statistics, his cases will seldom be severe or even moderately severe,
but ean usually be mild. Information from all these sources, there-
fore, has been brought together to bear upon the problem of treat-
ment. Synthalin, myrtillin, the use of liver, the utilization of
exercise, the cultivation of morale and advanced ideas upon diet
all receive consideration. In fact, during the last five years when-
ever I have read, heard or seen anything which T felt would be of
value in the treatment of my diabetic patients I have recorded it
and later, if on second and third perusal it has seemed worth while,
inserted it into this book.

Private statistics foreshadow future publie statistics. Ihave taken
the greatest pains, therefore, to transcribe my own records, and
hope that others will find the results of the first 3000 cases fully as
valuable as those which have been gained from the second 3000. 1
believe that the accumulation of elinical facts is as important as the
presentation of laboratory data, and trust these will be as advan-
tageous to the surgeons, the physicians, the sanitarians and the

(v)



vi PREFACE

medical directors of insurance companies as to diabetics in general.
One can see how freely private records have been drawn upon because
895 cases have received individual citation. The purpose of yearly
inventories of cases has been to learn which methods of treatment
vielded the best results and then to recommend these methods.

The section on children has grown to fifty pages, because children
now constitute a vital problem for the doctor’s care. Few will
question the propriety of the frontispiece, if they count the number
of children they know who have survived diabetes ten years. The
methods for the prevention and treatment of coma are given in
extenso, because of the favorable results they have produced. Like-
wise arteriosclerosis and the plan employed to delay its approach
are described and the delicate handling of these only too commonly
seen arteriosclerotic patients is given in detail. The routine removal
of infected foci, so harmful to the diabetic, and the best methods
of accomplishing this are indicated. In short, I have sought to
emphasize what hurts the diabetic and what helps him and in each
instance to tell how the one state can be avoided and the other
secured as demonstrated by the practices followed in the care of
my own patients at the New England Deaconess Hospital.

Complications of diabetes were formerly of minor importance, but
they are now of major significance. Through the codperation of
many colleagues and friends I have been able to write upon many
of these far more extensively than before. Along with the data of
my own cases | have sought to include much of the literature, so
that this volume might be of greater value for reference, not only
to practitioners, but to medical students and all students of dia-
betes. Certain portions of the book are written as summaries to
inveigle the doctor into a search for details. This will explain the
unconventional medical diction of “The Diabetes of Today,” the
story of the Hédon dog, the few pages upon modern diabetic theories
and various introductory or concluding paragraphs upon causes of
death, coma, gangrene and diabetic surgery in general. In this way
I hope I have shown the drift of diabetic thought or at least of my
thoughts upon diabetes.

The book is large, but the diabetic patient today, fresh with
knowledge based upon his multitude of diabetic primers and man-
uals, has many queries. The aim has been to provide for all of
these questions, so that the doctor will have at his elbow their
answers and thus ever be in advance of his patients and so retain
their respect.

To all who have lent their aid in the preparation of the present
revision I am deeply grateful—the professors who have given me
counsel, the doctors and patients who year after year consent to
answer my annual letters, the friends who have given me material
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aid, and the Editors of The Boston Medical and Surgical .Journal,
of California and Western Medicine, of The Annals of Medicine,
of The Medical Clinics of North America, of The Jouwrnal of the
American Medical Assoctation and of The American Journal of the
Medical Sciences, for the privilege of using sentences and paragraphs
with little or no change. I am especially indebted to Professor
Hédon and the Editors of the Journal de Physiologie et Pathologie
Giénérale, for the photographs of his Montpellier dog and his descrip-
tive words which 1 have attempted to translate, although every
student should consult the original. To the erstwhile students, A.
Marble, R. Middleton and R. Miller, to my associates, Drs. H. F.
Root, W. 5. Curtis and P. White, to Dr. H. Clare Shepardson who
read the proof, to Miss I1. Hunt and Miss A. McElroy who made
the index, to Mrs. M. C. Schmitz who supervised the preparation
of the manuseript, to Miss A, Holt who certified the references, to
Miss A. Hamblen who made the statistical tables exact, to my
secretaries, the Misses G, Sargent, A. Cunningham, A. Warner and
M. Bruce, to Prof. E. M. Bailey whose kindness allows the presen-
tation of what is. probably the most complete list of diabetic foods
vet compiled, and last of all to my kind and long-suffering publishers,
I can only offer my heartfelt thanks, for without such assistance

there would be no book.
L o

Bosron, Mass,
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TREATMENT OF DIABETES MELLITUS.

SECTION 1.

THE DIABETES OF TODAY.

TuaE outstanding features of the diabetes of today are the pro-
longation of the lives of diabetic children and the replacement of
coma by arteriosclerosis as a cause of death. Diabetes is no longer
fatal and the diabetic has ceased to die of his disease. Next in
importance are: (a) statistically, the increasing incidence of dia-
hetes among women throughout the entire world wherever data are
available and the precipitous decline in Massachusetts of deaths
from diabetes under the age of fifty vears; (b) physiologically, the
influence of insulin, first upon the storage of glycogen in the muscles
as well as in the liver, and second its probable regulation of the
katabolism of protein and fat and the formation of sugar therefrom;
(¢) pathologically, the involvement of the whole pancreas in the
diabetic process as confirmed by elinical observation on depan-
creatized dogs and human beings; (d) therapeutically, the explana-
tion of what has been empirically the best in treatment in the past
by scientific work, the continued efficacy of insulin despite long use,
its adequacy in emergencies surgical and otherwise, and the possi-
bility of new medicinal aids in treatment.

In the Naunyn Era children seldom survived the disease for more
than two vears, but now already their duration of life has trebled
and their physical appearance is assurance for the future to practi-
tioner and specialist alike. One cannot look at the happy faces of
groups of diabetic children in Boston or at the pictures of similar
groups in Vienna without belief that life for them is worth while.

Death is now unusual in the early years of diabetes, particularly
in childhood. Of 245 children alive two years ago or seen since only
7, 2.9 per cent, have succumbed to the disease, which is hardly
more than 3.4 times the incidence of childhood mortality in the

2 (17)
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community at large. So contrary to old conceptions are these facts
that it is difficult to become accustomed to the new idea that the
diabetie child of today is a living and not a dying diabetic, and that
in our program for the treatment of his disease we must plan for
many vears ahead.

The increased duration of the disease in children has its counter-
part in adults between the ages of twenty and fifty years. Indeed,
86 per cent of the patients who died of diabetes in Massachusetts
during 1925 were ahove the age of fifty years.

The significance of the lengthening lives of diabetic children is
apparent in various directions. Above all diabetes in a child is pure
diabetes untainted by disease in the past and free from the effects
of the degeneration of old age. Whatever influence lessens or makes
more severe the severity of diabetes in a child should exert a similar
effect in older diabetics. Clear inferences can therefore be drawn
from treatment of the young while such inferences will always be
confused in the old. Then, too, opportunity is offered by diabetes
in children to observe the effects produced by the prolonged dura-
tion of the uncomplicated disease itself. Finally and best of all,
in the child regenerations of the islands of Langerhans should take
place far more readily than in the adult, because processes of regen-
eration and growth go hand in hand with youth, whereas processes
of degeneration are the characteristics of senescence.

The danger of growing old, whether diabetic or non-diabetie, is
now double what it was in 1860 and hence it is the part of wisdom
that all prepare for a long life. Mr. Harold Vanderbilt recognized
this and made provision for it in the new dormitory of the Harvard
Medical School which bears his name and was opened last fall. In
this building he placed a gymnasium to promote the health of
doctors-in-the-making. Hitherto In universities interest in exer-
cise ceased with the acquirement of the college degree. Now it is
hoped that while these college graduates, our medical students, are
acquiring the habit of healthful exercise themselves they will be so
impressed with its desirability that later on they will prescribe it
for their adult patients. No one worried about the development of
old age or arteriosclerosis in the diabetic a generation ago, but today
this is the foremost factor in the treatment of the disease, because
approximately one-half of those who have diabetes suffer with and
ultimately succumb to arteriosclerosis.

Diabetes as its duration lengthens progressively loses its early
symptomatology. Many cases after a series of years can scarcely
be recognized as true diabetics save from their history, and a doctor
unacquainted with this fact might easily doubt the diagnosis or
overlook the presence of diabetes. In others the diabetes appears
arrested and to the uninitiated suggests a cure. It will not be
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strange if diabetes largely disappears from the death certificate, and
in fact Miss Hamblen tells me that for six months ending July, 1927,
in Massachusetts, exclusive of Boston, 11 per cent of the 340 cases
she has so far examined will escape enumeration by international
rules of tabulation. These considerations have seemed of enough
weight to warrant an investigation of the end-results of treatment
in private practice and to discover the causes of death in the fatal
cases. As a result of this study definite information has been
obtained concerning 94 per cent of all of my patients treated to
July 1, 1926, and the causes of death are known for 99 per cent of
the 1756 cases who have died. It is this statistical inquiry which
permits the statement that whereas in the Naunyn Era over 60 per
cent of the diabetics died of coma, today this has been reduced to
10 per cent and arterioselerosis in its various forms has advanced
from 15 per cent to 47 per cent as a cause of death.!

Arteriosclerosis in the future, not coma, is the challenge which the
doctor must meet. Fortunately for the diabetic, and the non-
diabetic, too, the careful methods of study which have been carried
out upon diabetics, and especially the peculiar dietetic treatments
to which they have been subjected, may be of service not only in
the prevention of arteriosclerosis but in deferring the advent of its
partner, old age, among diabetics and non-diabetics. In succeeding
pages one will meet this arteriosclerotic factor frequently.

New views upon the physiology of diabetes have arisen, stimu-
lated to a large extent by insulin. These views are still in part
theoretical, but they have a better basis in fact than the older theo-
ries, and though they may change their form again they are of the
utmost service to the doctor in his practical treatment of a case.
It is only within the last few years that reports of acutely fatal
diabetes and complete diabetes have disappeared from the literature.
Today when a diabetic patient dies suddenly we physicians cannot
hide our inefficient treatment behind the use of these convenient
terms. It is true that these facts in themselves are compelling evi-
dence that the diabetic has not lost all his power to utilize carbo-
hydrate, and it is becoming more and more evident that it is not
so much his lack of power to utilize carbohydrate as lack of carbo-
hydrate to utilize. The dog without a pancreas lives upon protein
and fat and has a respiratory quotient consistent with that of protein
and fat, but if his liver is also taken away, one is confronted with
the surprising result that he is living upon carbohydrate, because
his respiratory quotient is unity. How can this happen? There is
an analogy in the case of the athlete under prolonged and severe
strain. He, too, like the depancreatized dog has presumably

! No death from diabetic coma oceurred between July 1, 1926 and July 1, 1927,
among 1241 diabetics traced, constituting 93 per cent of the total seen in that period.
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exhausted his meagre carbohydrate store and yet, like the depan-
creatized dog whose liver has been removed, exhibits a respiratory
quotient approaching 1. If I sense the drift of the time in scientific
circles, the diabetic is able to burn carbohydrate only in the form
of glyeogen. Glycogen is all important to the organism and its
storage in the liver and muscles is what insulin brings about. With-
out it the organism is thrown back upon fat and protein to supply
bodily needs, and in their metabolism if the sugar resulting therefrom
cannot be converted into glycogen and so become available, it is
excreted in the urine and the intermediary ketone acids take control,
cause acidosis, coma, and death. Insulin has two main functions:
(1) the promotion of the storage of glycogen, and (2) although not
vet completely proved, the regulation of the premature katabolism
of fat. One can almost hear Pliiger say: “I knew it all along,”
and Geelmuyden echo his words. Insulin, by promoting the storage
of glycogen and by preventing the premature breakdown of the fat
and protein molecules, allows the patient to take his calories partly
in earbohydrate rather than almost exclusively as non-carbohydrate
food. This has already led to the prevention of lipemia and may
prevent the deposition of cholesterol in the bloodvessels. Further-
more, the importance of the muscles as a storehouse of glycogen is
brought to the fore and exereise has now become a rule for the dia-
betie, not only in his daily oceupation, but when confined to bed
by a surgical operation. It is as important for a diabetic patient
to utilize the glycogen storing power of his muscles as his liver.

The treatment of the diabetic has not heen simplified by insulin,
but has been made complex. The diabetic taking insulin is like a
rapidly moving machine which a slight swerve of the wheel will bring
to disaster. This was not true of old-fashioned treatment without
insulin. Little changes in treatment then made little differences in
condition. The diabetic today must become the master of a more
complicated art of diabetic living through knowledge and education.

Knowledge comes from the schools, but wisdom is the gift of the
gods, and most of us have had to go to school, the diabetic along
with the rest. More and more the schools for diabeties will be in
evidence. Already the diabetic school has driven the simple dia-
betic from the hospital and his bed has been usurped by the dia-
betic with complications. Class teaching has accomplished this
change, and already an aim of the Chemical Foundation is being
fulfilled by the dinbetic, namely, fewer hospitals rather than more.

The diabetic has made another contribution to medicine in that
he has enabled the doctor to absorb the surgeon by bringing him to
the medical wards, there to treat his wonderfully interesting compli-
cations under medical surroundings. The diabetic has introduced
border-line wards of medicine and surgery. Now it is the worst dia-
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betie, not the best, who is sought by the hospital, and among these
the surgical diabetic heads the list. The surgical diabetic is the
serions diabetic, the diabetic who dies. The mortality for surgical
diabetics is six times that of medical diabetics and hence they deserve
our best care, and that means surgical care in a medical ward.

How dependent the diabetics are upon surgeons! Every other
diabetic patient consults a surgeon before he dies, and it goes with-
out saying that every diabetic should have a pathological surgeon
after he dies. The surgeon who removes a gall-bladder today little
knows how often he prevents the diabetes of tomorrow. To the
surgeon a diabetic turns for relief from acidosis. His infection
makes his diabetes worse, and it is the surgeon who cures the infec-
tion. The physician can tell his patient not to over-eat, but it is
the surgeon alone who can prevent the harmful over-eating of hyper-
thyroidism, As yet the surgeon cannot alleviate atherosis in the
heart or brain, but his technical skill already saves a diabetic his
legs, and who knows how long it will be before the surgeon will
attack the pituitary problem of overgrowth in the prediabetie child.
No wonder the doctor and the diabetic welcome the surgeon to the
medical wards, because the surgeon is the diabetics’ friend.

Dogs without a pancreas, whether they live in Montpellier, France
or in Toronto, Canada, require no more insulin today than when it
was removed three vears ago. If the dose of insulin need not be
raised in dogs without any pancreas, why should it be raised in a
patient who has some pancreas? Presumably it is not the diseased
process itself working in the pancreas which is responsible for an
extra demand for insulin by some of our patients, but rather other
factors, such as gain in weight and increased diet which insulin
itself allows.

Hédon’s Dog. I hope the reader will glance at his story and look
at his pictures on page 23 and not forget that 668 of my patients
went through most of the stages of that dog exeept that of recovery.
Fat diabetic dogs in Canada and France have less chance for recovery
from coma than thin dogs even with the help of insulin!

Severe diabetes. Is there such an entity? Surely the cases we
used to call acutely fatal diabetes and complete diabetes do not
represent this state. I cannot call my faithful children severe any
more than I would call a diphtheritic case severe when protected
by antitoxin. With adjustment of diet these patients usually
become manageable, and the more one thinks about them now the
more it is manifest that they grew worse in the old days, not becanse
of the disease, but because of your and my honest, but misdirected,
dietetic advice. On account of insulin it is hard to find a diabetic
who looks severe or whom an audience will believe to be severe. At
any rate it is a comfort for a diabetic undergoing proper treatment to
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know that he does not look severe and that if rules are followed he
will not become severe. The time has arrived when all recognize
that diabetes is fatal only from its complications, which in turn are
generally avoidable accidents.

Is diabetes curable? At present the verdict is: “Not proven!"
But I am wondering what is going to happen to Case No, 632.
At the age of thirty he contracted diabetes, and I could not get him
sugar-free the next vear and only did so the following with fasting.
Undernutrition preserved him eight years for the era of insulin
which he began when his tolerance for carbohydrate was 15 grams.
Now after fifteen years of diabetes his general health is perfect; he
is free from gl\'(ll‘-slll"!.l free from lipemia, glycemia is almost normal,
his insulin is still 22 units, but he tolerates 138 grams carbohydrate.
The clinical evidence of regeneration of the pancreas is growing.

THE DEPANCREATIZED DOG.

The Strassburg dog whose pancreas von Mering and Minkowski
removed in 1889 taught us the cause of diabetes. In consequence
of that epoch-making experiment it was also learned that carbo-
hydrate is formed out of protein in a fairly definite ratio, as shown
by the exeretion of nitrogen and sugar in the urine, that levulose is
the one type of earbohydrate which, when administered to such an
animal, will lead to the deposition of glycogen in the liver when
other forms fail to do so, and that the factor of safety of the pancreas
is s0 great that more than nine-tenths can be removed before dia-
betes results.

With dogs in New York Allen increased our knowledge of dia-
betes still more by demonstrating that they simulated all the fea-
tures of diabetes in man provided they were partially depancreatized
in various states of nutrition. Undernutrition prolonged the life
of such animals, whereas overnutrition with any kind of food
shortened it. Even acidosis resulted provided the pancreas was
largely removed when the previously partially depancreatized
animal was fat. In consequence treatment of diabetes became
simpler and was put on a more scientific basis.

Now in the age of insulin depancreatized dogs have again come
to the aid of the clinician. On this occasion they are the dogs of
Macleod in Toronto and of Hédon in Montpellier, France. And
what a wealth of information through them has been disclosed for
the world’s diabetics. The Toronto dogs were depancreatized in
November, 1923, and February, 1924; and on September 8, 1923,
Hédon depancreatized his dog save for a subcutaneous graft from
the tail of the pancreas which in turn was extirpated on January 4,
1024, (Fig. 1.)
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Hitherto the life of the completely depancreatized dog was meas-
ured by a few days, and his human counterpart by a few years, but
already these dogs of Toronto and Montpellier have survived more
than half the span of life of their race and remain in good health.
Thus they have demonstrated that diabetes in man, which is never
quite so complete as in these dogs, builds no barrier to continued
existence. What a gift these dogs have bestowed on diabetic man-
kind through the instrumentality of insulin and its discoverers
Banting and Best and their associates Macleod and Collip.

Fic. 1.—Dog. No. 440, April 16, 1924, four months after depancreatization and
one hundred days after the beginning of insulin treatment. Weight 7 kilos, appear-
ance normal. Appearance after three months is exactly the same. (After Hédon,
Jour. de Physiologie et Pathologie Générale.)

The dosage of insulin which keeps these dogs alive has not been
increased or could it be diminished. Insulin therefore does not lose
its power in the course of time, but on the other hand no organ of
the body can assume the function of the pancreas and produce it.
But this is not quite the whole story. Regularity in administration
has allowed a gradual reduction in dosage and conversely the dosage
had to be notably increased when a deficiency of insulin developed
in the body either as a result of insufficient doses or because of
voluntary suspension of treatment.

Likewise the character of the diet was important. From the
beginning it was evident that when the diet of the Montpellier dog
consisted of 25 per cent carbohydrate he was lively, in good spirits
and gained weight and strength, but when the ration was exclu-
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sively meat the reverse took place. The animal needed carbohy-
drate and so it came about that for practical purposes carbohydrate
and two daily injections of insulin were regulated by permitting a
slight glycosuria in order to prevent hypoglycemia.

“The apparently normal condition of these animals, despite the
high level to which the blood sugar rises during certain periods of
each day (postabsorptive), would seem to contradict the view of
clinical ohservers that hyperglycemia per se can be the cause of
degenerative changes in the arteries, the kidneys, the eyes, and other
tissues. No indications of such changes have heen observed, nor do
the animals appear to be susceptible to those catarrhal infections
which are often observed in dogs kept in confinement.” (Macleod.!)
Professor Hédon writes me that the bloodvessels of his dog show no
arteriosclerosis by Roentgen-ray.

Insulin alone, however, does not suffice to protect a depancreatized
dog in Canada or France. Such an animal requires trypsin in
addition. This he can obtain by eating raw pancreas, or the pro-
ducts of the digestion of casein by trypsin, or the pancreatic juice of
another dog with a pancreatic fistula. In this respect the depan-
creatized dog differs from the human diabetie. The dog has no
pancreas but the human diabetic retains pancreatic tissue which
still functions though the work of Jones and his confreres has made
us aware that it is often lacking in full strength. With a pancreas
a dog can live on a meat diet, not so when the gland is removed.

Attempts to treat the depancreatized dog with insulin alone failed
both in Europe and America. Fischer was unable to maintain life
with his dogs for more than eight months. Such dogs succumb to a
fatty degeneration of the liver and arterial atheroma, which Macleod
noted occurred more frequently if the animals were fed exclusively
with meat, but more slowly when cane sugar was added to the meat
diet. The latter attributes these hepatic alterations to improper
digestion of protein, because of loss of pancreatic juice and the
absorption of toxic substances such as amines. Hédon agrees with
him. According to his observations, trypsin must be indispensable
to life for if the pancreatectomy has been complete the absence of
trypsin not only leads to intestinal putrefaction, but brings about
the loss of certain amino-acids such as tryptophan and cystine, as
well as others which are known to be indispensable. This would
appear to be the explanation for the need of trypsin by these dogs
and not that the insulin is toxic either of itself or through the admix-
ture of some impurity. Penau and Simonnet* have taken a some-

1 Maecleod, J. J. R.: “ Carbohydrate Metabolism and Insulin," Longmans, Green
& Co., Ltd., London, 1926, p. 88.

* Penau and Simonnet: Acad. de Sciences, Compt. Rend., 1924, 178, 2208,
Ann, des Méd., 1926, 19, 401,
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what different view, and it is possible that a vicarious ferment action
can be established in some dogs and not in others.

The failure of lipase contributes to the wasting away of the dog,
because the food fat is almost completely eliminated in the feces.
The absence of lipase is less important than trypsin because other
glands can furnish it and furthermore a totally depancreatized
animal can absorb a sufficient fraction of fat from milk. Then, too,
it now appears that he can live on his own body fat, which thanks to
insulin, in the stage of intermediary metabolism changes to carbo-
hydrate. As for amylase enough can be furnished by the remaining
digestive tract. The external secretion of the pancreas, therefore,
appears indispensable to life. Although it may not be equal in
importance to the internal secretion during a short period at least
it is just as important in a long period.

The sexual power of the depancreatized dog persists. The Mont-
pellier dog impregnated various other dogs and in one instance six
puppies were born and four developed normally. Sexual power
has been noticed also with depancreatized female dogs treated with
insulin by Penau and Simonnet, and Macleod and his colleagues.
They have not been able to confirm the work of Carlson and Dren-
nan that toward the end of the pregnaney the internal secretion of
the fetal pancreas benefited the mother.

Pruritus and alopecia developed at one time in Hédon's dog. He
was covered with scratch marks and his hair fell off in large areas.
When cystine was added to the diet with flowers of sulphur and later
with sodium arsenate the animal was completely cured and the fur
came back. (Fig. 2.) From here on I often use Hédon’s words.!

Later another malady developed probably due to a loss of fat-
soluble vitamine and this was xerophthalmia. The conjunctivitis
was intense with photophobia and opacity of the cornea although
the general state of the animal remained good. This condition
healed rapidly when seraps from the kitchen were added, but most
of all by the addition of bone. The reappearance of the malady
with several tests proved that the organic substances in the bones
were responsible for this cure since tricaleium phosphate alone was
not effective. Cod-liver oil was not of value, presumably because
not absorbed. The disappearance of corneal trouble was striking
when the bones were added to the diet and in fact was a matter of
only a few hours. (Fig. 3.)

The boulimia was the symptom which showed most clearly that
the dog did not have a perfectly normal nutrition. From the begin-
ning of the experiment he never ceased to have an exaggerated
appetite. This was greater when on a meat diet when his weight
fell below 7 kilos, but it persisted even when he received a mixed
diet. He was never satisfied although his reserve of fat deposit was

! For ref., see p. 32.
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superabundant. The animal was constantly in quest of food remains,
licked the floor to obtain any remnant of sawdust, and even swal-
lowed such indigestible objects as paper, cotton, rubber, cork. One
would say that his instinct made him seek for some dietary sub-

Fic. 2.—Dermatosis, falling of the hair, in June, 1925. (After Hédon, Jour. de
Physiologie et Pathologie Générale,)

Fi, 3.—The animal completely cured of the skin disease and in good general
health, but suffering from *“xerophthalmia,’” September, 1825. (After Hédon, Jour.
de Physiologie et Pathologie Générale.)

stance which was lacking. Even after feeding he would eat food in
immoderate quantities which other dogs would obstinately refuse.
This perversion of hunger one often observes in untreated dogs with
cachexia, but it is strange to see it in an animal who presents all
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the external appearance of health and is living on a mixed diet.
Every attempt to overcome it by the addition of various foods and
amino-acids failed. One might impute it to hypoglyeemia caused
by insulin, but that is improbable because the blood sugars were
above normal. Furthermore the boulimia persisted in those periods
when there was a moderate glycosuria.

So soon as insulin was omitted the latent diabetes returned with
full force. In a few days a state of severe acidosis developed which
led to coma of typical character from which the animal was rescued
while in extremis by the subcutaneous injection of insulin supple-
mented by the intravenous injection of sodium bicarbonate. On
January 29, 1925, thirteen months after depancreatization while

Fi1a, 4.—The animal in perfect health, three hundred and ninety days after the
rf'-m()_\'al of the panereas. On this day treatment ceased, (After Hédon, Jour, de
Physiologie et Pathologie Générale.)

the animal was in perfect health (Fig. 4) insulin was omitted.
The very next day 10 per cent of sugar appeared in the urine
accompanied by extreme polyuria and thirst. The diet was then
reduced to 400 ce. of milk and 300 grams of meat. On the fifth
day 53 grams of sugar were excreted. Although the animal sud-
denly grew thin he withstood his diabetes very well, but on the fifth
day his aspect was completely changed. He was sad and downcast,
moved slowly and his muscles were stiff, his appetite was lost and
there was difficulty in swallowing. Diacetic acid, granular and
fatty casts, and free fat appeared in the urine, as well as albumin
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and bile pigment, and it was evident that he was entering into a
state of acidosis. The following day these symptoms were such
that he refused his food, was no longer able to raise himself, fell

Fra. 5.—Beginning of symptoms, five days after the omission of insulin. (After
Hédon, Jour. de Physiologie et Pathologie Générale.)

FiG. f.—Increased severity the morning of the sixth day. (After Hédon, Jour. de
Physiologie et Pathologic Générale.)

into a somnolent state, and finally into a deep coma with slow
respiration,. He was given injections of insulin, but they were
powerless to bring him out of the coma although the hyperglycemia
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F16. 7.—Semi-comatose state during the sixth day. (After Hédon, Jour. de Physio-
logie et Pathologie General.)

Fiii. 8,—Complete coma the evening of the same day, notwithstanding the resumption
of insulin injections. (After Hédon, Jour. de Physiologie et Pathologie Générale.)

Fic. 9.—The following morning (seventh day) the animal restored by intravenous
injections of bicarbonate of soda the preceding night.! (After Hédon, Jour. de
Physiologie et Pathologie Générale.)

Fras. 5 to 9.—Development of aceidents of acidosis eaused by the cessation of
treatment.

! Figs. 4, 6, 8 and 9 are reprinted from “Traite de Physiologie normale el patho-
logue, t, IV, in preparation, Masson, edit,
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and the glycosuria were suppressed. The animal was moribund.
The alkaline reserve had fallen to 11 per cent. He was then given
an intravenous injection of 2 grams of sodium bicarbonate and the
effect was most happy. An immediate amelioration of symptoms
was produced which was strikingly apparent to all present. The
dog raised his head and became conscious. A second injection a
little later reanimated him still more, so that he began to take morsels
of meat to which was added a little more of the alkali. He was,
however, unable to get up from his bed, but a third injection liter-
ally resuscitated him, and the dog which four hours before was
about to die raised himself spontaneously, walked around the labo-
ratory with rigid steps like an automaton in order to come to us for
food. The next morning his condition was still better and he had
eaten during the night all the food placed at his disposal. Fig. 9
shows how he looked, active, the museles still weak, but vet
restored. The return of health, therefore, was accomplished very
quickly with the help of insulin and the addition of carbohydrate.
The trouble with the urine disappeared completely, the hemo-
globinuria immediately, the albuminuria and lipuria more slowly.
The body weight was regained in a few weeks. (Figs. 5-9.)

Treatment with insulin alone did not heal the coma of this dog.
Can it be that the salt solution 1 give my patients acts just as effec-
tively as sodium bicarbonate? It would seem to be so.

Why do dogs treated with insulin acquire acidosis when depan-
creatized dogs not so treated only rarely develop it? One could
explain this by reason of the suddenness and intensity with which
the change in metabolism is produced in an animal suddenly and
completely deprived of pancreatic hormone while reserves of fat are
abundant. The rapid breaking down of fat as shown by the lipuria
and its imperfect metabolism inundates the organism with inter-
mediary products which it has no time to master. Perhaps accord-
ing to Petrén’s theory the ordinary depancreatized dog lives too
short a time for this perversion of ‘metabolism to develop but the
insulin dog lives long enough for such to oceur.

The metabolism of this dog during his state of acidosis was
greatly augmented above the periods without acidosis, while the
respiratory quotient fell to a lower value than usual. As for the
elevation of the basal metabolism Hédon writes it does not seem
that one can relate it simply to the increase in protein disintegration.

Comments upon Table 1. The respiratory quotient before the
diabetes began was 0.74. Upon a meat diet with insulin it later
was about the same, 0.74 to 0.75, but on a mixed diet it was 0.79.
When insulin was omitted the respiratory quotient fell to 0.71,
with a mixed diet. When insulin was omitted and the animal was
allowed to go into acidosis, by the sixth day the respiratory quotient
had fallen to 0.69. It will be observed that a prompt elevation of
metabolism followed the pancreatectomy.
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Taprg 1. —Tae Respiratory Quortiext axp CoHanee 1v WeicaT oF mae Hipon
Doa vNpER VArous EXrEriMENTAL CONDITIONS,

E;ﬁ: Calor'u-a| Weight | Conditions of the animal and data of
Dates. R. Q. El_er or of the experiment. Food preceding the
lo ilo | animal, day of the experiment.
hour. hour. kgs.
| |
1924 | |
Jan. 2 } 0.74 30 | 2.40 | 6.438 | Before extirpation of the graft: no
diabetes; meat diet.
Jan. 4 0.74 92 2 .62 | 6.436] Following extirpation of the graft;
Jan. 5 0.70 97 | 2.73 | 6.224] diabetes; meat diet.
Jan. 7 0.75 93 2.72 | 6,035 | Insulin; meat diet.
Jan. 8 0.75 99 | 2.78 (6.033| *“ a
Jan, 10 . 0.75 106 | 2.54 | 5.993 ol “
Jan. 14 0.74 85 | 2.80 | 5.768 o 5
Jan. 18 0.79 37 | 2.48 | 6.026 | Insulin after 4 days, mixed diet
(milk, bread, meat).
Feb. 2 . 0.77 38 2.31 | 6.514 | Insulin after 15 days, mixed diet.
Feb. 15 0.74 46 2.36 | 6.796 | Insulin after mixed diet, but meat
diet night before.
Feb, 22 0.75 54 2.27 | 6,407 | Insulin after mixed diet, then
| meat diet three dayvs.
April 12 D.7T4 41 2.20 | 7.083 Insulin after long period, mixed
| diet, meat diet night before.
April 15 .| 0.71 107 2.65 | 6.914 | After discontinuing insulin 48
hours; diabetes severe.
May 26 2| BalT a2 ‘ 2.15 | 6.857) Insulin treatment allowing slight
Dec. 9 . 4| Fesl 50 | 2.15 | 6.929) glycosuria to persist.
1025 |
Jan, 206 . . .| O0.84 52 2.14 | 7.122 | Insulin diseontinued for 18 hours;
! no glyeosuria; mixed diet pre-
| ceding.
Jan. 30 - | LTH 158 3.01 | 6.877 | Insulin still discontinued; dinbetes
| severe; mixed diet preceding.
Jan. 31 . . .| 0.71 93 2.97 | 6.755 | Same; no insulin; diabetes severe;
| mixed diet preceding.
Feb. 3 0.71 118 3.562 | 6.423 | Hame; diabetes severe; same diet
| minus bread.
0 69 99 | 3.27 | 6.204 Bame; diabetes severe; state of
| | pronounced acidosis.

From the table one can also discern the change in weight which
fell on a meat diet, but increased with the addition of carbohydrate;
the rise in metabolism coincident with the meat diet and its fall
when carbohydrate was added and its subsequent rise during
acidosis; the excretion of urea in the thousandths of a milligram
per kilo hour which rises with a meat diet, falls with a mixed diet
which includes carbohydrates, greatly increases when insulin is
omitted, and remains high during acidosis.

The external appearance of the Montpellier dog, and this is also
true of his Toronto friends, is at present just the same as it was
at the beginning of experiment. Weight and strength are maintained
at a constant level and one would expect the continuance of treat-
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ment to procure for him a greater longevity. There is a modifica-
tion of his disposition dependent upon age and manner of life and
the development of the symptoms of parorexia already deseribed,
but these are the only traits which indicate a variation produced in
the dog in the course of years. The power of insulin to maintain
the totally depancreatized dog for an indefinite survival in good
condition is thus proved, provided it is associated with the adminis-
tration of panereatic ferments by mouth.

The story of 440, the Montpellier dog without a pancreas, is
shown by nine of his pictures. For permission to insert these I am
indebted to Professor Hédon and he has kindly added a tracing of
the femoral pulse (Fig. 10) which was made upon June 13, 1927,
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Fic. 10.—Tracing of femoral pulse, June 13, 1927. (Hédon.)

The original article deseribing the experiments with this dog was
published by Hédon in the Journal de Physiologie et de Pathologie
Giénérale, 1927, 25, No. 1, page 1. Like the articles of von Mering
and Minkowski, Allen and The Toronto School it is a classic and
should be read by every student of medicine.

The pictures of these dogs show the stages of diabetes which other
doetors and 1 must treat. It is pathetic to record that prior to
July 1, 1926, T alone have had 668 patients scattered throughout
all the world whe failed to recover from the eighth stage of this dog.
If dogs in Montpellier and Toronto can recover from such a state,
is it strange after what 1 have lived through these twenty-nine years
that I should lay emphasis in this book upon the needlessness of
deaths from diabetic coma, and record here my indebtedness to the
dogs who have helped to save my patients’ lives?
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SECTION IIL.
INSULIN.

A. HISTORICAL.

Insulin, the hormone of the pancreas which regulates carbohydrate
metabolism, was discovered in 1921 by F. G. Banting with the
assistance of C. H. Best! while working under the direction of Pro-
fessor J. J. R. Macleod in the Physiological Laboratory of the
University of Toronto. Thus, just a generation elapsed since that
other epoch-making discovery in diabetes by von Mering and
Minkowski* was announced, when they proved that fatal diabetes
would follow complete removal of the same gland.

Langerhans® discovered the islands which bear his name in 1869,
but Laguesse* in 1893 was the first to suspect that they produced
an internal secretion. Laguesse also noted that they were more
numerous in the fetus and new-born. The demonstration by Opie?
in 1901 and Ssobolew® in 1902 that they were the elements of the
gland involved in pancreatic diabetes gave a new impetus to the
search for a pancreatic ferment. Ssobolew was the first to point
out that the atrophy of the pancreas which was known to follow
ligation of the pancreatic duct was confined to the acinous tissue
and hence did not result in glyeosuria, but that when in the course
of time the islands became involved glycosuria developed. THe also
suggested that the pancreas of new-born calves would prove to be a
fruitful source of the hypothetical internal secretion to which four-
teen years later in 1916 Schafer” proposed the name of insulin.

The literature upon insulin is so voluminous that this entire book
could be filled several times over with abstracts. Here I have been
obliged to deal largely with end-results of investigations although

! Banting and Best: Jour. Lab. and Clin. Med., 1922, 7, 251.

* yon Mering and Minkowski: Arch. f. exp. Path. u. Pharm., 1889-1590, 26, 371.

¥ Langerhans: Beitriige zur microgkopischen Anatomie der Bauchspeicheldriise,
Inasug. Dissert., Berlin, 1569,

i Laguesse: Compt. rend. Soc. Biol., 1593, 45, S19.

i Opie: Johns Hopking Hosp. Bull,, 1901, 12, 263.

8 Ssobolew: Zentralbl, {. allg. Path. u. Path. Anat., 1900, 11, 202; algo Virchow's
Arch. f. Path. Ahat., 1902, 168, 91.

7 Schafer: The Endoerine Organs, Longmans, Green & Co., 1916, p. 125.
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no one more than I realizes that the early steps in studies which
seemed to lead nowhere really form the basis for the completed
stairway. For details not here given the reader is referred to Camp-
bell and Macleod,! to a monograph “Insulin” by Grevenstuk and
Laqueur,® another entitled “La Secretion Interne du Pancreas et
I'Insuline” by Choay,® and still another L’Insuline by Aubertin.4

Early Extraction of Insulin.—In accord with Ssobolew’s idea
Banting and Best first sought insulin in the pancreas of dogs in
whom they had ligated the ducts some seven to ten weeks previously.
They first employed Ringer's solution for the extraction of the
ferment and with it obtained an extract from the atrophied gland,
which lowered the sugar in the blood and urine of a depancreatized
dog and proved that the extent and duration of the reduction varied
directly with the amount of extract injected. With Ringer’s solu-
tion they also obtained an active extract from the entire pancreas
as well, though this was less powerful. On the other hand an extract
of the pancreas of a fetal calf, suggested by the discovery of Laguesse
of the abundant islands in the fetus, furnished large quantities of
the latter secretion. An extract made with 0.1 per cent hydro-
chloric acid also proved effectual. Later it was proved that the
active principle of the gland remained in solution in alcohol percent-
ages below 92 per cent and by using percentages below this much of
the protein could be removed.

The use of 0.7 per cent tricresol to prevent sepsis aided greatly
in securing a sterile preparation which was safe for both intravenous
and subcutaneous use. Extracts were soon obtainable which were
practically free from protein, salts, and alcohol-soluble substances.
These could be made isotonic and injected subcutaneously without
local reactions. In this refinement of the extract Banting and Best
were assisted by J. B, Collip who injected the erude extract into
normal rabbits and found that the blood sugar became reduced.
This gave a method for testing the potency of the various procedures
which he devised for its purification.

Subsequently improvements were made in the original methods
of extraction of the insulin. Sodium sulphate as well as ammo-
nium sulphate with a carefully adjusted pu between five and six
and picric acid have been employed to remove the protein and
loss of extract has been retarded by placing the pancreas imme-
diately in a freezing mixture. From the insoluble combination with
pieric acid it is possible with hydrochlorie acid to obtain a soluble
salt of insulin hydrochlorate. Dodds and Dickens® introduced the

1 Campbell and Macleod: Medicine, 1924, 3, 195.

¢ Grevenstuk and Laquer: Munich, Bergmann, 1925; also: Ergebn. d. Physiol,
1925, 23, Abt. 2, 1.

i Choay: Paris, Masson et Cie, 1926,

4 Aubertin: Paris, Gaston Doin et Cie, 1926,
b Dodds and Dickens: Lancet, 1924, 208, 330,
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use of formic acid in aqueous solution for the extraction of insulin
as a preliminary step to the precipitation of the protein with pierie
acid. The insulin picrate was dissolved with acetone. These pro-
cedures greatly simplified the extraction by making it unnecessary
to use so much aleohol. In the various extractions fat was removed
with sulphuric ether.

Abel and Geiling! used the commercial insulin prepared by the
Lilly Research Laboratories as a basis for their work. Dry insulin
powder so prepared was evaluated at 8 rabbit units per milligram:
a later preparation which was furnished was valued at 12 units per
milligram.

B. NATURE OF INSULIN.

Composition of Insulin.—Purification of the extracted insulin
has further progressed in the hands of Abel and Geiling. They have
separated from Iletin (Eli Lilly Company), protein-like fractions
from which active insulin can be removed. In this way they have
greatly raised the potency of insulin. According to Abel and Geiling
sulphur is an integral part of the insulin molecule and the activity
of a preparation of insulin is directly proportional to the amount
of sulphur which it contains. Phosphorus is not a constituent
of insulin. The nitrogen content of different preparations varies
between 13 and 20 per cent. The same methods of preparation
show a marked variation in the carbon, hydrogen, and nitrogen
content according to Shonle and Waldo.®

Blatherwick, ef al?® have also investigated the composition of
insulin. They believe that they have separated a preparation fully
as potent as that of Abel but devoid of sulphur. This preparation
is almost erystalline when combined as a phosphate or tungstate.
Insulin has certain resemblances to guanidine.

Insulin is a hydroscopic powder, soluble in water and 80 per cent
aleohol, but insoluble in 92 per cent alcohol and acetone, and pre-
cipitated by half saturation with ammonium sulphate, by kaolin,
charcoal, and ammonium sulphate. Its solubility depends largely
on the hydrogen-ion concentration. The iso-electric point of pre-
cipitation lies between 5.5 and 6.

Insulin is a protein 'according to Dudley* and he is led to this
conelusion because of: (1) its ready adsorption, (2) its failure to
pass through an ultra filter, and (3) its rapid digestion by trypsin
and particularly by pepsin. All these qualities indicate a complex
protein-like structure. It must be a large molecule and hence its

! Abel and Geiling: Jour, Pharm. and Exp. Therap., 1925, 25, 423.

19;58112{;1“; ;;ld Waldo (cited by Abel and Geiling): Jour. Pharm. and Exp. Therap.,

* Blatherwick, ef al.: Jour. Biol. Chem., 1927, 72, 57.
4 Dudley: Biochem. Jour., 1923, 17, 376.
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absorption and passage through mucous membranes must be diffi-
cult. Yet after all it may not be a protein and the protein so inti-
mately connected with it may be simply an impurity.

Insulin will keep for a year or more even in warm climate. It
can even be boiled if the acidity is about pu 5; neutral solutions
are destroyed by boiling and alkaline solutions still more rapidly.
Insulin does not readily lose its power even if the solution in which
it is placed should decompose with bacteria and yeast, and smell of
hydrogen sulphide. See Shonle and Waldo.!

Abel and Geiling were able to separate commercial insulin into a
number of different fractions, each of which is capable of further
fractionation, but only one of which contains the true insulin or
pancreatic hormone. All of their active preparations were char-
acterized by the presence in them of sulphur in a remarkably labile
form of combination and they sought to correlate the hypoglycemic
action of a given fraction with this instability of its constituent
sulphur. They hope that by determination of the sulphur it may be
unnecessary to resort to an assay of insulin with animals save for
an occasional verification. They obtained a rabbit unitage of 40
units per milligram with one of their preparations.

They consider that this unstable sulphur is an integral part of
the insulin molecule.? In a later communication they report having
obtained the insulin compound in erystalline form with constant
melting point. The compmlnd gives a biuret reaction, a weakly
pmltn e Mellon's reaction as well as Pauly and ninhydrin reactions.
It is very sensitive to alkali. One hundredth of a milligram lowered
the blood sugar of a rabbit to 0.045 per cent. Evidently “we are
dealing with a hormone which, in very high dilution, influences
carbohydrate metabolism acting, as it were, like a catalyst in a
chemical reaction.”

Quantity and Distribution of Insulin. — Sources of Insulin.—
Before entering upon a deseription of the action of insulin reference
will be made to the amount of insulin which exists in the pancreas
and the source from which it can be obtained. As a measure of
insulin, agreement has been reached upon a unit of strength. The
physiological unit at present is the amount of insulin necessary to
reduce the blood sugar of a 2-kilogram rabbit, deprived of food for
twenty-four hours, to the convulsive level, 0.045 per cent, within
five hours. The clinical unit is one-third of the strength of the
physiological unit.

Our knowledge of the amount of insulin which exists in the pan-
creas is obviously changing with the improvement of the methods
adopted for its extraction. Estimates vary from 15 to 22 physio-

! Shonle and Waldo: Jour. Biol, Chem., 1924, 58, 731,
* Abel: Proe. Nat. Aead. Sei., 1926, 12, 132,
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logical rabbit units per kilogram of the fresh gland of domestic
animals to 5000 or even 10,000 (Fenger and Wilson), and to 40,000
units per kilogram of the prineipal islets of cod (Dudley). In April,
1922, Best and Scott obtained 15 units of insulin per kilogram from
the pancreas whereas in July, 1923, methods of extraction had
improved so markedly that they were obtaining 400 units per kilo-
gram. The most insulin could be obtained per kilogram from the
pancreas of a horse, then from hogs, then from beef. One can extract
enough insulin from the pancreas removed from a dog so that when
this is injected into the same animal he becomes aglveosurie, and
actnally can be killed while exhibiting the picture of excessive
hypoglycemia. Therefore, the pancreas is a storehouse for insulin.
Some indications show that insulin exists in the pancreas, but must
be activated in order to hecome potent. Insulin may not act the
first day after being extracted from the pancreas, but will act after
standing for one or two days. Insulin appears to be present in
every living cell where carbohydrate metabolism is going on, but
the islands of Langerhans are the cells in which insulin is most
abundant in the body.

The common source of insulin is the pancreas of domestic animals
(hogs and cattle). Insulin is also to be obtained from fish. In
certain of the teleostal fishes (angler fish, seulpin, cod, pollock, and
halibut) the islet tissue is collected into nodules separated from the
zymogenous tissue. This so-called “principal” islet may attain the
size of the adrenal gland of the rabbit. Although insulin can be
obtained in more concentrated form in fish than in domestic animals,
so far as I am aware no resort to this source has been made commer-
cially.

Insulin is found in tissues other than the pancreas but the pan-
creas appears to be the one and only original source. Best and
Scott prepared insulin from the submaxillary, thymus, and thyroid
glands, and from liver, spleen, and muscle tissue and in fact insulin
was present in every tissue they investigated. It is not reported
as having been found in the hypophysis. The total muscular system
of a dog contains at least twenty times as much insulin as his pan-
creas, his blood at least five times as much, the liver fully as much
as the pancreas. It is remarkable that the tissues of non-diabetic
animals narcotized with ether produce far less insulin than normal
or even diabetic animals. This may explain some of the untoward
effects which in the past have followed the abundant use of ether.
Best and Scott also found it in the urine and believe it excreted in
somewhat greater amounts by pregnant women than by normal
men. They did not find it in the urine of diabetics and Nothmann
observed that it disappeared within a few days from the urine of
dogs after extirpation of the pancreas.!

1 Nothmann: Cited by Jour. Am. Med. Assn., 1027, 89, 47,
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In Table 2 are given the results of analysis of various tissues' in
3 of my diabetic cases and of the pancreas in 1 non-diabetic case
compared with analyses of 1 diabetic and 2 non-diabetic cases
reported by Baker, Dickens, and Dodds,® autopsied within three
hours of death.

TasLE 2.—INsuLiN CoNTENT oF Humay TissuEs.

|
Units of insulin per 100 grams tissue.

Case number. Cause of death.
Pan- | Thy-
creas. | Liver. Kidneyn.il:[em. roid. | Spleen.
|
Diabetic®
127 . | Gangrene, coronary| 14.7 1:2 1.6(1.1 1.0
thrombosis
3502 . | Multiple abscesses 25| 09 1.9 | 2.2 2.2
4289 : I:‘iepticemia 25.0 3.0 100 3.0 | 9.0
Non-diabetie! . | Cancer of pancreas 70.0
| Pulmonary embolism | 87.0| 25.0 | 116.6 00.0
Baker, Dickens Myoeardial degenera-| 108.0 11.5
and Dodds tion
| Diabetic coma 42.5| 16.3
!

From so small a series of analyses carried out under the handicap
of transporting specimens a great distance we cannot attempt to
draw general conclusions. It is, however, striking that although
greatly reduced in amount, insulin was present in both Cases Nos.
127 and 3592, whose pancreases showed marked degenerative change.
The duration of diabetes in Case No. 127 was known to have been
twenty-five years and of Case No. 3592 was 0.5 years. In Case
No. 4289, a young woman with diabetes of recent onset but com-
plicated by primary hyperthyroidism, coma, and septicemia, the
pancreas showed almost no pathological change, and insulin was
present in considerable amount. It is true that she had received
large doses of insulin during the three weeks preceding death. Be-
cause of concurrent hyperthyroidism she had also received Lugol's
solution, 30 ce. in fifteen days. Whether this treatment had
improved the production of insulin, either directly or indirectly, is
of great interest. Certainly great clinical improvement in both her
diabetes and thyroidism occurred coincidently with the use of
insulin and Lugol’s solution.

The presence of insulin in the other tissues is clearly shown, pre-
sumably due to transfer from the pancreas rather than by produc-
tion within these other tissues. Best, Smith, and Scott* conclude

I Root and Warren: Boston Med. and Surg. Jour., 1926, 194, 45.
* Baker, Dickens, and Dodds: British Jour. Exp. Path., 1924, 5, 327,

i | am indebted to Dr. C. H, Best, Toronto Canada, for these analyses.
4 Best, Smith, and Scott: Am. Jour. Phys., 1924, 68, 161.
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that insulin may be a constituent of every cell which metabolizes
carbohydrate and that the islands of Langerhans may be specially
developed structures which supply active material when the demand
is too great to be met by the insulin-producing power of the indi-
vidual cell. Tt remains to be seen whether any diabetic is so severe
as to have lost entirely the power of producing insulin.

Clinically no case of “complete’” diabetes, save of a transitory
nature, has come under my supervision. As a result of our studies
of the respiratory metabolism of 118 cases of severe diabetes Bene-
dict and I reached the conclusion that no case was so severe that it
did not react to carbohydrate. It is significant that von Noorden
with his large clinical experience, over 20,000 cases of diabetes,
coincides with this view. Pathological evidence confirms the chem-
ical and clinical evidence above reported, because no pancreas of
a diabetic at autopsy has yet been shown to be entirely devoid of
islands.

Insulin injected into the body is in part excreted in the urine.
It can be injected into dogs during narcosis and recovered in urine
in almost quantitative amounts while exercising its full effect. Itis
evidently not destroyed in the body. From diabetics and dogs one
can recover one-third if given by stomach tube and with one dog
who was given 700 units by stomach tube one-half was recovered
from urine. The only symptoms manifested by this dog was a
slight chill. A healthy man is said to excrete a couple of units of
insulin a day, a pregnant woman excretes more. The insulin which
is excreted is exactly like that obtained from the pancreas.

There appears to be no peculiar specificity in insulin from one
species of animal.

A substance similar to insulin has been prepared from yeast by
Winter and Smith,' Rincones and Gomez* and from various vege-
table sources, including potatoes and onions, to which Collip? has
given the name glucokinin. There is no assurance, however, that
insulin of pancreatic origin is identical with any of these other types
of insulin. Glucokinin is obtained from all sorts of plants. There
are strong and even fatal effects obtained from its use and even its
action is transferable from animal to animal. The animals to which
its action is transferred through injection of blood cannot be revived
from the hypoglycemic convulsive stage by means of glucose.
With the aid of glucokinin a totally depancreatized dog was kept
alive sixty-six days.

Diabetic patients show the presence of insulin both in the tissues
generally and also in the pancreas. It is, however, reduced in

1 \'«:mt.er and Smith: Jour. Physiol., 1923, 57, 40.
: H.mcfones and Gomez: Gaceta med. de Cardcas, 1023, 30, 280,
¥ Collip: Proe. Soc. Exp. Biol, and Med,, 1923, 20, 321,
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quantity, but reliable data of the amount of insulin are not avail-
able. To secure such information the pancreas should be removed
immediately after death and either promptly chilled to prevent
decomposition and loss of insulin or the extraction of the insulin
should be begun at once. Even if this is accomplished one’s labor
is but begun for the extracted insulin must then be tested as to its
strength.

Insulin is said to stimulate the flow of bile and the external pan-
creatic juice.

The completely diabetic dog contains insulin though the amount
is reduced to somewhat more than one-half that existing in the
tissues of a normal animal. Insulin obtained from the blood of
such dogs will cause hypoglycemia in normal animals, but will not
prevent the symptoms of diabetes in the animal. Macleod suggests
the occurrence of insulin in depancreatized dogs “can only mean
that it exists as some precursor, for the final conversion of which
into insulin in the body, the pancreas, or something derived from
it, is necessary, although outside the body this conversion can be
partially effected by the chemical reagents which are used as extrac-
tives."”

It is only when the pancreas is present in a dog that he obtains
enough insulin to be protected from diabetes. The insulin which
may be found in depancreatized animals never suffices to ward
off diabetes.

Action of Insulin.—(a) The Blood Sugar Lowered.— When insulin
is injected subcutaneously or intravenously into an animal the
sugar in the blood is lowered, the sugar in the urine is reduced, and
if acetone bodies or fat have been present in blood and urine they
likewise are decreased. The action of insulin is immediate, but the
full effect of an injection does not reach a maximum for about sixty
minutes or cease for some six to eight or even ten hours. The extent
of the lowering of the blood sugar is dependent upon the quantity of
insulin injected.

The diabetic and the normal individual as well react to insulin.
Moreover, all types of experimental hyperglycemia, such as that
produced by puncture of the floor of the fourth ventricle, asphyxia,
poisoning by carbon monoxide gas, ether, adrenalin, pituitrin, are
counteracted by appropriate doses of insulin and conversely the
action of all those agencies which tend to lower the blood sugar,
such as a low carbohydrate diet, undernutrition, diarrhea, exercise, is
intensified by insulin. Thus insulin is involved in carbohydrate
metabolism under all aspects, in the normal, the diabetic, and the
experimental diabetic as well as in the physiological effects which
diet, drugs, or exercise produce.

The life of depancreatized dogs was preserved for seven months
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with the aid of insulin, but eventually they succumbed to symptoms
of hepatic intoxicants, such as bile in the urine, jaundice, anorexia,
and great bodily weakness. In all cases the liver was found at
autopsy to be invaded by large quantities of fat—over 35 per cent
of the moist weight being found in one case.! The fat absorption was
greatly impaired. Fortunately it was found in Toronto that such
deaths were unnecessary and that they were prevented by the
feeding of raw pancreas. Furthermore, what is of the greatest
interest and clinical significance was also disecovered: namely, that
as time progressed no increase in the dose of insulin was found
necessary.

The diabetic patient almost becomes a

normal individual when properly under BLooD
treatment with insulin, save that this g “J masmn_co
state is temporary. In order to prolong 4o /ﬁ
this period and to avoid an over- as well 30 Vg e
as an underdosage of insulin, it is desirable =~ 2%
to deseribe more in detail what insulin ::: N suone
does even though an explanation of how | E \V_‘
it acts is still unsatisfactory. aw | 5 TN
The most striking effect of insulin is -® Ll o
the fall which it produces in the per- 'z = | | wmaocen
centage of blood sugar. This is most oy o 2 i
easily studied. Case No. 3129 entered .a0 2 _‘—L
the hospital on April 20, 1923, with 5 per -3 ¥ (S
cent sugar in the urine, four plus acidosis,  -*° Gns PeR
and a blood sugar of 040 per cent two 7 o Lol
hours after food. Following a subeuta- = ™
neous injection of insulin of 10 units at 5 sl
11.30 o’clock and 10 units four hours later, 0
the blood sugar fell in five hours to 0.08 LG
per cent.

5 : Fia. 11.—Effect on blood
Fig. 11 placed at my disposal by B. wdamsds single dose of

Fitz shows graphically the descent of the insulin. (Fitz.)
blood-sugar curve following a single in-
jection of 15 units of insulin with the passing of the phenomenon and
a beginning rise by the end of ten hours. Table 3 a rearrangement
of a table by Fletcher and Campbell, shows the lowering in blood
sugar following the administration of 20 units of insulin to a series
of diabetic and non-diabetic patients and Table 4 the fall of blood
sugar in two patients who were given varying amounts of insulin,
as observed by its authors.

The extent to which the blood sugar drops in different individuals
with the same dose of insulin varies greatly. The percentage fall

! Campbell and Maecleod: Loe. eit., p. 61.
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is less in non-diabetics than in diabetics, and the actual fall is, as
is to he supposed, of far less degree. The limits of variation are so
wide with the same number of units that it is not safe to predict
what change a single unit will produce. In general, the greater the
number of units, the greater the fall in percentage of blood sugar,
but the fall is not proportionate to the amount of insulin used.
Thus, with 10 units the decrease in blood sugar was 0.057 per cent,
with 20 units 0.082 per cent, but with 30 units it was only 0.1 per
cent. With another case 10 units lowered the blood sugar 0.037
per cent, 20 units 0.083 per cent, 30 units 0.081 per cent, but upon
another day 0.118 per cent, and 50 units lowered the blood sugar
even less; 2. e,, 0,088 per cent.

Lawrence and Buckley! found in their experiments that 1 unit
caused no greater fall in the blood sugar than 1 unit.

It is well to bear these varying possibilities in mind in the admin-
istration of insulin, because they awaken caution and further hint
at the futility of large doses of insulin.

“Insulin must cause a sort of vacuum for sugar to be set up in the
tissues to fill which sugar is removed first of all from the blood and
later, through the blood, from glycogen stores of the liver.” The
greater the glycogen vacuum the more readily can insulin fill it
from the blood and, therefore, the greater the glycogen vacuum, 7. e.,
the severer the diabetic state, the more powerfully can insulin act.

If the above explanation is true insulin should act best in coma.
The rapid gain in weight following coma may be due to storage of
glycogen with its attendant retention of water. The explanation
also appears sound because in normals insulin in liberal doses
does not depress the blood sugar comparably to what it does in
diabetics.

Temporarily, according to Miiller and Petersen,’ the sugar in
the blood is increased from 10 to 100 per cent, usually over 20
per cent, after the subcutaneous injection of insulin and the peak
occurs within twenty to forty minutes. This increase does not
occur if the insulin is given intracutaneously, due to the slower
absorption. They attach great importance to this brief rise in the
percentage of blood sugar, believing it indicates abnormal sugar
metabolism and a discharge of sugar from its glycogen precursor in
the liver.

The lowest percentage of blood sugar after insulin may be reached
at variable periods, from one-half hour to as late as twelve hours,
and the blood sugar likewise returns to normal at a variable rate.!
The tendency of the blood sugar to fall during fasting and the

t Lawrence and Buckley: British Jour. Exp. Path., 1927, 8, 58.

* Freise and Choremis: Monatschr. f. Kinderheilk., 1925, 81, 1.
1 Miiller and Petersen: Mimchen med. Wehnschr., 1926, 73, 726.
& Fleteher and Campbell; Loe, cit., p. 638,
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variations which the blood sugar will naturally undergo when the
body is or is not supplied with a moderate quantity of glycogen
undoubtedly exert an influence upon the action of insulin. If the
glycogen stores of the body are ill supplied or offer a vacuum, then
the effect of insulin is greatly increased. The higher the blood sugar,
the greater its fall, as a rule, following injections of insulin in normals
as well as in diabetics.

Tasie 3.—Farnn ¥ Broop Sucar FoLpowing THE ADMINISTRATION oF 20
Unirs oF INSULIN IN DIABETIO AND NON-DIABETIC PATIENTS.
A. A, Frercaer axp W, R, CamepeLL.!

| | Initial Blood
blood BULNr

8 9 10 11 12 1 2 4 | Lowest| sugar fall in

Case No. | aast | A | A | A, (noon, | e, | v, | po. | blood | minus | per eent
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11. . .|.161|.172|.137|.090{.068|... . |. .. |-<.-| .088 | .003 | 57.7
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My oo L) .200] 192 ) L1821 .120 | T09F i o et P 103 51.5
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Average . | .20(I| 150 .140‘ .127‘ 112 187 | .177 | 207 110 | 089 44.1

The maximum period of influence exerted by insulin upon the
percentage of blood sugar is eight hours. The highest blood sugars,
therefore, should be found before breakfast, because this is usually
fourteen hours removed from the last injection of insulin. It was,

! Fletcher and Campbell: Jour. Metab, Res., 1922, 2, 640,
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therefore, a gratifying surprise to learn that in my series of 53 dia-
betics who were treated for sixty-three days with insulin the average
morning blood sugar had fallen from 0.24 per cent before insulin
to 0.19 per cent at the end of the period despite the higher diets
instituted.

Tasue 4.—Fawn 1v Broop Svear FoLLOWING THE ADMINISTRATION OF VARYING
AmounTs OF INsULIN IN PATiENTS H AND D. A, A. FLETCHER AND
W. R. CampBELL.!

| Initinl
| Amount | | l’.owmll Bl.S.
Case, of |Bawm | 9am 104w |11 a.m (12Noon| 1 P | 2 Pom. | 3 poan | blood | minus
| insulin, | sugnr, | lowest
| B.S.
H. | 10 units| .170 | .196 . 166 | 137 | .113 113 05T
20 units .182| 174 JH41 | 110 | (100 S 100 082
Sl(fnunila .185 | .152 085 { 091 e R | D85 100

ter | | |
20 units| 118 | ... | ... | .071 | 071 071 | 047
D. |10 units| .172 | .189 | .147 | .138 | .135 | .... L1356 | .037
20 units | .160 | .147 | .133 | .107 | .O7T | .... 077 | 083
30 unita| .182 | 164 | (178 | .120 | .101 | .... y 101 0s1
| 30 unita| .200 | 142 | .132  .106 | .082 | .... .082 | _118
50 units | .152 | ‘ 077 | 074 | .0B8 @ .072 ’ .064 | .04 | .088

The lowering of the blood sugar is explained by Forrest, Smith
and Winter? on the basis that alpha and beta glucose are transformed
into gamma glucose.

(b) Hypoglycemia. — Insulin Reaction. — Hypoglycemia is the
result of an overdose of insulin and appears to me to be the cause
of a so-called insulin reaction. This state may occur in diabetics,
however, quite apart from insulin administration, and on p. 214
various instances are cited. In diabetics the fall in blood sugar
below normal is usually accompanied by a definite train of symp-
toms. These may appear when the blood sugar falls to 0.08 per
cent though they are frequently not manifest until the blood sugar
is 0.07 per cent. Hunger and tremor are the outstanding symptoms,
but nervousness and weakness are also present, as well as pallor,
flushing of the face, dilated pupils and increased pulse-rate, mask-
like immobility of the face.

At 0.07 per cent to 0.05 per cent of sugar in the blood, anxiety,
sweating, vertigo, and faintness appear with emotional instability;
signs of cardiovascular disturbance such as tremor, subjective or
obvious, hypotonia and diplopia may be manifest. These symptom
are all accentuated with further lowering of the sugar in the blood.
The pupils are dilated, the conjunctival reflexes sluggish, the respir-
ation rapid and often periodic. Aphasia and delirium may occur

1 Fletcher and Campbell: Loe. eit., p. 643.
* Forrest, Smith, and Winter: Jour. of Phys., 1923, 27, 113,
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and even convulsions, which, as in rabbits under similar conditions,
may alternate with coma. The subject may go into a collapse with
low blood-pressure and low temperature, though but comparatively
few of my cases have been unconscious or even on the verge of
unconsciousness. With others bradycardia has appeared and during
unconsciousness a loss of control of the sphineters.!
~ Hypoglycemia appears a plausible mechanism underlying these
symptoms, especially because of the observations of I'. C. Mann®
on dogs made hypoglycemic by the removal of the liver. He found
that such dogs were promptly revived when they were given injec-
tions of glucose. No other sugar had the same effect as glucose,
although alleviation of the symptoms has been observed after injec-
tions of maltose, mannose, dextrin, glycogen and galactose. Injec-
tions of pentose or of salt solution had no effect. Rarely, recovery
was possible without injections.

Another explanation of an insulin reaction is given on p. 194 by
Foshay, but this is not accepted by Trimble and Maddock.?

Symptoms do not invariably develop when the blood sugar
falls to 0.05 per cent, and in a single instance in one of my cases
symptoms of a reaction were absent when the blood sugar was as
low as 0.03 per cent. With this patient, Case No. 2909, the per-
centage of sugar in the blood was carefully checked and the observa-
tion must be regarded as reliable.* John® has been able to collect
from his series of 1000 diabetics only 10 instances in which reactions
occurred when the blood sugar was above 0.08 per cent. Fletcher
and Campbell report their lowest blood sugar as 0.025 per cent.
This was found in their patient during the course of an influenzal
bronchial pneumonia, but with glucose the patient recovered from
the hypoglycemia. However, with a blood sugar at 0.035 per cent,
according to the experience of Fletcher and Campbell, the patient
is usually unconscious. A reaction is also more severe and more
prolonged with undernourished patients, just as Macleod found it
with dogs deficient in glycogen. The experience of Fletcher and
Campbell, and our experience at the hospital coincides with this.
Woodyatt® writes that another patient “received in extreme inanition
but free of glycosuria, was given a large increase of diet and a
calculated dose of insulin. This case developed hypoglycemic
convulsions and the blood sugar was then at a level too low to read.
Sugar administration restored hyperglycemia and gross glycosuria,
but the patient died without regaining consciousness.” Similarly,

! Fletcher and Campbell: Loc, cit., p. 645.

* Mann: Proc. Am. Physiol. Soc., December, 1920; Am. Jour. Physiol., 1920,
50, 56; Medicine, 1927, 6, 419.

¥ Trimble and Maddock. Personal communieation.

4 See also Stearns:  Jour. Am. Med. Assn., 1925, 85, 580.

¥ John: Arch. Int. Med., 1927, 39, 67.
¢ Woodyatt: Jour. Metab. Res., 1922, 2 793,
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Case No. 2009 of my series, an emaciated man with diarrhea showed
an insulin reaction following the injection of 1 unit. This was prob-
ably due to dehydration as Andrews and Schlegel' have shown
that insulin injected into dehydrated animals has an intensified and
prolonged effect. In edematous patients the reverse is true and this
in part explains the case of Gordon, Connor and Rabinowitch.?
Another frail woman, Case No. 5615, who entered the hospital
with 10 per cent sugar became sugar-free in nine days, but showed
small amounts of sugar on several days following, while having
loose stools, though the diet was liberal. The carbohydrate reached
146 grams after twenty-six days, though morning blood-sugar
tests on the second, eleventh, and thirtieth days after admission
were (.24 per cent or above. This patient developed a severe
insulin reaction on October 28, the forty-third day, with a dose of
10 units three times in the twenty-four hours. Case No. 4277, a
feeble old man developed mild delirium on a diet of carbohydrate
106 grams, protein 16 grams, fat 31 grams, after an interval of ten
hours following the njection of 5 units of insulin.

Overexertion may bring on a reaction either because the available
carbohydrate in the body is exhausted or because the internal secre-
tion of the pancreas is stimulated. See p. 72.

Parnas and Wagner® reported the case of a girl with a tumor of the
liver without being able to demonstrate any sugar in the blood.

In Millard Smith'’s* case the blood sugar was zero in the course of
a reaction. The last dose of insulin given this child of four years
with a history of onset of diabetes at fifteen months was 12 units at
6.30 p.M.

“When the nurse entered his room at 7.30 A to dress him she
noticed that he was slightly stuporous and unable to sit up. She
immediately gave him 100 cc. of orange juice, after which his
strength and mental activities returned. He was dressed and given
breakfast at 8,00 a.um. together with his morning dose of insulin (12
units). After one hour he appeared sleepy, got onto the bed, and
remained there until 11.00 A.a. when [ first saw him. I suspected
an insulin reaction, so attempted to rouse him. Upon waking he
was drowsy but irritable, recognized individuals, but spoke only
a few words. Both eyves were drawn to the left and when volun-
tarily directed to the front were involuntarily pulled again to the
left. There was no other evidence of muscle spasm. His skin was
moist and cool with a pale and somewhat cyanotic color. Pulse
was 135, but fair quality. A few minutes after being awakened the

I Andrews and Schlegel: Arch. Int. Med., 1927, 40, 637.

f Gordon, Connor and Rabinowitch: Am. Jour. Med. Sci., 1925, 176, 22.
* Parnas and Wagner: Med., Klin. 1922, 18, 137,

4+ Smith: Boston Med. and Surg. Jour., 1926, 185, 663,
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skin of his face became more pale. Finally he vomited a very large
quantity of undigested material which represented his breakfast
and the orange juice administered before. His color became better
immediately and his stupor lessened. There seemed to be no reason
for great apprehension and so another 100 ce. of orange juice was
administered and then some of his dinner. After one-half hour his
color again became very pale and somewhat cyanotic, followed soon
by vomiting.

“Having never before reacted to insulin in this manner, the ques-
. tion was entertained that a gastro-intestinal upset might account
for a large part of the symptoms. To make sure, a blood specimen
was obtained from the arm and examined quantitatively for sugar
by the method of Folin and Wu.! The solutions and technique con-
formed in every detail to the directions given by these authors.
There was not the slightest reduction of the alkaline copper tartrate
solution during boiling or of the phosphate molybdate reagent when
added. The blood sugar was zero. The determination was later
repeated with the same result.

“During the heating of the test it was seen that the blood sugar
was very low and before the determination was finished the patient
was given subcutaneously 0.3 cc. of adrenalin. Just after the adren-
alin was given he exhibited a few twitchings of the muscles of his
hands and arms. After fifteen minutes he suddenly brightened and
took 100 cc. of 10 per cent glucose solution. Within another ten
minutes he asked to get up and when allowed to do so appeared as
strong as usual. No further hypoglycemic symptoms returned.”

It appears that hypoglycemia may be accompanied by such a
depression of physiological activity that glucose by mouth will not
be absorbed or passed on by the stomach.

Miiller and Petersen® point out that the hypoglycemia accompa-
nies, but may not cause, the phenomena of an insulin shock. They
explain this in an acute disturbance of the autonomous nerve system
which is manifested upon almost all organs.

Laquer found that an insulin reaction in rabbits could be simu-
lated by spinning the rabbits, indicating that insulin acts on the
vestibular apparatus. Then too, it is said that the sudden drop of
the blood sugar from a very high level to normal or just above may
lead to a reaction. Finally a reaction is relieved by calcium and is
also said to be relieved by potassium chloride.

Despite the dangers of insulin poisoning hyperglycemia without
insulin has caused more deaths than hypoglycemia with insulin.

Clinically, it is important to remember (1) that the patients who
are most undernourished are the ones who receive the most insulin;

! Folin and Wu: Jour. Biol. Chem., 1920, 41, 367.
* Miiller and Petersen: Klin. Wehnschr., 1926, 5, 1025.
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(2) that any diabetic has a far smaller glycogen factor of safety than
a normal; (3) that in coma and fever larger doses of insulin may be
required temporarily and that the need soon passes; (4) that insulin
should be counterbalanced by a meal at least within an hour; (5)
that oftentimes patients improve in tolerance for carbohydrate and
a formerly suitable dose of insulin becomes an overdose; (6) that
exercise taken in unusual amount may act like an additional dose
of insulin and hasten a reaction; (7) that a low level of blood sugar
which is harmless in youth may be dangerous in arteriosclerotic old
age; (8) that dehydrated individuals are especially sensitive to
insulin.

Symptoms.—With an overdose of insulin a reaction is apt to
occur. Almost invariably this is associated with a lowering of the
percentage of sugar in the blood far below normal. Occasionally
one sees reports in the literature of the occurrence of a reaction
although the blood sugar has fallen but little or none below normal.
In our experience at the Deaconess Hospital such instances prac-
tically never occur; in fact I do not recall one, although having
been on the watch for it. Perhaps it is due to the rather small
doses of insulin employed. It is true, however, that patients com-
plain of symptoms when the blood sugar is 0.20 per cent or 0.30
per cent, which have some resemblance to an insulin reaction, but
closer study of the case does not justify such a diagnosis. Unless
I am mistaken these patients never become unconscious, never have
convulsions with these abnormally high blood sugar values, and their
symptoms are not exelusively relieved with glucose.

Frequently the percentage of sugar in the blood falls as low as
0.05 per cent with scarcely a suggestion of a reaction. The child
may be simply inactive or appear a bit tired out. It is impossible
to relate a definite group of symptoms occurring in the course of a
reaction to a given percentage of sugar in the blood, but in general
the percentage of sugar in the blood falls to 0.045 per cent as the
intensity of symptoms progresses to the stage of unconsciousness
and convulsions.

The symptoms most commonly associated with a reaction may
be restated. They begin indefinitely with hunger of unusual degree,
nervousness manifested by emotional instability, such as excitement,
laughter or crying simulating hysteria, aphasia, weakness, headache,
faintness; then progress to a sensation of tremor and actual tremor;
followed by sweating and unless the reaction is counteracted end in
apathy, somnolence, unconsciousness, and convulsions. Convul-
sions are rare, because at the Deaconess Hospital my associates and
1 have seen them in but 2 cases, Nos. 2476 and 5615, in adults, in
four and a half years. Occasionally the symptoms appear to come
out of a clear sky. The slow mentality of the patient in an insulin
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reaction, emphasized by Sansum,! is almost more dangerous than
the unconsciousness and convulsions, because it is less obvious.
This is the reason why diabetics taking insulin run risks when they
drive automobiles. Frequently they are not alert enough to recog-
nize the reaction and to take the carbohydrate which they carry.

The differential diagnosis between the unconsciousness due to the
hypoglycemia of an insulin reaction and that due to acidosis, dia-
betie coma, is by no means always easy. Under diabetic coma this
will be considered in detail, see p. 671, but here it will suffice to direct
attention to the apparently causeless deep, regular respiration, rapid
and regular pulse, soft eyeballs, and muscular flaceidity of diabetic
coma in contrast to the normal respiration, irregular, even slow pulse
with extra systoles and muscular rigidity with perhaps paralyses of
ocular muscles, or rarely hemiplegia, of extreme hypoglycemia
whether due to insulin or other cause.

The causes of hypoglycemic reactions cannot wholly be explained
by the low percentage of blood sugar. Blood-sugar percentages as
low as 0,06 are not so very rarely observed in the course of any
series of blood tests. Indeed, children show these low percentages
of blood sugar quite frequently. The accumulation of some toxic
substance in the blood appears responsible for the effects, such an
accumulation being rendered possible by variations of sugar in
solution. “It may possibly be that through the lowering of blood
sugar certain oxidative processes become depressed to such a degree
that the brain cells are affected in much the same manner as in
asphyxia.” Some change in the circulation of the brain would seem
not unlikely because during extreme reactions one hears of the occur-
rence of hemiplegia. In Case No. 2856 this lasted for several days;
in a case of my colleague, Dr. F. G. Brigham, it also persisted for sev-
eral days. McPhedran and Banting saw the convulsions relieved
by calcium and Gigon calls attention to the convulsions in animals,
even when the blood sugar is not low, which are also similarly
brought to an end. Stone? reports an instance of monoplegia of the
left arm. The ocular paralyses leading to double vision especially
in children are very common.

An unusually severe reaction took place with Case No. 2476. He
became so violent that neither glucose nor adrenalin could be
administered. Under insulin he had gained about 100 pounds.

A diabetic doctor, Case No. 6293, aged sixty-eight years, while
talking with a friend on the street fell unconscious and came to
just long enough to take the sugar he carried, with prompt recovery.
That morning he had had unusual exercise.

Hypoglycemic reactions have been purposely produced in some

| Sansum: Am. Rev. Tuberculosis, 1823, 7, 375.
! Stone: Jour. Am. Med. Assn., 1926, 87, 388,
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clinics with the object of acquainting patients with their character.
When one uses small quantities of insulin and changes the dose
only a few units at a time, such reactions are neither common nor
severe. To the author it has seemed unnecessary to subject patients
to a toxic dose of insulin any more than to a toxie dose of any other
drug. At the New England Deaconess Hospital hypoglycemic
reactions have never been induced with design.

In an experience of nearly five years with insulin, I doubt if
adrenalin has been given by me, three times, or glucose adminis-
tered intravenously on account of a reaction on more than twelve
oceasions.

Sevringhaus' has aseribed various psychic reactions to hypo-
glycemia. These are distinguished by disorientation and amnesia.
Aphasia and sleepiness have been the premonitory symptoms and
in the severe reactions there has been no opportunity for the patient
to secure assistance. In all of these patients the usual reaction had
oceurred at times, but the above symptoms resulted from prolonged
hypoglycemia. One of the patients, who vomited during recovery
from a reaction, aspirated some of the material into her lungs and
died in three days.

Other symptoms shown by the patients were resistivity and fixity
of gaze, suggesting a catatonic state. With reduction of insulin the
mental depression and moroseness which the patients had sometimes
shown disappeared.

False hypoglycemie reactions are not uncommon. Fear that they
might be simulated in order to obtain additional carbohydrate as
an antidote led us to suspect one little boy who in preinsulin days
had so frequently broken his diet. IHe became so accustomed to
blood-sugar tests upon the occasion of a reaction that in answer to
the query put to the Diabetic Class—*“What do you do if you have a
reaction?” —invariably he would reply—*“Have a blood-sugar test.”
He never deceived us, for his blood-sugar tests were always low.
Several patients, two young men and a professor, were quite sure
they were having reactions when their blood-sugar percentages were
0.29,0.22 and 0.24, Case Nos. 1978, 2784, and 1078, The appearance
of two of the young men so closely resembled patients who were
having a true reaction as to mislead a nurse and an assistant of
great experience. In such a dilemma the presence of sugar in the
urine may solve the situation, but should glycosuria be absent a
blood test alone would be conclusive. Six months after two young
girls, Case Nos. 2962 and 3078, had given up insulin, because of
gain in tolerance, they felt on several occasions that they were
experiencing a reaction. This occurred near the time of catamenia,

| Sevringhaus:  Am, Jour. Med. Sei., 1926, 172, 573.
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and is to be explained more probably as resulting from the nervous-
ness accompanying this state than from a change in the blood sugar
which would be far more likely to rise.

Treatment for a hypoglycemic reaction consists in the prompt
administration of the antidote, which is any carbohydrate out of
which glucose can be quickly formed.! Orange juice acts very well
and is especially suitable, because while peeling the orange the
patient has time to reflect and decide as to whether he is actually
having a reaction due to an overdose of insulin and thus not take
the carbohydrate unnecessarily and therefore harmfully. An orange
is less temptation to a child than two or three pieces of sugar or even
of candy. Honey or corn syrup (glucose) can be given if the patient
does not swallow easily. Any solution of sugar of this type could
be administered by stomach tube, by intranasal catheter, or by
‘rectum. If the condition of the patient is eritical, the glucose may
be given intravenously in 5 to 20 per cent strength, the total amount
given not exceeding 25 grams. Raffinose and rhamnose are types
of sugar which are ineffective in insulin hypoglycemia.?

Protein, also, may serve as an antidote to insulin, but according
to Sherrill® “protein ranks below preformed carbohydrate in respect
to glycosurie effect and insulin requirement when the substitution
is made on a basis of either equal calorie value or theoretical glu-
cose content, Though hypoglycemia may be prevented by suffi-
ciently large quantities of protein, this influence is surprisingly
feeble and by no means in proportion to the theoretical value.”

An intracardiac injection of dextrose was employed successfully
to combat hypoglycemia by Imerman.

Epinephrin has been employed as an antidote to insulin. Indeed,
it was with the hope of standardizing epinephrin with extract of
the pancreas which led Zuelzer to seek for an active pancreatic
extract. It will act even more quickly than carbohydrate in over-
coming an hypoglycemie reaction. The dose is 1 cc., 15 minims, of
a1l to 1000 solution. Though epinephrin is a valuable antidote
with diabetics whose carbohydrate store is not utterly exhausted,
it is probably useless in greatly undernourished cases, unless accom-
panied by the ingestion of carbohydrate. Furthermore, epinephrin
increases the work of the heart and this work must be done with
blood having a low sugar value flowing through the coronary arteries.
Extra work under such circumstances might be dangerous. See
Arterio Sclerosis and Angina Pectoris, pages 692, 707.

If a subcutaneous injection of pituitary extract is given along with

I Noble and Macleod: Am. Jour. Physiol., 1923, 64, 547.

? Campbell and Fletcher: Jour. Am, Med. Assn., 1923, 80, 1641,
* Sherrill: Jour. Metab. Res., 1923, 3, 59.

¢ Imerman: Jour, Am, Med. Assn., 1927, B9, 1775,
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insulin the fall in blood sugar usually produced by insulin is reduced,
abolished, or replaced by a rise.! Pituitary extract, therefore, is
theoretically an antidote to insulin.

Fatal Cases.—Very few cases of death due to an overdose of insulin
have been reported in the literature. No such instance has been
seen by me or my associates. Three eases in which insulin was a
contributing cause to death, though in 2 of these death would have
occurred shortly irrespective of insulin, have been observed either
by my associate, Howard F. Root, or myself. The first® was a
woman, Case No. 5045, aged fifty-one years who had gangrene and
septicemia and was seen in a hospital some distance from Boston.
On account of her high morning blood sugar the insulin of this
patient had been steadily increased until she received S0 units of
msulin three times a day! The blood sugar taken at the time of
consultation was 0.015 per cent. With an intravenous injection
of 10 grams of glucose the patient recovered consciousness, but soon
again became unconscious, was relieved for a second time by the
glucose, but later unconsciousness returned and the patient sue-
cumbed, as she would have done undoubtedly at a later period, as
a result of her gangrene. The second was Case No. 5616 in which
the reaction came on during diarrhea in a patient who, it might be
added, showed at necropsy a pancreatitis. The third patient was a
woman with exophthalmic goiter, Case No. 5176, who entered with
acidosis, slipped into coma, was brought out of it, later developed
hypoglycemia which required glucose intravenously. Subsequently
pulmonary symptoms developed and after five days she died and
small infarcts were found. I confess that this case has only a remote
connection with insulin, but if diabetic coma had not been allowed
to come on requiring large doses of insulin with many blood-sugar
tests to guide the course and to treat the patient, the trauma of the
vein might have been avoided and so too the pulmonary infarcts.
Since this case we are far more careful of the veins of our patients
than ever before and frequently spare them by utilizing micro-blood
sugar methods. See p. 444

Case No, 4535 recovered from coma in November, 1926, and again
in October, 1927, but ten days later broke diet and the rule to “call
a doctor” when ill, took insulin every hour all night, 120 units, and
died despite glucose intravenously and subpectorally administered
by her physician.

Campbell and Macleod? report 2 deaths. “T'wo deaths from insu-
lin hypoglycemia have been seen. The first, an habitual drunkard,
who had been refused insulin treatment at Toronto General Hos-

Burn: Jour. Phys., 1923, 57, 3185,

1
" Root: The Lancet, 1926, i1, 544.
2 Campbell and Macleod: Medicine, 1924, 3, 270,
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pital because of this danger, received insulin from another clinic.
Having been slightly inebriated, he arose in the morning with a dis-
taste for food and omitted breakfast but injected 30 units of insulin
subcutaneously. He transacted considerable business, walked con-
siderably, hurried all morning in order to catch a train at midday.
About noon he was brought as an emergency case to the Toronto
General Hospital, having collapsed on the street. He was eyanosed;
his heart was dilated; the heart sounds were weak; his breathing
was difficult; he had edema of the lungs. Stimulants were given
but he died before a needle could be boiled to administer glucose
intravenously. The other case, from our own clinic, was a severe
diabetic using 40 units of insulin per day, who suffered from a gas-
tro-intestinal upset with vomiting. Without notifying his physician
he took 10 units of insulin without any food. Noticing the onset
of the hypoglycemia reaction he ate an orange, and later, telephoned
to his physician. Feeling improved he neglected to carry out the
instructions given him to rest and take more glueose. A sudden
collapse occurred followed by death before assistance arrived.”

Heimann-Trosien and Hirsch-Kauffmann! also report a death
in a child who failed to recover despite the administration of adren-
alin and of 107 grams glucose given by vein and by mouth. Wood-
yatt's? case died in convulsions, but was in extreme inanition before
the insulin was injected. The patient of Jonas® succumbed eleven
days after the cessation of insulin. Pemberton's! case was compli-
cated by tuberculosis. Rosendahl® reports a fatal case who developed
hypoglycemia a few days after living upon Petrén’s diet and a small
dose of insulin. Alkalosis together with acetonuria (!) was observed
during the attack. Another case is reported by Dahl.’

The precipitate rigor mortis which comes on in rabbits dying after
hypoglycemic convulsions is due to the absence of glveogen and the
decrease in lacticidogen and not due to accumulation of lactic acid
or increased acidity of the muscles.”

(¢) Renal Threshold in Insulin-treated Diabetics.— Rabinowitch®
reports 14 cases in which after the use of insulin for a varying period
of time the renal threshold rose materially. The average blood
sugar with glycosuria was 0.18 and some months later with no
glycosuria it was 0.29 per cent. There was no evidence of impair-
ment of renal function.

Insulin edema was noted in certain of these cases. It disappears

! Heimann-Trosien and Hirsch-Kauffmann: Klin. Wehnsehr., 1926, 5, 1655,

* Woodyatt: Jour. Metab. Res., 1922, 2, 793,

! Jonas: Med. Clin. North Amerien, 1924, 8, 949.

4 Pemberton: British Med. Jour., 1925, i, 1004,

* Rosendahl: Acta Med. Seand., 1927, 66, 100,

§Dahl: Norsk Mag. f. Laegevidensk., 1928, 89, 40. See also Jour. Am. Med.
Assn., 1925, 90, 1004,

7 Hor_-t_. and Marks: Proe. Roy. Soe., 1926, B, 100, 72.
® Rabinowiteh: British Jour. Exp. Path., 1926, 7, 352,
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with the omission of insulin. Is it more than one sees when carbo-
hydrate is suddenly being retained? Carbohydrate retains 3 grams
water for each gram carbohydrate stored. See p. 271. Then too
alkali is set free when insulin is given and these free salts accumulat-
ing in the body also lead to the retention of water. See p. 662.
Van der Bergh says potassium acetate is advisable under these
circumstances. In contrast to the edema of the tissues a concen-
tration of the blood is produced by insulin.!

~ (d) Glycogen Stored. — Insulin lowers the blood sugar by facilitating
its conversion into glycogen which in turn is stored in the liver and
muscles, It has long been known that glucose is changed into gly-
cogen and as such stored in the liver and it has seemed reasonable
to assume that the same phenomenon took place in the muscles.
Proof of this has only just been afforded by the experiments of Best,
Hoet and Marks? which demonstrated that under the influence of
insulin circulating glucose was almost quantitatively changed into
glycogen. Insulin, however, is without effect upon the intravenous
tolerance for levulose.* In another paper Best, Dale, Hoet, and
Marks! write that the glucose which disappears from an eviscerated
spinal preparation under the action of insulin is equal to the sum
of the glycogen deposited in the museles and the glucose equivalent
of the oxygen absorbed.

The glycogen in the liver of the normal animal may be as low as
1 per cent, but after feeding with sugar may rise to 7 or 8 per cent
and even reach 20 per cent, according to Macleod. In the depan-
creatized dog he has never found it over 1 per cent.

Levulose alone of all carbohydrates, according to Minkowski, is
capable of storing glyecogen in the livers of such animals and by
feeding levulose he raised the content to between (.72 and 8.14
per cent.

Insulin, therefore, is anabolic in action. It prepares and stores
carbohydrate for burning, but does not actually burn it.* When the
stores of glycogen are low and a vacuum exists in the liver and mus-
cles insulin is much more effective in lowering the blood sugar.
Insulin reduces the stores of glycogen only in the presence of pro-
found hypoglycemia and probably then only as a result of (1) the
convulsions of the animal and (2) adrenalin coming into play.
Rabinowitch® also believes that glycogen formation is a necessary
preliminary to oxidation of earbohydrate.

! Olmsted: Am. Jour. Physiol., 1924, 69, 137; Edwards: Ibid., 1924, 70, 273.

* Best, Hoet, and Marks: Proe. Roy. Soe., 1926, B, 100, 32,

! Wierzuchowski: Jour. Biol. Chem., 1926, 68, 631; Cori and Cori: Ibid., 1927,
72, 597.

i+ Best, Dale, Hoet, and Marks: Proe. Roy. Soc., 1926, B, 100, 55.

b Lawrence: Quart. Jour. Med., 1926, 20, 69,

i Rabinowiteh: British Jour. Exp. Path., 1927, 8, 76.
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An increase in the blood sugar is a signal for more insulin. If the
signal is heeded more insulin is produced and in consequence more
glucose is changed to glyeogen and stored.

Exercise depends upon the oxidation of carbohydrate in the
musecles. The glycogen stores are lowered. With exercise and the
burning of carbohydrate the secretion of insulin apparently is aug-
mented, and because of the small amount of glycogen in storage, it
acts more effectively in lowering the blood sugar. Lawrence! points
out that so much carbohydrate must be burned in the muscles that
it is only rational to conclude that its source in part must be fat.
If no earbohydrate is available, fat will be changed too rapidly and,
the carbohydrate being lacking for simultaneous oxidation, ketosis
results. This view of some carbohydrate being formed from fat in
addition to the 10 per cent long conceded seems to be gaining
ground.

Janney and Shapiro? believe that the seat of insulin activity is in
the protein tissues and that the usual sparing of protein by carbo-
hydrate is increased by insulin due to protein synthesis from carbo-
hydrate metabolites. From their experiments and observations
they construct a theory that diabetes may be a result of protein
anabolism.

(¢) The Fat in the Blood Reduced and Stored.—The migration of
fat in diabetes is abnormal and it accumulates in the blood and
liver. Under the influence of insulin a reduction of fat in these
situations takes place. The normal quantity of fat in the liver of
laboratory animals is 5 per cent. When sucrose is fed to depan-
creatized dogs it may rise to 20 per cent. The normal quantity of
fat, total lipids, in the blood is 0.68 per cent, but in one of my dia-
betics, Case No. 786, it rose to 16.3 per cent, and Klemperer®
records 26 per cent. When depancreatized dogs were fed insulin
and sucrose the percentages of fat in the liver were lessened ana
varied between 2 and 7 per cent. When a diabetic patient of Bock,
Field and Adair* was given insulin the total fat in the blood fell
from 10.5 per cent to 4.37 per cent in forty hours.

Rabinowitch and Mills® have reported an éclatant case of rapid
reduction of fat in the blood. They recorded simultaneously the
blood sugar, blood fat, and respiratory exchange. The importance
of the case merits an extended report.

Male, aged forty-three years, was admitted to the Montreal
General Hospital on July 17, 1924, practically in coma. Kiissmaul

! Lawrence: Quart. Jour, Med., 1926, 20, 69.

* Janney and Shapiro: Arch. Int. Med., 1926, 38, 96.

' Klemperer: Die Ther. d. Gegenwart, 1911, 52, 447.

¢ Boek, Field, and Adair: Jour, Metab, Res., 1923, 4, 27.

* Rabinowitch and Mills: Jour. Metab. Research, 1925-1926, 7-8, 87.
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respiration, marked acetone odor, eyeballs soft. Sugar and aceto-
acetic acid strongly positive, blood sugar 0.385 per cent; plasma CO,
combining power 26.2 volumes per cent; and the blood fat 18.6 per
cent.

At 3.45 p.m. 50 units of insulin were given intravenously and blood
sugar determinations were made hourly until 8.45 p.m. The results
were as follows:

2 Blood sugar,
Time. per eent,
345pm. . . . . . . e SR P R £
445pPM. . . . N T X e ST T e L e
DANBM, . . - . % & = & a3l = a5 a5 5 LD thinm
GASPM. - . s o w = w s e a 2ia s . 0.244
7:45 p.M. v N e w Da R R e s e O S
BAGPM. o v b v v a B s as kR Rl Ay iy

At 10 p.M. 20 units of insulin were given. The following morning
the patient appeared to be well out of coma, blood sugar 0.185 per
cent and no acetone odor to the breath.

The blood fat was 9.4 per cent. Assuming the subject had 5 liters
of blood, approximately 460 grams of fat had disappeared from the
circulation. This could obviously not be accounted for by oxidation,
since it would represent a heat production of over 4000 calories in
less than eighteen hours. The subject was at rest in bed during the
interval, and the acidosis had disappeared.

Since a marked degree of lipemia was still present, an attempt was
made to correlate the changes in the sugar and fat content of the
blood, and the respiratory exchange following glucose and insulin.
For this purpose, the determinations were made simultaneously.
Blood sugar, blood fat, and respiratory exchange determinations
were first made. One hundred grams of glucose, and 100 units of
insulin were then injected intravenously.

TABLE §5.—SIMULTANEOUS OBSERVATIONS IN A Diaperic veon Broop Svaear,
Broop, Far, Axp METABOLISM. RaABINOWITCH AND MILLs.

i Urine, e
i)
uuﬁgj. COy 0: Cal- ﬁ:;‘,’
Time. per liters liters | R. Q. | ories - Glu- | per Remarks.
cent, | per hr. | per hr. per hr.| N, cose, | cent.
gm. £m.
per hr. | per hr.
2:25p.M. (0.285| 9.870|14.016|0.704| 65.6 1.4 | vewn | 9.6 | 100 gm. glucose
3:30 “ 0.500)12.438|16.560(0.750| 758.4 | 3.75 | 25.0 | 7.4 and 100 units
4:30 * 0.344 | 10,596 |14.772 (0,717 | 69.8 | 2.80 | 28.8 | 6.8 | insulin given
5:30 * 0.23811.934 |15 948 (0.7458| 75.1 | 0,49 8.1 |3.6| at2:30pM.
6:30 “ 0.166| 9.522|12.918(0.737| 60.8 | 0.55 | 6.3 | 2.1

Following the administration of the glucose and insulin, there was
an initial rise in the degree of hyperglycemia, followed by a fall.
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In four hours the blood fat had decreased from 9.5 to 2.1 per cent.
Applying the same assumptions as previously, 370 grams of fat left
the circulation, accounting for over 3000 calories. The respiratory
exchange data show that less than 30 grams of fat were oxidized,
accounting for less than 300 calories.

During the period of observation (four hours) 64 grams of glucose
were excreted in the urine. The calculations of both sugar and fat
oxidized must, of necessity, be approximate. The nitrogen data
can hardly be accepted as representing the protein metabolism.
With the introduction of 1 liter of fluid directly into the circulation
much of the nitrogen excretion may be attributed to a “washing
out” of accumulated nitrogen. Professor Lusk, when shown the
data, interpreted them on this basis. It will be noted that the
nitrogen excreted could otherwise account for the total metabolism
of the period of observation.

The disappearance of the fat from the blood stream is more difficult
to explain. It is quite obvious from the above data, that the greater
part of the fat which left the circulation was stored. It would
appear that not only glucose but fat also must exist in a certain
chemical or physical state for proper distribution prior to oxidation.
Professor Bloor suggested that the phenomenon might have been
due to changes in the permeability of the tissues to fat. The hypo-
thesis of change of permeability by insulin for sugar, he stated, is
still more reasonable for fat, since the fat molecule, as compared
with that of glucose is a very stable one and not likely to undergo
molecular change readily. This hypothesis also fits in better with
Allen’s conception of the cause of lipemia in diabetes—a general
cachetic condition of the whole organism which would affect all the
cellular funetions including permeability.

(f) Ketone Bodies.— Acidosis.—A decrease in acidosis registered
by a fall in the ketone bodies can be anticipated from the changes
which have been shown to take place in the sugar and fat of the
blood. When the sugar is burned, the fat is burned, and the ketone
bodies must decrease. This, in fact, takes place. The fall in ketone
bodies is strikingly shown in a chart which Reginald Fitz con-
structed from studies upon the blood chemistry of one of his cases
of diabetic coma and by his courtesy is inserted herewith. Fig. 12
?150 exhibits the accompanying changes in blood sugar and blood

During sixteen hours there was a precipitous descent of ketone
bodies from 140 to 60 mg., and the percentage of blood sugar from
0.6 to 0.14 per cent along with the administration of 65 units of
mmsulin. In passing it should be noticed that the rise in carbon
dioxide in the blood was not commensurate with the fall in ketone
bodies. This discrepancy between acetone bodies and CO, was
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also observed by Banting, Campbell and Fletcher, and by others.
The curves also demonstrate that the percentage of sugar in the
blood falls more rapidly than the decrease in percentage of ketones
and that ketones both disappear later from the urine and return
earlier than glycosuria as observed first in Toronto. Later investi-
gations in Toronto and at Petrén’s' clinic would indicate that the
blood sugar and g-oxybutyric acid fell in a parallel manner.

TIME IN HOURS )
AFTER ENTRY 0o 2 8 10 12 14 15 18
AcETONE | €O, |Bucan [ | | |
4 vorg| % |
et | .
40 | | .80 |
20 | 10 | 70 i
100 | 12 | .60 '
080 | 14 | .50 !
060 | 16 | 40 | | |
| 1|
080 | 18 |30 |51 | L2 ! T &) B | O
;‘ ¥} = = | \""w“:_‘ ‘l |_‘~_
e "3 I S |
020 |20 |20 |E : DI e (/R
2l lele kls ,a;.._!_'“_i__ﬂ .
N | bl
23 | .10 | I | ! ! | l_!——
| | | s sl

Fia. 12.—The effect of insulin on the blood chemistry of a case of diabetic coma.

(Reginald Fitz.)

Banting, Campbell and Fletcher® also have published an excellent
table showing the two-hourly output of sugar and ketones in the
urine for a twelve-hour period following injection of insulin. Table 6.

The influence of insulin upon the carbohydrate and nitrogenous
metabolism of a diabetic patient and incidentally upon the acidosis
is beautifully exhibited in Table 7 furnished me by R. Fitz. His
moderately severe diabetic was given a ten-hour “Insulin Fast
Day’ and analyses of the blood and urine made at two-hourly

intervals.

} Petrén:
1925.

The urine excreted at entrance to the hospital before

Nordwestdeutschen Gesellschaft fiir inn. Med. in Greifswald, June

* Banting, Camphell, and Fletcher:

Jour. Metab, Res., 1922, 2, 547.
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insulin was given contained 5 per cent sugar, the ferric chloride
reaction -, and the acetone as total acetone bodies was 0.26
per cent. The blood sugar was 0.47 per cent, blood acetone 55
mg. per 100 cc., and the carbon dioxide in volumes per cent 35.2.
Fifteen units of insulin were then given. Within six hours the blood
sugar was 0.17 per cent and the glycosuria had disappeared. Dur-
ing ten hours the nitrogen excretion fell from 0.82 gram per hour to
0.33 gram per hour and the total acetone excretion from (.52
gram per hour to 0.03 gram per hour. It is true that fasting alone
would lower the hyperglycemia, nitrogen excretion, and acidosis,
but no one could expect such marked reductions in so short a period
as ten hours.

Tasre 6,—Variations 1N Svgar axp Kerones IN UniNe anp BrLoop AFTER
Insvrin. Banming, Campeeen axp Frercren.

vl Sugar. ‘ Ketones,
Time. fir: g X i
Per cent. | Grams. ‘ Mg. per liter. Mg, per 2 hrs

-9 40 0.75 0.3 1737 70
-1 250 0 0 262 66
11- 1 520 0 0 0 0
1- 3 460 0 0 (4] 0
3- 5 470 0 0 213 100
4- 7 240 0.43 1.16 491 115

TasLe 7.—InFLUENCE oF INsULIN UPON CARBOHYDRATE AND NITROGENOUS
MerABOLISM OF A Diaseric. Recinawn Firz.

‘ Urine. | Blood. |
" Nitrogen 1 :
Time, | reation [ Insulin,
hours. G0 eramme, Sugarexcre-| (onc'esrs | Sugur, | Atwtone | oo, o, | RS
i haur, grams.| hatg.npp:.lr-nn.] per cent. | 106 oo, | JRC B
Entry. | Urine excreted at entry before in- | 0.47 I 55.0 35.2 15
sulin was injected had 5 per cent | |
sugar anda + + ferric chloride | |
reaction. The acetone was 0.26 |
per cent. |
0.2 | 082 13.00 @ 0.52
S Dl [(ias 027 | 389 | 426 |
4 | vee | 0200 | B1.8 | 44.5 |
2.5 0.53 Trace 0.10 !
1] = | (L0 RS 0.17 | 29.0 46.5
5.8 0.43 None 0.04 !
8 | ([ — 0.20 | 20.0 48.4 |
8.10 0.33 None 0.03
10 0.20 26,4 48.4
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The influence of insulin upon carbohydrate metabolism has
been sufficiently discussed elsewhere, but it is appropriate here to
mention its effect upon protein metabolism. That this is reduced
the table of Fitz would indicate, but the subject is by no means
simple. In this special instance we have: (1) The influence of
fasting, which in itself would lower protein metabolism, not only
on account of the temporary absence of food, but because of the
permanent effect of fasting; (2) the sparing action of the combustion
of carbohydrate which saves calories otherwise required from pro-
tein and fat; (3) the saving of calories indirectly, because of better
utilizability of fat. In observations of longer duration in which
nitrogenous metabolism has been observed to change from a minus
to a plus basis all these factors come into play, and also another
factor which in long continued observations is of greater importance,
namely, the extra amount of food which the patient is given and,
because of its utilization, is able to retain and use for the formation
of new tissue. The change in nitrogen metabolism is therefore
an indirect rather than a direct result of insulin.

The influence of insulin upon acidosis can easily be predicted
from its effect upon the metabolism of carbohydrate. When
carbohydrate burns freely, acidosis disappears. Even a fasting
diabetic with little store of carbohydrate in the body is shown by
insulin to have enough carbohydrate available for combustion, when
properly burned, to allow the complete combustion of fat. Insulin
shows that the diabetic has more depots of carbohydrate at his
disposal than have been credited to him. That insulin plus earbo-
hydrate should dispel acidosis could be anticipated, but that insulin
plus carbohydrate already existing in the body should so quickly
dispel acidosis is another of the marvelous properties of this extract.
From where does the carbohydrate come which is burned? To a
considerable extent from the blood, as shown by the falling blood
sugar, though perhaps not more than (4000 cc. blood x 0.0047)
12 grams in this way, but an additional quantity may come from
sugar in solution in the tissues, for we must not forget the body is
about 60 per cent water, and hence presumably the balance from
the oxidation of carbohydrate derived from the protein metabolized
—(0.82 gram nitrogen per hour x 2) 4+ (0.53 gram x 3) + (0.43
gram x 2) = 13 grams. This experiment with insulin shows how
little total glucose is required to lessen acidosis, providing it is oxi-
dized. Fat may also be a source of carbohydrate.

The real test of the action of insulin upon acidosis is the result of
the treatment of diabetic coma since its discovery. Six of the 1138
patients seen by me during the twelve months ending July 1, 1926,
died of coma and none of the 1241 cases traced during the follow-
ing year. Results of the treatment of diabetic coma are described
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on p. 643 and the cases treated on my service at the Deaconess
Hospital are summarized in tables 1 and 2 on pages 1284 and 1285
Med. Clin. N. Amer., 1927, 10, No. 5.

(g) Metabolism.—The immediate and direct effect of insulin
upon the metabolism is negligible, but the remote and indirect
effect is profound. Insulin allows the patient to tolerate more carbo-
hydrate and thus more food. In consequence of the extra food the
metabolism rises, but not in consequence of the insulin per se.
Likewise the respiratory quotient is affected not directly, but indi-
rectly, when under the influence of insulin carbohydrate is changed
into a state which allows oxidation and when this oxidation of car-
bohydrate takes place an elevation of the quotient occurs. Thus,
according to Holten,! who has studied with extreme care 18 diabe-
tics, “the diabetic respiratory quotient usually rises after insulin.
The rise relative to the standard quotient is greater two hours than
four hours after insulin (the mean is + 0.04 two hours after insulin
and + 0.016 four hours after). Two hours after insulin a rough
parallelism ean be demonstrated between the blood sugar fall and
the quotient rise, while four hours after insulin there is a connection
between the quotient rise and the standard quotient, the rise being
greatest with low standard quotients and least with standard quo-
tients of about 0.80. With very high standard quotients (0.90 and
over) a fall in the quotient after insulin was demonstrated.

“The explanation of these facts, as far as I can judge, must be
that the insulin stimulates the eombustion of carbohydrate. This
combustion has fallen in intensity four hours after insulin. Tt is
demonstrated that the blood sugar fall also diminishes in rapidity
three to four hours after insulin. The fall in the quotient with high
standard quotients is explained by the cessation of the production
of fat from carbohydrate in consequence of the administration of
insulin.

“In depancreatized animals the respiratory quotient does not
find its final low level, of about 0.65, of combustion of food devoid
of carbohydrate for some days. Is this not to be explained by the
presence of insulin in the other tissues of the animal, existing there
before and remaining there temporarily after the operation and,
therefore, enabling the last remnant of glycogen in the body to be
burned?

“The mean heat production two hours after insulin is 1.4 per cent
lower, and four hours after insulin 1.5 per cent higher than before.
For reasons discussed it must be taken for granted that in reality
the insulin causes a fall in the heat production in diabetics. This is
explained, at any rate partly, by the quotient rise in analogy with
the fact demonstrated by Krogh and Lindhard that the total metab-

1 Holten: Jour. Metab. Res., 1924, 6, 1.
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olism is higher with very low and very high quotients than with
medium values. Probably insulin occasions a still greater decrease
than can be explained by the quotient rise, as it endows the diabetic
organism with the power of greater economy in combustion pro-
CESses.

“The ventilation rises on an average (.9 and 10 per cent, two and
four hours after insulin, respectively. The diserepancy is partly
explained by the difference in the total metabolism at these two
times. The observed ventilation rise is about 3.5 per cent greater
than would be expected from the quotient rise. This difference is
presumably real and must be due to a slight diminution in the alveo-
lar carbonic acid tension.”

The remote gain in basal metabolism in the first few months of the
use of insulin when only a few units were available is shown by the
case of Bonnie P., Case No., 866. His metabolism at the beginning
of treatment was the lowest in the series. His diabetes was of eight
and a half years’ duration. His weight had fallen to 50 per cent
below normal standard. On October 14 and 16 his basal metabolism
was 854 and 749 calories, respectively; in other words, —33 and —43
per cent by the Harris and Benedict standard. These values were
well supported by values for the ensuing three weeks. Ten weeks
later the metabolism showed a material gain, but he still was 26
per cent below the normal level. In March, 1923, this most faithful
patient contracted erysipelas and died. Upon an average of 12
units insulin daily he had gained 10 pounds in weight. This acci-
dental infection, which so far as is known was unconnected with the
administration of insulin, prevented what might have been essen-
tially a complete restoration to health. His gradual improvement
seemed so wonderful to us all in those early insulin days that we
were content to allow it to proceed slowly and gradually. Despite
the gain in metabolism it will be observed the percentage of blood
sugar rose from 0.13 to 0.27 per cent even though he remained
essentially sugar free.

Few today know what patients formerly endured in order to live.

The metabolism of Case No. 2801 rose between October 7 and Jan-
uary 15 from —20 per cent to —5 per cent, the computed calories
from 1128 to 1338 for the twenty-four hours. In Russell, Bowen,
and Pucher’s' case the metabolism rose from —38 per cent to —27
per cent with a gain in weight of 11 pounds.

The statements made above conform to the results of Wilder
and Boothby.? Davies and his coworkers® give another explanation
of the failure of the respiratory quotient to rise after insulin as

! Russell, Bowen, and Pucher: Bull. of Buffalo Gen. Hosp,, 1923, 1, 41.
* Wilder and Boothby: Jour. Metab, Res., 1922, 2, 720, :
: Davies, Lambie, Lyon, Meakins, and Robson: British Med, Jour., 1923, 1, 847.
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high as the fall in blood sugar would lead one to expect. They sug-
gest that the liberation of the alkali consequent upon the removal
of the acetone bodies might result in a compensatory retention of
carbon dioxide.

TaBne 9. —CoNpiTION OF AUTHOR'S First 83 PamENTS TREATED WITH INSULIN,
with Cavses oF DearnH.

A. Fatal Cases.

| Age at Total
Case No. onset duration Date. Cause of Death.
FeOrs, YORTS,

705 | 52.0 14.0 Nov. 22 | Angina pectoris.

866 31.0 8.9 Mar, 23 | Erysipelas.

1305 10.5 5.5 Oct. 22 | Coma.

1443 | 36.7 12.2 | June 25 | Diabetes.
(1618 30.8 6.8 Jan. 24 | Coma.

1794 25.2 8.0 June 25 @ Coronary thrombosis.

1889 13.4 8.4 Feb. 27 | Coma.
1970 42.3 11.8 Feb. 25 | Cardiac.
2046 37.2 1.9 Oct. 22 | Staphylococeus, septicemia.
2145 40.7 12.9 Oct. 22 | Cirrhosis of liver, tuberculosis.
2192 27.8 2.8 April 23 | Coma
2201 41.3 24.6 Sept. 24 | Angina pectoris.
2271 12.8 Lo June 26 | Furunculosis.
2280 556.3 6.9 Dee. 256 | Pulmonary hemorrhage.
2302 B9 .4 11.2 Sept. 25 | Cardiae, arteriosclerosis.
2304 47 .3 4.1 Mar. 23 | Cardio-renal,
2422 35.9 7.3 Mar. 26  Bronchopneumonia, coma.
2446 35.8 1.1 Dee. 22 | Lobar pneumonis, coma.
2626 61.0 8T Mar. 24 | Pneumonia.
2662 12.8 1.5 Sept, 23 | Coma.
2668 12.6 7.3 June 25 | Coma.
2716 62.6 5.3 Jan, 26 | Coma,
2725 16.3 4.3 May 23 | Coma.
2729 21.3 B8 § Nov. 23 | Coma,
2801 14.9 1.2 Aug. 23 | Coma.
2853 34.6 13.0 Feb. 25 | Cancer of breast.
2008 62.7 12.2 Sept. 25 | Hemiplegia.
2009 33.6 7.0 Sept. 26 | Coma,
2046 44 4 2.1 June 24 | Automohile aceident.
2060 55.0 5.0 May 23 | Prostate operation, apoplexy, hypoglycemia.
2972 65.8 5.3 May 26 | Automobile accident.
2980 56.0 5.0 April 24 | Cardiac.

Average age at onset of 32 fatal cases, 37.4,

Average duration of diabetes of 32 fatal cases, 7.4 years.

Average age at death of 32 fatal eases, 45.0.

Number of deaths in 1922, 5; 1923, §8; 1924, 5; 1925, 9; 1926, 4; 1927, 1.

(h) Causes of Death of Diabetic Patients Treated with Insulin,—In
the Journal of Metabolic Research, 1925, 2, Nos. 5-6. there were
reported the first 83 cases treated with insulin from the writer’s
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series of diabetics. In Table 9 the fatal cases, numbering 32, of this
group up to July 1, 1926, are recorded. There are no cases untraced.
The remaining 51 patients are alive. The duration of the diabetes in
the living cases has already exceeded that of the fatal, despite the
living cases averaging fifteen years younger than the fatal at onset.

B. Lining Cases.

Age ot Total Age at Total

onset duration onset duration

Case No. YEnrs, years.! Case No. years. years.!
632 30.0 15.0 2508 4.5 6.0
1245 44.6 15.5 2561 28.4 9.8
1446 33.6 16.3 2560 5.9 6.1
1469 10.7 0.6 2640 50.9 11.2
1500 41.5 12.4 2687 23.8 5.6
1542 37.1 9.9 2702 28.3 7.9
1544 48 .8 11.8 2704 51.3 5.1
1616 5.5 7.9 2746 5.4 6.7
1750 36.3 10.9 2776 5.3 6.4
1805 14.8 6.9 2783 36.6 6.3
1930 26.8 7.3 27584 15.2 6.5
1931 42.3 11.0 2802 14.4 5.4
1949 7.1 7.2 2815 2.8 4.8
1997 10.8 7.8 2876 58.3 9.5
2024 10.8 6.8 2877 6.9 5.6
2063 14.3 8.7 2805 55.2 156.1
2174 4.1 6.3 2905 30.0 14.1
2256 14.6 5.4 2019 3.3 5.5
2296 20.8 14.5 2031 5.9 4.7
2366 14.2 6.7 2043 30.9 8.9
2383 35.8 5.8 2048 27.7 5.1
2397 42.8 5.9 2962 12.3 4.6
2406 34.0 9.2 2970 23.0 7.2
2419 14 .4 7.3 2975 6.9 6.9
2448 17.9 5.6 2078 1.6 5.5
2079 2.8 4.9

Average age at onset of 51 living cases, 23.6 years.
Average duration of diabetes of 51 living cases, 8.3 years.

A second and much larger group of insulin patients comprises the
1535 patients who received insulin between August 7, 1922, and
July 1, 1926. These cases have been traced to the latter date. The
results of the compilation of the fatal cases show them to number
253. The influence of insulin can be determined largely by the per-
centage of the deaths from coma and this was found to be 21 per
cent. In Table 10 the deaths are classified by disease.

The third method of testing the effect of insulin is to inspect the
causes of death of all patients who have died in the Banting Epoch
which I call August 7, 1922—July 1, 1926, so far as my own cases
are concerned. T'he data are shown in Table 161, p. 875.

! Duration to July 1, 1927,
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Tasre 10.—Diaperic Pamients Wio Have Takex Insvniw, Erner REGULARLY
or InteryiTrENTLY. TorAL Faravrries Axp Fararrres Due 1o CoMa.

Fatal insulin Banting, Era Fatal insulin BnEn;g.lg.
cases, arranged Aug. 1922 cases, arranged Aug. 1922
according to 1o according to to
disease. July 1926, a8e. July 1926,
Total deaths i . . 258 3. Tuberculosis . 14
A, Coma present . e 68
: Pul s tuberculosis . 14
{Coma incidental to other dis- 1 Cmﬂs;nn.r} I..ubujrcu.]nqw : il
ease) . . FO T 16
B. Coma absent To
= gL 1
1. Cardiorenal T2 Larvox . 1
Cardiac . 41 E}Dm“"h 1
Nephritis 9 - ver 2
Apoplexy 14 Tmcmaﬂ e a
Arteriosclerosis 8 SNSRI O0ROLL 1
2, Infections 67 5. Inanition 3
Pneumonia . 16 6. Miscellaneous 19
Influenza 2
Erysipelas . 2 Duodenal uleer 1
Pertussis 1 Cirrhosis 2
Meningitis . T Enlarged prostate 3
Acute ahdominal 1 Suicide . 3
Appendicitis 9 Accidental . 4
Carbunele 2 Oldage . . . 1
Gangrene, sepsis 37 Hypqrthwm:jmm 1
Gas bacillus 1 Insulin reaction 1
Multiple infections 1 Diabetes 3
Pancreatitis 1

C. INSULIN IN THE TREATMENT OF DIABETES.

1. Introduction and Summary.—The use of insulin in the treat-
ment of my series of diabetic cases was begun August 7, 1922, and
since that date has been employed with more than 1500 patients
of whom 293 were treated in the first twelve months. Seven of the
first 100 diabetics coming for treatment received it, but with sue-
ceeding hundreds the number treated with insulin had risen pro-
gressively so that in May it had changed to 64 in 100 and by Sep-
tember, 1923, to 77 in the last 100 hospital admissions. Table 11
shows the number and percentage of all the true diabetics, irrespec-
tive of their entrance to hospitals, who have employed it. It is
cheerful to note that 40 patients in the first 1000 of my series lived
long enough to take insulin. Succeeding thousands show a steady
increase of patients receiving insulin up to the fourth thousand.
From then on the percentage remains constant and approximately

two-thirds of the true diabetics are now using the drug.'

1 All the insulin used in the treatment of the patients and in the investigations
here recorded eame originally through the instigation of the Insulin Committee of
Toronto and upon their recommendation to the Eli Lilly Company. For the privi-
lege of using insulin and its prompt and generous supply I am profoundly grateful.
Whenever the word insulin is used in the text in connection with my patients, it
means *‘Tletin,” the trade name of the insulin manufactured by the Eli Lilly Company.

1 have no prejudice against the insulin of any manufacturer, but when my diabetic
children came back to life in 1922, they sent Mr. John K. Lilly a Round Robin
Christmas letter and subsequently christened their dolls with his name.
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TasLe 11.—Diaseric Patients Wao Have Takex Insviin, Errner ReEGULARLY
oR INTERMITTENTLY. ToTAL FaTavrTies Anp Faraviries Due
10 Coma, Jury 1, 1026,

Total Fatalities among Fatalitics
Trup insulin cases, insulin cases. | from comn
diabetics U
! in the |
Spries, series. | Number. | Per cent. | Number. | Per cent. | Number. | Per cent
1-1000 | 906 10 4 | 12 30 1 8
1001-2000 865 76 9 ‘ 1 17 | 0 0
2001--3000 839 199 24 41 21 20 45
4001-4000 843 | 540 63 123 23 40 33
5001-5000 S09 513 63 o 11 6 | 11
3001-5350 . . 284 177 62 8 5 1 13
Total . . 4546 1535 34 254 17 (i h 27

2. Justification for giving insulin:

(a) The Abolition of Coma.— The abolition of coma as a cause of
death from diabetes in hospital and largely in the home has followed
the introduction of insulin. Last year 43 of the 1241 patients seen,
died, but there was no death of diabetic coma or in individuals
under the age of fifteen years. Formerly two-thirds of my patients
succumbed to coma. Table 11 also shows the decreasing percentage
of deaths among the insulin treated patients as one progresses from
the older to the more recently treated cases, namely from 30 per cent
to 5 per cent, but it also shows the small number of deaths from
coma even though these patients were scattered all over the United
States.

(h) The Prolongation of Life of Diabétic Children.— A second justi-
fication for the use of insulin is the prolongation of the life of children
which has occurred since its discovery. It is true that formerly the
oceasional diabetic child lived a decade and I have had 12 such, 3
dead and 9 now living, but the average duration was 2.4 vears up
to 1922, Today there are 51 living diabetic children who have had
the disease 7.3 years and my 238 living diabetic children on the
average have had diabetes 4.1 years. After making all allowances
for fatal cases 23 months of life were added on the average to each
of my diabetic children during the 2 years ending July 1, 1927.

(¢) Good Health.— Good hea]th not tolerable health, is the right
of the diabetic today and this is the real justification for the use of
insulin. thslclans have hardly become accustomed to the change
which insulin has wrought and even yet do not expect to see happy
vigorous diabetics in their offices or quite understand that they

* Of the B8 cases shown death was due to other causes in 16 instances, uIlhDugh
comn was present. The causes of death in these 16 cases were ns follows: eardiae 2;

infections 10; pulmonary tubereulosis 1; carcinoma of breast 1; inanition 1: iy per-
thyroidism 1,
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should be in good health and entering into active life. When I
think of what the diabetics were in the days of treatment with
undernutrition and what they are now with insulin, [ am reminded
of the words of the Prophet Ezekiel thousands of years ago. No
better description of tlie transformation which has taken place can
be found than in the account of his vision. (See Ezekiel 37, 1 to 10).

3. Who Should Take Insulin.—Any diabetic who cannot keep
the urine free from sugar and the sugar in the blood normal and
himself in good health with the diet allowed should take insulin.
Furthermore, insulin is desirable temporarily for those who do not
need it, simply as a matter of education and insurance. An infection
makes a diabetic worse and any diabetic may acquire an infection
and, therefore, be faced suddenly with the necessity of using insulin.
If he has been educated in its use, insulin represents so much accident
insurance which is immediately available.

Insulin is also given by me to save the patient time and money
and the hospital beds for diabetics in coma or with surgical or other
emergencies. Thirty cents’ worth of insulin will offset a patient-
hospital-day, because with it the patient can be made sugar-free
so much more rapidly. Perhaps a fifth or a fourth of my patients
give up insulin upon leaving the hospital. I seldom urge insulin
upon a patient save, of course, in coma or in infections or in a
surgical or other emergency such as hyperthyroidism. It is possible
to treat the individual by undernutrition and to bring him back
to a fair condition of health by methods which were employed for
nearly a quarter of a century. But such treatment never lasts and
seldom the week goes by before the patient begs for insulin. Patients
of this sort are often the best patients in the end, because they have
character and can be trusted to use insulin intelligently.

The types of patients treated with insulin have ranged in severity
from the severest to the mildest; in age from an infant of ten months
to an old man of eightv-seven years; and in duration of the diabetes
from a few days to more than a quarter of a century.

The policy adopted in the treatment of diabetes with insulin has
been to utilize along with it all those measures which have proved
of the greatest value in the treatment of diabetes without insulin.
These are: adherence to a diet which will keep the urine sugar-
free, avoidance of overnutrition or extreme undernutrition, and
a method of life compatible with the strength such a diet affords,
particularly utilizing exercise because of its action in lowering the
percentage of sugar in the blood.

Insulin does not cure diabetes.! Insulin does not allow a diabetic

I Certain sentences and paragraphs in what follows appeared in articles by the

author in the Jour. Am. Med Assn., 1923, 80, 1581, and Jour. Metab. Res. 1023,
2, 631.



INSULIN IN THE TREATMENT OF DIABETES 69

to eat anything he desires. It is a potent preparation alike for evil
and for good. Thomas D., Case No. 1305, omitted insulin for five
days, continued his relatively high diet, developed a mild infection,
and entered the hospital to die seven and a half hours later of
coma. That was in October, 1922, when we had little insulin and
still less experience with its use. A patient having diarrhea but with
a tolerance for 114 grams carbohydrate took 1 unit and the blood
sugar fell to 0.03 per cent, and another patient, Case No. 5615, with
a tolerance for 140 grams carbohydrate, though also having diar-
rhea developed so severe a reaction that glucose intravenously was
required to revive her. Her blood sugar fell to 0.04 per cent. Con-
versely, Miss M., Case No. 1542, our first case and the severest
diabetic on our list, who had gone down to the street from her
apartment but once in nine months, felt able after six weeks of
treatment to walk with ease four miles daily, has gained 60 pounds
in four and a half years, and is active in her occupation as head
nurse. In California a doctor’s secretary made equally as spectacu-
lar a recovery even with the handicap of advanced pulmonary tuber-
culosis. Mrs. M., Case No. 2080, with rapidly ascending gangrene,
fever, 5 per cent sugar, and marked acidosis, was first seen on a
Sunday, brought to the hospital the same evening, given insulin,
and the thigh amputated at 10 o'clock the next morning by R. C.
Cochrane. After eight days the 30-unit daily dose of insulin was
omitted; ten days later she became sugar-free and remained so for
months, ultimately dying in 1924 of heart failure.

Insulin is a remedy primarily for the wise and not for the foolish,
be they patients or doctors. Everyone knows it requires brains to
live long with diabetes, but to use insulin successfully requires more
brains. Two ignorant patients, who were helped by insulin and
needed it, went home without it, and their physicians, though living
nearby, did not take the trouble to come to the hospital either to
see the patients or learn about insulin. In contrast was the case of
an alert little girl of fifteen years, Case No. 2802. After two weeks of
our best efforts with dietetic treatment alone she seldom could keep
sugar-free, yet she was wise and with insulin has gained 39 pounds
in 3.5 years, 56.5 per cent of her body weight. Her elderly, over-
worked country doctor traveled nearly 200 miles to see for himself
this new form of treatment and to take her home. She is now 19.4
years of age, 60 inches tall, happy and active. We have had no
cooperation in doctor and patient greater than this.

Insulin is less dangerous than morphine, and it has these advan-
tages; whereas an excess of morphine leads directly to sleep, coma,
and death, an overdose of insulin causes a warning train of symp-
toms beginning with nervousness and extreme hunger as the blood
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sugar drops below 0.07 per cent, progressing to tremor and sweating,
subconscious or evident, and ending with unconsciousness and con-
vulsions as the blood sugar reaches 0.03 per cent. Death is possible.
Again, unlike morphine poisoning, recovery follows the simplest of
measures, the juice of an orange or 1 to 3 teaspoonfuls of sugar,
and takes place promptly, often within five or ten minutes.

Insulin has revolutionized diabetic treatment in more ways that
one: (1) It can give more food, strength, and weight, but (2) to
do this it demands not only a knowledge and respect for the dia-
betic diet on the part of the doctor and patient, but adherence to
the same if the diabetic wishes to get his money's worth for the insulin
he injects, and (3) it promotes codperation in effort to combat the
disease between doctor and patient.

The first cases of diabetes treated beginning in August, 1922, were
those who were the most severe. Thirty were selected for this reason
from among about 1000 diabetic patients living at that time. Later
cases of milder degree were added to the list, including several repre-
senting surgical emergencies. Still later others were added to the
list who were distinctly less severe in type, yet quite unable to main-
tain weight and do their daily tasks. A certain number of children
with acute onset were also chosen for treatment. The results of
treatment in these first 83 cases are shown in Table 9. Among
the group treated were many so-called (to use Woodyatt’s term)
“pedigreed” diabetics in that they had already found their way into
medical literature. These were Cases No. 632, 866, 1305, 1542, 1794,
2174, 2560. See Case Index at end of volume.

Taswn 12, —Errecr oF Increass N Digr aFrer LonNag-conminven UINDERNUTRI-
TioN—No InsvniN. Case No. 866.

| Average daily diet. | Blood sugar.
Diace-| Sugar | |
Date. ti_l:l inuring, | '| P

er
aad. | em- | g ‘ PR ‘ Cals. Date. e

|

October:

14-24 inec. . 0 0 31 74 75 1005 Oct. 22 | 0,18
25-31 ine. . 0 0 36 84 79 1191 Oet. 30 0.14
31-Nov. b ine. 0 1] 43 86 86 | 1290 Nov. 6 0 19

The increase in the well-being of the patients not only in weight
and strength, but also in spirit, was remarkable soon after the
beginning of treatment. Since many of these patients were of the
severest type of undernourished diabetics and were given far more
food than they had had for months or years, the question arose as
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to whether diet or insulin was responsible for the improvement.
Consequently. Mr. P., Case No. 866, who had had diabetes for eight
years, whose original weight was halved, whose metabolism was the
lowest of any reported diabetic in the world, was asked to return
to the Clinic and undergo an increase of diet exactly like that of
our first case, Miss M., Case No. 1542, The results obtained
with Mr. P., are summarized in Table 12. This table shows that
on a diet of 1095 calories the fasting blood sugar was 0.13 per cent
and the urine sugar-free. When this diet was increased by 100
calories or 10 per cent, the urine remained sugar-free as hefore, but
the blood sugar rose to 0.14 per cent. Again the diet was increased
by 100 calories, making a total increase of 20 per cent from the
original diet. The urine still remained sugar-free, an index of the
long years of faithful following of dietetic rules by this patient, but
the blood sugar at the end of the period had risen to .19 per
cent. Sugar soon appeared in the urine. With insulin this patient
tolerated an increase in diet perfectly well and gained 10 pounds in
weight, but I am very sorry to say that on March 10, 1923, he suc-
cumbed to erysipelas, though in no wise connected with his treat-
ment with insulin. See pages 62, 63, and Table 12.

Sexual maturity has taken place in a large number of children.
Menstruation has returned in 2 of the severest cases after an
absence of six years and six and a half years respectively. Prior
to treatment with insulin I recollect but 1 diabetic female whose
catamenia, having once ceased, returned.

4. Dosage.—The quantity of insulin which a diabetic patient
requires to keep sugar-free and the blood sugar normal varies
primarily with the severity of the disease and intercurrent compli-
cations, and secondarily with the diet and amount of exercise.

The severe diabetic manufactures or has available less endogenous
insulin than the mild diabetic and consequently more exogenous
insulin must be administered to make up for his deficiency. First
among the complications are infections. These invariably make the
diabetes more severe and, therefore, increase the demand for
insulin. So does coma, even though it supervenes when the disease
is mild. A diabetic with an incompetent heart or a damaged
kidney requires extra insulin and patients with a high blood-pressure
as a rule need more than those whose blood-pressure is low. But
beware! (See p. 692.)

Conversely, the thin, frail, feeble patient whether young or old
is best treated with a small dose and even then may surprise his
attendants with a terrifying reaction. If a patient fails to digest
a meal, and it matters little whether it is vomited or retained in
the stomach, his need for insulin suddenly drops and a reaction
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may ensue akin to that of the cachectic patient. Likewise in the
presence of diarrhea a very little insulin, even a single unit, may
lead to unconsciousness.

Secondarily the diet regulates the dose of insulin required. First
of all it is the carbohydrate in the diet, but closely concerned are
the total calories, as well as the protein and fat. Perhaps it is
not so much the available glucose-forming material in the latter as
it is the fatty acids which tend to turn the patient toward acidosis
which in and of itself increases the need for insulin. Here in
America we reckon 58 per cent of glucose-forming material from
protein and 10 per cent from fat. In Germany the glucose from
protein is reckoned at 80 per cent and that from fat disregarded.
Hence with this confusion one had best cling to carbohydrate and
total calories in planning diets and glucose equivalents of a unit
of insulin.

Exercise exerts a marked effect on insulin needs. Case No. 632
says a game of golf is worth 5 units. Days without golf he takes
20 units in the morning and 5 units at night, but on days with golf
he omits the night dose. Even before the discovery of exogenous
insulin we knew this and recognized that the milder diabetic who
could burn some carbohydrate could burn far more with exercise
and that the severe diabetic who could burn little carbohydrate
was made worse when an extra quantity of endogenous food,
caused by exercise, was thrust upon him. Perhaps we did not
quite realize that exercise increased the production of insulin in
the mild diabetic, but was unable to do so in the severe, or if it did
not increase the production of insulin enabled it in some way to
make ready for oxidation the additional carbohydrate which exercise
set free. Exercise in truth in the diabetic must always be thought
of in terms of food. Apparently it is only the severest of the severe
diabetics who fails to react to exercise with a lowering of blood sugar,
1. €., with increased secretion of insulin. Before insulin I had in
mind only one case and I recall none since. Just as with normal
individuals, such as those who take part in a Marathon run, exercise
lowers the blood sugar and in the case of extreme exercise such as
that cited to 0.045 per cent, so exercise lowers the blood sugar in
diabetics. Under its influence carbohydrate utilization rises and
unless insulin is decreased or carbohydrate in the diet increased
the patient experiences a reaction.

Infections and exercise both increase the metabolism, but in the
former case the increase involves pathological processes and the
insulin may be secreted! less freely or be less potent. Exercise is
normal and, unless excessive and in an exceptionally severe diabetic,
does good.

The disease and its complications, the diet and exercise are the

! Sweeney: Arch, Int. Med., 1928, 41, 420,
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four variables with which one must reckon in prescribing insulin.
But there is a fifth variable which must not be overlooked, namely
the patient, because all depends on his reliability, regularity of
life and intelligence. These five variables explain in large measure
why in some clinies little insulin is used and in others more.

Small doses of insulin from the start have characterized my
method of treatment for several reasons. First the glucose equiva-
lent is relatively much larger per unit of insulin with small rather
than with large doses of insulin. Thus a depancreatized dog fed
600 grams of meat and 100 grams sucrose was given 20 units of
insulin and on two different days' metabolized 5.8 grams glucose
per unit, but when fed the same diet and given 40 units, he metabo-
lized 3.0, 3.3, 3.1, and 3.0 grams glucose per unit. Incidentally
it should be mentioned that the larger amount of carbohydrate
given the more per unit insulin was utilized. With carbohydrate
dosage increasing from 50 to 100 to 150 grams the glucose equivalent
per unit rose from 3.7 grams to 5.8 grams to 7.6 grams per unit
insulin. The glucose equivalent of insulin, when all conditions of
diet and kind of insulin were the same, varied within a relatively
narrow range. This last conclusion is contrary to the experience
of John.? Second, with one patient, Case No. 1194, whose carbo-
hydrate tolerance was 114 grams the injection of 1 unit lowered the
blood sugar to 0.03 per cent. Allen® has reported a similar result
with 0.5 unit. The possibility that this might occur with other
patients whose tolerance was far less, indicated the necessity for
the use of small doses in the routine treatment of large numbers of
cases remaining in the hospital for short periods or by physicians
in general practice, and it is especially for the latter group that my
system of diabetic treatment is planned. Furthermore, to save time
and to educate the patient in the use of insulin and diet it is my
practice to hegin insulin in most cases before the first meal following
entrance to the hospital. At this time the tolerance of the patient
is unknown but a moderately restricted diet is prescribed for the
ensuing twenty-four hours usually containing carbohydrate 60 to
100 grams, protein a little under 1 gram per kilogram body weight,
and sufficient fat to make a total intake of about 20 calories per
kilogram. Within one day the diet is readjusted and enlarged.
For these reasons it has been my custom to begin with small doses.

The first dose of insulin is usually 5 units before each meal, as
often less as more, and is maintained, decreased, or increased on
subsequent days as glycosuria and calories require. Usually as

! Allan: Am. Jour. Physiol., 1924, 67, 275; see also Jordan: Am. Jour. Physiol.,
1927, 80, 441.

# John: Arch. Int. Med., 1927, 39, 67.
* Allen: Jour. Metab. Res., 1922, 2, 866.
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time goes on the noon dose is omitted and the dose before breakfast
made somewhat larger than the dose before the evening meal.

A third reason for small dosage was the sad experience with a boy,
Thomas D., my second case, who during the absence of his local
physician and with other serious illness in his home, gave up insulin
for five days, failed to restrict his diet, developed a slight infection,
and went into coma from which he died. Unquestionably large
doses of insulin will allow patients to take more food and thus gain
weight very rapidly, but with large doses of insulin the patient is
walking on longer insulin stilts and his equilibrium is therefore
correspondingly endangered. With small doses progress is more
gradual, but quite as sure and certainly safer. A fourth reason for
using small doses was the fear, not entirely groundless, that as time
went on the dosage of insulin might need to be increased, and indeed
this is true, but not so much due to a diminution in the power of
insulin as to an increase in the diet.  Fifth, the treatment of diabetes
with insulin should follow the best lines of treatment of diabetes
without insulin.  In other words, overfeeding should be discounte-
nanced, and overfeeding is apt to result when large doses of insulin
are given,

The cost of insulin is the sixth reason which deters from large
doses. Most patients with diabetes are in moderate circumstances.
It is unfair to treat patients in the hospital with large doses of
insulin without cost and then to send the same patients home
expecting them to pay for that dosage of insulin indefinitely. The
sale of insulin is a boon rather than a detriment to insulin therapy
in general, but the expense should be kept low. When a patient
pays for insulin, he is far more likely to use it wisely. Patients
become very keen and learn with surprising readiness at which meals
following insulin the carbohydrate can be increased or decreased,
often adjusting the dose far more skilfully than can their physicians,
who are seldom as familiar with all their conditions of life. Success
with diabetic patients depends largely upon their willingness to
make sacrifices for hospital board, treatment, and now insulin.
The diabetic dependent upon charity seldom does well, just as it is
hard for a rich diabetic to conform to rules, though he is far more
apt to attempt it today than formerly.

In general it is safer to work from low units up than from high
units down. The doses of insulin which my patients at the present
time are receiving can be illustrated in three ways: (1) With a
group of 30 successive hospital patients; (2) with a similar group
of former patients reporting at the office for a single visit; (3) with
five groups of patients, 10 in each group, whose ages vary from child-
hood to sixty-nine years, who have been under treatment with
insulin for four or five years.
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Tasre 13.—Insvrin 1N Tae TrEarment oF 10 Draseric PATIENTS BETWEEN THE
Ages oF Frereeny 10 TwWeNTY-NINE Y EARS INCLUSIVE.

1923 To 1926.
| | Age at | Dura- ‘ Yarokin | Pk
| onset, | tiom, |Weight, | 'G5

Year. Number.| average | average | average AUETAS Carbo- | Protein, Fat

| vears. | years, |pounds. |AVET4ES | hvdrate, average |
average e ot o

i iy Zm.

) [ S A | G 22 3.3 110 34 74 59 132

1924 . 2 10 22 4.3 11mn 221 707 6110 135

1925 . . . . 10 22 5.3 1322 45% 663 641 125

wal ;. s s 10 22 6.3 137 470 76 i1t 128
I Average of 9. 4 Average of 9. 7 Average of 9, 10 Average of 9.
t Average of 8. b Average of 8. & Average of 7. n Average of 7.
1 Average of 7. ¢ Average of 8. ¥ Average of 6. 12 Average of 6.

TanLe 14.—Ixsvniy 8 THE TrEaAr™MENT OF 10 Diasmtic PATiENTS WiTH AGE OF
OnsET BETwEEN THIRTY AND THIRTY-NINE YEARS INCLUSIVE.

1923 To 1926.
| A o | Diet.
e at urH- - L
Y 'N ber s 4 ) szlrgl’“é 13:';'!1]] Carbo- | Protein, |
ear, um . AVErage | average o rotein,
i yanns yen.rsg. pouncs. | AVErREe. | pvdrate,| average E.\'l.:‘a:ta'gl\
| AVETAge frichy
| Em. ’
1623 . sk 10 34 3.2 113 18 63 61 130
1924 . 10 34 4.2 117t 288 650 61% 1211
1925 . 10 34 52 1102 204 576 620 12612
1926 10 34 6.2 130 33 677 | 631 1321
! Average of 8. " Average of 8. 5 Average of 8. 1 Average of 8.
1 Average of 9. & Average of 8. ¥ Average of 8. 12 Average of 5.
i Average of 8. T Average of 8. 10 Average of 8. 13 Average of 8.

4 Average of 9.

My present dosage of insulin is greater than five years ago, but
not much greater. At that time the average daily dosage for the
first 127 patients for an average period of one hundred and seven
days was 11 units daily. Twenty-nine diabetic patients in the
hospital on August 22, 1923, were receiving an average of 18 units.
With 31 children at that early period the average dosage was 10
units during an average period of one hundred and twenty-two
days, but with 13 children under the age of fifteen years, the average
dosage was 4 units for an average period of eighty-nine days. The
largest quantity of insulin taken by one of my patients in 1923,
excepting in coma, was 63 units, Case No. 2256; she is now taking
56 units. Case No. 2801 then took 45 units; she died in coma
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August 18, 1923. Miss M. (Case No. 1542) at times received
35 units, and now receives 45 units. The first cases treated erred
in receiving toolittle, and undoubtedly if 1 had given insulin more
freely to Mr. P., Case No. 866, he would have gained more than 10
pounds in thirteen weeks and would have resisted erysipelas better.

Tasre 15.—Livine Insurin CaseEs BETWEEN THE Acis oF ForTty 10 FirTYy-FOUR

YEARS.
| & L | | Dlet.
ge at a- .
| Dn.:Et, ti:r:, Weight, Insulin |
Year. Number.| average | average nwrndgtl. dose. | Curbo- | Protein, Fat
years. | years, |POUDOS. hydrate,| average &"E:B'gﬁ
avernge . . 3
| a0
1923 . . . . 10 | 45 6 114 11 64 63 109
1924 . T 10 | 45 7 125 17 75 Uit 130
1925 3 10 | 45 5 128 23 79 hili] G4
1926 . . A1<a0 = 45 9 132 27 99 69 115

A few patients formerly under my care but now living in different
parts of the country report the use of large doses. Thus Case
No. 1782, with onset of diabetes at age of 20.7 in September, 1919,
is now employing 136 units, 40—40—40—16, with a diet of carbo-
hydrate 226 grams; protein 55 grams; fat 134 grams. The lowest
weight he reached during his diabetes was 923 pounds in June, 1922,
and now his weight is 172 pounds. Now and then he has an insulin
reaction. [ saw him last in November, 1921.

TasLe 16, —TrEammenT oF 10 Dianetic Pamients WiTH Ace oF OnsET BETWEEN
Firry-FiveE TO SIXTY-NINE Y EARS.

1923 1o 1926,
S = | | : N — Cae
Diet.
Age at | Dura- : |
onset, tion, E{:IE‘M' Insulin, | |
Year. Number.| avernge | average | u\i.uu.fse dose. | Carbo- | Proteiu, Fat
VEears. Vears. P = hydrate, average uva'm'gv_-
average | gm. periny
Zm.
| |
1923 . ST 10 60 3.7 | 126.0 13 75 59 121
1924 S 10 60 4.7 | 112.8 14 fid 74 111
1925 . o o= 20 60 5.7 | 128.0 | 20 83 61 130
1926 = = = 4 10 60 6.7 l 128.0 16 82 63 108

Case No. 2476 did not even measure his insulin, ate liberally,
took insulin freely and gained 100 pounds in weight. He returned
because of the dreadfully alarming reactions which drove his family
to distraction. We reduced his insulin to 60 units, limited his
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carbohydrate to 36 grams for two meals, and one of these reactions
developed. As four of us doctors could not get near him to give
carbohydrate or adrenalin, it was possible to observe the maniacal
actions of a patient under insulin during hypoglycemia. By the
end of two hours he quieted down, with glucose intravenously and
orally he gradually improved, and his exhaustion was over in
twenty-four hours. I suppose the advocates of high insulin dosage
will retort—see how strong big doses of insulin make a patient and
how much weight can be put on!

Tanre 17.—ComrrraTion oF Grouprs 1, 2, 3, 4 Axp 5. SpowiNGg COMPARISON OF
AgE at OnsEr, Duvramion, WelcaT, Insvrin, Axp Digr.
1923 To 1926.

Diet.
Group Age at | Dura- | Weight, | Insulin, B |
(age). Number.| onset, tion, | average | average | Carbo- |Proleu;. Fat
average | average | increase | increase | hydrate, average | ru'p:e
years. | years, | (Ibs.). | (umits). | avernge | incresse | ?;r:eue
increase | (gm.). | (&m),
(gm.). | -
i j
1.1 told . . 10 8.5 6.2 32 9 37 ) ¥ —4
2, 15t029 . . 10 22.0 6.3 27 13 2 9 -4
3.30t039 . . 10 34.0 6.2 17 15 4 2 2
4. 40to 54 . | 10 45.0 9.0 18 16 35 6 6
5. 56to 6O . . 10 60 .0 6.7 2 3 7 4 —13

One other of my cases I know has taken 100 units. I had not
seen him for four years. He was too fat! Why should a diabetic
deliberately ape the state of the majority of diabeties before they
contract the disease?

The quantity of insulin required varies with the severity of the
diabetes, with infections, with acidosis, with food, exercise, and
weight. Allen says the minimum insulin requirement of children
is lower than that of adults but the requirement per kilogram of
weight is considerably higher. This may be due to growth and more
food. The difference in dosage hetween that necessary for main-
tenance of weight and that demanded for growth is all important.

The minimum insulin requirement compatible with sugar-
freedom can be erudely estimated in depancreatized animals and in
patients with maximally severe diabetes in a state of extreme inani-
tion. This requirement may apparently be as low as 4 units per
day in a young child, but is probably 12 units or more for an adult.
Any diet sufficient for maintenance of life even on the lowest plan
of nutrition probably requires a doubling of these figures. The
need for insulin is related quantitatively to the body mass as well
as to the quantity of food to be metabolized (Allen).
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Dosage has not increased as much in our series after the patient
has gained weight and is maintaining it, as it has increased while
the weight has been advancing. This statement is made as an
impression, but is supported by some facts. Addition of diet,
however, has caused an increase in the amount of insulin required
even though the tolerance appeared to be improving. Miss M.,
Case No. 1542, when weighing 30 kilograms and receiving 1200
calories, required in the neighborhood of 30 units of insulin daily.
With her weight at 40 kilograms on the same diet, or 30 calories per
kilogram body weight, she required 10 units. When the diet was
then increased 5 per cent, it was necessary to increase the insulin as
well.  'When her weight has risen to 46 kilograms and the calories
to 1310 or 29 per kilogram, the insulin needed was much more,
Now in 1927 she weighs 1364 pounds naked, takes approximately
carbohydrate, 58 grams; protein, 56 grams; fat, 110 grams, and
45 units of insulin. In this instance and in some others the quantity
required appeared to depend chiefly upon the amount the diet was
in excess of actual body requirements. For gain in weight more
insulin was required than for maintenance of weight. It is the
surplus diet and the gaining weight, therefore, which demand
increasing units of insulin rather than the weight already added.

A very one-sided view of the dosage of insulin would be obtained
if reference was not made to the methods of other physicians whose
treatment of diabetes is known to yield good results. Perhaps
the largest doses are given by Sansum in California and Geyelin in
New York City. In the discussion of the High Carbohydrate Diet
detailed consideration will be given to their views. Those whose
diets more nearly approach the theoretical ketogenic-antiketogenic
ratios prescribe less insulin because they contain the least quantity
of carbohydrate which it is safe to give. Should one so desire one
could calculate the standard basal metabolism for the patient,
add 20 per cent or more for activity, and estimate by Woodyatt’s,
Shaffer’s, Wilder's or some other ratio the distribution of carbo-
hydrate, protein, and fat. Then with allowance for exeretion of
sugar the dose of insulin could be calculated on the basis of 1 unit
for 1 gram, or 1} grams, or 2 grams of glucose according to each
one's idea of the glucose equivalent of 1 unit of insulin. How
variable the glucose equivalent of insulin is, even in the same patient,
Priesel and Wagner! have shown. Holm* even figures from his
experiments and calculations that the carbohydrate equivalent
of 1 unit was 8.75 grams glucose.

Theoretical calculations as to the amount of insulin a patient
requires are unsafe, because in the first twenty-four hours of treat-

! Priesel and Wagner: Klin, Wehnscehr., 1927, 6, 65.
* Holm: Arch. f. exp. Path. u. Pharm., 1927, 121" 368.
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ment the patient improves so rapidly, and delays as well as danger
are caused if one waits to determine the tolerance. In these
theoretical estimations of the amount of insulin needed I have never
seen allowance made for the well-known fact that the first 10 units
of insulin are more effective than the second 10 units, which in turn
are more effective than the third. However, theoretical dosage
must have proved its value or well-known clinicians would not
employ it.

5. Frequency of Administration of Imsulin.—The frequency of
injection depends.first of all upon the severity of the disease.
The severe diabetic requires insulin three times a day, because the
action of insulin is largely over in eight hours. A few patients
require insulin four times a day to keep sugar-free throughout the
twenty-four hours. Temporarily in coma and in the presence of
infections insulin must be given still oftener, due I suspect to its
early destruction in the body fully as much as to any loss of potency.
It would be interesting and valuable to know whether 10 units
given every ten minutes in diabetic coma would do more good than
60 units of insulin given once an hour. (See p. 661.) In general it
is recognized that 30 units of insulin divided into three doses in the
day are more effective than when given in a single dose. The mild
diabetic gets along very well on a single dose of insulin, because he
is sugar-free when without food in contrast to the severe diabetic
who secretes sugar in the urine constantly though more after meals.
I was struck at Bertnard Smith’s clinic to see how few patients took
their insulin more than twice in twenty-four hours and yet the doses
were moderate.  When one sees patients who are taking very large
doses it is not uncommon to find that they take insulin but twice
a day. I suspect that the early and earnest advoecates of a single
dose of insulin daily have changed their ideas, because one hears
little said in favor of this plan today. Bliss' working with a depan-
creatized dog found that hypoglycemic collapse occurred if the
insulin was given at one dose, even if all the food for the day was
crowded into five hours.

Fletcher and Campbell* and the Toronto group eall attention
to the development of acidosis in the later hours of the day if insulin
is given but once in the twenty-four hours. It is my impression
that in giving insulin twice a day I am simply following the example
of the Toronto workers in this, as in many other respects, It is
sometimes-desirable to give insulin late in the evening so that the
patient will wake up a mild diabetic because of the glycogen thereby
stored in his liver. I know that by so doing less insulin will be
needed in the next twenty-four hours.

! Bliss: Jour. Metab. Res., 1922, 2, 385.
? Fletcher and Campbell: Jour. Metab. Res., 1922, 2, 637.
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With children who have devoted mothers it is often possible to
omit an occasional evening dose, and with Billy B., Case No.
2560, this is often done for several days at a time. I question,
however, the advisability of endeavoring to see with how few
units a patient can get along. If the urine of the patient is kept
sugar-free constantly throughout the twenty-four hours, such an
attempt is quite justifiable, but otherwise not.

The number of doses in the second place depends upon or regulates
the distribution of carbohydrate between the three meals. At the
Deaconess Hospital the nurses have dietary schedules for a given
quantity of carbohydrate, protein, and fat and these are divided
between the meals according to the number of doses of insulin.

The four period urinary testing of urine is of great advantage in
deciding about the proper dose of insulin as well as about the diet.
If the morning urine, after breakfast to just before lunch, contains
sugar too much food, carbohydrate, or calories were given at
breakfast or not enough insulin before it; if the afternoon urine,
from after lunch to before an evening dinner, contains sugar the
same rule applies; and likewise this holds for the evening urine,
that after dinner until and including on retiring, as well as to the
night urine, which is that for the remainder of the twenty-four
hours.

The time of administration of insulin is usually before a meal
because the object of the dose is to bring the blood sugar to a normal
level. As insulin reaches its peak of action in about an hour it is
usual to give it one-half hour before a meal, because the blood
sugar tends to reach its height at about one-half hour after a meal
and thus the best effect of insulin counterbalances the worst effect of
the diet. Oceasionally the blood sugar is so high that it is advisable
to give the insulin a full hour before a meal. At other times at
night the blood sugar before dinner may be relatively low and one
obtains better results if the insulin is given after eating. Particu-
larly is this the case in hospitals because the three meals, breakfast,
dinner, and supper come so near together.

How many variables must be considered in the administration of
insulin! How thankful all will be when insulin or something as
good as insulin can be given in such a form (1) that its action will be
for twelve hours or more instead of eight hours, and (2) that no
sharp peak effect of insulin will occur due to rapid absorption but
that slow absorption will be the rule. Attempts on our part to
produce this latter effect by injecting insulin into the fat tissue of
the body so as to prolong the period of absorption have not met
with notable results.

A sugar-free urine is just as necessary in my opinion with diabetic
patients treated with insulin as diabetic cases treated without
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insulin. I believe that unless the urine is kept sugar-free during
the additional length of life these patients will enjoy, complications
due to hyperglycemia and glycosuria will ensue. Hitherto there
has been comparatively little opportunity to determine what the
effects of hyperglycemia for long periods would be, but with the
avoidance of death from coma the lives of these patients will be
so much prolonged that the effects of hyperglycemia will be mani-
fest. Until proof accumulates that hyperglycemia is not accom-
panied by distressing complications such as cataract and arterio-
sclerosis, it appears wiser to maintain urine and blood as nearly
normal as possible.

The status of the patient is known with difficulty if glycosuria
is present. The presence of more than a trace of sugar involves
innumerable quantitative analyses. The whole virtue in modern
treatment has been the abolishment of quantitative analyses and
elaborate methods. To bring these all back into practice will
retard the advance we have laboriously attained without insulin.
One cannot have frequent quantitative analyses of sugar in the
urine year in and out and so one loses control of the utilization of
the diet.

Glycosuria is not only tolerated but encouraged by several
clinicians highly skilled in the treatment of diabetes. Even 20
grams of glucose in the urine are allowed with design. To this
plan of treatment 1 am emphatically opposed. Diabetics for
years have been taught to keep the urine sugar-free and it has
been the general opinion among the best men treating diabetes
hitherto that the danger attending diabetics with urines free from
sugar is less than when the urine does contain sugar. If one faces
about, allows or encourages the presence of sugar in the urine today,
one breaks the patient's morale. If it is immaterial to success in
the treatment of diabetes whether the urine is free or not free from
sugar the patient will see no reason why he should not deliberately
take food sufficient to allow the presence of sugar in the urine.
Suecess in the treatment of diabetic children lies in keeping their
urine sugar-free. If sugar appears, a penalty follows. Take away
the necessity to keep the urine sugar-free and the control of that
diabetic child is gone forever.

Direcrions vor PArmients TakiNg  INsunin.—1. Insulin s
prepared in solutions of different strengths. Learn your dose in
units (not in cubic centimeters) and how to measure the amount of
solution to give that number of units. One strength has 10 units
in 1 ce. and is ealled U-10, another has 20 units in 1 ce. and is ealled
UU-20, another 40 units and another 80 units, termed U-40 and 1-80
respectively. No matter how the syringes are marked ; of a

6
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cubic centimeter would contain I; of the units of the quantity in
a whole cubic centimeter of the special preparation used.

2. An insulin reaction usually oceurs two to four hours, but may
occur earlier or later dependmg upon the diet and even as late as
fourteen hours after an injection, and can be recognized by the
sudden onset of hunger, tremor, sweating, unconsciousness. Other
symptoms are pallor, faintness, nervousness, dilated pupils. The
urine is sugar-free unless it has not been voided for some time.

3. A reaction should be treated by eating an orange, or by taking
other carbohydrate such as 2 or 3 Iumps of sugar or 2 or 3 tea-
Spnnnfuh of corn syrup.

4. At present it is not prudent to use insulin without daily exam-
inations of the urine.

5. If your usual exercise is not obtained, on that day reduce your
diet.

6. Arrange for a supply of insulin for two weeks in advance.

7. Tf your supply of insulin fails:

(@) Notify your doctor by telephone or telegraph, and
(b) Omit one-third of your diet.

8. If you have symptoms such as nausea, vomiting or pain, which
prevent taking food, do not omit your insulin unless the urine is
sugar-free. Call your doctor. Vomiting is an evil omen in diabetes.

For the instruction of patients who receive insulin, the following
directions have been prepared.

InsrrucTiONs FOR GIviNG INSULIN SUBCUTANEOUSLY.— ..
Sterilizing.— Wash the hands thoroughly with soap and water. Wrap
the eylinder and the piston of the syringe separately in a piece of
cloth and cover them and the wired needle with cold water in a dish,
heat to boiling, and let boil for three minutes. Pour off the water,
being careful not to touch anything in the dish, and allow to cool by
standing. Paint the top of the insulin bottle with medicated
alcohol,

B. Loading.—Draw out the piston so that the syringe contains
a little more air than the amount of insulin needed.

Push the needle cautiously but firmly through the rubber cap
until the point is just seen, invert the bottle; force the air from the
syringe into the bottle and then withdraw as much insulin as is
desired. By holding the syringe and needle-point upward air is
easily expelled from the syringe before withdrawing it from the
bottle.

C. Injecting.—The desirable site for injecting insulin is one
where the skin is loose. 1t is well to change the place with every
dose. For example, the left thigh on Monday, the right thigh on
Tuesday, the left arm on Wednesday, the right arm on Thursday,
the left leg on Friday, the right leg on Saturday, and so forth.
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Having decided on the site for injection, rub gently with alcohol
an area as large as a walnut.

Pick up a fold of the skin between the thumb and forefinger of the
left hand, and with the syringe held parallel to the skin, push the
needle quickly and firmly into the fold nearly up to the butt. The
tip of the needle should then feel loose in the soft tissue between the
skin and the muscle.

Then change hands so that the butt of the needle and the end of
the syringe are held in the thumb and the first two fingers of the
left, and the piston is held by the right hand.

Foree the insulin gradually out of the syringe, while withdrawing
the needle slowly, so that the insulin may not all be left in one spot.

If the insulin has been given too close to the upper layers of the
skin a white blister-like elevation will appear.

Touch the spot lightly with clean cotton until the insulin has been
absorbed.

D. Cleaning Up.— Rinse the syringe and needle with cold water
immediately. Dry the syringe and needle with a cloth and blow
air through the needle repeatedly with the syringe. Rub off any
irregularities of the point on a fine stone such as a razor hone. A
fine wire should always be kept in the needle.

E. Needles.—The needle found at the New England Deaconess
Hospital most satisfactory for the administration of insulin has
been one of 25-gauge and I inch long. A shorter needle, § inch,
is advisable for beginners, because it requires less skill to use, and
is less apt to break, but the longer penetrates to the deeper sub-
cutaneous tissue, Some of the patients have used at home a gold
needle with success, and this may prove to be especially adapted
for continuous treatment. So far platinum needles have been
only moderately satisfactory. Needles of “‘rustless steel” have
been useful.

SItE of INgection, INsuLiN Maps.—The site of injection of
insulin is not an indifferent matter. If it is injected into the
upper layers of the skin it acts more powerfully, but the pain and
the so-called “insulin burns” make this undesirable. Conversely
I have tried giving it before the evening meal deeply into the lower
fat layers to delay absorption, but only with indifferent success.
It is best injected subcutaneously, distributing the solution so as
not to injure any one special area of skin. But most important
of all is to vary the site of injection. For this purpose my nurses
have made insulin maps especially for the little children. By this
I mean the body forms printed with dots for each dose of insulin
during the month so that no two doses will be in the same place,
and thus avoid injuring the skin. All my diabetics learn to give
insulin on the right side of the body in the morning and the left
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side at night, and in four longitudinal and parallel lines down the
extremities. The Sunday dose begins at the upper end of the line
and the Saturday dose is at the lower end. Never give insulin many
times in one place. Necrosis of tissue occurs, an abscess may form,
failure of absorption is bound to ensue, the dosage in consequence is
increased and if by chance the same quantity is given in another
part of the body a reaction follows.

Fi1c. 13.—Insulin maps.

MgTrHODS OF ADMINISTRATION OF INsvuniN.—Insulin injected
intravenously acts more promptly than by any other route of
administration, but the effect is soon over. It leaves the blood in
two to four minutes! When injected subcutaneously absorption
takes place more slowly and the action is prolonged. The intra-
dermal method gives more striking results still, the most powerful

i Kepinow and Dutaillis: Compt. Rend, de la Soe. Biol,, 1927, 96, 371; Heymans
and Heymans: Ibid., p. 719.
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in fact, and the most lasting of all (Miiller and Corbitt!), but wheals
and insulin burns may be produced, and it is the most painful
route. If the insulin is inserted into the muscles, they are injured,
necrosis takes place and scar tissue is formed. This was observed
with Case No. 2801 who preferred to inject her insulin in the same
place and with good reason because the destroyed tissue did not
react with pain. Local lipodystrophy has been described (see p.
T27)

Various investigations have been carried out with the idea of
securing the effects of insulin by routes not requiring the use of a
needle. All, other than those outlined above, have proved to be
either valueless or impractical. Harrison? has recently clinically
shown that insulin by inunction is a failure.

When injected intracutaneously Miiller, Wiener, and Wiener®
believe the deposit of insulin aets by a nerve stimulation which
increases the glycogen-forming function of the liver, which effect
is active as long as the insulin deposit exists as such. “It is partic-
ularly strong if the insulin deposit is made in the skin because of its
close relationship to the autonomic nervous system. The nerve
effect is weaker after deposition of the insulin in organs in which
absorption takes place rapidly, for instance, the subdermal tissues,
and is lacking after intravenous administration. The hormone
effect in the circulation and in the body tissues is relative to the dose,
but the neural effect of insulin does not depend on the dosage.
Simultaneously with the beginning of the absorption from the insulin
deposit and with the consequent entrance of insulin into the cir-
culation the direct hormone effect is manifested. The nerve effect
decreases simultaneously with diminution of the insulin deposit
outside of the circulation and disappears as the last part of the insulin
deposit is absorbed.”

6. Insulin in Diabetes of Varying Duration.—The shorter the
duration of diabetes, the more amenable it is to insulin just as it is to
diet. The rapid response of early detected cases is due to the benign
character of the disease at this stage rather than to any specific
therapy. Therefore, always try a new remedy upon a diabetic of
long duration to secure reliable information and discount a favor-
able report when based upon a case with recent onset. One should
add another qualification; namely, that the severity of the diabetic
in question be known before beginning any important test. A
diabetic may be old and a case of months,’ perhaps even vears’
duration, lose considerable weight, excrete as much as 9 per cent
sugar, and yet yield as promptly to treatment as a child with an

! Miiller and Corbitt: Jour. of Lab. and Clin. Med., 1924, 9, 605.
# Harrison: Quart. Jour. Med., 1927, 20, 187.
¥ Miller, Wiener, and Wiener: Arch. Int. Med., 1926, 87, 512.
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onset of a few days’ or weeks’ duration, providing the old long-stand-
ing diabetic has never been exposed to a low-carbohydrate, high-
fat diet. In illustration I would cite Case No. 6288, with onset
of diabetes in 1911 at the age of forty-two vears, who entered the
New England Deaconess Hospital on September 12, 1927, with
7 per cent sugar and four days later, upon a diet of earbohydrate,
135 grams; protein, 62 grams; fat, 113 grams; excreted 2 grams of
sugar in the urine in twenty-four hours while taking 15 units of
insulin; also Case No. 6299 with onset of diabetes in 1902 at the
age of forty-six years, who entered the New England Deaconess
Hospital in H(-ptemlm 1927, with 3 per cent sugar and five days
later on a diet of carbohydrate 108 grams, protein 67 grams, fat 117
grams, excreted 5 grams of sugar in twenty-four hours while taking
10 units of insulin.

In the early days of insulin I did not appreciate the significance
of the preceding paragraph as I do now.

An endeavor was made to determine the effect of insulin upon
patients who had developed diabetes most recently. The case of
shortest duration was Olive H., Case No. 2962. With this girl
of twelve years, diabetes developed suddenly December 10, 1922,
and she was brought for treatment on January 11, 1923, showing
9 per cent sugar in the urine. She was placed upon the routine
test diets, became sugar-free in four days, beginning insulin on the
third day, and eventually developed a tolerance for 155 grams
carbohydrate and 41 calories per kilogram body weight. Olive's
case is of especial interest because some weeks later while taking
4 units twice a day she developed a reaction, scarcely recognized the
first forenoon, but definite the next, and between February 9 and
December, 1923, insulin was omitted. This I should not do today.
Cases of short duration often make remarkable gains in tolerance,
but seldom if ever has the gain in tolerance for carbohydrate and for
calories as well, been as great. Insulin was used, beginning with 1
unit on the second day of treatment, and continued up to the last
day in the hospital, January 31, 1923, the doses being increased to 4
units twice a day, therefrom 3 units twice a day until February 9,
when it was discontinued and was resumed in December, 1923.

Another early case was a little Finnish child, aged three years,
Aune N., Case No. 2979. The symptoms of diabetes also began
suddenly on October 4, 1922, and sugar was discovered December
3, 1922, Attention is called to the similar type of onset of these two
cases and also to the more favorable initial course of the preceding
case, due presumably to the earlier beginning of treatment. The
patient entered the hospital upon December 18, with 4.5 per cent of
sugar and +++ acidosis. This did not immediately decrease,
and five days later at midnight there were warning symptoms of
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coma. Insulin had not been started when she entered the hospital,
but was then begun and three doses of 2, 4, and 4 units were admin-
istered during the remainder of the night and continued in similarly
small quantities from then on. Thirty-six hours later the child had
so far recovered that she sat up in bed, played at the window, and
threw a kiss to the doctor on his leaving the room. Twelve units
of insulin were then being given daily. The diet was steadily
increased, and on January 15, 1923, the carbohydrate was 76 grams,
protein 37 grams, fat 46 grams, calories 866. Insulin was omitted
occasionally before supper, and in consequence a trace of sugar
appeared in the urine, promptly to disappear the next day when
insulin was resumed. On March 31, the little girl returned for a
morning visit, was sugar-free, and indeed had been constantly sugar-
free, and was continuing her original diet, which had been arranged
with design to be of extraordinary simplicity. It consisted of oat-
meal G0 grams, orange 200 grams, eggs 3, 20 per cent cream
120 ce., 5 per cent vegetables 360 grams. Her subsequent career
has been cheerful and as usual for a diabetic child she stands high at
school. Table 18 shows her progress.

My most favorable case of the application of a high-carbohydrate
and low-fat diet treated with small doses of insulin is deseribed on
page 591 and illustrates what I consider the best type of treatment
of the modern early diagnosed diabetie.

Tasne 18.—DiaseTEs IN A CHILD, AuNE, CasE No. 2979, AcE AT OnNsErT 2.9
Yeans v Ocroser, 1922.

< | Digt in grams.
Date. Urine | | Naked | Height, | Insulin
sugar, | weight, | inehes. | (units).
per cent. | C. P. P RO Cals Ibs.
b g Nt E |

1922, Dec. 18 4.4 e fomt. M Dol 88 | 0
Dee. 18-18 4.5 a7 ‘ 10 : 1 277 32 0
Dec. 28-29 0.3 30 25 37 565 31 16
1923, Jan. 6- 7 0 56 | 33 | 44 | 752 | 314 | 8
Jan. 23-24 | tr. 76 a7 46 S66 32% PP 3
Mar. 31 0 76 a7 46 866 333 387 3
June 2 1.8 76 a7 46 Sfif a2 EE 3
June 14-15 0.2 it 39 63 059 321 301 10
1924, April 26 0 an 38 G4 964 34 41 16
1925, Nov. 21 0:1 a9 39 64 968 35 41 9
1926, July 10 0.2 63 47 80 1160 38t | 424 20
1927, July 16 0.6 75 52 71 1134 49! 45 16
Oat, 202 tr. 80 52 76 1212 51 THR 20

An early patient, Case No. 2801. which surprised us then,_bﬁt
would not now because (1) of our better knowledge of goiter, (2)

I Dressed weight.
* Attended 10th Diabetic Anniversary Party of Eleanor.
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through faulty administration of insulin resulting from repeated
injections in one site only, and finally (3) through errors in diet.
This young girl with her enlarged adolescent thyroid gland responded
unsatisfactorily. Diabetes had developed acutely on June 27,
1922, was recognized on July 26, and on July 28, the patient came
for treatment showing 6 per cent of sugar and ++++ acidosis,
The metabolism was +17 per cent when compared with the Girl
Scout group of the Nutrition Laboratory series, but was —20 per
cent on the DuBois scale. Various methods of dieting were unsue-
cessful, but with insulin, begun on August 19, 1922, the patient had
gained from a weight of 82 pounds to 95 pounds in the course of
two hundred and fifty-four days. However, 35 units were required
daily to enable this patient to utilize carbohydrate 49 grams, pro-
tein (3 grams, fat 144 grams, calories 1744. This patient is cited
elsewhere as an example of the danger of the withdrawal of insulin
and her death in coma is reported on page 75.

Another early juvenile case, stubborn without insulin, hopeful
with, was Alice S., Case No. 2802, aged fifteen years. She had
resisted treatment by undernutrition during two weeks, and the
outlook appeared very grave. Insulin was started, and at once
improvement began. Upon admission August 11, 1922, which was
five months after onset of diabetes, her weight was (7.5 pounds.
When insulin was begun the weight was (6.3 pounds, height 59§
inches. She left the hospital on November 2, 1922, weighing 69.3
pounds and at present weighs 106.5 pounds naked, and her height
is 5 feet. She regulated her own diet of carbohydrate 37 grams,
protein 48 grams, fat 85 grams, she took 23 units of insulin and
carried out her own treatment with the help of her mother. In 1928
her diet was carbohydrate 34 grams and insulin 24 units.!

Overweight as a result of insulin was plainly manifested by the
appearance of Alice S., and suggested a possible danger of insulin
to which Allen called attention. One very noticeable early effect
of insulin treatment is a filling out of the face which may become
noticeable within a day or two or even within a few hours after
the first dose of insulin. This fullness of the face persists, and
certainly in the early stage and possibly also in later stages of the
treatment it is out of proportion to the general gain of weight.
The skin is noticeably clear. The patients seem to tend readily
to become obese, and it is questionable if there is not an undue
proportion of fat deposited on the trunk in comparison with the
limbs. The general appearance of patients who have thus been
unduly fattened with insulin is more or less suggestive of the
so-called dystrophia adiposo-genitalis. An attempt was made to
correct this gain in weight and with some success.

1T have not seen this patient in five years. I suspect the diet to be wrong and
writing this book has disclosed it.
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Tastes 19,—Diaseres N A Cmup, Avice 8., Casg No. 2802, Aem ar OnseT, 14.5
Yeanrs 1x FEBRUARY, 1922,

Diiet in grams, )
Date, Uring Naked | Height, | Insulin
SUgAr, weight, | inches (units},
per cent, C. o F. Cals. 1bs.
1922, Aug. 11 4.0 L . 1 67 60 0
Aug. 11-12 157 6l 16 1 317 i 0
Aug. 24-25 0.6 7 19 48 536 711 s 0
Sept. 18-19 0.5 26 41 a7 1141 673 ¥ 0
Sept. 20-21 0.1 26 41 a7 1141 6] ¥ (i}
Nov. 1-2 ] 28 43 56 1058 60} T ]
Dec. 11-12 0.2 30 82 98 1210 | 763 B0 )
1923, Jan. 1 tr. 24 52 95 1159 | 82 i 14
July 17-18 1] 28 51 01 1135 | o2 B0 24
1924, May 0 . W NN [ 100 e 1 2
Nov. 0 e e = seseehoibog || - 24
1926, Feb, 18 0 a7 48 85 1105 | 1063 (i] 24
1928, Jan. 28 0 | 34 ad | 898 1230 111% A1} 24

7. Insulin in the Home.—The million members of the Diabetic
Club of America occasionally spend a few days in their various
hospital clubhouses, but for the greater part of the time, like most
club members, they live at home. If insulin is to be of permanent
help in diabetes it must be usable by diabeties in their own dwellings.
Constantly reference has been made to the improvement which
patients have obtained after leaving the hospital. In most cases
the improvement has been fully as great and in many instances
greater than before they were discharged. Our attitude toward
the treatment of diabetic patients in general has governed us in
this regard and dosage with insulin has been kept low and calories
in the diet have been kept low as well, in order that the home treat-
ment of insulin might be safe. In the second month of treatment
Thomas D., a little boy, died in coma, apparently as a result of
having omitted insulin in his home, He felt so much better, had
so much confidence in the good that he had received from insulin
that he probably believed, as did his family, that the omission of
it for a few days would be of little consequence. We have not
forgotten the lesson which his case teaches. If insulin is to be
used in the home, the patients must not only be educated in dietetic
treatment but they must be educated in treatment with insulin.
For this reason our efforts to teach patients the fundamentals of
diabetes have been trebled. The increased attention given to
education and the increased cost of treatment due to insulin have
been offset by decreased cost of medical attendance and the shorten-
ing of hospital stay.

! Dressed weight.
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But patients must realize that they should remain under medical
supervision and no matter how well they feel consult a physician
every three months. I never talk to a diabetic audience without
proposing the query —*“What should a diabetic do if he feels sick”—
and if all present do not answer I repeat the gquestion until each one
responds—“‘Call the Doctor.” Constantly in this book deaths will
be found recorded because this rule was not observed.

One of the best examples of improvement of treatment in the
home is Miss Pauline C., Case No. 2422, a school teacher who had
become much discouraged with her diet and returned to the hospital
for treatment with insulin on November 22, 1922. She then
weighed 81 pounds and was 47 per cent under standard weight.
During thirty days of hospital stay with dietetic treatment, sup-
ported by an average daily dose of 10 umits of insulin, glyeosuria
and acidosis disappeared and she gained 5 pounds. On December
16, 1922, the carbohydrate of this patient was 54 grams, when
levulose was added to it in 5-gram doses three times daily. This
she tolerated and along with the levulose extra calories were given
in the form of fat. Upon discharge from the hospital she con-
tinued to take levulose made by Mr. Bean in Prof. Folin's labor-
atory. Improvement continued at home and she returned a month
later with a further gain of 2 pounds and without glycosuria. She
answered the query ofttimes raised as to whether insulin is worth
the cost, by resuming her work as a school teacher which had been
abandoned for four and a half months.

Sequel.—Her improvement in her own eyes was so considerable
and satisfactory that she returned for investigation at rare intervals,
the last in November 17, 1923, when it was found that her diet was
carbohydrate 41 grams, protein 49 grams, fat 122 grams, calories,
1458. Then it was discovered her tolerance must have risen and
at once the diet was increased to carbohydrate 50, protein 38, fat
122, calories 1450; she remained sugar-free and the blood sugar was
0.20 per cent after a meal. She died of bronchopneumonia and
coma on March 20, 1926.

Many other such cases of patients returning to work or working
with far more efficiency than before the advent of insulin are avail-
able. There is no question but that accidents due to insulin will
occur in the future and they must be expected, but the advantages
gained by home treatment with the resumption of work more than
offset prolonged periods of hospital stay. Each insulin diabetically
trained patient sent home to his physician I consider the best sort
of diabetic missionary. These patients are taught to codperate
with their doctors at home and to help in the details of treatment
which doctors, seeing few cases, have little time to learn. If I
felt the only good accomplished in the treatment of diabetes was
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in the treatment of my few cases under supervision the reward
would seem slight, but if these patients help their physicians in the
treatment of other cases then painstaking teaching is worth while.
The law in Massachusetts also favors cooperation in treatment
with insulin between the patients, the doctor and the hospital
physician. The law declares that patients using insulin must have
insulin permits in order to possess syringes and these permits must
be signed by physicians in duplicate, the one copy being retained
by the patient, the other recorded at” the Massachusetts State
Board of Health.

It is alluring to see patients gain weight, but it is our belief that
it is safer to increase the diet so moderately and to give insulin in
such conservative doses that dangers from its omission or from com-
plications as a result of diet or the disease will be lessened.

8. Omission of Insulin.—The chief danger in insulin lies in its
omission rather than in an overdose. Over and over again in this
book examples of this will come to the fore (see pp. 74, 88, (45).
The reason for the danger is obvious. Upon the basis of insulin
the quantity of protein and fat which a diabetic can utilize with his
scant power of burning carbohydrate is increased; without the
support of insulin the protein and especially the fat are no longer
adequately oxidized and acidosis results which in turn may lead to
death, Ignorantly patients omit insulin when they vomit, because
they have been taught to follow insulin with a meal. They should
be made to understand that they eat their own bodies, when not
otherwise supplied with food, and unless they have proof by a
sugar-free urine that they are assimilating all of this body food
they should continue to take insulin, though the doses are lessened
in quantity while at the same time taken in greater frequency,
because the consumption of one's own body in place of food is
continuous and not as breakfast, dinner, and supper. When the
metabolism is increased as in fever or in hyperthyroidism the danger
of omitting insulin proportionately mounts higher.

9. Pain from Injection, Abscesses; Oral Administration.— The
pain of an insulin injection is slight. Otherwise children would not
so readily give it to themselves. Their little fingers are so delicate
that often they can administer it with less discomfort than their
elders, and this they soon recognize. With injections of insulin
at the hospital no accident has occurred and but one abscess resulted.
Indeed, of all of the patients who have received insulin in our series
we have heard of but 4 instances of an abscess, either in or outside
the hospital, and all of these promptly healed. One of these was in
a girl, Case No, 3008, who clandestinely broke her diet, took up
Christian Science and developed multiple abscesses and yet
recovered. Later she improved greatly, although in May, 1927,
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she was having slight insulin reactions. Another which occurred in
the hospital was in a negro whose skin was most sensitive to insulin.

“Insulin burns” due to the injection of insulin into the superficial
layers of the skin were caused in a few instances. Presumably
these were due to the tricresol used as a preservative rather than
to the insulin. They were not of importance. Case No. 2448,
however, had so much annoyance from the insulin which he was
receiving in dilute form that he gave it up and brought himself
near death’s door despite” our previous warnings. So soon as a
stronger preparation, 20 units in 1 ce., was given him his troubles
disappeared. This patient was a severe case and had his diet been
greater in quantity, due to larger doses of insulin, it is questionable
whether recovery would have taken place. As it was, the change
for the better was so great in forty-eight hours that in astonishment
his uncle fainted on entering the room. On two other occasions he
nearly went into coma by breaking diet or giving up insulin or both
combined. He was alive in July, 1927.

Other avenues for the administration of insulin have been sought
to replace the subcutaneous method. In coma it is desirable to
give the first dose of insulin intravenously, because it acts more
promptly, but otherwise there is universal agreement that the
subcutaneous injection is the one to be employed. Even in coma
we are apt to follow the intravenous dose with a subcutaneous dose
very soon. Repeated trials have been made with preparations of
insulin furnished by the Eli Lilly Company and two other investi-
gators for administration by mouth. All of these tests have been
unsuccessful, though at first hope was entertained that insulin so
administered was yielding good results because the glycosuria was so
low for one, two, or three days after the subcutaneous method of
injection had been omitted and the oral adopted. By the fifth
day with all patients and in two days with one of the severest cases
the futility of the oral method was manifest. In the last trial
450 units by mouth failed to replace 10 units insulin subcutaneously.
Deprived of their insulin, the patients wilted. Already attention
has been called with design on several occasions to the distressing
result which transpired when the little boy, Thomas D., gave up
insulin for five days. Invariably when insulin is left off, the diet
should be reduced at least one-third and the patient watched with
closest care. More hopeful experiments have been made by Murlin
and Hawley.!

Examples of the substitution of the oral for the subcutaneous
method of administration of insulin follow:

Miss M., Case No. 1542, our first case, was free from glycosuria
on a diet containing carbohydrate 14 grams, protein 32 grams, fat

! Murlin and Hawley: Am. Jour. Phys., 1927, 83, 147,
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98 grams. She was receiving 8 units of insulin twice daily. This
was omitted and a special preparation, furnished us through the
courtesy of the Eli Lilly Company, was substituted by mouth.
The first day she received 24 units, the second day 60 units, the
third day 84 units, the fourth day 96 units, and upon the last day
306 units. The results are shown in Table 20. During this period
the diet remained unchanged. It will be seen that at once sugar
appeared in the urine, that it did not increase materially for the
first day, but eventually rose to 49 grams. Along with the sugar
there was development of slight acidosis. At the end of the period
insulin subeutaneously was resumed, and in four days the patient
had regained her former tolerance. The change in the appearance
of the patient during these few days was definite. The habitus of
a severe diabetic returned —the dry skin, the drawn look, the bright
flush in the face, and the decreased brightness of the eye. (See
Fig. 5.)

TasLe 20.—OmissioN oF INSULIN SUBCUTANEOUSLY AND ITS ADMINISTRATION BY
Movrn. Miss M., Case 1542,

i Diet. | | Insulin.
5 | Di- S'ﬁ'“' Gl Blood |
ate. acetio . | | balance,| sugar, [
T uring, | Subeuta- By
acid. | | Total | gms. | per cent
| gms., | Q, ‘ P, | F. | Cals. W rdsal . |n“e:::a:y u;g\;lttsh
T 1 1 L
October | [ '
23 0 0 |14 32|98 | 1066 43 _ﬂa 0.23 16
24 0 0 |14 32| 98 | 1066 43 3 Al /16
2 0 OC |14 | 3298 | 1068 | 43 +43 ‘ 8 24
"5 | 0 12 | 14|32 o8| 1086| 43 a1 {/ o (0]
| 0 24 |14 | 32|98 1[!'66 43 9 " 0 | B4
2& 0 3 |14 32| 08 | 43 + 7 0 06
2 | o0 29 14 | 82 | 08 43 | +14 0 06
a | o0 33 |14 | 32|08 mea 43 +10 0.20 0 102
31 | + 49 |14|32|98 |1066| 43 | +6 | 0.25 0 306
Nov ber ; |
0 11 14 |32 |08 | 1066 | 43 | +32 | 0.26 16
2 0 8 |14 32 98| 1066 43 +35 BT 16
;l g 3 14 32 98 | 1066 43 | +38 e

14 | 32 8'1066| 43 | +43 | .... | 2

Insulin has also been given intranasally, intratracheally, and
rubbed on the tongue; by duodenal tube, by rectum, and by vagina.
Telfer' is the only author who claims any degree of success by other
than oral methods and he employed inunctions.

Recently Miller* found some action by oral administration of
insulin when the insulin was given dissolved in absolute aleohol
or 95 per cent aleohol within keratinized capsules.

The experience with the cases just cited, who have omitted insulin

| Telfer: British Med. Jour., 1923, i, T15.
3 Miller: Arch. Int. Med., 1926, 38, 779.
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is a definite warning of the danger of this omission by any patient
whose diet has been increased with its help. Too much emphasis
cannot be laid upon the danger of continuing the high diet when
insulin is discarded. The foundations for the increased diet are
certainly removed when insulin is omitted. All patients upon dis-
charge from the hospital should be thoroughly instructed to reduce
the diet if for any reason they do not obtain insulin or if for any reason
they suspect the insulin has deteriorated in strength. They should
be warned that the danger creeps on slowly and gains in intensity
from day to day. With increased diets due to insulin they are walk-
ing on insulinstilts. The longer the stilts, the greater the danger of a
fall when they are taken away. In this diabetic game one is treating
patients for years and the closer one keeps to the ground, the better.

With gastro-intestinal upsets, especially when accompanied by
vomiting and diarrhea, when less food is taken, insulin should be
reduced, but not omitted, but here from a different danger, namely
hypoglycemia. Yet these upsets may be complicated by acidosis,
so that it requires a clear head to detect what is going on. Bed,
nursing, liquids, a little carbohydrate in the form of orange juice
or a cracker or two (5 grams carbohydrate) and expectant treatment,
will enable one usually to weather the squall.

Usually I advise dividing each dose of insulin in half and doubling
the number of doses. Then if two urinary specimens remain
sugar-free the next dose of insulin may be omitted, but not more
than two doses of insulin in suceession should be omitted even if the
urine does remain free from sugar.

The correct balancing of carbohydrate given, and insulin injected
is a nice problem. Precautions have been taken to have glucose
accessible for an emergency. Whereas it is advisable that the glu-
cose solution should be fresh and sterilized, Allen states that this
is not an absolute prerequisite and a filtered glucose solution can
be substituted. The percentage of glucose commonly employed is
5 per cent and the quantity given 500 cc., but one can employ 20
per cent solution of glucose and give a correspondingly smaller
quantity.

Insulin can, however, be discontinued fairly abruptly in at least
three types of patients: Those recovering (1) from surgical emer-
gencies; (2) from acute infections; and (3) from severe acidosis in
mild diabetes. In severe acidosis, by common consent, it should
be diminished very gradually. Rapid changes in insulin dosage
may be made under close observation in the hospital, but only
gradual changes should be attempted in the home.

Cases of long standing in elderly people react to insulin slowly
just as they react to dietetic treatment slowly and patience is neces-
sary to await results. Particularly is this true with arteriosclerotic
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patients. With these cases the comparatively large doses of insulin
may fail to render the urine sugar-free for weeks, but persistence in
diet and treatment evolves success out of an apparently hopeless
condition. Such an instance is that of Mr. S., Case No. 2626,
who was reported in my article in the Journal of Metabolic Research
as refractory, but he later did well taking 115 grams of carbohydrate,
sugar-free, with 10 units of insulin. He died of pneumonia in
March, 1924.

TaBrLE 21.—DEATH FROM ANGINA PECTORIS IN A DIABETIC, AGED SIXTY-8IX YEARS,
WeigaT 80.4 KiLograMs,

| Sugar Diet. .
Date. ‘ Urine, | Diacetie/ ! Blood | Insulin
vol. d. sugar, | wunits.
Percent. Gma. | C. | j o F. Cals,
| |
1922 ‘ | | |
Nov. 16 s & 0 2.2 24 | |
17 2400 | O 0.5 12 | 66 | 28| 26 606 | 0.18 2
18 1300 0 0.4 5| 3| 33 | 56 776 4
19 ‘ 1900 o acs 6 ‘ 35 | 33 | 56 76 4
20 2200 0 0.2 | 7 | 40149 | 78 1058 6
21 1000 o /| 0.2 2| 40 | 57 | B3 1135 6
2| || ‘ 5 ‘ul 65 | 00 | 1327 6
|

Insulin can be omitted gradually in certain cases of recent onset,
even in children, and with inereasing frequency in elderly patients.
Time enough has not elapsed to show whether it is for a temporary
or a prolonged period. Case No. 2962 and Case No. 3078 repre-
sent the former type (see pages 50 and 86) and Case No. 3310
the latter.

The total number of omissions of insulin among those treated
is considerable, because insulin is used to shorten hospital stay and
later is found unnecessary in order to maintain weight and strength
and a carbohydrate intake of 100 or more grams.

10. Protein Reactions.— Reactions due to the injection of insulin
other than those caused by a lowering of the blood sugar were
reported with the use of the first preparations employed. Such
reactions have developed at most with but 4 of our patients. With
Case No. 2802 urticarial wheals occurred with pruritus, and these
were relieved by bathing with sodium bicarbonate and a whitewash.
Severer reactions, however, have been noted by others, though
with very rare exceptions. Wilder and Boothby! obtained these
in but 3 of their patients, and likewise their experience was con-
fined to the early days of the production of insulin. They described
such a reaction as follows:

! Wilder, Boothby, Barborka, Kitchen and Adams: Jour. Metab. Research,
1632, 2, 701.



96 INSULIN

“The patient in Case 2, had been without insulin for five days,
and received, December 2, 1922, at 8.10 a.m., 30 units of Iletin
722845, followed by a light breakfast. At 8.15 A.M. he was
nauseated, his face flushed, and he vomited. Severe pain developed
in the epigastrium followed by diarrhea and profuse sweating.
The pulse, at first full and bounding, became weak and slow, 50
each minute. At 8.50 A, he was drowsy, the epigastrium pain
was less severe, but persisted as a dull ache. One hundred grams
of orange juice were given by mouth. At 9.00 s.nm. he was more
alert and by 9.10 a.m. all the symptoms had disappeared and the
pulse was strong, with a rate of 86 each minute. This reaction
was believed to be due to hypoglycemia, pa.rtlcular]y because the
symptoms abated so promptly after the orange juice was given.
We were disillusioned, however, as soon as the report of the blood
sugar reached us. Blood drawn at 8.45 a.M. contained 270 mg.
of sugar for each 100 ce. At 10.00 A.M. a moderate urticarial rash
developed around the arm, and to some extent, on the face support-
ing the evidence that the reaction was not due to hypoglycemia,
but was a protein effect.”

A severe protein reaction was also obtained in one patient treated
by Williams.!

“Case 1524 for several months was given the extract prepared
by the University of Toronto from the pancreas of beef animals.
Later, when the preparation of the Lilly Company was substituted,
which is made from pancreas of the pig, the patient experienced
promptly most severe anaphylactie reactions which apparently could
not be overcome. All attempts to use highly purified and prac-
tically protein-free extract have proved futile and have had to
be abandoned. The following is a description of the phenomenon
observed after an injection of the pork material September 23,
1922. Patient apparently normal, no pruritus, urticaria or edema
evident. Five cubic centimeters insulin injected intramuscularly.
Three minutes later patient stated that upper lip felt stiff and
swollen, followed rapidly by dry mouth. In ten minutes lips
became greatly swollen. Small wheals then appeared on all parts
of the body. The reaction increased in violence for two hours,
during which time the wheals became larger and coalesced. No
nausea or vomiting occurred. Patient very weak and prostrated.
Heart sounds rapid, regular, clear. Lungs normal. Adrenalin,
15 minims subcuta.neously and atropine sulphate 1{;-grain by
mouth were given, affording slight relief. Twenty-four hours
later patient had recovered from the reaction, but was very weak.
The weakness and prostration persisted for four days. During

! Williams: Jour. Metab. Research, 1922, 2, 720.
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this time much skin exfoliated from various parts of the body.
It is interesting to note that this patient has been having beef
extract since May 17, 1922, to February 1, 1923. . . The
patient has exhibited no evidence of sensitivity against beef material,
which dispels the fear one time entertained that he might become
sensitive to this and other proteins and make the administration
of the extract a difficult problem.” I have been informed recently
that this patient is in excellent condition and is now taking the
insulin ordinarily supplied to patients by the Lilly Company.

11. Hyperinsulinism.—Seale Harris' reports several non-diabetic
patients who had symptoms of an insulin reaction, manifested by
weakness, nervousness, hunger, faintness, quivering, cold extremi-
ties. These symptoms were invariably relieved by taking carbo-
hydrate. Twelve patients in all were discovered who showed
percentages of sugar in the blood below 0.07 per cent. At least
9 of these presented the above symptoms. In starvation one
does not get low percentages of sugar in the blood and he therefore
concludes that in the patients with the low blood sugar it was not
their low supply of food, but rather hyperinsulinism.

Now that we are becoming better acquainted with the symptoms
of hypoglycemia it is probable that the symptomatology of various
diseases or states will receive a new interpretation. Hypothyroid-
ism, Addison'’s disease, the nervousness, weakness and trembling
of nursing mothers fall into this group. Bowcock of Atlanta has
drawn my attention to these possibilities.

The artificial production of hyperinsulinism has been used to
increase the appetite and in this way the weight of non-diabetic
patients by Falta? in Vienna.

! Harris: Jour. Am. Med. Assn., 1924, B3, 729.

* Falta: Wien. klin. Wehnschr., 1925, 38, 757; Sonderbeilage der Wien. klin.
Wehnschr., 1926, 59, Heft 13.
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SECTION III.

THEORY, INCIDENCE, ETTIOLOGY, AND
CURABILITY.

A. DEFINITION OF DIABETES MELLITUS AND GLYCOSURIA.

1. DIABETES is a disease characterized by an increase of sugar in
the blood and the excretion of sugar in the urine; it is dependent
upon disease of the pancreas, particularly of the islands of Langer-
hans, whose secretion, insulin, not only promotes the conversion of
glucose into glycogen and the deposition of the latter in the liver
and muscles, but also exerts an influence upon the conversion of
protein and fat into sugar.

My rule in the treatment of diabetes is to consider any patient
who has sugar in the urine demonstrable by any of the common tests
to have diabetes mellitus and to treat him as a diabetic until the con-
trary is proved. This method of procedure is safer for the patient
than to make use of the term glycosuria, which begets indifference
and may lead to disaster. It is convenient to classify patients with
glycosuria or with a history of glycosuria into four groups: true
diabetics, potential diabetics, renal glycosurics, and unclassified
diabetics. [Under true diabetics are placed patients whose blood
sugar on an unrestricted diet is 0.14 per cent or more fasting or 0.17
per cent or more after a meal with simultaneous glyeosuria which
is plainly related to diet. Potential diabetics are those with gly-
cosuria closely related to the diet who easily become sugar-free
with slight restrictions, but whose blood sugar is below 0.14 per
cent fasting and never reaches 0.17 per cent after a meal. Renal
glycosuries are individuals who have shown a constant glycosuria,
irrespective of diet, for years, are symptomless, and have a blood
sugar which is invariably normal. “Uneclassified”” diabetics by my
nomenclature include the remaining cases of glycosuria, especially
those associated with organic disease: for example, that of the gall-
bladder, kidney, occasionally of the thyroid, cancer of the pancreas,
and often pregnancy. These cases form a dangerous group. One
never rests easy with an “unclassified” diabetic. Such a diagnosis
worries the doctor, annoys the patient, and exasperates insurance
agents.

(99)
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The drug glycosurias and those of traumatic and emotional origin
are almost invariably of a temporary nature, so that doubt con-
cerning the diagnosis of diabetes mellitus vanishes when sugar is
constantly found in the urine. To this there is one exception, renal
glycosuria, for a discussion of which and of glycosuria in pregnancy,
which is somewhat related to it, see pages 861 and 899.

B. NAUNYN'S CONCEPTION OF DIABETES MELLITUS.

Naunyn' thoroughly believed in the unity of diabetes, notwith-
standing the manifold causes which appeared to lead up to it. It
must have been a great satisfaction to this Nestor of the disease
to find his theory proved correct by Banting and Best. He sees
in heredity the common bond which unites the different forms, or
as he says, “to speak more exactly, the heredity of the diabetic
tendency.” Variety in the etiology of diabetes becomes under-
standable if one sees in the disease the development of an indi-
vidual tendency. Almost any illness or injury, no matter how
slight it may be, may serve as a cause. Furthermore, the experi-
ence that an individual, who at one time has been diabetic or even
has had a suspicious glycosuria which has passed for years as eured
and has even dropped out of memory, perhaps for decades, may
again become diabetic under favoring influences, is in conformity
with this view.

This diabetic tendency is generally congenital —indeed, in many
cases hereditary, and this heredity is demonstrable in 20 per cent
of the cases. The cases in which heredity is demonstrated differ in
nowise from those in which heredity is not demonstrated. (See page
145.)

According to the manner in which the development of the dia-
betes stands to the diabetic disposition, Naunyn distinguishes
three forms of the disease:

1. The diabetes of young people, chiefly between thirty and forty
years of age: Naunyn's “ true? diabetes.” In this group the congeni-
tal weakness of the sugar metabolism, of itself or often in conjunction
with some accompanying circumstance (illness, accident, exertion,
excesses), may lead to an insufficiency of the metabolism of sugar
even without the addition of the disease of a diabetic organ. In
this type one must conceive of an especially severe tendency to
the disease and this accounts partly for the especial severity of its
form, but only in part, for this severity depends in high degree upon
the great demand which youth makes on metabolism.

2. The diabetes, usually mild, of elderly people. In this type,

I Naunyn: Der Dinbetes Mellitus, Wien., 1906, p. 37.
* Pure.
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the tendency is less severe. The disease comes late to development,
and for this it requires a lowering of the vitality which comes with
age. The age of a man depends on the condition of his arteries.
So here, too, arteriosclerosis comes into play, and with the arterio-
sclerosis come to the front all those conditions which favor the
development of diabetes—overnutrition, luxurious living, and, espe-
cially, excesses in alcohol. Syphilis, which is so important accord-
ing to many authors in the cases of arteriosclerosis, strange enough
to say, appears to play no great role here. Yet diabetes can also
appear even without the presence of arteriosclerosis merely as a
result of old age with its coincident lowering of vitality

3. The rble which the tendency plays in the different cases of this
group varies. In general the tendency is present, although it need
not be strong and can be wanting. To the organic type of diabetes
belong those cases in which the disease of the diabetic organs appears
as the cause of the diabetes. Thus, diseases of the liver, of the
nervous system, whether organic, functional, or traumatic, diseases
of the thyroid gland and of the pancreas are here found, and the
pancreas, according to experiment and autopsy, holds the first place.
In these organic diseases arterioclerosis is important, and in this
way arteriosclerosis may be the cause of diabetes.

C. MODERN DIABETIC THEORIES.

With health in the bank a man can face the world and so can a
diabetic with glycogen in his liver. Glycogen in the liver implies
. the possession of insulin, because insulin alone can deposit it.

Without glycogen in the liver the healthy and the diabetic are
in want, The normal child goes into acidosis, the diabetic into
coma, because of the want of glycogen, because the liver glyvcogen
account is overdrawn. Make a fresh deposit of glycogen to the
child’s account by food or to the diabetic’s account by food endorsed
by insulin and the stringency in the glycogen market is relieved,
In the human organism finances are on a glycogen rather than on a
gold basis—on a glycogen rather than on a glucose basis, because
there are 300 to 400 grams of glycogen in the body for 70 to 80 grams
of gluicose. We should talk of a glycogen deficit or vacuum rather
than of a glucose deficit or vacuum.

But there is another banking system in the body which receives
flepnsits of glycogen, and that is the muscular system. When
msulin and sugar are injected into a muscle the equivalent of
one-half of the sugar is spent in oxidation and the balance is depos-
ited as glycogen. So accurate are the experiments that 90 per cent
of the sugar absorbed by the body can be traced. It looks today
as if the success of an athlete might be directly dependent on the
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capacity of his muscular system to store glycogen, and physical
training may simply mean an increased power of the muscles to
store gl\cn;._,('n Muscles depend solely on glycogen for their
activity, because from it they derive sugar. The food of a muscle
in health or disease is glycogen. A muscle never ceases to use
carbohydrate until it is dead. Glycogen is the sole component
of a muscle diminished by muscular contraction, and the most
vital muscle of all, the heart, is the most tenacious of it and the
most susceptible to its loss. If there is much glycogen stored, the
muscles can accomplish much, but if there is little stored, protein
and fat must be converted into glycogen, and that takes time.
The 25-mile Marathon run shows how muscular action uses up
glycogen. Toward the end even the blood sugar falls below normal,
because glycogen cannot be supplied fast enough for the runner’s
supreme effort. In diabetes wise clinicians take advantage of this
power of exercise to burn nascent sugar formed from glycogen,
and the progressive doctor makes his patient exercise whether in or
out of bed. The muscular contractions of convulsions are the
despairing gesture of the museles for glycogen to burn, and being
a signal for help may be life saving to the individual with a low
blood sugar. Can the excess of lactic acid formed in exercise be
converted into glycogen? Do liver glycogen and muscle glycogen
play distinctive roles in the body? These are still mooted questions.

Another funetion of insulin, some think, is to prevent excessive
transformation of protein and fat into glucose. This goes on in the
liver, and in this factory alone is the machinery set up to convert
the raw materials, protein and fat, into the finished product, gly-
cogen. There is only a hint that this may go on unaided by insulin
in the muscles. When insulin is deficient, as in diabetes, many
believe the conversion of fat and protein to sugar goes on unchecked.
This might not be so harmful of itself, although it does lead to
hyperglycemia and glycosuria, but that is not the whole story.
As a result of the breakdown of protein and fat come other deriva-
tives—the ketone bodies and the liberation of an excess of these leads
to acidosis and diabetic coma. Insulin prevents this excessive
liberation, because by the storage as glycogen of the sugar formed
from protein and fat, it makes available enough harmless food to
supply the body’s needs and the remaining products of protein and
fat destruction take their normal course.

Glycogen is the carbohydrate capital which the normal and the
diabetic, too, can use in exchange. The diabetic is in trouble
because his carbohydrate as it reaches and leaves the blood is in
the form of glucose, no matter whether ingested as food or formed
from protein and fat in the liver. To be utilizable glucose must be
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transformed or dissociated (Woodyatt), whether for oxidation or
polymerization, into glycogen.

Formerly some thought, Benedict and I did not, that the diabetic
organism had lost its power to burn sugar. Today we know that
the diabetic can burn sugar if the sugar first can be transformed
into glycogen. During extreme exercise the respiratory quotient
of the calculated added metabolism in normals rises to unity —1—
because the muscles live on carbohydrate; without a liver Mann’s
dogs had a respiratory quotient approaching 1, because they burned
carbohydrate predominantly. With the liver gone protein and fat
cannot be transformed into carbohydrate even with the help of
epinephrin. Remove the liver from a depancreatized dog and his
respiratory quotient is also 1. In other words, a dog without a liver,
whether normal or depancreatized, in order to live must depend
upon carbohydrate.

A high-fat diet is inimical to the diabetic just as it is to normals.
A high-fat diet in the modern treatment of epilepsy causes hyper-
glycemia and acidosis, symptoms which are tolerated because less
harmful than epileptic convulsions. A high-fat diet will be toler-
ated a long while by old dogs, but will produce hyperglycemia and
finally kill normal puppies with symptoms of coma. Depancreatize
a fat dog and his diabetes is worse than that of a thin dog. With
an excess of fat in the body diabetes begins, with an excess of fat
in the diet diabetics grow worse and insulin acts less well. From
the products of an excess of fat, the ketone bodies, diabetics died
until insulin came to their rescue. Should a high-fat and low-
carbohydrate diet be continued, I suspect in the future they would
also die despite insulin, because of arteriosclerosis. A high-fat diet
does not stimulate the production of insulin; fattened depancrea-
tized dogs are liable to coma. Therefore, why fatten diabetics
with excessive doses of insulin and any kind of food? My fat
adolescent diabetic girls, save for acidotics, are my only diabetics
with a high blood fat and the ones who require the most insulin
and from it obtain relatively the least returns.

The corollary of the above gives us the modern diet for diabetics.
Do not make the fat too high or the carbohydrate too low. Strike
a balance. Do not try to treat the diabetic like an epileptic on the
one hand or like a normal individual on the other. As for protein,
use discretion.

Is sugar formed out of fat except from its glycerol moiety?
Opinion is divided and not wholly on continental lines. European
opinion favors it; American opinion has been against it, and fortu-
nately has been made utilitarian through the fundamental work
of Woodyatt in his assignment of glucose values to all foods.
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The idea of the formation of sugar from fats “must still be classi-
fied as a theory or hypothesis open to criticism and . . . isin
no sense in the nature of an established fact.”

Woodyatt believes the glucose must be dissociated hefore it can
enter into chemical reactions and suppress the hreakdown of protein
and fat. Insulin is sire qua non for oxidation, storage or reduction
to glucose. Without insulin glucose acts in the body like lactose or
salt. Without insulin it participates in no chemical reactions.

Woodyatt still thinks that the anomaly of the metabolism which
characterizes diabetes mellitus is primarily an anomaly of the glu-
cose metabolism pure and simple, and that in handling diabetic
cases and in adjusting doses of insulin it is expedient and practical
to focus the attention on glucose (or the equivalents of glucose).
This need not imply ignoring calories, infections, emotions, exercise,
exophthalmic goitre, ete., which are also eapable of affecting the
tolerance. Until he published his paper on Objects and Method of
Diet Adjustment in Diabetes there was not a satisfactory method
of estimating the probable effects of two different diets containing
different quantities of carbohydrate, protein, and fat on a given
diabetic patient. Labbé stated that there was no way of knowing
from one diet what another would do.

The formation of a large amount of sugar out of fat has common
sense together with a certain amount of new experimental evidence
to support it against the dextrose-nitrogen theory. It is contrary
to all our conceptions of factors of safety in the body to believe
that one's life is protected by only 300 or 400 grams of glyvcogen
and exactly 58 per cent of its most vital tissue protein. I cannot
feel that the D:N ratio resembles Newton's law. It is also reason-
able to assume that if plants can convert earbohydrate to fat and
fat to carbohydrate animals should do the same, but the theory
of reversible action has not been proved to be universal. It is
difficult to explain first how an athlete can perform prolonged
work on calories derived from glycogen alone, and second to explain
the high respiratory quotient of exercise without carbohydrate
somehow having been made available. But a respiratory quotient
is a resultant of forces—the oxidation of fat which lowers it and
the eombustion of carbohydrate which raises it. Irom the respira-
tory quotient alone, therefore, it is not safe to assess the actual
guantity of carbohydrate, protein, and fat which has entered into
metabolism. These considerations make one slow to vote upon
the question notwithstanding the fact that the dehepatized as well
as the dehepatized and depancreatized dog show quotients approach-
ing unity. That the glycogen exhausted liver of the fat-fed dog,
perfused with defibrinated blood, vields glucose out of proportion to
any remaining traces of glycogen which it may retain, and quite
independently of lactic acid or of protein metabolized, speaks for



TENDENCIES TO LOSS AND GAIN IN TOLERANCE 105

fat-carbohydrate conversion, but such a preparation, like the evis-
cerated animal, is very artificial.

I am not very consistent. I use the Woodyatt theory, though
not pushing it to extremes, in the treatment of my cases, but
common sense tells me that more than 10 per cent of fat is available
for the glycogen which both my diabetic patients and I need. At
any rate, these new experiments and old and new theories are unlock-
ing some hitherto closed doors of intermediary metabolism.

Loewi's! glvcemin is perhaps one of these new doors. Manu-
factured in the liver it resembles a hormone and, according to Loewi,
it prevents the attachment of glucose to the cell and is thus antag-
onistic to insulin which favors the connection. Confirmation is
awaited.
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D. TENDENCIES TO LOSS AND GAIN IN TOLERANCE.**

Most of the older writers believed that the tendency of the
diabetic glycosuria, particularly if untreated, was to increase.
There are numerous exceptions to the rule if the diabetes has been
treated, but I know of none where the disease has been allowed
to take its course without medical intervention. Since A. A. Hornor
and I paid especial attention to the group of diabetics of fifteen and
twenty-five or more years' duration, a good many cases have come
to light in which the disease has shown little if any progress. All
of these patients, however, have been treated to a certain extent
and though the treatment may have been very slight, strictly
speaking, it has been enough to take them out of the class of

! Loewi: Klin. Wehnschr., 1927, 6, 2169,

* Ska Rabinowiteh: Quar- Jour. Med., 1925, 82, 211.
i See Harrison: Loe. eit., p. 186
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untreated cases. If treatment has been thorough the question
changes, but even then I must acknowledge, with my methods of
treatment without insulin, I was unable to guarantee to the patient
that the severity of his disease would remain unaltered. Even
with my most conscientiously treated cases the diabetes almost
invariably became more severe. In 1923 I felt the majority of
diabetics lost tolerance as the duration of their disease progressed;
today I feel that the evidence points the other way. There were
a few exceptions among the milder group of diabetics, as Case
No. 899, p. (02, and occasionally a case of moderate severity
became milder. Such improvement very likely would be explained
today by loss of weight, removal of the source of infections, an
environment leading to better use of the muscular system, a more
favorable diet, or some other factor rather than to an actual altera-
tion in the force of the original diabetic tendency. But there is
another element which may be more important than all the others:
namely, the element of time which allows an opportunity for the
pancreas to regenerate. Hitherto the disease has run its course in
so brief a period that regeneration did not have time to occur.
Now the tenure of the disease is adequate for this purpose.

The following cases illustrate losses and gains in tolerance, and,
though several are in non-insulin days, they are reported because
of their long duration or other exceptional attributes.

Case No. 8 shows this tendency of the glycosuria to increase.
The case dates back many years and, of course, strictly modern
methods were not followed, yet the patient was carefully treated.
The description of the case is as follows:

A woman showed the first symptom of diabetes in the spring
of 1899, at the age of sixty years, and 5 per cent of sugar was
found in June. She had gradually lost 20 pounds during the preced-
ing fifteen years and weighed 165 pounds when the diagnosis was
made. Under rigid diet the urine promptly became sugar-free; the
tolerance rose to 130 grams and, save for very transitory intervals,
remained so for nine years, until 1908. During 1908, and until the
autumn of 1909, it returned, but except at one analysis was less
than 1 per cent. In October, 1909, the sugar amounted to 4.6
per cent, and a carbuncle appeared. With prompt surgical care,
vaccines, the restriction of carbohydrates, and the temporary
utilization of the oatmeal diet, the sugar disappeared, and the
carbuncle healed promptly. But the urine did not remain per-
manently sugar-free, although only about 30 grams of sugar were
excreted daily. In the spring of 1911, the sugar again rose at the
time of an attack of lobar pneumonia, but as recovery took place
and restricted diet was instituted, the sugar disappeared. Evi-
dently the patient could be freed from sugar, but upon a diet
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containing only about 30 grams of carbohydate. This seemed too
narrow (compare treatment in 1912 and now) for the patient after
thirteen years of dieting, so that it was practically impossible to
keep the urine free from sugar continually. Residence in a hospital
for a few days in September, 1912, in order to have several teeth
removed, lowered the sugar to 0.8 per cent.

Except for the brief periods of illness due to the carbuncle and
pneumonia, the patient remained well during all these years, and
was unusually strong and vigorous for a woman of seventy-three
years, although the palpable signs of arteriosclerosis with inter-
mittent claudication and high blood-pressure suggested the outcome.
She finally succumbed to a lingering illness subsequent to a hemi-
plegia, death being due to a terminal pneumonia in 1913.

The diabetic and the diabetic tendency have been more sinned
against than sinning in this question of losing tolerance. When
we have proof that patients such as Cases Nos. 632, 1895, 3550
exist with gains of tolerance for carbohydrate amounting to 100
grams during the last four years, is it fair to say that the diabetic
tendency in other cases less favorably situated decreased? Might
it not have been that these other cases grew worse because of the
unfavorable diets and other external conditions to which they were
exposed rather than to the inherent diabetic tendency? Three
positive cases such as those above cited, who are known to have
been carefully treated, are worth 300 cases under indifferent care.
Insulin is the agent which protects these patients. Insulin is
allowing us to find out what sort of a diet and what conditions of
life are best for the diabetic. It is not at all inconceivable that
eventually the application of this knowledge will yield such large
returns as to make insulin itself unnecessary.

The exceptional careless of diet and lucky diabetic, who escapes
being caught in the traps of the disease, coma and arteriosclerosis,
and who lives for ten years, never proves to be so severe with our
modern methods of investigation as he may appear or as we might
expect. One hoy, Case No. 1609, (see p. 112), seldom kept sugar-
free and was my despair ten years ago when his diabetes began
at ten years of age. He never permitted himself to be sinned against
for long with a low-carbohydrate high-fat diet or even a low-protein
diet. His diabetic tendency has not increased.

Doubt certainly arises as to the progressive character of the disease
when one sees cases of diabetes, untreated for years, able to become
sugar-free with restricted diet and apparently able to acquire a
considerable tolerance for carbohydrates. If the disease were
actually progressive, then such a patient should ultimately, barring
death from accidental causes, lose all tolerance for carbohydrate,
but a case with complete loss of tolerance has not yet come to my
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observation. These long-standing, neglected cases are, apparently,
easily amenable to modern treatment. Case No. 436 (see p. 144)
who has not kept sugar-free and Case No. 632 (see p. 111) who has
been sugar-free since insulin, were examples of very slow progression
of diabetes, but the latter has now increased his tolerance by
100 grams of carbohydrate. Case No. 2201 had diabetes for
twenty-four years and then showed a carbohydrate tolerance for
100 grams for weeks at a time with 10 units of insulin, though when
she first came under my observation in 1921 she was excreting 7 per
cent sugar with a fasting blood sugar of 0.53 per cent. This fell
to 0.15 per cent fasting and 0.22 per cent one hour after food under
diet and the 10 units of insulin. Despite her high tolerance for
carbohydrate, she took insulin hoping to prevent further disease of
the retina, but she succumbed to angina pectoris in 1924,

Further evidence of value would be afforded by a study of very
mild cases of diabetes discoveréd by routine or insurance examina-
tions. If such cases, often very little treated, remained stationary
for years, it would be evidence against a progressive tendency. The
group of potential diabetics is also of value in this connection.
Among the 189 so classified this diagnosis has thus far been changed
to true diabetes in 3 instances in the course of one year. This
special group is not available for study, but it can be said that
cases of diabetes discovered by insurance examinations live an
unusual length of time. Then, too, my group of 161 cases of dia-
betes of twenty or more years' duration also offer some information.
One hundred and five of these patients are now living and in many
of them the disease appears to be stationary.

A low percentage of blood sugar in ecases of long duration is also
evidence against a progressive tendency. Thus, in 14 cases of
twenty or more years' duration, of the analyses of blood sugar which
have been made, 10 were 0.2 per cent or below, 3 were between .21
and 0.25 per cent, and 1 between (.26 and 0.49 per cent.

It is a credit to Sherrill,' then working in Allen's clinie, and to
Newburgh and Marsh,? that years ago they recognized this capacity
of diabetics to hold their own against the disease.

In my opinion cases of diabetes carefully treated do infinitely
better than those cases which are neglected. In each group excep-
tional examples of the disease can be found in which there is little
tendency to progression, but careful investigation usually shows
that an advancing tendency existed which now should be halted.

One must not forget that wide fluctuations in severity occur in
one and the same diabetic largely owing to treatment or its neglect.
A case untreated today may simulate severity, and if carefully

L Bherrill:  Jour. Metab, Res., 1922, 1, 667.
¢ Newburgh and Marsh; Arch, Int. Med., 1923, 31, 455.
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treated for the subsequent three years may appear no worse, but
was the original estimation of severity correct? Case No. 983
appeared severe in 1916, but a few weeks sufficed to prove the dis-
ease mild which her condition in 1923 and 1926 substantiated. It
is quite another matter to demonstrate that it remains as mild as
when first seen. My cases ought to furnish more evidence upon this
interesting question of loss or gain of tolerance in the course of years,
and I shall seek it.

The tendency of the diabetic patient to gain in tolerance for car-
bohydrates when the urine becomes sugar-free is the fundamental
principle upon which all treatment has been and is rightly based,
and that by which the value of all therapeutic measures is deter-
mined. This proposition is a reverse of the preceding, and it would
appear to hold, so far as evidence is available, both experimentally
and clinically, yet here again the evidence should be far more care-
fully weighed than heretofore. Among the older cases, Case No.
194 is an excellent illustration of this gain in carbohydrate tolerance
in a child and its later loss when the treatment was interrupted.

Tapre 22.—Varramions N CArBoHYDRATE Tormrance. Case No. 194.
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Dee. 10 Death in coma.
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Female, born August 16, 1893, single, no occupation, onset of
diabetes at age of fourteen years in February, 1908; sugar in the
urine March, 190S; came under observation April 18, 1908; died
in coma December 10, 1910. There was no history of diabetes in
the family. Father died of pneumonia, mother and brother well.
The past history included scarlet fever, dysentery at three years
of age, measles, mumps, whooping-cough, chicken-pox, enuresis noc-
turna which ceased at the age of four years. (I have repeatedly
observed this symptom in the early history of diabetic children).
Always a voracious appetite, sometimes eating six potatoes at a
meal; ate much candy. During the year preceding the onset of the
disease the patient developed rapidly both in height and weight. In
February, 1908, she showed weariness. Early in March polydipsia,
polyuria and polyphagia were present, and sugar was demonstrated
in the urine. In the previous year the urine was normal.

During the whole period of illness the patient remained in good
condition and attended school with comfort. The diet was rigidly
adhered to and not relaxed except when the diagnosis was at one time
doubted by the local physician. Catamenia was established for the
first time an Mareh, 1909. The patient died in coma on December
10, 1910. The harmfulness of doubting a diagnosis is well illus-
trated by this patient’s career. She was an ideal case for faithful
treatment and even without insulin with present day treatment
this patient should have lived at least four years longer. Remember-
ing her tragic end I am always very slow to tell a patient he does not
have diabetes if any doctor has ever found sugar present in the
urine or thought it present. I tell such patients to have their urine
examined each month for a year and thereafter at least every six
months for life, even though I find no proof of diabetes.

Case No. 564 (see p. 520) shows a remarkable gain in tolerance
from a minus carbohydrate balance of 70 grams to a positive balance
of 50 grams, lasting for years. Case No. 203 (see p. 188) also illus-
trates a gain in tolerance, for now, August, 1927, this boy is able to
take a free diet without the appearance of sugar. Case No. 653
showed 5.8 per cent and 174 grams sugar on a free diet in September,
1913, but now, thirteen and a half years later, at the age of sixty-six
years, eats between 200 and 300 grams carbohydrate and is free
from sugar. This patient, like several others, takes comparatively
little fat. The remarkable ecase of Geyelin and DuBois,! who
progressed from a minus carbohydrate balance of 75 grams to a
positive balance of 160 grams, is another striking illustration of
gain in tolerance. Case No. 30 showed sugar for eighteen years,
and yet now, in 1927, twenty-five years after onset of diabetes, is

! Geyelin and DuBois: Loe. cit., p. 209.
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sugar-and albumin-free on a diet of approximately 120 grams of
carbohydrate made up of starch rather than of actual sugar. No
matter whether a true diabetic or a potential diabetic, as I have
now classified him, his case is instructive. (Case No. 321, with onset
in 1905 at the age of fifty-one years, came for treatment with
5.4 per cent of sugar in 1910. He soon developed a tolerance for
90 grams carbohydrate. Later this rose to carbohydrate 181 grams,
protein 57 grams, and fat 102 grams. He died in 1924 of angina
pectoris. Case No. 632 (see p. 108) had difficulty in becoming
sugar-free in July, 1913, at the age of thirty-one years, upon carbo-
hydrate 15 grams, but in 1917 maintained an active life, played
golf better than ever, and reached a position of eminence in his
country in his military vocation, yet he kept sugar-free upon a
diet of carbohyvdrate 20 grams, protein 85 grams, and fat 150 grams.
This tolerance again fell by 1922 and he was forced to give up
exercise. His diet was carbohydrate 15 grams, protein 69 grams,
fat 103 grams. With 8 units of insulin daily it was raised to carbo-
hydrate 43 grams, protein 76 grams, fat 150 grams and in the six
months ending in May, 1923, he had gained 14} pounds and been
able to take up golf and work. Tolerance has continued to advance
and in December, 1927, after fifteen years of diabetes it has risen
from its low level of carbohydrate, 15 grams without insulin to 133
grams with 24 units of insulin. I recall no other patient who lived
as accurately by the scales for six years on so low a carbohydrate
diet, and no patient with onset of diabetes at thirty years who has
been rewarded with a greater increase in tolerance.

The best writers are all most emphatic in their approval of the
endeavor to promote tolerance for sugar by rendering the patient
sugar-free. Naunyn says, “From my experience 1 consider it
highly probable that among the early, strictly treated cases which
passed in the beginning as severe, but later took a favorable course,
there is many a one for which one must thank this early strict treat-
ment; moreover, on the other hand, there can be no doubt that
the cases which run ultimately a severe course have undergone little,
if any, energetic care.” And again he urges not to be “content
to maintain the patient for a time in just an endurable condition,
but rather to strive to improve the diseased function, or at least
to check further inroads on the same.” So universal are the two
principles that there is an increase in severity the longer the disease
lasts and that the progress of the disease is checked by making
the patient sugar-free, that it makes any glycosuria, no matter how
inconsiderable, worthy of energetic treatment.

Today many writers not only insist that the urine should be
maintained free from glycosuria, but that the blood sugar should
always be at a normal level. Rabinowitch is still more progressive
and would demand a normal blood fat as well.
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A normal blood sugar is desirable, but T am not convinced that
it is a necessity for improvement in the state of the diabetes, The
diabetes of Case No. 1609 began when he was 10.7 vearsold. It was
severe in type, his weight fell from 90 to 71} pounds during the
first two years. He broke his diet continuously and it seemed a
miracle that he escaped death from coma. Even with insulin he
was seldom sugar-free, but on February, 1927, he appeared in my
office as an attractive, healthy looking young man of twenty years,
weighing 135 pounds, 5 feet 72 inches tall. His urine contained no
sugar, the blood sugar eight hours after a meal was 0.21 per cent,
his diet contained by his estimation 35 grams carbohydrate, but I
suspect considerably more, and he was taking 10 units of insulin in
the morning, 10 at noon and 16 at night. He was working hard,
carrying on his own small farm. Similarly Case No. 428 after
nineteen years of marked glycosuria became sugar-free and remains
so with 19 units of imsulin upon a diet of about 86 grams carbohy-
drate. His improvement, like that of the boy just cited, was in the
face of years of glycosuria and hyperglyeemia.

A sugar-free urine is more important than a normal blood sugar.
It is never normal to show glycosuria, but variations in the blood
sugar rising as high as 0.16 per cent after a meal are normal phe-
nomena. It is an open question if what is normal for some hours
a day must be considered deleterious if it persists a few hours longer.
I consider a normal blood sugar desirable in every case of diabetes
provided it ecan be attained with reasonable restrictions of diet
and with moderate dosage of insulin, but 1 do not believe it to be a
necessity for improvement. A similar viewpoint is held by R. D.
Lawrence,! based on other grounds.

Concerning the necessity for a normal or nearly normal percentage
of the blood fat before improvement can take place, less can be
said because our data are still inadequate. In general a high blood
fat signifies a more serious condition than a high blood sugar. 1
suspect, but I cannot prove the statement, that the patients who have
survived diabetes for many years with success despite hyperglycemia
have done so without a chronie acidosis or hyperlipemia. In other
words, at the expense of hyperglycemia they have utilized enough
carbohydrate to avoid such phenomena.

! Lawrence: Quart. Jour. Med., 1926, 20, 69.
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E. INCIDENCE.

1. Increase in the Incidence of Diabetes Mellitus Is Now Checked
—The incidence of diabetes in the registration area of the United
States more than trebled in the closing twenty years of the last
century, but has less than doubled in the similar opening period of
the present. Between the years 1915 and 1925 the rate per 100,000
has remained nearly constant averaging 16.2 for the first half of
the decade and 17.3 for the latter half and was actually less for the
year 1925 than for the year 1915.

Such a rapid rate of increase as took place between 1880 and 1915
is evidence in itself that a fallacy exists somewhere in the statistics
or their collection. Convincing proof that this is the case is fur-
nished by a comparison of the statistics for the registration area of
the United States during the years 1910, 1911, 1912 and 1913,
because during these years the death-rate for diabetes was nearly
stationary. Such a sudden halt in the progressive frequency of the
disease could not have been brought about without some obviously
remarkable improvement in treatment, preventive or otherwise.
This we know did not take place in 1910. This striking interrup-
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F1G. 14.—The falling total death-rate per 1000 and the rising diabetic death-rate
per 100,000 between the years 1880 and 1925 in the registration area of the United
States.

tion in the advancing incidence of the disease is also indicated by the
statistics of New York and Boston. Thus, in Boston during 1912
and 1913, the death-rate from diabetes was less than during 1910
and 1911. But since 1913, a remarkable advance is registered
throughout the country, and in New York and Boston as well. This
rapid rise in mortality in 1914, 1915 and 1916, I believe attributable
to the increased attention devoted to this disease by the medical
profession and by the newspapers following the announcement of
the undernutrition method of treatment by F. M. Allen.

In Fig. 14 and Table 23 are displayed the falling rate of deaths

from all causes per 1000, the rising rate of deaths from diabetes per
8
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100,000, and the per cent of diabetic deaths to total deaths during
the last forty-five years in the registration area of the United States.

The decrease in the diabetic death-rate, beginning with 1915,
may be explained first, by the general tendeney to eat less food
during the war, and second, by the less accurate observation of
the civilian population due possibly to the withdrawal of physicians
from general practice and their entrance into the army. It is,
therefore, not surprising that in 1920, the rate began to rise because
these two factors had ceased to be operative. The discovery of
insulin in 1921 augmented the rise because it focussed attention
upon the disease to a remarkable degree and brought many new
cases to light. This artificial statistical increase has been more than
offset by the actual improvement in treatment which insulin has
afforded.

Correlations between the death rate from diabetes and other
demographic factors have recently been made by Jordan! It is
noteworthy that whereas erude and adjusted rates for age and sex
were nearly alike in 1900, being 11 and 10.4 respectively, in 1920
the difference was notable, being 20.6 for the crude and 18.7 for
the adjusted rate. The adjusted rate in 1920 varied from 6.5 in
Tennessee to 2.15 in New York. Such differences will gradually
disappear in the course of time if they depend upon the variations
in accuracy of diagnoses. The reader interested in the technical
study of diabetic statisties should not fail to consult Jordan’s article.

Instability of the diabetic death-rate is certain to continue until
examinations of the urines of each individual in the community are
made, not only with each illness, but also onece or twice yearly. In
this way the actual number of latent cases of diabetes will be dis-
closed and the morbidity of the disease will apparently be inereased.
The influence of a second factor is the report of deaths as recorded
on the death certificate. Formerly 65 per cent of the diabetic
deaths were due to diabetic coma. Today coma is largely abolished
as a cause of death and during the two years ending July 1, 1926 and
1927 was reduced to 10 per cent and zero respectively of my total
diabetic mortality. In the place of coma arteriosclerosis in appear-
ing. Whereas diabetic coma was recorded on the death certificate as
a primary cause of death and was classified with diabetes, the mani-
festations of arteriosclerosis in the brains, heart, kidneys, and in the
lower extremities as gangrene relegate diabetes to a secondary cause
and it thus escapes mention in mortality data. For this reason
private collections of deaths in diabetes in the future will assume an
added value, because such will show the actual number of diabetic
fatalities as well as their true causation.

Man's increasing longevity, the relatively greater increase in
incidence of the diabetic mortality in females, the growing pre-

I Jordan: Am. Jour. Hygiene, 1928, 8, 55.
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ponderance of deaths from diabetes at over fifty years of age instead
of under fifty years of age, and the remarkable reduction of diabetic
mortality in children will all claim attention in any study of the
total diabetic mortality.

Tanre 23.—Toran ANp Diaseric MORTALITY 1IN THE REGISTRATION AREA OF THE
UniTED STATES.

Deaths from all causes. : Deaths from diabetes.
Populati Diabetic
Year. in | | deaths to
registration Rate Rate totnl
ares, Number. per 1000 | Number. | per 100,000 denths
per cent. | population. | population. | per cent.
Cengus year: |
1880 . 17.0 | 169,453 19.8 237 2.8 0.14
1590 - 31.4 386,212 19.6 1,089 55 0.28
1900 37.9 512,669 17.8 2,603 9.3 0.53
Calendar year: lI
1900 530,939 17.6 2,006 2.7 0,55
1901 518,207 16.5 3.212 10.3
1902 508,640 15.9 3,312 104
1903 524,415 16.0 3,681 11.3
1904 551,354 16.5 4,250 12.9
1905 546,633 | 16.0 4,397 13.0 | 0.81
1906 658,105 15.7 5,331 13.0
1907 A87,034 16.0 5,801 13.9
1908 691,574 14.8 6,274 13.9
1909 732,538 14 4 7.024 14 .4
1910 58.3 805,412 15.0 8,040 14.9 0.91
1911 830,284 14.2 8,805 14.9
1912 838,251 | 13.9 9,045 15.0
1913 SO0848 | 141 0,660 15.3
1914 ROR,069 13.6 10,666 16,2
1915 . Q00,155 13.6 11,775 17.5 1.31
1916 . 1,001,821 14.0 12,199 17.1
1917 1,068,932 | 14.3 12,750 17.0
1918 | 1,471,367 18.1 12,927 15.9
1919 . 1,006,436 | 12,9 12,683 14.9
1920 - 82.2 1,142,558 13.1 14,062 16.1 1.22
1921 : 14 1,032,009 11.6 14,033 16 .8 1.40
1922 | 85.3! 1,101,863 11.8 17,182 | 184 1.56
10923 87.6 | 1,193,017 | 12.3 17,357 17.9 1.45
1924 . = 1,173,990 11.9 16,453 16.6 1.40
1025 | — 1,219,019 ! 11.8 17,385 16.9 1.43

The lengthening of human life in retrospect and prospect is enter-
tainingly discussed by Irving Fisher.? He quotes Dublin’s statement
made in 1922 that ten years can still be added to human life by
applying existing knowledge alone and adds data which suggest
that this inerease will be reached by 1940 and that the average life
time “by the year 2000 would reach the highly respectable figure of
eighty-two years.”

1 Exclusive of Hawaii.

! Figsher: Am. Jour. Pub. Health, 1927, 17, 1.
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The percentage of diabetic deaths to total deaths has risen even
more rapidly than the diabetic death-rate. Between 1880 and
1925 it rose ten-fold to 1.43 per cent. This is partly accounted for
by the fall in deaths from all causes throughout the United States,
Like the diabetic death-rate, however, it has risen little since 1915.
In 1900 diabetes ranked twenty-seventh as a eause of death in the
registration area of the United States, but in 1920 it was twelfth.
In Massachusetts for the same years its place changed from twenty-
first to eleventh, and in New York City during 1923 it ranked tenth.!

TasLe 24.—Deatas rer 100,000 oF PoruraTion FRoM THE CHIEF CAUSES OF
Dear IN THE REGISTRATION AREA OF THE UNiTED STATES,
1920.* EmEeRsoN AND LARIMORE.

Organic diseasesof heart . . . . . . . . . . . . 141.9
Pneumonia and bronchopneumonia - i . 137.3
Tuberculosis, all forms . . . . e e e H42
Bright's disease and nephritis = | o' . 50 4
External causes (violent deaths including suicide and homicide) . 88 8
Canger:, /AN G T T NG NN T T 83.4
Cerebral hemorrhage . : 4 \\ . . 80.9
Influenza . . Z 1 N M . 71.0
Congenital debility and malformations v 69.9
Discases of arterids . ., . oy 00 22 8
Puerperal state | - BRI . \\Y . \\ . 19.2

“The increase in the incidence and death-rate from diabetes in
the United States, and in New York City in particular, has been
more rapid than that of any other disease for which we have records
in the last fifty vears.”® Here is justification for the added attention
devoted to the study of diabetes in the last few years. Practitioners
today have far more cases of diabetes to treat than their fathers,
not because there are twice the number of cases, but because they
live nearly twice as long.

All age groups have been about equally represented in the statis-
tical increase in diabetes. This is shown by a study of Table 25, in
which the relative proportion of the population of the United
States in the registration area at different groups is given for the
years 1890 and 1920, along with the corresponding percentage
of deaths from diabetes. In this table the decreasing percentages
of population under twenty years of age in 1920, compared with
1890 is manifest. This is due in part to the marked prolongation
of life (see Table 45) and, doubtless, in part to a falling birth-rate.
The feature of the table which caused its insertion into the text
is, however, the right-hand column. This shows that the diabetic

| Emerson and Larimore: Arch. Int. Med., 1024, 34, 585.

¢ 1. 8. Census Bureau Mortality Rates, 1910-1920.
i Emerson and Larimore: Loe. eit., p. 44.
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mortality per 100,000 in 1920 per decade, as compared with 1890,
has about doubled. Closer inspection of the table shows that this
approximate doubling of mortality holds for each age period. Itis
true that for the period forty-five and over the mortality has nearly
trebled, rising from 20.6 to 57.3, but this can be accounted for by
the decrease in mortality for unknown age groups from 13.75 in
1890 to 3.36 in 1920.

Tasre 25.—Reramive ProromrTioNn oF THE PorvramioNn oF THE UmiTeEp StaTEs

1N THE REGISTRATION ARBA AT DIFFERENT AGE GRrOUPS IN 1890 AND
v 1020 wita CornespoNDING PercENTAGE MORTALITY FROM

DissBTES,
1880.
Percentage mortality
per 100,000.

Age group, Per cent -
years. Population. of total. Total. Diabetic
Under5. . . . . 2392447 12.2 5591.70 0.96
59. . . . . 2373440 12.0 5RO.86 0.85
eis. . . A 2,204,293 11.2 318.60 2.22
16-19 . . . . . 2,055,305 10.5 562.40 1.90
20-44 . . . . . 7,244,021 36.9 1196.00 3.63
45andover . . . 3,339,050 17.1 3927.50 20.60
Unknown. . . . 50,884 0.003 4180.00 13.75

Total . . . . 19,659,440 99.9
1920.
Under5. . . . . 0,230,058 10.75 2688 .80 2.03
6~-98. . . . ‘9014013 10.37 300,10 2.83
10-14 . . . . . B409709 9.68 234.20 4.32
15-19 . . . . . 7,527480 8.65 411.20 4. 65
20-44 , . . ., . 33876,5631 38.98 718.70 6.46
45andover . . . 18,711,942 21,52 3005.30 57.30
Unknown \ A 119,047 0.001 1349.00 3.36
Total . . . . 886,897,779 99.05

A more accurate conception of trends in diabetic mortality, I
believe, is afforded by the statistics of the State of Massachusetts
than by those now available for the country as a whole, particularly
as relate to sex and age.

The diabetic death-rate and the ratio of diabetic deaths to total
deaths are quite uniformly higher in Massachusetts than in the
Registration Area. In 1922 the per cent of diabetic deaths to total
geatthhs reached its peak, 1.85 per cent, or 1 diabetic death for 54 total

eaths.

The abrupt fall in the diabetic death-rate for individuals under
twenty years of age and for those between twenty and forty-nine
vears is strikingly exhibited in Fig. 15 prepared by Miss Angeline
Hamblen of the Massachusetts State Board of Health. The mor-
tality for diabetes in persons under twenty years of age and between
twenty and forty-nine years of age has been cut in half and that for
diabetes in persons over fifty years of age has doubled. The actual
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Tasne 26.—Toran axp Diapemic MoRTALITY 15 MASSACHUSETTS.

‘ Deaths from all cauges. | Deaths from diabetes. |
Diabetic
Year, I | deaths to
| Rate Rate total
Number, per 1000 Number. | per 100,000 deaths,
population. population. | per cent,
1880 35,202 19.8 N3 4.7 0.24
1890 43,5628 19 .4 188 8.4 0.43
1900 51,156 18.2 330 11.8 0. 64
1910 | 54407 16.1 875 17.0 1.06
1915 53,131 14 .4 673 18.2 1.26
1916 56,366 15.1 | 783 21.0 1.39
1917 56,628 15.0 776 20 6 1.47
1918 78,842 20.7 630 i7.9 0 86
1919 52,345 13.7 633 16.5 1: 21
1920 53,632 13.9 | 706 20.6 1.48
1921 47,780 | 12.2 Yt 1.9 1.63
1922 51,115 | 13.0 048 24.1 1.85
1923 82,380 13.2 852 21.4 1.63
1024 40,466 12 .4 772 1.3 1.56
1925 51,800 125 | 806 20.0 1.466
1926 . . 52888 | 12.6 | 835 | 19.8 1.58
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death-rate for these age groups is shown in Table 27 and the per
cent of total deaths from diabetes in each group in Table 28,
Between 1921-1925, 86 per cent of all diabetic deaths in Massa-
chusetts took place at or above the age of fifty vears,

Tapre 27.—AveErace DeaTHE-rATES FROM DiABETES IN MASSACHUSETTS BY AGE.
Deara-rATE PER 100,000 PorvraTion,

Age group.

Years. Under 20, 20 to 49, 50 plus,
1901 to 1905 | N e 6.8 54
1906 to 1910 gy 7.3 63
1911 to 1915 e s 8.3 73
1916 to 1920 . NSRS e brR 8.7 77
1921 to 1925 e ey L g 7.0 86

TanrLe 28, —Per Cent or Toran DEATHS FroM DIABETES IN AGe GROUPS.

Per cent in age group.

Year. Under 20. 20 to 49. 50 ]Jln?
1900 . . . Al A e ! 24 65
1910 o = e . 23 67
1920 oo o4 Sl ) et 7 a1 72
1925 . . /. 3 13 54

The death-rate for the age group 50 plus has risen with slight variations since
1900. The rate for the age group 20 to 49 was also rising between 1900 and 1922
but gince then it has shown a decided deecline, The rate for the age group under 20
has been falling since 1910 but has had a much more rapid decline since 1922,

Tasre 20. —Sex anp THE Dianeric DeaTi-raTe 1N MASSACHUSETTS,

Year. Male. Female.
W0 0 S \NAZ N\ P & . 7. d2'B 10.8
1901 . ! : 9.5 12.7
1902 h 11.0 14.9
1803 . 12.3 15.1
1904 4 % " 12.5 15.2
1805 1 N LT 15.9
1906 | . — 11.7 15.0
1907 . PR e L 12.5 17.3
1908 | iy : 11.8 15.8
1909 12. 4 18.4
1910 . i 14.4 19.5
1911 : : 16.9 19.9
1912 . : o i 14.2 19.4
1913 : 15.7 19.4
1914 L ! g 15.3 19.8
1915 : S G 2 16.2 20.8
1916 v - 17.7 24.7
1917 : . n 18.3 23.2
1918 - 16.4 19.6
1919 . : . - . 14.3 18.7
1920 A ok v« 171.3 23.6
1921 s : 2 15.1 24 .4
1922 = . . 18.2 29.2
1823 b s ol o = . . 15.8 26.3
1924 ! 13.9 23.8
MRS v s . . . . 15.5 23 .4
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The influence of sex upon the diabetic death-rate in Massachusetts
is shown in Table 29 and Fig. 16. Whereas diabetes has increased
among males in the last twenty-five years 20 per cent, it has risen
among females 117 per cent. The reasons for so great a discrepancy
will be discussed later. Suffice it to say here that these figures prove
that the increase in diabetes has been chiefly due to its extraordi-
narily growing prevalence among females.

The combined influence of age periods and sex are shown in
Fig. 17. The lessening advance in diabetic mortality in males and
the remarkable decline in diabetic mortality in persons under fifty
vears of age and especially under twenty years give grounds for
hope that the worst days of diabetes are over.

’Tﬂ
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10

=

1900 19056 181y Wlo

F16. 16.—Sex and the diabetic death-rate in Massachusetts.

Confirmation for the Massachusetts tables has been afforded
through the courtesy of Dr. Augustus Knight, Medical Director,
and Dr. Louis I. Dublin, Statistician of the Metropolitan Life
Insurance Company. The experience of this insurance company
which insures about one-sixth of the total population of the United
States is exhibited in Table 30 and Fig. 18. The remarkable increase
in colored females is the most outstanding feature and is akin to the
increase which took place among whites in the last years of the last
century.

New York City’s total mortality per 100 population has been
more than halved in the last forty-five years, but the diabetic death-
rate per 100,000 population has increased six-fold, and the percent-
age of diabetic to total deaths has increased thirteen-fold. The
data are given in Table 31.

Boston shows a higher mortality from diabetes than that of any
city which has come to my attention, but New York has the highest
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F16. 17.—BSex and the diabetic death-rate in Massachusetts.

TaBLE 30.—AVERAGE AcE oF DeEaTH For THoSE DEATHS OCCURRING FROM
DiaseTEs. 1926-1920, 1916-1911.!
(Experience of Metropolitan Life Insurance Company.

Industrial Department
Premium Paying Business.)

Color and sex, |1926. 1925.| 193‘1.! 1923, 1922, 1921. 1920, l!?liii.| 1915.| 1914 1913.| 1912, 1911.
! 1 i | | | .

|

Tatal « o+ | D44 B4.T| 54.0 | 53.5 | 51.9| 51.1 | 51.2 | 52.0 | 52.1 | 524 | 51.0 | 52.4 | 51.5
White males | 50.7 | 50.6 | 50.5 40.0| 47.1 | 454 | 46.9 | 49.2 | 486 | 48.5 | 46,0 48.3 46.5
White females , | 50,5 | 57.0 | 56,0 | 55.8 | 54.0 | 53.9 | 53.4 | 55.0 | 53.8 | 544 | 54.0 54.6 | 5.7
Colored males . | 47.9 | 48.4 | 50.9 | 50.8 | 48.9 | 48.5 | 47.5 | 40.1 | 48.9 | 47.8 | 479 45.06  49.2
Colored famales | 51.5 | 51.2 | 50.3 | 50.9 | 51.8 | 49.8 | 51.7 | 51.2| 51.6 | 53.1  48.2 | 522 | 48.3

! Data for 1019, 1918 and 1917 not available.
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DIABETES MELLITUS,

Dearr-rATE BY AGE Periop. Wmire axp CoLorep Persons,
Metropolitan Life Insurance Company. Industrial Department 1911 to 19286,
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TasrLe 31.—Torar Anp Diaseric MorTALiTy In NEw York Crry.

Deaths from all causes. Deaths from disbetes..  Disbetie

- deaths to
Rate Rate total

per 1000 per 100,000 denths,

Year. Number. population. Number, population, per oont.
1880 31,937 26 .4 4 3.a 0.14
1880 40,103 24 .6t 130 8. 0.32
1800 70,872 20.6 357 10.4 0.50
1810 76,742 16.0 768 16.0 1.00
" 1915 76,193 14 .6 1109 20.2 1.45
1916 77,801 14.7 1118 20.0 1.44
1917 78,675 14.6 1153 21.0 1.47
1918 096,080 17.9 1011 18.0 1.04
1919 74,131 13.4 055 17.0 1.29
1920 73,393 12.9 1075 19.0 1.46
1821 64,257 11.2 1120 19.0 1.74
19232 (9,690 12.3 1448 25.0 2.08
1923 69,452 1.7 1360 22.9 1.96
1924 71,252 12.2 1177 20.2 1.65
1925 71,863 12.2 1312 22.3 1.83

percentage mortality to total mortality. In 1922, the diabetic
death-rate in Boston reached the peak of 29.1 per 100,000. In
New York in 1922, the deaths from diabetes were 2.08 per cent of
all the deaths. The decrease in percentage of diabetic death-rate
appeared here during the war as well as the decrease in percentage
of diabetic deaths to total deaths. It will be of great interest,
statistically, to note whether the mortality in other sections of the

t Old City of New York included present Boroughs of Manhattan and the Bronx.
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country continues to approach the level reached here. To a certain
extent the city with the highest mortality is an index to which the
mortality in other communities may be expected to rise. In Malta
the rate is 38.4 per 100,000, according to Hoffman,' whose article
upon the statistics of diabetes should be consulted.

TanLe 32, —ToraL AND Diaseric MorrariTy 1§ Boston,

Deaths from all causes, Deaths from diabetes. Dinbetie

s deaths to
Rate Rate total

per 1000 per 100,000 deaths,

Year, Number, population Number. population. per cent
1880 .+ 8,531 23.5 » 1 1
1800 . 10,181 22.7 31 6.9 0.3
1900 . . 11,678 20.8 77 13.7 0.7
1910 . 11,574 17.2 135 20.1 X.2
1915 . . 12,018 16.1 185 26.1 1.6
1916 : . & 12,760 16.8 182 25.2 1.5
1917 v 22,728 16.5 148 19.2 1.2
1918 . .. 17,447 22.2 133 16.9 0.8
1919 . . . . . 11689 15.6 171 23.0 1.5
1920 o o @ AKL 15 .4 175 230 1.5
1021 . 10,220 13.5 149 197 1.5
1822 . . 11,420 15.0 222 291 1.9
1923 . . 11,5603 14.9 187 24 3 1.6
1924 10,933 14.1 154 23.7 1.7
1925 . .. 11,580 14.8 166 21.2 1.4

Diabetes in Philadelphia has been carefully investigated by Anders
and Jameson® Whereas in 1913 diabetes occupied the twenty-
second place in relative rating as a cause of death, in 1923 it had
risen to twelfth place. The phenomenal rise in the death-rate
among females in the last fifteen years prevailed in Philadelphia as
for the country as a whole. Friedenwald and Morrison* have
studied the question in Baltimore.

Certain foreign cities present statistiecs which will serve for
comparison with those in this country. Berlin formerly had a
higher diabetic death-rate than any of our American cities, but
in the later years of the war the death-rate from diabetes was cut
in half. One must not forget that the civilian population received
less medical attention there as well as here, and this may partially
account for the fall in death-rate, but few will gainsay that the
outstanding cause for the precipitous decrease in diabetic mortality
was due to undernutrition. Confirmation of this conclusion will
be furnished by the mortality statistics for the next few years,
during which they should rise. Today the demonstration of the
importance of undernutrition in the treatment of diabetes appears
to be beyond doubt.

! Hoffman: Boston Med. and Surg. Jour., 1922, 187, 135.

? 1880 data not available.

" Anders and Jameson: Am. Jour. Med. Sei., 1925, 170, 313.
t Triedenwald and Morrison: Arch. Int. Med., 1027, 40, 538.
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Year
1871-1875
1876-1880
1881-1885
1886-1890

1801
1802
1893
1804
1805
1896
1807
1808
1599
1900
1901
1902
1903
1004
1905
1906
1907
1908
1909
1910
1911
1912
1913
1914
1015
1916
1917
1918
1919
1920

1880 .
1880 .
1900 .
1910 .
1911 .
1912 .
1913 .
1914 .
1915 .
1016 .
1917 .
1918 .
1919 .
1920 .
1921 .
1922 .

TasrLe 33.—ToraL Axp Diaperic MorTALiTy 1N BERLIN.

Deaths from all eauses. Deaths from diabetes.

Rate Rate
per 1000 per 100,000

Number. population. Number. population
. o . . 1T
- : 3.0
e - o . 3.6
= iy m " - e 5.1
. 33,394 21.0 91 5.7

. - 32,696 20.3
. . 36,038 22.1 120 7.4
. . 30,961 18.8 149 9.1
.« . 33,627 20.2 131 7.9
%, . 30,578 18.0 152 8.9
. . aDe22 il 152 8.8
30,574 17.2

34,011 18.7 167 9.2
35,411 19.0 103 10.3
. 34,096 18.1 261 13.8
. 30,741 16.2 281 14.8
. 31,882 16.6 310 16.1
33,425 17.0 395 20.1
34,451 17.1 324 16.1
32,648 15.9 414 20.1
32,353 15.6 374 18.1
. 32,408 15.7 367 17.8
: 31,844 16.56 406 19.8
. - . 80,152 14.6 391 19.0
& 32,307 15.6 441 21.3
. 29,981 14.4 459 22.0
. 28,067 13.5 409 19.6
. 20,664 14.6 468 23.1
. 28,572 15.2 385 20.5
. 27,147 15.1 332 18.5
. 34,138 19.6 246 14.1
. 35,764 20.7 204 12.0
. . 31,307 18.5 185 10.9
. 80,982 18.6 178 10.9

TABLE 34.—ToTAL AND DiaseETIc MORTALITY IN PARIS.

Deaths from all causes.

Deaths from diabetes,

Rate

per 1000

Number. population.
55,706 25.4
54,566 22.8
51,725 19.6
45814 16.2
48,042 16.9
47,059 16.3
44,624 15.4
45,972 15.9
. 43,068 14.9
. 43,450 15.0
. 44,507 15.4
40,6568 17 .4

. 44,936 15.5
. 43,082 14.8
. 41,955 14.4
. 40,583 14.0

Rate

per 100,000

Number. population,
6.3
S 13.5
413 17.0
468 18.4
451 16.9
483 1E 8
424 16.0
406 14.3
382 13.2
387 13.4
392 13.5
279 9.6
297 10.3
280 0.6
376 12.9
321 11.0
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TanLe 35.—Diaperic MortariTy 18 DiFFeRENT CoUNTRIES AND CITIES ON
DirrgrENT DATES CoMPARED (RATE PER 100,000).

Countries. [1880.1900. I:sw 1915.,1916.1917. 1918,1919.1920 1921, 1922, 192311924 1925
[ |

United States' .| 2.8 | 97149 17.5(17.1|17.0/15.9(14.9 16.1 |16.8 18.4 17.9| 16.6 | 16.9
England® . . .| 41| 86 11.0|13.0|{13.0(11.2(10.6 10.5|10.0 | 10.5 | 11.9|11.4|10.9 | 11.2
Germany . . .
Franes . . .
Italy . . . .|14| 33 47| 53| 50| 5.2 48| 4.3| 4.5| 49| 54| 54
Japant . 1 D D). | ... | 22| 804 31| 32| 36| 29| 31| 3.3| 3.3
Cuba . coo| 24) 24] 34 35

Cities. 1880, Iwm 1910, 1915'1911}'1917 1018, 1919.(1920.1921.1022.1923, 19241925,

| I | i

New York! . 3.6 !11.4 18.624.1(22.824.322.3|21.2|23.4 | 24.1 (27,9274 257 | 25.9
Boston! .| ... |15:2{208 | 27.1|26.6 | 21.8|19.6 | 23.5|24.2 |10.8 [20.3 24.5 | 23.7 20.9
London? 5 {119 114 /100| 81| 87| 80| 9.3 10.4| 95| 95| 90
Berlin . 10.3 19.0 20.5 18.5 14.1 12.0 10.9 10.9 |
Paris . | 6.3 [17.0 184 13.:2|13.4 135 9.6/10.3 9.6 12.9 110
Rome . | | |
Tokyo ‘ . 29| 32| 26/ 27) 24| 25| 2:2| 3.0| 24
Havana T4 25 74 9.0 60| 76 T5 84 7.5 9.2

Paris shows almost as Stl"ll\lng a variation in the statistical
mortality from diabetes as Berlin, because from 1910, when the
diabetic mortality in Paris reached its acme, 18.4 per 100,000
population, it fell in 1918 to 9.6, but is now on the upward trend.
The reduction in the percentage of diabetic deaths to total deaths
in Berlin and Paris is even more striking than the falling mortality.

Ullman® has carefully studied diabetic statistics, particularly in
Germany. His comments upon them are already published, but
the statistical article is not yet available. Many of his conclusions
may be modified by data published here as will also certain of my
impressions.

London” with a population of 7,625,461 in 1923 reports 725 deaths
from diabetes; Massachusetts with a population of 3,969,536 records

! Registration area exclusive of Hawaii: 1900, from Mortality Statistics, U. 8.,
1900 to 1904; 1910, from Mortality Statistics, U, B., 1010; 1915 to 1921, from
Mortality Statisties, U. 8., 1921.

# 1600, from report Registrar-general, England and Wales, 1911; 1910, from
report. Registrar-general, England and Wales, 1920; 1915 to 1921, from report
Registrar-general, England and Wales, 1921.

? Based on civilian deaths and civilian population.

4 1915 to 1918, from Statistique Causes de Dérdés, Japan, for each year; 1919,
from Résumé Statistique de Mouvement de la population, Japan, 1919; rates
worked from population and deaths in each report.

#1915 to 1921, from reports Registrar-general, England and Wales, for each
year. Rates worked from population and deaths in each report. Figures are for
London administrative county, which is Greater London, exclusive of “Outer
Ring." In 1921 report only are deaths from diabetes shown for Greater London;
Greater London, population 7,535,582, deaths from diabetes, 746, rate per 100,000,
9.9; London Administrative County, population 4,524,000, deaths from diabetes,
422, rate per 100,000, 9.3.

!g;htﬂg!m:_?rl: Deutsch. med. Wehnschr., 1027, 53, 561. See also Die Med, Welt.,

! Joglin: Boston Med. and Surg. Jour., 1925, 193, 707,
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852 deaths. In London the diabetic death-rate per 100,000 was
9.51, in Massachusetts 21.4. In 1880 in Massachusetts 83 indi-
viduals succumbed to diabetes, by 1923 the inerease in numbers had
been ten-fold, and the death-rate had risen about four-fold. For
the same period in England and Wales the increase in the diabetic
death-rate was nearly three-fold, (4.1-11.9, rate for 1922). For
the year 1880 in Massachusetts there was 1 death from diabetes in
425 deaths, for 1924 there was 1 death in 64 deaths. The doctors
in Massachusetts, therefore, have a diabetic problem on their hands.
Their patients are more than twice as liable statistically, I do not
believe it actually, to die of diabetes as citizens of London and the
increase in the incidence of diabetes among their patients is far more
rapid.

TasrLe 36.—Totan axp Draseric DeatH MORTALITY IN ENGLAND AND WALES.

Deaths from all causes. Deaths from dinbetes. Dinbetic

deaths to
Rate Rate total

per 1000 per 100,000 denths,

Year Number, population. Number. population. per cent,
1850 . 368,905 20.8 422 2.4 0.11
1860 422,721 21.2 536 2.7 0.13
1870 . 515,329 21.6 735 3.3 0.14
1880 . 528,624 19.5 1059 4.1 0.20
1890 . . 562,248 19.3 1863 6.5 0.33
1900 587,830 18.2 2767 B.6 0.47
1901 . 551,585 16.9 2064 .1 0.54
1902 . 535,538 16.2 2769 8.4 0.52
1903 514,628 15.4 2844 B.56 0. 55
1904 549,784 16.2 3133 8.3 0.57
1905 . : 520,031 15.2 3174 9.3 0.61
1906 ., 531,281 15.3 3342 9.7 0.63
1907 524,221 14.9 3360 9.7 0.64
1908 | . 520,456 14.5 3610 10.3 0.69
1909 . . 818,003 14.3 3698 10.4 0.71
1910 . . . 483,247 13.2 30937 11.0 0.81
011 . . . 527,810 14.2 3853 10.6 0.72
1912 . . . . 480,939 13.0 40561 11.1 0.83
1913 . . . . 504975 13.5 4311 11.8 0.85
1914 . . . . 518,742 13.7 4507 12.2 0.87
1015 . 662,253 14.8 4655 13.2 0.82
1016 . . b0B,217 13.4 4544 13.2 0.90
1917 . . . . 408022 13.5 3816 11.3 0.77
1918 . . 311,861 17.1 3568 10.6 0.58
1919 . . 504,203 13.3 3857 10.5 0.77
1920 . 466,130 12:1 3749 10.0 0.80
1921 . .. 455,629 11.5 4002 10.8 0.90
1922 456,750 12.8 4545 11.9 0.93
1823 . . . 444,785 11.6 4366 11.4 098
1924 . . . . 473,235 12.2 42564 10.9 0.89
1925 . . . . 472841 122 4357 11.2 0.92

The diabetic mortality in different countries and different cities
on different dates is compared in Table 35. All data in the table,
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save those in heavy type, were placed at my disposal by the Depart-
ment of Commerce, Bureau of the Census, Washington, through the
courtesy of William H. Davis, M.D., Chief Statistician for Vital
Statisties. There are various regrettable gaps in the table which
it is hoped some one can fill. The general tendency is about the
same. England shares with Berlin and Paris in presenting a falling
diabetic mortality for the years subsequent to 1915; but why is the
diabetic death-rate so low in England? Are the English better
trained in the art of living under modern conditions? Is the same
diligence displayed in discovering diabetes in London as in New
York? It should be an easy matter to compile the number of exam-
inations of urine on a single day in the public clinics of New York
and of London.

The detailed diabetic mortality in England and Wales is given
in Table 36. It is a striking fact that the percentage of diabetic
deaths to total deaths in England and Wales for 1925 was only
about one-half that in Boston. What is the explanation? The
total death-rate in Holland is low, but the diabetic death-rate is
very high and as a result of each condition the ratio of the diabetic
death-rate to the total death-rate is extraordinary.

Tasre 37.—Torar axp Diaseric MortaLrTy 18 Hounaso,

Deaths from Rate Denths from Rate Per cent
Year. all causes, per 1000, diabetes, per 100,000, of total,
1915 . . . . 31688 11.4 836 30.0 2.6
1917 - . . 340957 12.3 543 29.2 24
1819 . . . 36,974 12.4 834 287 2.3
1821 . 30,593 9.9 850 25,6 2.9
1823 . . 28,376 8.9 1076 33 9 3.8
1924 - . 28,823 9.0 1032 32.2 3.6

The data shown in Table 37 were kindly furnished me by Angeline
Hamblen. They are so remarkable in showing a high percentage
of diabetic deaths to total deaths that I fear I must have misinter-
preted them. It is difficult to conceive of the diabetic mortality
in Holland being thrice that in England.

The low total and percentage diabetic mortality in Italy, as well
as the constancy in the mortality, is noticeable in comparison with
the mortality in other countries. This low mortality is only
exceeded by that in Japan. The same upward tendency, however,
in the prevalence of diabetes is noted in Japan. In fact, the most
recent diabetic death-rates obtainable in each country represent
the highest rates. This is shown in Japan and Tokyo by statistics
furnished by Murayama and Sakaguchi. See I'wai.!

! Iwai: Le Diabete Sucre chez les Japonais, Tokyo, translated by Le Goff, Paris,
Masson ¢t Companie, Editeurs, 1916,
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TasLE 38.—ToTAL AND DiaseTic MORTALITY 1IN [TALY.

Deaths from all causes. Deaths from diabetes. Diabetio

— ~—————  desaths to

= 1000 100000 deatin

T y ‘

Yenr: Number. PESlﬂﬂliﬂn. Number, ggpulut ion. pe:"ﬂttfnm_
1800 . . . . 795911 27.3 637 3.1 0.08
1801 . . . 795,327 27.3 650 2.2 0.09
1892 . . . . B0O2,779 26.8 792 2.6 0.10
1893 . . . . 775,713 26.3 704 2.3 0.00
1804 . . 176,372 25.1 700 o 2.3 0,00
1895 . TR3. 813 25.4 771 2.5 0.10
1806 .. 758,120 24.1 833 2.6 0.11
1807 . . 695,602 21.9 882 2.8 0.13
1598 ‘ 732,265 22.9 594 2.8 0.12
1809 703,393 21.9 1026 3.2 0.15
1900 . 768,917 23.8 1082 3.3 0.14
1901 e« o+ . 715,036 22.0 1071 3.8 0.15
w02 | . . . 727,181 22.2 1154 3.5 0.16
1903 . . . 736,311 22.2 1139 3.5 0.16
1904 . . . . BI98,604 21.2 1242 3.8 0.18
1906 . . . . 730,340 22.0 1322 4.0 0.18
1906 . . . . BO9GET5 20.9 1304 4.2 0.20
wor . . . . 700,333 20.9 1535 4.6 0.22
1908 . . . . 770,054 22 .8 1503 4.4 0.20
1900 . . . (., 738459 2X.7 1551 4.6 0.21
1910 . . .V . 682459 19.9 1608 4.7 0.24
1911 742,811 21.4 1714 4.9 0.23
1912 . . B35,788 18.2 1655 4.7 0.26
1913 . . . 063,966 18.8 1818 a.1 0.27
1914 i 543,355 17.9 1838 5.1 0.29
19156 - 741,145 20.4 1942 8.3 0.26
1916 . . 721,847 19.7 1827 5.0 0.25
1917 682,311 19.2 1835 5.2 0.29
1918 - 1,166,132 32.9 1696 4.5 0.14
1919 676,329 15.8 1536 4.3 0.23
1920 681,749 18.7 1636 4.5 0.24
1921 642,234 17 .4 1799 4.9 0.28
1922 . 660,411 ' [ 2020 54 0.31
1923 . . 626,453 16.6 2037 5.4 0.33

Diabetes in the adult, according to Quifiones,! is not very common
in Mexico, and he records that he has never seen a case of juvenile
diabetes although having searched for it in his own practice and
that of his pediatric confreres.

In an instructive monograph Montoro?® discusses the incidence of
diabetes in Cuba? and especially in the city of Havana. He ascribes
the increase in incidence largely to the prolongation of life.

A discussion of the increase of diabetes in the Philippines can be
found in an article by Concepcion.? In the latter country the inei-
dence is increasing, due apparently to a greater accuracy of vital
statistics, but it is still less than that in other countries, including
Japan.

! Quifiones: La Diabetes y Su Tratamiento, Mexico, 1925, p, 109; see also Gaeeta
Médica de México, 1926, 57, 181.

! Montoro: Diabetes y Su Tratamiento Actua, Habana, 1924,
3 Concepcion: Philippine Island Med. Assn. Jour., 1922, 2, 57.



INCIDENCE 129

Tasre 39.—ToraL axp Diaperic MorTALITY IN JAPAN AND Tokvo.

JAPAN.
Deaths from all couses. Deaths from diabetes. Diabetio
e -~ ~ deaths to
Rate Rate total
per 1000 per 100,000 deaths,
Year. Number. population. Number. population. per cent.
1909 . 1,091,264 21.7 1057 2.1 0.10
1910 . . . . 1,064,234 17.7 1089 1.8 0.10
1011 . . . . 1,043,906 20.0 1212 2.3 0.12
1912 . . . . 1,037,016 19.8 1331 2.5 0.13
1913 . . . . 1,027,252 19.3 1373 2.6 0.13
1914 . . . . 1,101,815 20.3 1467 2.7 0.13
1915 . . . . 1,090,000 19.9 1609 2.9 0.15
1916 . . . . 1,187,832 21.4 1737 3.1 0.15
1917 . . . . 1,199,669 21.3 1801 3.2 0.15
1918 . . . . 1,493,162 26.3 1905 3.5 0.13
1919 . . . . 1,281,965 22.8 1625 2.9 0.13
1920 . . . . 1,422,096 25.4 1725 3.1 0.12
1921 . . . . 1,288,570 22.7 1800 3.3 0.15
1922 . . . . 1286941 22.3 1904 3.3 0.15
TOKYO.
1909 . . . . 36,407 22.3 44 2.7 0.12
1910 . - 35,870 19.8 53 2.9 0.15
1911 . - . 36,789 19.3 41 2.2 0.11
1912 . . . . 35,283 17.6 a7 1.8 0.11
1913 . . . . 36,503 18.1 43 2.1 0.12
1914 . . . . 36,765 17.5 50 2.4 0.14
1915 . . . . 39,270 17.56 73 3.2 0.19
1916 . . . . 39,397 17.2 59 2.6 0.15
1917 . . . . 42 5906 18.1 64 2.7 0.15
1918 , . . . 46,515 20.3 55 2.4 0.12
1919 . . . . 49,198 20.9 60 2.5 0.12
1920 . . . . 50,516 21.1 52 2.2 0.10
921 . . . . 44,973 20.4 67 3.0 0.15
922 . . . . 43,409 19 .4 54 2.4 0.12
TABLE 40, —D1aBETIC MORTALITY IN SPAIN.!
' Diabetio
Yeur, Population. Deaths. deaths. Men, Women
1919 . . . 20,719,598 482,752 1545
1920 . . . 20,783,844 404,540 1406
1921 . . . 21,338,381 455,469 1554
1922 . . . 21,502,768 441,330 1572 696 B76
1023 . . . 21,658,222 449 683 1715 i i 095
1924 21,966,641 430,560 17584 799 985

Through the courtesy of Dr. Chester Jones and Professor Blum,
of Strassbourg, I am enabled to insert the data for the diabetic
mortality in Strassbourg.

Total Diabetics in the United States.—For the total number of
diabetics in the United States no accurate figures are available.
Since approximately 1 death out of each 50 in New York and Boston
is due to diabetes, one might be tempted to assume that 2 per cent
of the population have or will have the disease. On this basis the

! The statistics for diabetic mortality in Spain were given to me by Professor G.
Maraiion.

9



130 THEORY, INCIDENCE, ETIOLOGY, AND CURABILITY

number of diabetics for the United States would be nearly 2,000,000!
Granted the average length of a diabetic’s life to be ten vears, the
number of fatal cases would be 200,000 instead of the actual number
reported for the registration area, which was approximately 17,385
for 1925. Support for using the New York and Boston figures for

Tanre 41.—Torar axd Diaseric MorTanrry 18 Barceroxa, 1001-1922.1
Deaths from all causes. Deaths from dinbeotes.

. = Rate
Populstion in Rate Rate r 100
5 registration per 1000 per 100,000 total
Year. Area. Number, population. Number. population. denthas.
1801 . . . 542,144 14,884 27.9 59 10.8 0.39
1802 . . 546,882 12,506 23 6 57
1903 . . . 551,863 12,549 24.1 51
1904 . . 556,787 12,985 24 .2 49
1906 . . . 561,755 13,966 26.0 61 10.9 0.35
1906 . 566,768 13,945 21.6 59
1807 . 571,826 13,226 23.1 56
1808 . 576,720 13,287 23.0 65
1909 581,876 14,502 25.1 51
1910 . . DRT 284 13,546 23.1 80 13.5 0.59
1911 . . . 592476 13,847 23.4 82
1812 . 899,113 13,172 22.0 95
1813 . . . 603421 14,661 24.3 102
1914 . | 607,170 16,577 27.3 83
1916 . . . 619,083 14,468 23.4 56+ 12.2 0.569
1816 . . . 623524 14,325 23.0 80
1917 . . 628,144 16,253 25.9 114
1918 | 628,144 22,704 25.9 105
1819 . . B28,144 17,685 25.9 124
1920 . 700,728 16,606 23.4 a0 12.7 0.54
1921 , . , 708,728 14,774 23.4 113
1922 . . . 709,728 15,601 23 .4 125

TABLE 42, —D1ABETIC MORTALITY IN STRASSBOURG.

Total

Total deaths Per cent

number of from due to

denths. dinbetes, dinbetes.
1920 . . . 2745 22 0. 801
1921 . . " .+ 2708 21 0.761
1922 'y : . 2606 21 0.808
1923 . s : . . = 2601 25 1.076
L = | | e i 25 1.088

an estimate of the total diabetics in the country is furnished by
the statistics of Barringer,? based upon the frequency with which
sugar was found in the urines of 72,0000 adults examined for life
insurance in New York City. His method of investigation showed
that nearly 2 per cent* of this large group of the adult population
in a city had diabetes. It would be unjustifiable to apply his sta-
tistics to the entire population, because diabetes is comparatively
rare in the early part of life, but increases in frequency as age
advances, and Barringer's data relate to adults. The incidence of

U Carrasco Formiguera: Joslin—Tratamienta de la Diabetes Sacarina, Montaner
v Simon, Barcelona, 1925.

! Barringer: Arch. Int. Med., 1909, 3, 205.

1 Actually 71,729, * 1.885 per cent.
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diabetes might be far below 2 per cent in the early decades of life
and then increase far above it from the sixth decade onward. John'
found that of 55,939 cases seen in the Cleveland clinic 1.8 per cent
were diabetics. Presumably the percentage among well persons
would be lower, Today our information rests upon hypothetical
grounds, but within a few years far more satisfactory information
will be available. In 1923 I estimated the number of individuals in
the country who either had diabetes or would develop it at about
1,000,000, but on account of the increasing duration of life of the
diabetic today and the increasing longevity of the population as a
whole I believe the number to be more nearly 1,400,000.

Through the courtesy of Major W. B. Borden of the Surgeon-
General’s Office, I am enabled to give the records for diabetes in
the Army during the World War (Table No. 43).

In explanation of this table, attention is called to the fact that
“admissions” should be interpreted to mean cases admitted to
such report with a primary diagnosis of diabetes mellitus, and does
not include any cases which may have been discovered as an associate
or as complications of the primary disease.

“Deaths” should be interpreted to mean the deaths occurring
among those cases primarily admitted for diabetes mellitus, regard-
less of whether or not they may have had any associate disease
or complication which could have been a contributing cause or
actual cause of deaths, that is, all deaths were charged against the
primary admission.”

The army percentage mortality of 3.0 per 100,000 is less than
one-half that for civilian life for the age group twenty to forty-four
years. (See Table 25.) This low army rate may be attributed to:
(1) The initial exclusion from the army of recruits with diabetes
by routine examination on enlistment. Omission of routine urinary
examinations in certain training camps under the stress of prepara-
tion in time of war probably accounts for the fact that even as
many as 718 cases were found in soldiers. (2) The freedom from
overfeeding and sedentary living.

Dublin® calls attention to the preponderance of diabetes among
females rather than males, in whites rather than in colored, and the
definite racial evidence in Jews and Irish, and points out that other
diseases have similar characteristics: namely, exophthalmic goiter
and Addison’'s disease, which like diabetes are disorders of endoerine
fuuctiun. In certain southern communities, according to Dublin,
m which the number of negroes is large, the rates are higher for
colored than for whites (), according to the figures for insurance
in the Metropolitan Life Insurance Company.?

i John: Arch, Int. Med,, 1927, 39, 67.
? Dublin: Personal communication.
3 Emerson and Larimore: Loe. eit. p. 46,
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Lemann' compares statistics from the Charity Hospital in New
Orleans for white and colored admissions for three periods, 1898 to
1009, 1909 to 1919, 1921 to 1926. These are given in Table 44.
Whereas among the white patients the percentage per 1000 admis-
sions has risen from 0.73 per cent to 2.3 per cent, or three times, the
percentage among the colored admissions has risen from 0.47 per
cent to 3.4 per cent, or more than seven times.

TasLE 44.—INorEASE oF INCIDENCE OoF DraseTes, CHARITY HoOsPrrar,
New ORLEANS.

Diabetes per
Admissions. | Diabetes. | 1000 sdmissions.
| I Col- Col- | | Col-
| Total. White. ored. | Total. | White, | ored. | Total. | White. | ored.
. .| foaedl | |
1898 to 1900 . | 101,565 | 61,208 40,265 | 64 45 19 | 0.63 | 0.73 | 0.47
1909 to 1919 160,044 | 92,040 | 69,004 | 194 135 59 | 1.20 | 1.40 ‘ 0. 56
1921 to 1926 148,671 | 91,948 | 66,673 | 439 211 228 l 3.00 | 2.30 | 3.40

Diabetes in the negro in the United States is less prevalent statis-
tically than among the whites. According to the Metropolitan
Life Insurance statistics it is no more frequent now than fifteen
years ago among negro males, but among negro females it has
increased many times as rapidly as among white females, great as
has been the advancing incidence of diabetes among the latter.
The greater attention paid to the investigation of the health of the
negro undoubtedly explains much of this apparent change in mor-
tality.

Urban versus Rural Incidence of Diabetes.—The rate for the regis-
tration area in the United States since 1906 has been greater in
urban than rural communities. This is as one would expect. In
the city opportunities for the diagnosis would seem to be better,
physical exertion likewise would appear to be less and as a result
obesity more frequent. Such considerations, however, do not hold
for Massachusetts where the rural cases have exceeded the urban
between 1900 and 1925 save for the years 1912, 1922, and 1923.
This difference between the two types of localities, however, is slight.
This is likewise true for density of population. For details see
Hamblen and Joslin.?

2. The Explanation of the Statistical Increase in Diabetes.—
(a) Greater Accuracy of Vital Statistics.—The increased accuracy
of vital statistics in recent years undoubtedly explams to a great
extent the apparent increase in diabetes. Particularly is this borne

! Lemann; Jour. Am, Med. Assn., 1927, 89, 659.
* Hamblen and Joslin: Jour. Am. Med. Assn., 1027, 88, 243.
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out by the disproportionate advance encountered in women and
especially in negro women. The World War introduced an entirely
new factor, and the results of this gigantic etiological and therapeutic
experiment in diabetes are of great significance. Time enough has
elapsed to furnish the control after-period, and with an abundance
of food the incidence of diabetes is rising to that of prewar days in
those countries where the restriction of the food supply was greatest.
The onset of diabetes in children attracts attention, because,
untreated, the disease makes quick progress. The symptoms of
diabetes in women begin more gradually, regrettably are tolerated
because of modesty, and are frequently confused with cystitis or
attributed to the results of parturition. Consequently diabetes is
not becoming more frequent in children, but, with better medical
supervision, appears to be more frequent in women. However,
with the women there is another factor, see p. 141.

(b) More Frequent Urinary Examinations.—The chief cause for the
improvement in the vital statistics upon diabetes lies in the increased
frequency of routine urinary examinations. Urinary examinations
are comparatively recent. This is shown by the records of a case
of diabetes at the Massachusetts General Hospital for the year
1866, where the words “urine tasted sweet” may be seen in the hand-
writing of a house pupil, later a professor in the Harvard Medical
School, and in 1927 still alert.

TaBLE 45.—AvERAGE AGE AT DeaTE FroM ALL Cavses v THE Unitep States.

Age, Age,
Year. ¥yr8. Year. ¥r8,
18801 . \o A\ e\ e T W7 . e Y4 s o BB
1870 . N\ e s 2502 010 o Y/ L . . . BRI
3880 . .\ s\ Ao g WIS Qi S e s s o B2
1800 . 31,1 1080 > 4 « . J < 319

(¢) General Increase in Duration of Life.—The general increase in
the duration of life throughout the world is an important cause for
the apparent as well as the real increase in the frequency of diabetes.
This is of more significance in studying the incidence of diabetes
than it would be with the infectious diseases. The infectious dis-
eases are common to the early years of life, and consequently pro-
longation of life would affect their incidence comparatively little;
but with diabetes quite the opposite is the case. The general mass
of the population is marching toward the age of the greatest inci-
dence of diabetes. This is very well shown in Table 45, which
presents the approximate age at death from all causes in the regis-
tration area of the United States in 1860 and for following decades.
This average has risen to forty-two years. But a better figure to
consider is the present average expectation of life, which is a very
different matter from the average age at death. This expectation
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of life in the United States is now estimated to be fifty-five years.
In 1885 the average expectancy of life for a new-born baby in Mas-
sachusetts was 42,7 years; in 1924 it was 58.5 years.

The expectation of life at birth in various countries is given in
Table 46.

Tasre 46.—ExprcraTion oF Live aT Biame 18 Vartovs CouNTRIES.

Country. Yenar. Males, Femanles.
New Zealand o« o« o+« . 1906-1910 50.2 61.8
Australia . . 1901-1910 55.2 58.8
Denmark . . . 1906-1910 54.9 a7.9
Norway . 1801-1910 6.8 57.7
Sweden . . . . . . . 1901-1910 5.5 57.0
Holand . . . . . . . . 1900-1909 51.0 a3.4
United States .. 1801-1910 40.3 52.5
United States . VB A4 A 1924 56.7 59.6
SBwitzgerland . . . . . . . 1901-1910 49.3 52.2
England . . . . . . . o 1901-1910 45 5 52 .4
Franee . . . . . . . . 1898-1903 45.7 49.1
Germany . . . 1901-1910 44 B 48.3
Wy oy L S AN . 1901-1910 44 .2 44 8
Japan . . S e o - . ..1808-1903 44 .0 449
India . . Y o< - . . 1801-1910 22.6 23.3

The figures for 1924 in the United States may explain in part our
proportionately higher diabetic death-rate, but as the table is incom-
plete for other countries this may not hold when they are known.
At any rate, until the average age at death in the country is fifty
vears there will be reason to expect a climbing incidence for diabetes.
That it has reached more nearly this limit for certain classes of
society, the well-to-do, may account in considerable measure for
their greater diabetic morbidity.

For clinical convenience I am inserting the tables of the American-
Canadian Mortality Investigation from 1900-1915 which show the
complete expectation of life for American men. It is interesting to
compare this with the American table which I published in the
second edition of this book because in that table the expectation
was not given beyond the age ninety-five years.

(d) Life Insurance Statistics.—The increased frequency of urinary
examinations is due to some extent to the increasing percentage
of the population which is insured. In Table 48, the growth of
the per cent of population to policies in force in the United States
for successive periods is indicated. Further proof of the important
part which insurance examinations occupy in the discovery of
diabetes is shown by an analysis of my own diabetic statistics.
Whereas between the years 1893 and 1916, 6 per cent of patients
coming to me for treatment of diabetes reported the disease had
been discovered by routine life insurance examinations, by 1923 the
percentage had risen to 13. Indeed, the percentage in males, which
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TaBLE 47.—ExpecraTion oF LiFe.

Expectation.

50.06
49.23
48 .40
47.58
46.75

45.93
45.11
44 .29
43 .47
42.65

41.83
41.01
40.18
39.36
38.53

37.70
36.87
36.03
35.19
34.35

33.51
32.67
31.83
30.99
30.15

29.32
28.49
27.66
26.84
26.03

AMERICAN-CANADIAN MoORTALITY INVESTIGA-
TION, 1900-1915.

American Meén,

Age.
45
46
47
45
49

50
a1
52
53
54

55
56
&7
58
59

60
61

70
71
72
73
74

Expeetation.

25.
24.
23.
22,
22,

21.
20.
19.
19.
18.

17,
16.
16.
15.
14.

14.
13.
13.
12.
11.

11
10.
10
9.
9.

8.
8.
[/
75
g

22
41
62
83
06

29
53
79
05
33

62
93
25
58
93

29
67
06
47
a0

a4

80

.28

77
28

81
35
91
49
08

Age.
75
76
Kkl
78
79

80
81
82
83
84

85
86
87
88
89

90
91
92
93
04

95
06
97
98
99

100
101
102
103

Expeotation.
6.69
6.32
5.96

o
(=}
[}

Eakke BREe8 &

2EEse

. Pl et an
ERIB BB2IEY

(=R =R

Fic. 48.—Lire Insvrance Pouicies 18 Force 18 tEE UmiteEp States. RisinNg
PERCENTAGE ACCORDING TO POPULATION.

Year.

1880 .
1890 .
1900 .
1910 .
1920 .
1925 .

Number of
policies.
608,681
1,276,167
3,071,253
6,040,617
13,199,605
18,580,631

FPopulation.
50,155,783
62,947,714
75,904,575
91,972,266
105,710,620
113,000,000

Per cent of
population
to policies
in foree.

1

2

4

g

12

17

was formerly 9 per cent, had changed by the latter date to 21 per
cent. In subsequent years the ratio has decreased. If one computes
the actual number of true diabetics in each 1000 coming with sup-
posed diabetes and relates these figures to diagnosis through exam-
inations for life insurance, the percentages are somewhat similar as

is shown in Table 49.

| Estimated.
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Tanne 49.—Frequency ofF Discovery BY Insumance oF DiaseTes 1n Manms
wiTH SUBDIVISION AccoRDING TO UrTiMATE CLASSIFIOATION,

No. of
males in Discovered by Life Insurance,
each 1000 = —
patients Renal b
with True glyco- Potential Unelass-

Period. glycomuria. dinbetes. suris. diabetes. ified. Taotal
1895-1916 o84 a7 0 3 13 53
1916-1920 578 41 1 0 13 55
1920-1923 524 74 2 8 25 119
1923-1924 . 494 51 0 10 19 80
1924-1926 483 48 3 8 22 81
1926-1927 . . 446 26 1 5 11 43

In a study of 1000 cases John' found that 3.9 per cent had been
discovered by insurance examinations.

(¢) Frequency by Decades at Which Onset Occurs Now and Formerly.
—The increase in the incidence of diabetic mortality has already
been shown to be quite uniform for the different decades until the
beginning of treatment with insulin, Up to von Noorden’s time the
distribution of frequency of diabetes in the experience of men espe-
cially concerned in its treatment was approximately the same for
different age groups and is shown in Table 50. These early writers
lived in a period when urinary examinations were really not a part
of the general routine of medical examinations. Von Noorden’s
statistics represent a later era and it is noticeable that he had at
least 50 per cent more cases in the first decade of life than earlier
writers. My own statistics, being still more recent, make this
still clearer, becanse the percentage has risen from von Noorden's?
143 per cent to the writer's 4.6 per cent. The latter figure
is based upon 5086 true cases of diabetes of all ages. For 2800
“supposed” diabetics seen prior to July, 1922, it was 5.7 per cent,
and for the 2440 true diabetics in that number it was also 5.7 per
cent. The incidence of diabetes in the first decade of life in my
series is therefore decreasing. Among the 3078 fatal cases of
diabetes in Prussia in 1923, 8.2 per cent occurred in the first two
decades in contrast to my 11.7 per cent for the onset of diabetes.
Of 608 cases of diabetes reported by Iwai® in Japan not a single case
was encountered in the first decade of life. John* reports only 1.8
per cent of 1000 cases as beginning in the first decade. Adams®
figures approximate mine, however. Just why Adams of the Mayo
Clinic gets 4.3 per cent of his diabetic patients in the first decade
and John of the Cleveland Clinie gets only 1.8 per cent is hard to
explain,

! John: Arch. Int. Med., 1927, 39, 67.

* Yon Noorden and Isaac: Die Zuckerkrankheit, Berlin, 1927, 8th edition, 77.
! Iwai: Loe. cit. p. 117.

4 John: Arch. Int. Med., 1927, 39, 67.

" Adams: Arch. Int. Med., 1926, 37, 861.
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This increase in the percentage of cases in the first decade as
compared with a generation ago speaks emphatically in favor of
the better diagnostic methods of today rather than of actual increase
in the frequency of the disease. This statement is confirmed by a
study of diabetes for different age groups in the United States
shown in Table 25.

Tasre 60.—Frpquency oF Oxser oF DiapeTeEs 8Y DEcApes., PEr CENT 0F TOoTAL
Caszes Founp ix Eacue DecabpE.

Diecade. | 1. I 2. 3. 4. | b, | 6.

7 8.
|

Frerichs! 1.0 | 7.0 |10.0 | 18.0 | 25.0 | 26.0 | 11.0 | 1.0
Seegen? . 0.5 | 3.0 |16.0|16.0|24.0|30.0|10.0| 0,5
Grube® . g 1.¥ 2.8(11.2 |23.1|39.5| 18.1 | 3.4
Schmitz! | 0.8 |41 | 9.83|17.3|22.3|32.6|10.0| 3.3
Pavys 0.5 4.1 7.1|16.4|24.9|30.7|13.4| 2.6
Kiilz® 1.0 | 3.0 4.6'|17.2136.0 | 26.8| 9.2| 0.1
Von Noorden?:

Mild . . : : 0.4 2.4(10.021.0|17.7| 4.0| 0.4

Severe and moderately

severe ., ... . .| 1.4 | 2.4 6.0 9.6|12.611.0| 2.1

Murayama, Yamaguchi® .| 0.2 | 0.9 58 (18.6|33.6(28.6| 9.3 | 1.2
Adams® . : : 4.3 | 6:1 9.5(12.3 | 19.7| 27.4 | 18.2 | 2.4
John!? 1.8 | 2.7 4.6 |11.2 2241269200 .
Joslint 4.6 | 7.0 8.8|113.0 | 240{26.3|12.8| 2.8

“The diabetic mortality reaches two distinet elevations, a peak
at the age of fifteen years (a relative increase) and a plateau between
the ages of sixty and seventy years (an actual increase).”* In the
interpretation of this mortality-rate it must be remembered that
the age of onset is distinctly earlier and so these figures correspond
fairly closely with twelve years as the peak of onset in the present
series and fifty-one vears as the peak of onset in our series for adults.
The diabetic mortality curve follows very closely the rise as shown
by age at onset, beginning at about forty-five years.

It is interesting to note that Rabinowitch® found the patients

! Frerichs: Ueber den Diabetes, Berlin, 1854,

1 Seegen: Der Diabetes Melitus, Berlin, 1870, 1st ed.; 1803, 3d ed.

1 Grube: Diiitetische Behandlung der Zuckerkrankheit, Bonn, 1895,

4 Sghmitz: Berlin klin. Wehnsehr., 1873, 18, 18; also Berlin, 1861, p. 373.

i Pavy: On Diabetes, London, 1869; Differentiation in Diabetes, L ondon,1900.

§ Kulz: Klinische Erfahrungen iiber Diabetes Melitus, Herausg. von Rumpf,
Jena, 1899,

7 Von Noorden: Die Zuckerkrankheit, Berlin, 1927, 8th ed., p. 77.

¢ Murayama, Yamaguchi: Personal communication. Age unknown, 1.7 per cent.

¢ Adams: Arch. Int. Med., 1926, 87, 861—0.1 per cent in ninth decade.

10 John: Arch. Int, Med., 1927, 89, 67—compiled from chart; sge unknown 1.4.

1 Joslin: Compiled to April, 1927, 5086 cases of True Diahetes (No. 1 to 6000).

12 Thomson: Boston Med, and Surg. Jour., 1925, 182, 532.

14 Rabinowitch: Canadian Med. Assn. Jour., 1927, 17, 1415.
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at the age of fifty-two years were more numerous than those of any
other age who visited the Montreal General Hospital Diabetic
Clinic between 1921 and 1927.

(f) The Importance of Recognition of the Extent of Diabetes in
the Community and Its Influence upon Treatment.—The recognition
of the large number of diabetic individuals living in the United
States is important. It determines the character of the treatment.
The number of cases is so great that it at once becomes evident
that their care must rest in the hands of the general practitioner.
It is ridiculous to expect that the treatment of diabetics should
be under the supervision of a specialist; neither can they all undergo
_ hospital treatment. It is plain that a program of education not
only for the diabetic patients themselves but the population as a
whole must be instituted along similar lines to that which has
been adopted in the treatment of tuberculosis. But first of all
this program must begin with the doctor. The campaign against
tuberculosis has given the eommunity fresh air. A campaign for
the prevention and treatment of diabetes should give the community
a knowledge of diet, of the danger of obesity, and of the importance
of physical exercise. The gain to the community from the dissemi-
nation of such knowledge will almost offset the harm caused by
diabetes, In this campaign 1 would especially emphasize the
importance of the education of the general practitioner in diabetes.
To treat the 1,000,000 or more diabetic patients in the United States
there were in 1925, 147,010 physicians. Formerly a physician would
rarely see over 5 to 10 diabetics a year, but with the increased
frequency of the disease in the future he is destined to see still more.
Between 1898 and 1914, my own Naunyn Epoch, the average dura-
tion of life of my 331 fatal cases was 4.8 vears; between August, 1922,
and July, 1926, for 600 fatal cases it was 7.7 years or an increase of
2.9 years. Consider what this change in duration means when
applied to the 1,000,000 diabetic patients in the United States. Tt
creates an addition of nearly 3 million years of the disease diabetes
which the general practitioner must treat. Furthermore, these
additional years of illness for each patient with diabetes require far
more treatment, and more resourceful treatment, than the earlier
vears. The type of diabetes one sees today is very different from
what it was before the World War. This increase in the duration of
life of diabetics is based upon my own experience, but I believe a
similar relative change in duration of the disease will hold for the
entire country. Iow much greater the increase in duration of life
1s destined to be through insulin no one can predict.

3. Sex Incidence.— More men than women are treated for dia-
betes according to the authors, but more women than men die of
the disease according to mortality statistics. The first part of the
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above statement has already been reversed by my own data. Prior
to August, 1922, 55 per cent of my patients were males, but since
August, 1922, the females are in the majority, 55.2 per cent.

In illustration of the above the following table from von Noorden!
is cited, to which are added my own statistics, and also a table
showing the deaths from diabetes according to sex in the regis-
tration area of the United States during the years 1913-1923
inclusive. (See Table 51.)

TasLE 51.—SEX 1N DIABETES.
Diiabetic deaths in registration area

Sex in diabetes. of United States,
No. of Males, No. of Males,
Name. cases, per cent. Year. Cases. per cent.
Grube . . . G I 4 ¢ 77 1913 0,660 47
Kals . . . . . 692 76 1914 10,666 46
Griesinger . . . . 225 76 1915 11,7756 45
Seegen . . . . . 938 75 1920 14,062 45
Von Noorden . 1960 73 1921 14,933 45
Frerichs . .. 400 70 1922 17,182 44
Williamson i . 100 62 1923 17,357 44
Schmitz . . 2100 57
Adams . . < . . 1000 a8
Carraseo ... . . 350 54
Jehm ./ /iy - . 20008 53
Joslin (1898-1922) . 2440 556
Josglin (1922-1927) . 2646 45

The statistics for Prussia and England also exhibit the preponder-
ance of the male sex and agree with the figures for morbidity of the
authors cited in Table 51. They are approaching, however, the
United States figures for mortality which now register a lesser
percentage of deaths among males.

TasrLE 52.—THE PERCENTAGE OoF Dianeric DEATHS IN Mares IN THE TorAr
Diaseric MortaLiTY, ENdrann, Prussia, axp THE UNITED STATES.

England, Frussia, United States?
Years. per cent. per cent, per eont.

1861-1870 65

18711880 , . . . . . . . 63

1881-1890 . . . . . ., . . b9 62

1891-1900 . e 1 61

1901-1910 . , ., . . ., , ., &1 58 48
19111920 . . . . ., . . . 49 57 46

The apparent clinical preponderance of diabetes in men in the
past may be ascribed: (1) To the greater consideration which they
received; (2) to the large percentage discovered by life insurance
examinations, amounting to 22 per cent of my male cases; (3) to the

! Von Noorden and Isaacs: Loc. cit., $. 76.
* Personal Communication, November, 1927,
i Not available until 1900,
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hesitancy of women to speak about their urinary troubles and their
neglect to regard them seriously; (4) to the type of practice of those
who have reported large series of cases. It is suggestive that in
Japan 80 per cent of the cases of diabetes reported by Iwai' and 85
per cent of 900 cases treated at the Kyonndo Hospital of Tokyo
between 1915 and 1922 (Muryama and Yamaguchi) were males,
and that 70 per cent of the German cases reported are males, save in
the series of Schmitz, but only 55 per cent, according to my earlier
series, and 45.3 per cent in my recent series.

Morrison’s? figures for the city of Boston between the years
1805-1913, like the national statistics, show 45 per cent of 1775
deaths from diabetes to have been males.

The fact that more men than women receive special medical
treatment for diabetes while more women than men die of the dis-
ease, is evidence in favor of the usefulness of our present thera-
peutic procedures.

Bouchardat, Lecorche and Pavy all noted the sharp increase in
diabetes just before the menopause.?

John's* figures approximate mine in that he found 534 females
in a group of 1000 patients., The males predominated in the first
two decades, equalled the females in the fourth, but were less in the
third, fifth, sixth, and seventh. Carrasco Formiguera® found thatin a
series of 350 cases, 189, or 54 per cent, were women. Adams of
the Mayo Clinic, however, reports 58 per cent of 1000 patients to be
males.

4. Heredity Incidence.—The influence of heredity in diabetes
has always interested me, and I have taken great pains to secure
data from my patients upon this point. Naunyn said that the more
carefully he inquired into the family history, the more commonly
he found heredity to be present, and I am quite sure that this rule
holds. It is easy to exaggerate the importance of heredity, for
diabetic patients naturally would be more liable to know of the
presence of diabetes in the members of their families than would
patients who did not have diabetes. This introduces a considerable
error into the statistics of the heredity of diabetes. Among 100
non-diabetie patients, Heiburg found 7 who had relatives with the
disease, and upon inquiry from 100 diabetic patients he learned that
IS had relatives similarly affected. Among 500 consecutive] his-
tories of my own non-diabetic patients, 25 had relatives with the
disease. Having seen the increase in diabetes in the community to

! Twai: Loo. cit., p. 177.

¥ Morrison: Boston Med. and Surg. Jour., 1916, 175, 54.

¥ Von Noorden and Isanc: Loe. cit., p. 311.

4 John: Arch. Int. Med., 1927, 39, 67.

* Carraseo Formiguera: Footnote: Joslin: Tratamiento de Ia Diabetes Sacarina,
Montaner y Simon, Barcelona, 1925, p. 116,
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be, at least in great part, apparent rather than real, I hesitate to
attach too much importance to heredity. Undoubtedly, heredity
will appear more prominently in the case reports of diabetes as
time goes on, but this may reflect only the greater accuracy in vital
statistics. Hansen' believes heredity to be much greater than has
been thought to be the case. He proposes the query, how often is a
case of diabetes not hereditary in character? and suggests the
examination of case histories from this point of view.

Evidence was not forthcoming that diabetes was transmitted as
a Mendelian characteristic according to Buchanan? He studied
34 families resulting from the marriage of one diabetic and one
non-diabetic through the second and third generations.

Meulengracht considers the disease is dependent on a single
dominant factor in contrast to Hansen who believes it caused by
several factors with a similar effect. “The normal development of
the pancreas is determined by several factors acting in a similar way.
The severe cases of diabetes occur when many factors are lacking,
the mild cases when a few are lacking.'®

Statistics upon heredity in diabetes are susceptible to criticism
because of what is included under the term “hereditary.” Often
by this term familial as well as hereditary cases are included. So
far as my own statistics are concerned “heredity” signifies the
presence of the disease in a parent, and occasionally information
about a grandparent was obtained, as well as uncle, aunt or child.
The term “familial,” on the other hand, embraces brothers, sisters,
and cousins and it is quite evident from the litérature that brothers,
sisters and cousins are usually included in compiling statistics on
heredity. Conjugal diabetes, of course, does not belong to either
group. In securing statistics upon heredity, a record should
always be made upon the history blank as to whether the informa-
tion appears reliable, and is suitable for tabulation.

In compiling statistics upon heredity one is apt to forget the large
number of ancestors any one of whom may stamp the patient as an
hereditary case. Parents and grandparents, uncles and aunts,
and children usually represent 20 souls, and it is almost to be
expected that in 10 such groups at least 2 persons would have
the disease, and this is about the diabetic morbidity.

In 6 cases at least of my first 1421 cases, Cases Nos. 105, 473,
503, 954, 1285 and 1421, the diabetes developed in the child or
children before it occurred in the parent. This is not surprising,
because it is the tendency which is transmitted and it would be
immaterial whether the disease had broken out in the parent.

! Hansen: Acta, Med. Scand., 1925, 62, 85.
! Buchanan: Am. Jour. Med, Sei., 1023, 165, 675.
* Loe. eit by Holst: Arch, Int. Med,, 1926, 38, 279,
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(a) Author's Data.— A history of dlabetes in grandparent, parent,
unele, aunt, or child was obtained in 417 cases of my series of
2800 cases, or 15 per cent. Of this number, 211 were males and
206 females. On the other hand, the group of cases showing a

Fi16. 53.—HEREDITY IN DIABETES.

Heredity,
Date of No. of total
Author compilation. cnses. per cent.

Frerichs . . . . - 400 9.8

Seegen . . . . . - o | 14.0

Schmitz . . . . % L] 20.0

Kials . . . . . ] 692 21.6

Williamson . . | - 500 22.0

Bouchard . . . . ) . 25.0

Naunyn . . . . 1906 398 A 17.0

Vou Noorden . . . 1017 i 25.4
Hereditary 15.0

Montoro! . . . . 1024 400 Familial 3.0 18.0
Hereditary 17.4

Seckel . | . 1925 391 Familial 9.0 26.4
Hereditary 4.6

John* . .. J//. 1927 1000 Fomnibal 51 0.7
: Hereditary 15.0

Joalin' .. .. //.>// (1923 2500 Familial 70 21.0

Joslin . | L1027 aep [ Earenary 1.0 25.5

Familinl 11.9

familial tendency included 189 cases, or 7 per cent of my series.
Of this group 96 were males, and 93 females. If we combine the
two groups, we have 606 cases showing an hereditary or familial
tendency, or 21 per cent of all the cases. In this early group of

Tasue 54.—Hereoiry v True Diaseres, Rexan Grycosuria, Porestian Dia-
BETES, AND UNcrnassiFiED Grycosvria. Cases Nos. 2800 to 6000,

| Hereditary. Familial. Total heredity.
Condition. Total
COEFS, | L _ )y N B
| No, | oL, No. . o, Not e
i | |
True diabetes . . 2646 | 450 | 17 [ 316 | 12 | 674 | 26
Renal glyeosurin . 31 6 | 19 o 23 12 40
Potential diabetes . . . 141 31 22 22 16 46 33
Unclassified glycosuria . . .| 381 72 | 19 46 12 | 108 | 27

2800 cases were included 360 cases which were not true diabetics.
In the more recent group of 2646 true diabetics occurring in the
next 3200 cases seen for supposed diabetes the hereditary tendency
was 17 per cent, the familial 12 per cent, and the combined per cent,
! Montoro: Diabetes Y Su Tratamiento Actual, Habana, 1924, p, 20,
* Beckel: Zeitsch. Klin. Med., 1925, 102, 195.

? John: Arch. Int. Med., 1927, 39, 67.
' Duplicates excluded.
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excluding duplicates, 26 per cent. Among the 553 cases of renal
glycosurics, potential diabetics, and unclassified glycosurics, the
hereditary tendency was present in 19 per cent and the familial in
14 per cent. I suspect these high percentages indicate that these
individuals knowing diabetes was in their family followed up a
demonstrated glycosuria with unusual care. Older writers record
data which are similar. Hoogslag! reports that in 43 per cent of
207 cases diabetes was known in the family. John’s® figures are
somewhat lower; in his cases he found 4.6 per cent with an hereditary
tendency and 5.1 per cent with familial.

(b) Notable Diabetic Families Showing Heredity.—The most
interesting diabetic family history that I have encountered was
furnished by a nurse, who stated that her mother and her
mother’s 11 brothers and sisters all died of diabetes save 1, who,
like the rest, has the disease but is still alive. Two of her aunts
each had a child with diabetes. To my repeated inquiries ahout
the accuracy of the information, she writes: “I am positive that
diabetes was proven by examination of the urine in the case of 5
of the first generation; the others are on record as having died of
diabetes. All the patients were stout.”” (See Table 55.)

The family showing the most marked diabetic heredity with
which I have personally come in contact was that of a Jewish
patient, Case No. 759, who developed diabetes at the age of fifty-
five years,

A brother died of diabetes and tuberculosis at sixty-eight years;
a sister of diabetic coma at fifty-five years; a sister of acute indi-
gestion at fifty-eight years, having had diabetes for many years;
a sister of Bright’s disease at fifty-six years, having had diabetes
for ten years; a sister, who is living, has had acute indigestion and
also has diabetes; finally a brother died of influenza at sixty-two
vears, having had diabetes eight years. The father succumbed
to paralysis at sixty-two years, and the mother to heart disease
at sixty-five years. A niece, Case No. 436, also has had diabetes
since 20,3 years of age in 1909, when a noted German clinician found
8 per cent sugar and naturally gave a very unfavorable prognosis.
Despite the prognosis, she married. She has been under my obser-
vation for sixteen years. She became pregnant in 1915, and the
carbohydrate balance, which amounted to 15 grams for a year or
more before pregnancy began, rose to about 65 grams. She had a
normal delivery in April, 1916, nursed her baby for several months,
and both mother and child are in excellent condition and were kind
enough to go on to a Clinic at the Academy of Medicine in New
York in May, 1923. The tolerance for earbohydrate fell after

! Hoogslag: Cit. Jour. Am. Med. Assn., 1922, 2, 1934,
? John: Arch. Int, Med., 1927, 39, 67.
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delivery and again when nursing was given up. No sudden change
in tolerance, however, was observed.

This patient has seldom dieted rigidly, but she has maintained her
vigor and would not be suspected of having diabetes although now
in 1927 she is thirty-eight years old and the diabetes is of eighteen
vears’ duration. Her present height is 62.5 inches without heels
and her weight is 133.5 pounds without clothes. On June 3, 1927
the urine before insulin in the fasting state contained 0.3 per cent
sugar, 0 diacetic acid, extremely slight trace albumin, 0 casts.
The blood sugar was 0.27 per cent, the non-protein nitrogen 40 mgs,
per 100 ce. blood, and the cholesterol 175 mg. per 100 ce. The insulin
was 5-0-7 units. Upon physical examination there was slight if any
arteriosclerosis, but the Roentgen-ray examination showed it to
be beginning in the vessels of the legs and quite marked in the pop-
liteal arteries. The heart is of normal size.

Tasim 55—A Fammey wite a Dozex Far Diasemic BroTeErs anp SisTens,

Frprrdi_ng Duration of life, Caure of
gencration. Date of birth. Date of death.  years. death,
Andrew . . . -, Oct. 18, 1803 1853 50 Lockiaw

Hannah his wife . Aug. 9, 1805 1848 43 Chilti]hirlh
First generation:
Emily . . . . Feb, 1827 1881 54 Diabetes
Daniel . . . . Aug, 1828 1843 15 £
Hannah. . . . Mar, 1830 1905 75 &
George . . . . Aug, 1831 18490 50 5
Elizabeth . . . Jan. 1833 1883 50 ¥
Andrew . . . . May, 1834 1874 40 a
Jane . . . . . Feb., 1836 1896 G0 e
Addie . . . . Dee., 1837 1904 67 =
Rachel . . . . Oct., 1841 1873 32 i
William . . . . Dee, 1843 1895 52 it
John . . . . July, 1845 1878 33 &
Catherine , . . Mar., 1848 Living 52 to date,

) : December, 1915,
Second generation:

Jennie, daughter of Elizabeth ., . . . . ., . 18

Jane, daughterof Emily . . . . . . . . . 42

Landis! has reported a diabetic family in which the disease was
transmitted to the 5 blonde but not to the 4 brunette children of a
diabetic mother.

Eight relatives of Case No. 4565 died of diabetes: to wit, maternal
great grandfather, maternal grandfather, maternal grandmother,
maternal aunt, mother, one cousin, two second cousins.

(¢) The Favorable Influence of Heredity.—The influence of
_heredity upon the disease is not uniform. It may be serious, or
it may be favorable. Naunyn has pointed out that the onset of
the disease in successive generations is apt to take place at a sue-

! Landis: Trans. Assn. Am. Phys., 1921, 36, 293.
10
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cessively earlier age, and consequently the diabetes is more apt
to be severe. Von Noorden has emphasized the importance of
the character of the diabetes in the progenitor as indicative of the
character of the disease in the offspring. My cases of hereditary
diabetes have usually been mild, so that I always look upon heredity
as a favorable omen. I have seen no reason to change this opinion
notwithstanding the comment of von Noorden and Isaac' upon it.
I suspect that their cases may date back to an earlier period.
Several cases in young people have been unusually favorable.

All cases which have come to my attention of youthful patients
with diabetes living for very long periods of time have been heredi-
tary. The case of Schmitz quoted by Naunyn® was hereditary,
and deserves regard because of its encouraging features. This
was a four-vear-old child, whose mother and older sister were
diabetics. The urine was frequently examined for sugar, and
always found sugar-free, the last examination being November
22, 1871. November 26, 1871, a febrile attack, and evening urine
of November 27, contained 5.8 per cent of sugar. Patient put
upon a strict diet. December 3, 3.5 per cent; December 8, 2 per
cent, and on December 13, was sugar-free, The strict diet was
continued for some time, and then gradually some bread and
milk were allowed. Sugar was constantly absent from the urine,
and the child felt well. The diet was made more liberal from year
to year, and finally included the diet which most children much
enjoy, fruit, chocolate, and puddings. Everything went well,
and at eighteen the strong, well-developed girl was married, and
in 1892, presented the appearance of blooming health, and was
the mother of two healthy children, sugar having never reappeared.

Naunyn's own famous cases Nos. 124, 173 and 32 were all heredi-
tary cases and he refers on pages 96 and 97 of his book to other
cases of long duration in which I find that heredity was manifest.

Teschemacher® has reported several cases of apparently cured
diabetes. The most remarkable feature is the simultaneous occur-
rence of diabetes in all four members of a family, father, mother,
and two young children. It is doubtless a coincidence rather than
an evidence of the infectiousness of diabetes. The father slowly
became worse; the mother and both children apparently recovered
completely; at any rate they remained sugar-free on a mixed diet for
two years.

Riesman' has emphasized the mild character of some cases of
diabetes in children. Of the 4 cases which he reports one again

! Von Noorden and Isase: Loe. cit., p. 79.

* Naunyn: Loc. cit., p. 102, see p. 354,

¥ Teschemacher: Deutsch. med. Wehnsehr., 1910, 36, 401.
t Riesman: Am. Jour. Med, Sei., 1016, 161, 40.
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finds the presence of a familial or hereditary history in 3. Cases
1 and II were brother and sister; Case ITI showed neither familial
nor diabetic heredity, but the mother of Case IV had had diabetes
for nine years.

Wagner' states that if there are several children in a family and a
younger develops diabetes, the older one will not do so. I have not
investigated this point, but the older brother of Case No. 2615 devel-
oped diabetes in 1905 at the age of ten years, the patient in 1922 at
twenty-four and eight-tenths years, and a younger sister in 1926 at
sixteen years.

See p. 821 for further data on the favorable effect of heredity on
the duration of diabetes in children.

The duration of life of the fatal eases of my earlier series of heredi-
tary diabetes is shown in Table 56 and in Table 58 are collected
the data of those with a familial history.

The average duration of life of 96 fatal cases of hereditary diabetes
seen between 1894 and September, 1922, was 6.4 years, in contrast
to the average duration of life of all fatal cases at that time, which
was 5.6 years. The average duration of life of 94 fatal cases of
familial diabetes seen between 1894 and September, 1922, was 5.5
years, in contrast to the average duration of life of all fatal cases
at that time, which was 5.6 years. For 33 fatal cases of hereditary
diabetes between September 1, 1922, and July 1, 1926, the average
duration was 7.5 years and for 35 fatal cases of familial diabetes
for the same period the average duration was 8.1 years.

The interrelationship of the various endocrine glands leads
von Noorden and Isaac® to point out the desirability of seeking
information from diabetic patients not only of a diabetic heredity,
but also of the incidence in progenitors of disturbances of the pineal
gland, pituitary, thyroid, adrenal, thymus, spleen, and genitalia.

5. Conjugal Incidence.—Twenty-four instances (27 cases) of
conjugal diabetes oceurred in my first 3000 cases. Oppler and C.
Kiilz found 10 such instances in 900 cases of E. Kiilz; Senator,
among 770 cases, found 9 diabetic couples. Naunyn observed
8 instances in 775 cases. All agree that similarity of living rather
than contagion accounts for this condition, and I subscribe to this
opinion. It is exposure to good food rather than to one another.

Twenty-seven of the 48 individuals concerned were seen by me,
and only 1 of these was thin; information is lacking about the weights
of 15, 7 of the patients weighed 165 to 190 pounds, and 14 from
190 pounds to 251 pounds. (These facts, together with the dura-
tion of the disease, are recorded in Table 60.) Thirty-eight other
conjugal cases appear in the records as far as Case No. 5095. The

! Wagner: Wien. klin. Wehnsehr., 1927, Jahrgang 40, Heft 41, Sonderbeilage.
* Von Noorden and Isaac: Loc. eit., p. 81.
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average age at onset of the 14 males was 50.4 years, the average
height 5 feet 5 inches and the average weight 203 pounds. The
average age at onset of the 24 females was fifty-three years, the
average height 5 feet 4 inches and the average weight 180.8 pounds.

TasLE 60.—ConNivcaL Cases oF DiABETES.

Agent| Height, | Weight we:;';m
. onset, | feet and | Weight, above Duration,!
Case No. Sex. | years. | inches. |pounds. | standard, years. | comsort,
| | per cent. ! | pounds.
2 A O 171 | . 9.0 ‘ 165
10 M | 88 | . 147 S 12.0 | 248
111 = e O T I (Y 248 0.0 | 147
234 B o e I 165 | 20 | m
403 | B 58 | s 1202 v ||, MY
730 A E 57 | &"8" )\ | 208 +40.5 13.5 |
7 | M. | 64 | 581 | 204 +23.7 10.0
830 JOM. | 4B s | 108 .-.. | 20.0 | Obese
832 | F. | 54 | 53} | 251 | +76.4 | 17.3 | 200
905 .| M. | 55 205 11.0
1007 | F. | 39 | &'4" 139 + 4.9 | 26.0
1024 . . . | B | 68 163 10.0
1072 : | M| es 175 | . 11.0
1232 o 30 8’5 113 -10.9 9.6
1520 F. 61 £ g 135 + 9.0 8.9
1558 . . ] M| ose | & 190 + 4.7 2.7
1645 . Y oy 220 4.6
1903 IO < | 208 +42.5 10.0 | Obese
2139 . ARV - i e e 154 +27.6 10.7
2204 F. | 48 | &3} 199 +42.2 11.2
2574 o e | A 173 | 4208 | 6.0
2657 M. | 49 | 571" 185 421.2 3.0
2604 : s 208 15.2_ | 170
2701 . . . ANE. 4357, L 8" 142 +12.6 4.2 | 200
2775 B NN | 6 7 g S o (1) 243 +56.2 01 200
2864 M. | 46 | 54} 170 +21.6 59 | 200
2865 F. | 3 | 8" 229 488 2 7.9 170

The information given above offers no support to the infectious
theory and makes it appear quite plainly that obesity, probably
associated with lack of exercise, led to the development of the
diabetes. None of the cases suggested to me at the time the
presence of syphilis.

6. Racial Incidence.—The evidence of heredity should be greatest
among Jewish patients. Unfortunately comparatively few of these
patients are accurately informed about the causes of death of their
antecedents. However, my statistics since November 26, 1920,
are as follows: Among 366 Jewish patients with true diabetes,

I Compiled to August, 1926.
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there were 55, 15 per cent, with hereditary diabetes, and 43, 12
per cent, with familial diabetes. These are comparable figures to
those obtained for all my diabetics. Thus, so far as my recent
statistics go the ineidence of diabetes in the Jewish race does not
favor the etiological importance of heredity. However, as said
above, many of these patients may not have been in a position to
know the causes of death of their relatives. Evidence of heredity
is no greater in Hebrews than in Gentiles. This conclusion finds
support from a study of my cases of diabetes with onset under
twenty years. Thus 11.6 per cent of 5086 cases developed diabetes
under the age of twenty years, but only 7.5 per cent of 572 cases of
Jewish extraction. Diabetes, therefore, is a disease of the old Jew
rather than of the young Jew even to a greater extent than it is in
Gentiles. It is an acquired rather than a congenital Semitic char-
acteristic. The Hebrew race ought to exercise more and eat less.

TasLe 61.—Bex Axp THE Onser oF Diaperes 18 THE JEWISE RACE.!

Males. Females. Total.
Age at onset, e e —_ e h W=
Years. Number.  Per cent, Number.  Per cent. Number. Per cent.

0-9 i 7 2.9 10 3.0 17 8.
10-19 : 0 3.7 17 5.1 26 4.6
20-29 ¢ 27 11.2 18 5.4 45 7:8
30-38 . . 85 22 .8 58 17.5 113 19.8
40-49 = 80 33.2 122 36.9 202 35.3
50-59 i 46 19.1 83 25.1 129 22.6
60-69 i 15 6.2 22 6.7 a7 6.5
70-79 i 2 0.9 2 0.3
Unknown . ., ... Y, 1 0.3
Total cases . 241 42.1 331 58.9 572

The frequency with which diabetes occurs in the Jewish race is
proverbial. Wallach? found that the death-rate from diabetes
among the Jews in Frankfort, as compared with the deaths from all
other causes, was six times greater among the Jews than among
the other inhabitants. Thus of the diabetic patients treated by
von Noorden® 40 per cent are Hebrews.

Morrison* found 1775 deaths from diabetes in Boston between
1895-1913. Among Jews the ratio of deaths from diabetes to
the total number of deaths was 0.018 in contrast to 0.007 among
non-Jews. In other words, diabetes is nearly twice and a half
as common in this vicinity among Jews.

The number of Jewish patients in my series is 545. Of this

! True diabeties, Cases 1 to 5200 first seen between 1898 and April 24, 1026,
* Wallach: Deutsch. med. Wehschr., 1893, 19, 779.

? Van Noorden and Isaae: Loe. cit., p. 75.

4 Morrison; Loe. eit., p. 125.
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number there are 228 males and 317 females, an interesting con-
trast to the preponderance of males among the total group of patients
which has been above recorded. The number of Jewish patients
seen in each successive 1000 supposed diabetics coming for advice
as well as the number of true diabetics in each 1000 is given in
Table 62. '

Tanre 62.—PercEnTAGE OF JEwisa Casks AmMonG 4262 True Diaserics Fousn
¥ SucceepiNg Grours oF 1000 Parrests.

Grn&g& of

1 Percentage Bex.

supposed True of Jewi

dinbetics. dinbeties. cases. Male.  Female, Total.
1st . . 906 5 30 42 72
2d . . 865 12 46 61 107
3d 830 17 58 82 140
4th 543 13 40 68 108
Sth . . BO9 14 54 4 118
5000 4262 13 228 317 545

What is, however, of much more interest than the percentage of
Jewish patients to the total number is the course which the disease
has taken among these individuals. This is shown in Tables 63
and 64,

The statistics for the Jewish patients are here arranged in a table
showing onset by decades. The duration of life of the fatal cases up
to September 1, 1922, is given in Table 63 and that of the known
fatal cases since that date in Table 64. It will be noted that the
duration of the disease in the fatal Jewish cases up to September,
1922, was 5.2 years, which was somewhat less than that for all my
cases. Since the above date, the duration has risen to 10.2 years,
a surprising increase and one that is not easily explained, unless
it is that the Jewish patient now is in a considerably higher social
scale than ten to twenty years ago.

The causes of death of the 143 fatal Jewish cases is given in
Table 65. The most striking changes in causes of mortality are
first the fall in the percentage of deaths from coma from 63.6 per
cent in the Naunyn Era and 37.3 per cent in the Allen Era to
11.3 per cent in the Banting Era. This is confirmatory proof of
the mildness of diabetes in the Hebrews and their present readiness
to take advantage of insulin. Arteriosclerotic conditions have
replaced coma. Grouping under this heading deaths recorded
as due to cardiac disease, nephritis, apoplexy, arteriosclerosis, and
gangrene, the percentage to the total mortality has risen from
36.4 in the Naunyn Era, 24.5 in the Allen Era, to 42.2 per cent in
the Banting Era. Particularly noticeable is the increase in deaths
from heart disease and gangrene.
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TABLE 65.—CAvses oF DeATH oF THE 143 FaTaL JEwisa CAses,
Naunyn Era, Allen Era, Banting Era,
lg;-} June, 1914 August, 1922
to Lo to
June, 1014, August, 1922, JuJ}'.JD%.
Cause. Cases. Per cent. Cases. Per cent. Cases. Per cent,
Coma 7 63.6 23 37.7 8 11.3
Cardiae . 2 18.2 5 8.2 19 26.8
Nephritis 1 9.1 3 4.9 7 0.9
Apoplexy 1 9.1 3 4.9 8 11.3
Arteriosclerosis . = 1 3.8 2 2.8
Pneumonia . 2 3.3 2 2.8
Influenza : 2 3.3 2 2.8
Meningitis = . . . . . o L 2 2.8
Dysentery and gastro-enter-
itia . ) e 203 o 1 1.4
Gall stones . 1 1.6 1 1.4
Carbuncle g e 1 1.4
Empyemsa i 1.6
Gangrene, sepsis . 3 4.9 7 9.9
Pulmonary tuberculosis 4 6.7
Cancer of thyroid . ' o 1 1.4
Cancer of breast - 1 1.4
Cancer of liver . 2 3.3
Cancer of pancreas . i 1 1.4
Cancer of kidney 1 1.6
Cancer of prostate i .o 1 1.4
Inanition 3 4.9 1 1.4
Gastric ulcer 7 = 1 1.4
Suicide . 1 16 1 1.4
Ageidental e iy 1 1.4
Myelitis . iy iy 1 1.4
Diabetes (i} 9.9 2 2.8
Total ., \\=57\\ . ‘B 61 71

The high incidence of diabetes in New York City has been attrib-

uted to the Jews. This explanation is not wholly satisfactory,
because although the percentage of Jews in the population of New
York City is far greater than in Boston, the diabetic death-rate in
the two cities is approximately the same.

TABLE 66.—DEATH-RATES FROM DIABETES I8N RELATION TO PERCENTAGE oF JEWS

New York City.
—

Jews in
population,!
per cent.
1910 . . . 26.28
1920. . . 29.23

populstion.
16.0
18.9

v PopuraTioN.

Boston.
Diabetes
. death-rate
Jews in per 100,000
population,® tol
per cent. populstion.®
8.8 21.4

! American Jewish Year Book, 1923-1924; Greater New York, 1820, N. Y. C. 1920

Census Committee, p, 838,

* Morrison: Boston Med. and Surg. Jour., 1916, 175, 54.
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F. ETIOLOGY.

Diabetes centers around the islands of Langerhans, but why
should they become diseased or cease to function? This is clear in
experimental hemochromatosis, where Mallory has produced the
destruction of the islands by injections of copper, but bronze dia-
betes is rare. This does not explain the hyaline degeneration and
atrophy of the islands which is the far more common condition or
does it explain those cases in which the etiology must be considered
la_trgely functional, because of our inadequate methods of investiga-
tion. An antecedent pancreatitis would appear to be the most
logical explanation, but the existence of such can seldom be proved.
In lieu of the true cause attention can be directed with profit to the
predisposing causes and among these obesity is preéminent.

1. Obesity and Its Relation to the Diverse Etiology of Diabetes.'—
(a) Relation to Diabetes. —The association of obesity and diabetes
has long been noted. Conversely, in the presence of a wasting
disease, diabetes is practically unknown. A few years ago an
analysis of 1063 of my own cases showed that in more than 40 per
cent of the number marked obesity preceded the outbreak of the
disease, and the prediction was made that if more exact data were
available the percentage would be fully twice as great. Writers
generally have observed this connection, and von Noorden not
only emphasized the necessity of examining the urines of fat persons
for sugar, but also suggested that examinations of the blood sugar
of fat persons would disclose their approach to the disease when the
urine was sugar-free. In other words, a prediabetic stage in fat
persons has been recognized and demonstrated by Paullin,* Beeler
and Fitz,* Labbé and Boulin' and John.* But the closeness of the
dependence of diabetes on obesity demands still more elucidation.

“While compiling the data for age, height and weight of a series
of 118 diabetics whose respiratory metabolism had been studied at
the Nutrition Laboratory of the Carnegie Institution, it was found
that persons above the age of fifty rarely acquired diabetes if their
weight remained a little below normal. These statistics, although
striking, were too few for generalities. Therefore, data from 1000
successive cases of diabetes in which the age, weight and height
were known were compiled and are here reported.

“Such extensive and inclusive data have not been published
heretofore. Even if one searches the best of the monographs on dia-

1 Joslin: Jour. Am. Med. Assn., 1921, 76, 79.

? Paullin: Southern Med. Jour., 1922, 15, 249,

! Beeler and Fitz: Arch. Int. Med., 1021, 28, 504.

¢ Labhbé and Boulin: Bull. de la Soe. méd. d. Hop., 1925, 49, 640,
¢ John: Am. Jour. Med. Sei., 1927, 173, 184.
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betes it will be found that the case records, while giving the weight
frequently fail to give the height. This unfortunate practice is not
limited to diabetes. Indeed, it is only too true that during life
patients are weighed, and at death they are measured, but in neither
life nor death are both height and weight taken. This may explain
why the data in this series of 1000 cases throw additional light on
obesity as a predisposing cause of diabetes, and at the same time
suggest how the disease may be prevented.”

TasLe 67.—VariaTioN FrRoM NorMAL oF Maxmom WaieHTs, AT oR Prior To
Oxnser, oF 1000 Cases or Diaperes, CALcULATED ForR HEIGHT,
Age anp Sex.

First Series 1923.

G phrorsl | Above standard weigh P
weight, Ve ard weight, ercentnge
“:nr cent. Normal | pér cent. | of each
Age, Number | a:::rm deende
Vehrs. of cases . pe"__él'“'l | : | YV « N _ l | below
§151¢ 552 (5 (8(5(5/5(5] | o
é é z |- | T U R i
| : -1 =1 | |- o | ™ | - o | = -
1-10 . 18 |0| 8| 2 5 | 3| 2 v T et B I 31
11-20 | 5 (2 (11| 8| 24 A e T el N e 36
21-30 . 181 ‘f.. |15 (13| 41 15/ 20| 9| 4)..| 3|.. | 2 21
3140 . 178 -1 | 9 (13| 8 22| 34, 25| 15|14 |10 | 6| 2 12
41-50 . 29t \[.2/| 8| 7| & 10 50| 50| 40|30 |18 | 10| 8 @
51-60 . L el A P T 28| 30| 48| 45/ 14 [ 13| 5| 4 5
81-70 . . BLTis | o | 2 8 | 10| 12| 23|34 7| 1| 1| 1 2
71-80 . . 18 : 1 [ s| o i A O 9 WP e 6
1-80. .| 1000 | 5 |50 |62| 150 ‘ms|1sa 160121 67 | 46 | 22 | 17

TanLg 68, —VARATION FROM NoORMAL or Maxmmum Wriears At ok Prior 1O
Oxnger, oF 1000 CAses oF TRUE DIABETES, CALCULATED FOR
HewcaT, AGE AND SEX.

Second Series 1926.

Below stand- |
ard weight, | Normal Above stundard weight, | Percentage
per cent. | average per cent. of each
Age. Number rone, | |  decade
vears. | of cases. | | p+c:|; ﬂ'u‘t;.i = ol below
= L 3 —&| A |- 2 pone.
258 AR AR AR R ARA R
%= |2 R|B|ZFIB|S|R |
0-10 48 [ 1110 8| 18 | 4| & el e L
11-20 . 84 4112 8 33 9| 7 T 1] 3 | S 1 . 20
21-30 112 1 L1 4 21 16| 25| 11 gj124¢ 2 1 4 ‘ 10
3140 . 172 1 1 6 11 10 | 28| 39) 25{ 22| 18 4 7 5
41-50 244 3 4 30 13| 37| 48| 51|24 (14 | 10 | 10 | 3
51-60 . 252 =l 30 10 | 44| 65| 45| 24 9 ¥ 7 1
61-70 . 70 3| 2 8 8) 17| 19| 10| B 4 ] [ 2 f
71-80 | -8 vl o T IR 1 B < 4 ) i e i .
1-80 . . | 1000 10 (38| 31| 15 I 79 |183 193|144 | 94 | 45 | 23 | 28

Based upon the table as a whole the statement is justified that of
the 1000 diabetics considered the maximum weights of only 10 per
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cent were helow the standard weight zone while 15 per cent were
in that zone and 75 per cent were above it.

To reinforce my original table of the relation of weight to diabetes
a second and more recent 1000 of my diabetics, this time all true
cases of diabetes, have been studied and the results appear in Table
68.  Again one sees that 15 per cent are in the normal zone of weight,
but this time there are but 8 per cent below it, leaving 77 per cent
above it. Between the years fifty-one and sixty there were but 2
diabetics in 252 whose maximum weights were below the normal
zone prior to the onset of the disease.

Von Pirquet! has called attention to the extraordinary increase
in diabetes after forty years of age, reaching its maximum in England
between sixty and seventy years. On account of this he suggests
another pathogenesis for this form of diabetes in contradistinction
to that of earlier decades. This seems still more probable from the
facts brought out in the next paragraph.

Among the 2000 cases of diabetes, not one occurred who was more
than 30 per cent underweight, and in Adams’ series? of 1000 cases at
the Mayo Clinic no patient developed the disease who was more
than 20 per cent underweight. The almost exclusive limitation of
the underweight diabetics to the early decades of life will receive
later comment.

The average percentage overweight in a series of cases of diabetes
of Anders and Jameson® is higher among females than males, and
while this is true in both Gentiles and Jews, the latter race shows a
higher percentage of overweight. However, their statistics do not
show a preponderance of cases of adiposity of females over males,
but simply a higher average per cent overweight. The incidence of
diabetes among obese Jews is higher than among obese Gentiles,
the ratio being 12 to 8 in favor of the former. These authors
believe that the difference in the average percentage of overweight
between the two races is not great enough to account for the differ-
ence in incidence. They do, however, believe that obesity among
females is unquestionably the most potent single predisposing factor
in the recently increasing incidence of diabetes in this sex.

To the relation between obesity and diabetes, Mr. Mead of the
Lincoln National Life Insurance Company has also offered a valu-
able contribution. He finds that the frequency of constitutional
diseases in general increases as age advances and particularly as
obesity advances, but that diabetes is to this extent an exception
to the rule; its incidence increases with age only in the fat, while
in the thin it remains constant throughout life. This shows that

! YVon Pirquet: Wien, klin, Wehnsehr., 1924, 37, 1277.
* Adams: Proceedings Mayo Clinie, 1926, 1, 189,
! Anders and Jameson: Am. Jour. Med. Sei., 1925, 170, 313,
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diabetic patients, young and old, are akin, and the earlier clinicians
were right in sharply differentiating the fat and the thin patient
with diabetes. The effect of body weight on the death-rate in
general deserves emphasis. Until thirty-five years of age the mor-
tality is low for the overweights., The most favorable weight for
longevity in middle life is 10 to 20 pounds below the average weight
and even 30 pounds below the average is safer than the average
weight itself.

“(b) Diabetes—A Penalty of Obesity.—Diabetes, therefore, is
largely a penalty of obesity, and the greater the obesity, the more
likely is Nature to enforce it. The sooner this is realized by physi-
cians and the laity, the sooner will the advancing frequency of
diabetes be checked. The penalty of taking too much alcchol is
well known, and a drunkard is looked on with pity or contempt.
Rarely persons who become fat deserve pity because of a real ten-
dency to put on weight despite moderate eating, but usually most
should be placed in somewhat the same category as the alcoholic.
In the next generation one may be almost ashamed to have diabetes.
Jewish patients, sometimes hypersensitive to physical ills, but
often rightly anxious to take things in time, are already beginning
to realize this fact.

Loss of Weight a Cause of Diabetes.—Rapid loss of weight by a fat
individual, strange to say, may be followed by diabetes. How
frequently this occurs 1 cannot say, but it may be of considerable
importance for I recall several instances, Cases Nos. 406 and 6338,
The fat society woman in her zeal for fashion’s lines takes black
coffee for breakfast, bouillon and a few green vegetables at noon in
order to indulge in a liberal dinner. The total calories for the day,
it is true, are lowered and weight is lost, but by this dietetic plan a
heavy load of carbohydrate is cast upon pancreas and liver, when the
former's insulin-producing capacity has not been trained by previous
meals to convert it into harmless glycogen and when the latter's store
of glycogen is so low that it functions with difficulty.

Support of the above explanation and the danger of a low-carbo-
hydrate diet followed by high-carbohydrate feeding will be found on
page 200 in the observations of Odin and the others there cited.
Indeed it may also be true that the scant European breakfast after
the long night's fast is safer than our heavier American breakfast.
At any rate after abstinence from food one should begin eating with
small quantities of food in which carbohydrate finds a moderate
place, and in losing weight, while one may omit all fat because the
body has enough in store, one should never omit all carbohydrate
from a meal.

““(¢) The Substandard Weight Patients.— Patients in Tables 67 and
68 who developed diabetes, though underweight, furnish a group
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for very particular study. They should represent a purer, simpler
type of the disease. As this fact is now realized, subsequent cases
falling into this class will be better analyzed and the number
possibly reduced in size. This proved to be the case in the second
series, and the number fell from 107 in the first 1000 to 77 in the
second 1000. Investigation of the original series proved that 29
of the 107 were really doubtful diabetics according to the more
accurate standards of today. They include that dangerous group,
“renal” diabetics, “insurance” diabetics who are sometimes accepted
as risks, and other extremely mild cases. An hereditary and
familial element was present in 24, and among these there were 8
examples of more than 1 case in the family. Several cases showed
stigmas of degeneracy, and it is my impression that greater famil-
iarity on my part with such signs would increase the number that
should be classed in this way. Conversely, there were several extra-
ordinarily severe cases, and yet in some of these very cases in which
the disease appeared severe, the patients withstood it for an un-
usually long period. Indeed, it would seem justifiable to formulate
this diabetic law: It s rare for diabetes to develop in an individual
above the age of twenty years who is habitually underweight, and when
it does so develop the case will usually be found to be either extremely
severe, extremely mild, or associated with a marked hereditary taint or
degenerative stigmas. The tendeney to diabetes appears to be con-
genital. It is most intense in childhood; but, eseaping that period,
the individual is less and less likely to acquire the disease if he
remains underweight, whereas in the obese the tendency finds a
fertile soil. In the fat the predisposition may be no greater, but
the external cause is more provocative.”

(d) Obesity Predominant in Other Factors Often Mentioned in the
Etiology of Diabetes.—The preponderating influence of obesity
in the development of diabetes explains various peculiarities in
diabetic case histories and furnishes a new point of view from which
to regard them.

1. Conjugal Diabetes.—Of 27 persons concerned in my original
series there was but 1 who was thin. Husband and wife were
alike fat, and the implication is strong that they contracted the
disease from exposure to good food rather than to one another.

2. Frequency of Diabetes in the Jewish Race.'—One has only to
visit the Jewish quarter of a large city to be impressed with the
frequency of obesity. Over-feeding begins in childhood and lasts
to old age. Very likely with the increasing affluence of the Jewish
race in this country, permitting indulgence in their well-known
fondness for style, obesity will tend to diminish and along with it

! See also page 150,
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diabetes. Already it is as rare to see a Jewish doctor who is above
normal weight as it is an educated Jewish boy or girl, man or woman,
who is fat. The fashion-plate makers are far ahead of insurance
company presidents in their propaganda for a normal weight. All
one needs to do is to glance at the morning paper to see ladies and
gentlemen portrayed for our benefit whose sylph-like figures are
models of weight and height—nay, more, they are invariably a trifle
below the standard weight and so might bear the legend: “Immune
to diabetes.”

Emerson and Larimore! did not find obesity notably more frequent
among Jewish workers in New York. Their information would
represent the younger individuals in the community.

3. Frequency of Diabetes Among the Richer Classes of Society.—
“On the broad street of a certain peaceful New England village
there once stood three houses side by side, as commodious and
attractive as any in the town. Into these three houses moved
in succession 4 women and 3 men—heads of families—and of
this number all but 1 subsequently succumbed to diabetes. The
remaining member of the group died of cancer of the stomach at
the age of seventy-seven years. A search for the cause of these
deaths, untimely in the majority of instances, led to the accumula-
tion of the data on which this study of obesity was based.

“Although 6 of 7 persons dwelling in these adjoining houses died
from a single cause, no one spoke of an epidemic. Contrast the
activities of the local and state boards of health if these deaths
had occurred from scarlet fever, typhoid fever or tuberculosis.
Consider the measures that would have been adopted to discover
the source of the outbreak and to prevent a recurrence. Because
the disease was diabetes and because the deaths oceurred over a
considerable interval of time, the fatalities passed unnoticed. Even
the insurance companies failed to grasp their significance, and yet
probably no group of individuals in the community carried pro
rata a higher amount of insurance than did these 6 diabetics.”
At the time these individuals lived, ideas of exercise for pleasure
and the benefit of the body had not penetrated this rural region.
Consequently, in this as in many other New England villages,
though fortunately to a less extent now, the well-to-do were unusu-
ally fat. In fact, even today it is a common observation to note
that country families tend more to obesity than their city cousins
of similar means.

It is possible also that the age at death of affluent members of
the population is greater than that of the poorer.

! Emerson and Larimore: Loec. cit., p. 24.
11
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4. Heredily.—This may simply mean unusual exposure to an
obetic environment. One should not forget that obesity is usually
an acquired characteristic, and acquired characteristics are little
subject to transmission from parent to child. The handicap of a
diabetic heredity may be to a considerable extent counteracted
by avoidance of overweight. What a comfort and stimulus to
diabetic parents and gain to their children!

5. Mental Workers in Contradistinetion to Physical Workers.—
The former are more likely to be fat. But the probability of more
frequent urinary examinations among the more intelligent and city
dwellers might explain the apparent increase in frequency. Worms
said that diabetes was so frequent among the mentally active in
Paris that 1 in 10 had the disease.

Emerson and Larimore' cite data for England and Wales and
for France which indicate that those occupations which involve
hard manual and body labor show low diabetic death-rates. They
express doubt, as do Kober and Hayhurst, that occupations involv-
ing nervous strain and worry cause a high prevalence of diabetes.
“The question of first importance is whether such persons are not
overeating and underexercising, a hygienic sin particularly common
among people of sedentary, highly skilled trades or professional
occupations.”

Locomotive engineers are said to be especially prone to diabetes.
The chief surgeon of one railroad has informed me that among
1673 engineers glycosuria was found in 44 instances. Further
study showed that a majority of them were really diabetics. Their
average weight was 191 pounds. About 20 per cent of all the engi-
neers were overweight. ;

At the meeting of the Medical and Surgical Section of the American
Railway Association (Circular No. M. and S. 61) it was stated that
the chief surgeon of a certain railroad employing approximately
50,000 men in its train operations and movements reported that
0.05 per cent of all train men have diabetes; of the engine men alone
1.07 per cent were diabetic and of the other trainmen in engine
service not including the engine men (.03 per cent have the disease.
The age factor may be of much importance in evaluating these
statistics.

Patients with diabetes cannot engage as satisfactorily in railroad
pursuits as in occupations where they get regular meals and meals
at home. Intelligent diabetics often overcome these handicaps, and
I have a considerable number who work on railroads, but none taking
insulin, who are engineers.

The condition of a diabetic is liable to sudden change. If he is

! Emerson and Larimore: Loe. eit., p. 28.
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careless, diabetic coma may result from errors of diet or the addition
of an infection. If he is faithful and maintaining efficiency by
insulin, he is liable to have an insulin reaction at such short notice,
because of unexpected exertion or insufficient food, as to impair or
prevent work. Occasionally no warning of an insulin reaction is
recognized by the patient and he becomes unconscious. See p. 49.

6. A Sequel to Infectious Diseases.—Convalescents have big
appetites, and unfortunately are almost fanatically overfed during
a period of forced inactivity and at the very time when the pancreas
must necessarily, like the rest of the body, be in a vulnerable state.

7. Diabetes and Gout.—Is it usual to see gout in the thin?

8. Rarity of Syphilis in Diabetes.—Statistics of the Peter Bent
Brigham Hospital, those of von Noorden, and my own all agree in
this regard—that syphilis is less common in diabetics than in the
general population. Although data on the weights of syphilitic
patients are not known to me, it is possible, first, that those who
acquire the disease are more often thin than fat, and secondly, that
they more often lose than gain weight after the disease has fully
developed. Who weighs and measures syphilitics? However, the
shorter duration of life of patients with tuberculosis, cancer and
syphilis in part explains the decreased frequency of diabetes in their
presence.

9. Age.—The second decade of Table 67 and the first decade of
Table 68 prove exceptions to those which follow in that there were
more patients who developed diabetes below the standard weight
than above it. In fact, obesity appears to play no part at this
age, and so far as present evidence is available it must be acknowl-
edged that these decades conmstitute an argument against the
importance of obesity as a predisposing factor in the development
of diabetes. In explanation of the many cases of diabetes in
children who were not obese is Naunyn's conception of the virulence
of the diabetie tendency in childhood which leads it to break forth
without an external stimulus. Of the correctness of this interpreta-
tion, however, I am not quite convinced. The subsequent histories
of children once overweight should be compared with those of
normal weight or below weight, and the incidence of diabetes in
each group determined.

Another stimulus to diabetes in children than obesity may exist,
and in seeking for more accurate data about the growth of diabetic
children such a stimulus was found by Priscilla White.! Upon
examining children’s records for height prior to onset of diabetes,
it developed that overheight was more frequent a precursor of
diabetes in children than was overweight in adults.

! White: Jour. Am. Med. Assn., 1927, 88, 170,
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Ninety per cent of our 100 diabetic children were overheight in
contrast to 80 per cent of 925 adults who were overweight prior to
the disease. It is generally admitted that overweight is a precursor
of diabetes in an adult, and now we have evidence even more
striking of overheight in a child. This deviation of height from the
normal average, when based on Wood's table,! amounts to an excess
of 2.7 inches.

If the Holt® standard is used, 87 per cent areabove standard and the
average height of the entire group exceeds the standard by2 .2 inches.

Our children are predominantly of the public school class. Indeed
only 3 children of the series have attended private schools in a vicin-
ity where private schools are numerous. Therefore, it would not be
fair to compare their heights with the standard based on children
from private schools. Should this be done, however, it would be
found that they exceed Baldwin's® selected group from the Francis
W. Parker School (well-to-do class) by 0.8 inch. They are in turn
exceeded by the Bendict and Talbot* private school children by 0.3
inch and by Gray's® recent standard, which is the highest published
standard for American school boys, by 0.7 inch.

The symptomatology of diabetes in the adult and the child is the
same. I cannot accept the idea of an etiology which is funda-
mentally different in character for adults and for children. There
must be some significance in the fact that so striking a precursor of
the disease as overweight should be rare in the child yvet common
in the adult. Our records show that obesity is rare before diabetes
breaks out in children. There were only 5 who were as much as
10 per cent overweight for height, and only 2 reached the obese
class of 20 per cent overweight. Compared with Gray’s standard,
they weigh for their height 0.9 pound less than the slender private
school child. See p. 824,

Kisch? directed attention to the frequency of the development of
diabetes in the later lives of fat children, and I never see a fat child
without thinking of this possibility, for a fat child, like a fat man,
is prone to diabetes. Particularly serious must it be for a child or
adult of slight stature to put on weight which would be excessive
even for a man of large frame. Case No. 1142 first consulted me
at the age of forty-one years, and 1 can just remember his little
spindling legs and delicate frame as a boy before he entered the
primary school; many years later he entered a grocery store, “ worked

I Wood: The Ninth Year-Book of the National Society for the Study of Educa-
tion, Pt. 1, Health and Edueation, Chicago, 1910, p. 34,

2 Holt: Diseases of Infuncy and Childhood, IEd. 7, New York, D. Appleton & Co.,

B, p. 20,
mﬂlbl'i:zl‘du[-:n: Physical Growth of Children, University of lowa, 1922, 1, 261.

1 Benedict and Talbot:  Pub. 302, Carnegie Inst. Washington, 1921, p. 32.

» Gray and Fraley: Growth Standards: Height, Chest-girth, and Weight for

Private School Boys, Am. Jour. Dis. Child., 1926, 32, 554.
@ Kisch: Jour. Am. Med. Assn., 1915, 64, 1038,



ETIOLOGY 165

like the dickens and ate the same way,” until at the age of forty
he was 60 pounds above the average weight, and sugar was found
at a life insurance examination. (See also p. 825.)

One of the most striking instances is that of a little child, Case
No. 1139, a healthy baby until his second year, when he entered
upon a series of rhinopharyngeal and bronchial attacks, including
a mild bronchopneumonia. During eleven of the feverish illnesses
exercise was curtailed and he was kept abed to safeguard his heart.
A cow was bought that he might have fresh, rich milk, and to the
50 ounces of this milk which he daily consumed were added 3 table-
spoonfuls of a malt preparation, amounting in nutritive value to
120 or more calories. At the end of his first year he was of normal
weight, but at eighteen months his weight was above that of a child
of two years. When two years old his weight had increased to that
of a child of three years and a half, and when two years and a half
old, his weight was above that of a child of four years. Is it surpris-
ing that when mumps developed in 1915, glycosuria appeared to the
extent of 3.1 per cent. It vanished with a change in diet, to return
three months later, during the presence of another mild febrile dis-
order, and again in six months after the removal of adenoids, but
since this occasion the urine has remained sugar-free to date, 1928,

A poor musenlature usually accompanies obesity. One-half of
the carbohydrate in the body is stored in the muscles and a large
part of the sugar of the body is burned in them. Therefore it does
not appear strange that fat people develop diabetes. It would
almost seem as if the muscles became so loaded with fat that they
were unable to burn carbohydrate. At one time fat and glycogen
in the liver were thought to be antagonistic to one another. Under
the influence of insulin, the Toronto investigators found they could
exist together.

10. Dietary FEacesses.!'—Chronic dietary excesses precede obesity
and figure quite prominently in my records as precursors of diabetes.
Allen’s dogs artificially predisposed to diabetes by removal of a
considerable portion of the pancreas became diabetic when overfed.
It is, however, the excess of food rather than of carbohydrate which
does the harm.? Indeed, a high percentage of carbohydrate in the
diet does not appear to predispose to diabetes. Thus, the Japanese
live upon a diet consisting largely of rice and barley, yet so far as
statistics show, the disease is not only less frequent but milder in
that country than in this. With the adoption of Occidental tastes
both the frequency and severity of the disease have increased,
according to my Japanese visitors.

In 1913 Germany consumed half as much sugar as was eaten in

! Bee Die Zunahme der Zuckerkrankheit; Eine Ernihrungsfrage, by Ullman in
Die Medizinische Welt, 1928, 2, 87,

1 :Ser: Jour. Am. Med. Assn., 1928, 90, 782 for statistical evidence based on
Registrar General's Decennial Supplement for England and Wales.
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the United States, and yet diabetes was quite as prevalent there as
here. Australia in 1922 consumed more sugar, 112 pounds per
capita, than the United States, 103.2 pounds per capita, and had
less diabetes—indeed little more than in England where the sugar
consumption per inhabitant is 70 pounds. The increase in the
quantity of sugar consumed per capita in the United States during
the last century is very great, as shown by Table 69, and if one
compares this table with the rising incidence of diabetes shown in
Tables 23 to 32, it would seem as if the two must stand in relation.
On the other hand the dietary habits and the statistics upon dia-
betes of Japan and the data upon sugar consumption in Australia,
England, Germany and the United States point in the opposite
direction.

Taere 69.—Tae CoNsuMmpTioN OF SvuGAr 1N THE UsiTEp STATES,

Pounds per i
Population enpita, Diabetie
average for yearly death-rate
Years. decade. average. per 100,000,
180018100 ' S s s 5 . 6,146,343 11 First and
IBI0-1880/S.Y o/ v—o—as 8,280,041 8 last years
1820-1830 . . . . . . 11038448 9 kg
1830-1840 . ... 14,720,126 12 i
1840-1850 . . .. . 19,824 542 2
1850-1860 . . . . 26,905,025 26
1860-1870 . . . . . . 34,645004 23
1870-1880 . . . . . . 43,777,206 33
1880-1800 . . . . . . 55912152 44 2.B-5.5
1890-1900 . . . . . . 8818801 56 5.5~ 9.3
1900-1910 . . . . . . 83,275,648 G5 9.7-14.9
1910-1920° o o sva L. 08,796,383 82 14.9-16.1
1920-1925 . . . . . . 110,509,736 08 16.8-16.9

The marked inerease in the consumption of sugar, largely sucrose,
shown in Table 69 might appear of great significance in seeking
for a cause of the greater frequency of diabetes today were it not
for the fact that whereas the consumption of sugar per capita
hetween 1900 and 1925 has increased 35 per cent, the mortality
from diabetes has increased 75 per cent. Contrariwise, between
1010-1920 and 1920-1925 the consumption of sugar increased
approximately 20 per cent while the mortality from diabetes rose
less than 10 per cent. Nevertheless, such a marked alteration in
the diet of a nation is noteworthy and deserves attention. During
1927 the consumption of sugar has decreased in this country from
its peak of 104 pounds.

Emerson and Larimore cite statistics from the Bureau of Animal
Industry of the U. S. Department of Agriculture to show that,
whereas the consumption of sugar in the United States has increased,
that of meat has fallen in the last fifteen years from 179 pounds to
155 pounds, this reduction having been replaced by an increase in
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the use of cereals, sugar, milk, and fruits. Inspection of the menu
cards of a well-known chain of restaurants would indicate that the
lower limit has not yet been reached

TasLe 70.—Consumprion oF SuGArR PER CAPITA AND DEATH-RATE OF DisBETES
rer 100,000 v Avstravria, Excranp, axp THE UNiTED STATES.

Sugnr
Diabetes consumption
death-rate in pounds
Countr y. per 100,000, per capita.
FOR THE YEAR 1913,
Awptralier - o G w5y & e o o w e . 5% I
England and Wales . . . . . . . . . 11.8 78.5
UnitedStates . . : . : & + + + « « 153 85.4
FOR THE YEAR 1922,
Ansfralia . o . . o i v v 2 4 W o« 12,3 112.0
Englandand Wales . . . . . . . . . 11.9 70.0
United States . . . . . . . . . . . 184 103.0

Acute dietary excesses are rarely if ever associated with the
advent of diabetes. The incidence of diabetes in the employees
of candy factories and candy shops would be of interest in this
connection. Even yet this question has not been thoroughly
investigated.! The development of diabetes after glucose toler-
ance tests has not yet been reported.

2. Multiple Etiology.—The majority of diabetic patients present
multiple causes for their diabetes. This is well exemplified by the
history of a gentleman, aged forty-nine years, Case No. 954, who
consulted me on December 12, 1915. One of his children died in
1901 at the age of two years, and another in 1913 at the age of
twelve years, both of diabetes. As a child he had measles, scarlet
fever, and whooping-cough, and at twenty-four years was ill for
eighteen months with inflammatory rheumatism, and the pericar-
dium was tapped twice.

At the age of thirty-three years his weight was 200 pounds, and
for his height—5 feet 11 inches—was 17 per cent above normal.
Prior to this time he indulged in considerable alcohol three evenings
a week, and his use of tobacco was more than moderate. He
was fond of sweets and occasionally ate half a pound of candy in an
evening, During the last two years he took little exercise, and
recently led a strenuous life on account of his active business.
An attack of gall stones, which was accompanied by an infection
of the biliary tract, led to an operation. on November 15, 1915,
Prior to the operation the urine was examined and found normal.
The anesthetic was ether. Convalescence from the operation was
satisfactory, but while at the hospital his friends, knowing his
fondness for sweets, sent him much candy, which he ate. On

! Von Noorden: Die Zuckerkrankheit, Berlin, 1917, Tth ed., p. 331.
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December 11, 1915, he observed polyuria, and later he recalled
that when nervous and working hard this symptom had occurred
off and on for a day’s duration during several years. On December
11, 1915, sugar was demonstrated in the urine, and upon the fol-
lowing day, when he came for treatment, the specific gravity was
1045 and the percentage of sugar was 7.2. The weight of the
patient was approximately 185 pounds shortly after the operation,
and on December 13 was 177 pounds naked. The patient began
fasting by omitting his supper on December 12, and the twenty-
four-hour quantity of urine ending December 14 contained only a
trace of sugar, and even this was absent the following day. Improve-
ment was uninterrupted but (Moral!) he dropped from observation
and I learned of his death from pneumonia in 1920.

The important etiological factors were all present in this case:
namely, the optimum age, an hereditary tendency to diabetes, and
obesity. Furthermore he has led a strenuous life, had indulged
in dietary excesses, and had taken little exercise. Lastly there was
the excitement connected with the operation, the trauma of the
operation, and the presumable local interference with the normal
action of the pancreas and liver.

It was interesting that the disease did not break out earlier in the
case of this patient, when one realizes that obesity had existed
several years before. It plainly suggested that obesity and the
diabetic anlage were not sufficiently strong factors to lead to the
disease. Even when to these were added dietary excesses and the
strenuous life, the disease still remained latent and only a multi-
plicity of influences, such as were brought about by the operation
were sufficient to make it declare itself.

3. Heredity.—The influence of heredity is elsewhere discussed.
(See pp. 821 to 823 in children's section.)

4. Nervous Element.—A strenuous life has been considered by
most writers as of importance in the etiology of diabetes, and it
has so impressed me. Von Noorden records that 8 per cent of all
his mild diabetic patients were physicians, and this can easily be
connected with the strenuous life which medical work entails. The
frequency of diabetes, among physicians, however, is undoubtedly
in part due to the opportunity they have for detecting the disease.
In my own series of male patients ending 1916, above the age of
twenty, 10 per cent were physicians. Of these 15 had died by
1917, and the average duration of the diabetes was seven years;
47 were alive, and the average duration of the diabetes up to
December 1, 1916, was likewise seven years.

The nervous element in diabetes has gained additional importance
since the publication of the work of Cannon, Shohl and Wright! and

1 Cannon, Shohl and Wright: Am. Jour. Phys., 1911, 29, 280.
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the investigations of Folin, Denis and Smillie! upon the appearance
of sugar in the urines of 192 insane patients. Of these, 22 showed
sugar with the standard tests. The latter investigators also exam-
ined the urines of students after important examinations. “Of 34
second-year medical students examined before and after an examina-
tion, 1 had sugar both before and after the examination. Of the
remaining 33, 6, or 18 per cent, had small but unmistakable traces of
sugar in the urine passed immediately after the examination. A
similar study was made on second-year women students at Simmons
College. Since these students were younger, and presumably much
more excitable than our medical students, it was thought that even
more striking results might be obtained. This expectation did not
prove to be well founded. Out of 36 taking the examination and
showing no sugar in the urine on the day before, 6, or 17 per cent,
eliminated sugar with the urine passed immediately after the
examination.” Even emotion caused by securing samples of
blood for analysis may lead to a rise in blood sugar percentage.
Case No. 10 developed severe diabetes when on an unusual busi-
ness trip from Boston to New York involving much responsibility.
The appearance of polyuria and polydipsia was acute—in faet,
while turning a street corner—but he lived twelve years. Carrasco
Formiguera® cites the following tragic case, No. 34 of his series:
Diabetic symptoms (polydipsia, polyuria, physical and mental
depression) appeared suddenly and with extraordinary intensity
in a man a few hours after suffering a double emotion. First, he
saw die on the seat beside him a fellow-worker whom he was
accompanying from the shop because of sudden illness, and second,
he was held as the alleged slayer until the true circumstances were
established a few hours later. The patient had suffered in his early
childhood a serious tranmatism with cerebral concussion. When
the disease began, he was eighteen years of age, and until then he
felt sound and strong. He died two years later in diabetic coma.
In comparatively few instances in this series was the presence of
an organic nervous disease demonstrated. Allen’s conception of
the functional nature of diabetes shows how the disease may be
brought about through the nervous system by its action upon the
pancreas. Thus the Claude Bernard puncture produced diabetes
in one of Allen's dogs, predisposed to the same by the removal of
a portion of the pancreas, and yet proved to be non-diabetic before
the puncture. In this dog characteristic changes were found in
the islands of Langerhans at autopsy.

The Jewish race is indicted as proof of the relation between a

! Folin, Denis and Smillie: Jour. Biol. Chem., 1914, 17, 519.

L Carraacu_ Formiguera: TFootnote, Joslin: Tratamiento de la Diabetes Sacarina,
Montaner ¥ Simon, Barcelona, 1925, p. 141,
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nervous disposition and diabetes. Until the incidence of diabetes
in Hebrew children is as great or greater than in Gentiles such evi-
dence falls flat. I believe Jewish adults are more prone to diabetes
because they overeat and underexercise.

Soldiers returning from the front did not show sugar in the
urine. About 40,000 passed through the hospital center in Mesves,
France, where I was consultant; yet, though the urines were system-
atically examined, but 2 cases of diabetes were discovered, or at
least came to my attention. It would be instructive to note the
incidence of diabetes in the same soldiers at a period some months
later when added weight was the rule.

Children who have stood exceptionally high in their classes at
school have figured largely among those children who have come
under my observation with the disease. Because of the frequency
of this association I have cautioned my medical friends whose
children were exceptionally brilliant. Statistics are not of great
service in this regard, but my associates, H. Gray, H. F. Root and
P. White confirm my observation. In August, 1923, a boy of seven-
teen years came with diabetes who had just been admitted to Harv-
ard without examination and already had two scholarships at his
disposal! In 1928 he remains in excellent condition.

5. Infections.—Infections could be the etiological factor in dia-
betes, but if the factor, why is it that an infection should attack the
obese almost exclusively, and why should infections which are so
frequent in youth so seldom be followed by diabetes? Further-
more, if an infection attacked the pancreas, it would presumably
attack all the islands, not just a few of the islands, and if it attacked
all the islands, it would make the diabetes violently severe at the
very start. There is a great distinction to be drawn between an
infection as an etiological factor in diabetes and the well-known fact
of the effect of an infection upon the diabetes, An explanation of the
manner in which an infection can affect the diabetes has been out-
lined by Lawrence.! He cites his experiments which show that
diphtheria toxin will practically annihilate the action of insulin. He
shows that an infection acts deleteriously upon the thyroid and
adrenal, and he would explain its harmful influence upon the dia-
betes through the stimulation of the secretions of these respective
glands. Frequently. though not invariably, an infection exagger-
ates the symptoms of hyperthyroidism.

Tisdall, Drake and Brown® have shown that in young animals the
ability of the animal to remove injected glucose from the blood at
a normal rate was impaired by certain bacterial and chemical
toxins injected subcutaneously.

I Lawrence and Buckley: British Jour. Exp. Path., 1927, 8, 58,
? Tisdall, Drake and Brown: Am. Jour. Dis. Child., 1926, 32, 854.
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It has been very difficult in my cases to associate the onset of
diabetes with an infection. Frissell-Hajek! believe that they traced
the onset in a series of 30 cases to an infection in 6 and Strouss and
Schjerning? believe that during the World War 45 of 2000 cases
of diabetes were preceded by infections. But infections come on
rapidly not gradually. In a recent painstaking analysis of succes-
sive cases of true diabetes I subsequently rechecked the type of
onset of each case as recorded. In 7 cases the onset appeared quite
definitely to have occurred during the course of twenty-four hours,
in 24 cases it could be assigned to a definite week, in 86 cases the
disease quite surely developed within a period of two months,
but the onset of the disease in the remaining 383 patients was indefi-
nite and at least could not be assigned to any two months’ interval.
See Table 205.

Onset.—In contrast with the above are the statistics of Adams?
from the Mayo Clinic who reports that 317 cases of 1000 diabetic
patients “could be classified as acute and in which the disease began
so suddenly there could be no question as to the time. Case records
were discarded when there was any question about this point.
In examining these records I was constantly mindful of the possi-
bility that a mild chronic case of diabetes might suddenly become
more severe from some cause and the usual symptoms of diabetes
not be forcibly brought to the patient's attention until then.”

Seasonal variation as to onset of diabetes was also found to be a
factor by Adams at the Mayo Clinic. Of 317 cases of “acute dia-
betes”” he found the onset most common during the fall, winter
and spring, which he attributed to the long winter season in which
many persons led sedentary lives, ate more, and acute respiratory
infections were more common, He also points out that “if one
divides the United States at 37 degrees latitude he finds that the
states above the line have a diabetic death-rate of 19.3 per 100,000
and the states below a death-rate of 8.5. It might be asserted that
this diserepancy is due to the greater reliability of the mortality
statistics of the northern states, but I cannot believe that this
accounts for it entirely.”

An infection lowers a diabetic’s tolerance for carbohydrate and
visibly increases the severity of the disease due, Richardson and
Levine! believe, to an actual reduction in the amount or proportion
of glucose oxidized rather than to a disturbance in the ketogenic
balance. In only a few instances have I been able to associate
infectious diseases with diabetes. In fact the more seriously I

! Frissell-Hajek: Arch. Int. Med., 1924, 33, 230

* Schjerning: Schjerning’s Handbuch der artzlichen Erfahrungem im Weltlkriege.
* Adams: - Arch. Int. Med,, 1926, 37, S61.

4 Richardson and Levine: Jour. Biol. Chem., 1925, 63, 465.
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search for them the more rarely do I find trustworthy instances.
Concerning the 100 children in my series studied so carefully by
Dr. White,' she writes: “The results of an infection may be latent,
and the harmful end-results might not appear until the lapse of a
period of years. For this reason in the accompanying table are
represented all infections that occurred prior to onset. Two per
cent did not have infections. Sixty per cent were without infections
in the year preceding the onset, and in the remainder the associa-
tion appears incidental rather than causal.”

TaBLE 7Tl.—Torar INnFeEcTIONS OF 100 Diaseric CHiLorEN Prior To ONSET OF

DiaBETES.
Infeetions
Infections in in the year
life history, preceding onset,
per cent of per cent of
children, children,
Tonsillitis 2 3 : . T0 15
Measles . . . Y aN\G | 88 10
Whooping cough ; = . 48 15
Mumps - . 30 10
Pneumonia : 1 2'd 218 0
Scarlet fever . : NI 7
Chickenpox A P —— N AN 7 (1]
Jaundice . . : IR . i\ & 0
Appendicitis . « el 1 0

Geyelin? has seen only 8 cases of diabetes originating in patients
within five weeks of the beginning of the infection and all of these
patients were known to be sugar-free before the infection com-
menced. Coleman, who with DuBois has had much experience with
high diets in typhoid fever, tells me that in none of their cases did
diabetes develop. Barach® obtained a history of preceding tonsil-
litis more frequently in a diabetic than in a non-diabetic group of
patients. Patrick! reports acute diabetes following mumps and
Gundersen® states that following epidemics of mumps there is a
rise in the death-rate from grave diabetes in the voung age group.
When one considers the frequency of infectious diseases in a com-
munity and the rarity with which diabetes develops after the same,
one is not inclined to assign great importance to infections.

The loss of tolerance of carbohydrate by the diabetic during an
infection is temporary, not permanent, and was recently discussed
by Peters® He reported several cases with striking decrease in

! White: Jour. Am., Med. Assn., 1927, 88, 170,

! Geyelin: Annual Meeting of Connecticut State Medieal Society, New Haven,
Conn., 1923.

4 Barach: Arch. Int. Med., 1927, 39, 636.

t Patrick: British Med. Jour., 1924, ii, 802.

i Gundersen: Jour, Infee. Diseases, 1927, 41, 197,

¢ Peters: Annual Meeting of Connecticut State Med. Soc., New Haven, Conn.,
1923.
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tolerance during acute illness and later a recovery of tolerance even
up to 275 grams carbohydrate. With another patient tolerance
successively failed following a series of infections, but this could
be related to breaking diet. With adherence to diet the loss of
tolerance did not disappear. I can confirm his conclusions. It
is certainly significant that even in a diabetic an infection does
not permanently increase the severity of the disease.

The association of acidosis with an infection was also emphasized
by Peters in a considerable series of cases of diabetic coma treated
at the New Haven Hospital. There was but one admission of a
patient with whom a recent infection did not play a factor. Accord-
ing to Peters an infection in a diabetic means—go to bed.

The importance which diseases of the teeth and gums play in
the etiology of diabetes is often raised. The evidence in my data
is pro and con. It is a routine practice at the hospital to have the
teeth of all patients promptly cared for. I have noted in taking
diabetic histories that in certain cases diabetes has appeared shortly
after many teeth have been extracted. Such patients are apt to
take an increased proportion of carbohydrate in the diet, but they
are also apt to lose weight. The coincidence is not explained.

The work of Bergey' in Philadelphia upon the bacterial trans-
missibility of diabetes has not been substantiated.

6. Arteriosclerosis.—The frequency of arteriosclerosis with dia-
betes is perhaps best explained by the increasing incidence of the
disease as age advances quite as much as any effect the arterio-
sclerosis may have upon the blood supply of the islandsof Langerhans.
The longer the duration of the diabetes, the greater the degree of
arteriosclerosis, and in the old the less severe the diabetes and 1
hope in the young as well. Arteriosclerosis is a bad enough foe of
the diabetic without blaming it with the causation of his disease.
(See p. 6G75.)

7. Syphilis.—See pp. 753 to 760. Syphilis is a rarity in a diabetic
clinic.

8. Trauma.—If trauma were a factorin the causation of diabetes
the war would have shown it. Above, see p. 170, attention is drawn
to the infrequency of diabetes in soldiers returning from the front.
My experience was not unusual. Von Noorden writes: ... ...
neurogenen Diabetes gibt es iiberhaupt nicht; die Kriegserfah-
rungen haben ihn vollends zu Grabe getragen.”’?3

A definite history of trauma immediately preceding the disease was
present in Cases Nos. 7 and 982 of my series. In Case No. 7 the

! Bergey: Proe. SBoc. Exp. Biol. and Med., 1026, 24, 220.

! This statement occurs in an instructive address by von Noorden before the
Berlin Medical Society, December 13, 1922, and was published by Julius Springer,
Berlin, 1923,

! Labbé is said fto have “'stated that he never encountered s single authentic
vase.””  Jour. Am. Med. Assn., 1927, 89, 1886,
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patient observed the first symptoms of diabetes directly after being
injured by a cow. He was seen by me once on October 25, 1898,
four weeks later, and died in coma five months after the onset. No
record of a previous urinary examination exists. Case No. 982 was
seriously hurt in his back in a foot-ball game, in the fall of 1913,
and became unconscious. A broken neck was suspected. In the
following January he again had a serious fall in the woods and
again injured his back, so that he was incapacitated for three weeks.
At the expiration of this time he observed that his mouth was dry,
and in February, sugar was found in the urine. This case too,
ran a rather severe course and the patient died six years after
onset in coma.

Case No. 954 (See p. 167) developed the diabetes after the trauma
of an operation but there were many other etiological factors
present, and furthermore such an event must be extremely rare.
An operation represents trauma, yet after operation even with
ether for an anesthetie, diabetes is almost unknown. However,
in a recent compilation of urinary reports in surgical operations
upon 500 non-diabetics and non-thyroids, Middleton discovered
that in 13.6 per cent the urine contained 0.1 per eent or more sugar
before operation and 0.5 per cent or more after operation.

Case No. 1188 probably represents best of all the indirect harm
which may result from trauma, though his case resembles most
cases of the supposed influence of trauma upon diabetes by lack of
evidence showing its absence before the accident. This patient
was an ice-cream manufacturer in 1915, at the age of thirty-one, and
weighed 242 pounds. He was in the habit of eating, in addition to
his regular meals, two quarts of his own ice-cream. During the
subsequent year, his weight fell to about 212 pounds, when on
October 27, he was accidentally shot with a rifle, and his leg badly
shattered, requiring frequent painful dressings. The urine was
first examined on November 27, 1916, and sugar found. The
quantity amounted to 3780 cc. and the percentage of sugar was
large. Under treatment he gradually became sugar-free and
acquired a tolerance for about 80 grams carbohydrate. He is
(1927) alive and in good condition,

Richard T, aged thirteen years, went fishing through the ice and
fell in, but was rescued by his setter dog, Laddie. That night,
January 2, 1927, for the first time polyuria began, and on January
14, T found 9 per cent of sugar in the urine. On January 26, the
urine was sugar-free and the blood sugar normal both before and
after meals. On the preceding day the diet was carbohydrate 99
grams, protein 71 grams, fat 104 grams, insulin 10-0-5; his weight
was 77 pounds, a gain of 4 pounds. On May 3 with the same dosage
of insulin the blood sugar was normal, the diet was carbohydrate 101
grams, protein 74 grams, fat 117 grams; the weight 853 pounds.
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The fracture of an extremity is often accompanied by glycosuria.
Among 61 cases at the Surgical Clinic at Kiel, 24 showed alimentary
glycosuria, and in 3 unsuspected diabetes was discovered. Hyper-
glycemia was present in 31 out of 36 of the cases examined.! It
would not seem strange if many of the cases of diabetes following
trauma might be due to the eaforced idleness and rest combined
with forced feeding at the hands of friends.

9. Hypophysis.—The intimate relation of the hypophysis to
glycosuria and diabetes has been emphasized by Cushing and is
described in detail by him.* I have encountered but 4 instances,
Cases Nos. 1155, 3620, 5457 and 5520.

10. Liver.—The connection between diseases of the liver and
diabetes has been frequently pointed out. Such an association is
only demonstrable in my cases with gall stones. Out of 609
deaths there have been only 6 who have died in which eirrhosis of
the liver appeared to figure as a cause of death and but 3 of cancer
of the liver. The 199 cases (Table 207, p.542) in which gall stones have
been a factor perhaps should be credited etiologically to the pancreas.

The liver is assuming more and more the prominent role which
it played in diabetes in the time of Claude Bernard. Its influence
for good or evil, perhaps measured by the amount of glyeogen which
it stores, is more and more acknowledged. Perhaps the great
“factor of safety’” which the liver possesses because of its size, hides
its importance in the etiology of diabetes. The development of
hypoglycemia, following metastases to the liver of a cancer which
originated in the islands of Langerhans, as reported by Wilder,? is
unique. Klein* observed an accentuation of the hypoglycemic
action of insulin in diffuse, marked liver affections and in chronically
decompensated heart cases. On the other hand in jaundice diabetes
may become milder, but possibly because less food is assimilated.
Case No. 6068.

All our ideas relating to the liver in diabetes may need to he
revised in consequence of Loewi's discovery of glycemin which he
considers to be the cause of diabetes. (See p. 105.)

11. Thyroid.—The thyroid gland is intimately concerned with
sugar metabolism by physiological experiment, by pathological
mvestigation, and by clinical experience. Hyperthyroidism pre-
cedes diabetes so much more frequently than diabetes precedes it
that its place in diabetic etiology is assured.

To avoid repetition the subject of the thyroid and diabetes and
the treatment, both medical and surgical, of the diseases when
combined are discussed in one chapter. (See p. 878.)

1 Kcnit_ztauy and Weiland: Jour. Am. Med. Assn., 1915, 65, 2264.

1 Cqshms: The Pituitary Body and its Disorders, Philadelphia, 1912, Lippineott.
* Wilder: Mayo Foundation, Proceed. Staff Meetings, 1927, 2, 88,

¥ Klein: Med, Klin,, 1927, 23, 312.
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12. The Sex Glands,—Diabetes reaches a peak in childhood at
twelve years, puberty, and in adults another peak at forty-nine
years, the menopause. With the general prolongation of life of
men and women above the age of forty-five yvears, the incidence of
sex in diabetes has been reversed and today universal astonishment
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F16. 19.—Sex and the onset of diabetes in youth and middle life.

is manifested that more women than men have the disease as well
as die of it. May this not be related to the cessation of sexual
activity in women?

The age at onset of diabetes is of more significance in etiological
discussions than the age at its end. In Fig. 19 are recorded the
curves of onset by years of all males and females in my series between
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the ages of one and twenty years, as well as between forty and sixty
years. The sudden rise and fall of incidence is shown for both sexes,
but it is both more abrupt and reaches greater heights for females.

Puberty begins for girls at an earlier age than for boys. It might
be expected that here again the incidence of diabetes would vary
with sexual disarrangement. Such, however, did not oceur in our
series, the “peak” ages at onset of diabetes in boys being twelve and
fifteen years and in girls twelve years.

Directly or more likely indirectly changes in the functions of the
organs of sex are related to the onset of diabetes.

13. Gout.— Gout is frequently mentioned as a precursor or com-
panion of diabetes. So seldom has this oceurred in my experience
that I cannot attach much importance to it. Dr. J. H. Pratt, of
Boston, who has seen an unusually large number of cases of gout,
assures me that in but one instance was sugar found in the urine
of his patients.

Seckel' writing upon the basis of the cases in Umber’s Clinie in
Berlin believes the relationship of the trilogy diabetes, obesity,
and gout still stands. Rabinowitch writes me that one of his dia-
betics has gout, and though he is severe enough to require insulin,
its use precipitates an attack,

14, Epstein’s’ Theory. — The causal mechanism of diabetes is con-
ceived by Epstein to be as follows: Changes in the permeability
of the capillary vessels can result in the passage of trypsin into the
blood stream, and its ultimate entry into the liver via the portal
circulation. The first effect of the mobilization of trypsin is a
glycogenolysis with a consequent hyperglycemia and glycosuria;
the second is the neutralization of insulin secreted into the blood
stream, thereby causing a deficiency of active insulin.

G. IMPROVEMENT IN TREATMENT STATISTICALLY PROVED.

When I began the treatment of diabetic patients I actually
recorded the duration of their lives in days and even as late as
1916 in my book of tabulations the duration was recorded in months;
then it changed to years; but now it is safe to say the average diabetic
will not die during the decade in which he is born. It was a wonder-
ful advance toward the close of the Allen Epoch in 1922 to register
an increase of 25 per cent in the duration of diabetic lives, bringing
this up to six years from the 4.8 years of the Naunyn Era. Since
the commencement of the Banting Era it has progressed again and
is now between seven and eight years. And what shall we say of

| Seckel: Ztschr. . klin. Med., 1925, 102, 105.
* Epstein: Jour. Am. Med. Assn., 1925, 85, 29,
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those children who have already reversed the old diabetic law
t];?t “the older a diabetic, the longer he lives” to the natural law
of life!

For the successful treatment of a chronic disease it is essential
that the physician be convinced that his methods of treatment
are improving. In diabetes mellitus there has been no doubt
about this improvement. Various factors have contributed to
to bring about this result and of these an earlier diagnosis, a more
general knowledge of the diet, a clearer understanding of the
disease, including the prevention of coma, the far better treatment
of surgical complications, and insulin are responsible.

Success in the treatment of diabetes as well as of tuberculosis
depends on an early diagnosis. Naunyn urged the importance
and good results of early treatment. All will agree, we are in a
much more favorable position to make early diagnoses now than
were the physicians of a former generation. Yearly urinary exami-
nations and life insurance examinations help much. When a routine
urinary examination is neglected, the damage done to the patient is
considerable, but to the physician’s reputation it is extreme. The
physician is never forgiven.

For comparative purposes the duration of life of diabetic patients
for four periods at the Massachusetts General Hospital are of
especial value and are shown in Table 72. The first period includes
all cases from the beginning of the records of the hospital in 1824
to 1898, the second from 1898-1913. The third period (1913-
1916) represents the transition to the period of treatment by under-
nutrition as introduced by Allen, and the fourth brings the data
up to date, For the data of the first period I am responsible,! for the
next two periods my former secretary, Miss Helen Leonard and
my former assistant, Dr. F. Gorham Brigham, and for the last as
well as for the privilege of using all the data I am indebted to the
Superintendent, Dr. Frederic A. Washburn, and the Chief of the
Medical Staft, Professor James H. Means.

During the first seventy-four years subsequent to the founding of
the Massachusetts General Hospital 172 diabetic patients were
treated and 47 or 27 per cent died within the hospital walls. Of the
total number of 280 diabetic patients treated during the second
period, 1898-1913, 79 or 28 per cent died. This is approximately
the same percentage, 25.8 per cent, which Seckel® records for the
430 cases in Umber’s Clinic at the City Hospital in Berlin for the
years 1912-1924, but since 1922 at the Massachusetts General
the mortality has dropped to 10 per cent of the cases treated. The

! Fitz and Joslin: Diabetes Mellitus at the Massachusetts General Hospital,

18241808, Jour. Am. Med. Assn., 1898, 31, 139.
¢ Seckel; Ztschr, . klin. Med., 1925, 102, 195.
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fall in mortality in the first year from 32.7 per cent to 9.1 per cent
is notable in Seckel’s statistics, and at the Massachusetts General
it has dropped from 67.5 to 17.8 per cent. The first year of diabetes
is still the “danger zone” in a large hospital and ecity, although this
is no longer true in a private series. Since 1898 the duration of the
disease in fatal cases of diabetes at the Massachusetts General
Hospital has risen from 1.2 to 5.1 years, and best of all this increase
in duration has been progressive.

TanLe 72.—DuraTion oF LiFg oF Diaserics Weo Diep AT THE MassacuuserTs
General HospiTaL BETweeN 1824 To 1917 axp 1922 1o 1926.

1913-1917. | 1922-1926.

| 1824-1808, 15958-1913.
Duration, years. | | .
No.of| Per |No.of| Per |No.of| Per |No.of| Per
| cnses. | cent., | cases. | cemt, | eases, | cent. | cases, | cent.
v | e
-1 . i 27 67.5 | 28 40.6 10 47 .6 8 17.8
1- 2 oS s 7 117.56| 13 | 188 (N % 6 |13.3
2.3 3 sl vt v s dhos| 2 | 44
3- 4 1 2.5 6 8.7 &5\ b 20.0
] el | S 2 2.9 3 14.3 | 3 8.7
5 B 1 | 2.5 5 T2 2 0.5
8- 7 1 2.5 1 1.4 1 4.8 1 2.2
7—8 . O[] oot ] R WSl AR O o
8=00 - . | (Y o ot e 4 « cr(J4 ) 2B 4.4
810 . . . . . d 1.4 |
{15 LSS B it S Al 1 1.4 1 4.8 4 9.1
12-13 . . 148 ¢ - o - ; % 2 4.4
15-16 . . : e e 1 1.4 1 4.8 1 2.2
{15 T S ST V) SIS AR YRy 2 2.9
2L 5 o B\ : i A 1 1.4 1 a2
Unknown because of lack | |
of past history . . .| 7 | 10 6 10
Total deaths . . .| 47 | |79 | [ 27 55
Percentage of diabeties
treated . . . . .| 27 28 11 10
Average duration, years . | 1.2 ‘ 3.1 3.3 5.1

The fall in mortality during the first year, namely, from 67.5 to
17.8 per cent, is a striking commentary on the improvement in
diabetes in a large hospital. During the third period 243 cases of
diabetes were treated at the hospital and the number of deaths was
27 and the percentage mortality was 77. In the insulin period the
number of cases treated has been greatly augmented and in general
their severity has increased, because they have been selected on this
account from the immense number of diabetic patients who visit
the Out-Patient Department. The average duration of the disease
has risen to 5.1 years from the 1.2 years prior to 1898.
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The duration of life of the fatal cases of diabetes occurring in Bos-
ton for the period 1805-1913, for 1915, and for 1925 are given in
Table 74. Between 1895-1913 in Boston the average duration of
the disease was 3.3 years, for 1915 it was 4.3 years, but in 1925
it was 5.1 years.

Heiberg has published a table which gives the duration of life
of fatal cases of diabetes in Denmark. This table does not give
comparative figures for different vears but shows the duration for
different age groups. Thus between the ages of fifteen and thirty
vears 25 per cent of the cases were dead at the end of six months
and 100 per cent dead in fifteen years.

Tasre 78.—Tue DuramioN ofF Lire IN Fatan Cases or Diaperes. (HEmBERG.)

25 per cent, 50 per cent, 75 per cent, 100 per cent,

Sex Age, years. years. Years. years.

I 15-30 i 13 2% 15

Males 31-50 14 3 44 20
| 51 and over 14 41 9 20

15-30 2 14 23 10

Females . 31-50 1 2 31 15
51 and over 13 33 71 20

Von Noorden? writing in 1917, and unfortunately no additional
statistics from his clinic are reported by von Noorden and Isaac,
says that diabetes in children under ten years of age seldom lasts
more than for one and a half or two years; in the second decade it
seldom exceeds two to four years; in the third decade four to six
years, occasionally even ten years, but seldom longer. People
who acquire the disease after the thirtieth yvear have a considerably
greater length of life, and with favorable conditions the disease
may last from ten to fifteen years or even longer. The first half
of the fifth decade, however, is a more critical period, but when this
corner is passed the tendency of the disease is to remain mild,
provided doctor and patient are free from blame themselves. Such
patients may live fifteen, twenty or even thirty years. Still, a
length of life of more than twenty years is exceptional.

Before recording my own data I wish to acknowledge the aid
received from numberless doctors and patients and many ingenious
secretaries and medical students who at least pretended to fall in
love with the task, Registrars of Boards of Health, and the War
Department, who have helped me trace 95 per cent of the 4973
patients who consulted me on account of diabetes up to July 1,
1926. Upon page 548, in the discussion of the classification of dia-
betes, will be found the dates when these patients were first seen,

| Heiberg, K. A.: Ztschr. {. klin. Med., 1921, 92, 76.
* Von Noorden: Die Zuckerkrankheit, Berlin, 1917, Tth ed., p. 342,
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the numbers and percentages of each group, true diabetics, potential
diabetics, renal glycosurics, and unclassified cases, and for each group
the number traced to death or to July 1, 1926. All of the 395
children were found—the last, Ettie G., Case No. 2124, in Los
Angeles.

TasLe 74.—DuraTioNn oF Lire oF 1144 Faran Casgs or Diaspres v Boston
DurinG 1895 1o 1913, AND IN 1915 ANDp 1925,

| 1805-1013.1 1915. | 1925,
No.of | No. of | Noof |
Duration, years. cnses. | Per cent.| cases. | Per cent. ‘ cases Per cent,
. . |
|
D=1 =l = ‘ 300 | 32.7 32 27.3 15 17.2
Foi0 o ik 207 | 21,9 16 | 13.6 12 13.7
2- 3 | 102 10,8 18 15.3 11 12.6
34 | 86 | 5.9 5 4.2 10 11.4
4~ 5 : 71 7.5 (S 6.8 | 5 5.7
56 ) 26 2.6 14 11.9 7 8.0
6~ 7 o2 2.5 2 1.7 1 1.0
7=8 . 30 3.2 3 2.5 | (] 6.9
89 : 8 )8 3 2.5 2 2.3
9-10 591 6.3 1 o\ A\ | ko
10-11 4117 0.4 4 3.4 9 | 103
11-12 S | 08 1 0.8 1 1.0
12-13 4 0.4 3 2.5 2 2.3
14-15 17 1.8 2 )
15-16 4 0.4 2 | A 2 2.3
17-18 : e\ 8 | 103 1 0.8 2 2.3
IB-10 . A\ b\ v | BRI i ok 1 1.0
ROSB0 - 2 v \\ D2\ | 8 | 08 2 1.6 |
| |
940 117 /8t |
Duration long, but uncer-| l
T e LB N NN 7 | 20 21
Unknown . . ] 567 54 46
Diabetic gangrene . 50 0.8 | 4 2:1 10 6.9
|
Total deaths . .| 1764 i 195 164
|
Average duration (vears) . 3.3 | 4.3 5.1

. Expense in the collection of private diabetic records I hope is
justified, because only in this way are complete data about diabetics
available. They will become increasingly valuable as time goes
on hepause more and more will diabetics die after long duration and
growing mildness of the disease under diagnoses which will hide
the original disease. Such collections are valuable most of all to
the one who treats the patients and to the patients themselves.

! Morrison: Boston Med. and Surg. Jour., 1916, 175, 54,
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TasLe 75.—DuraTION OF L1FE 1v FATAL CAsEs oF DIABETES ARRANGED

iN DEcADES,
i | June, 1914, | March 16, 1922
Before [ to | to
June, 1914. March 16, 1922. | July 1, 1926,
Deentles of onset, years, ! |
Dura- Duri- | Dura-
No. of | tion, No.of | tion, | No. of tion,
CHBES, | YEArs. | Coses. | Years. | cases. | years
0-9 . S 25 1.2 47 2.7 | 16 2.7
10-19 . 39 2.9 69 3.3 48 | 2.9
2{]—30 g L N 80 3.9 162 53 114 6.9
40-59 RSN 6.9 216 8.1 344 8 4
G089 : . 50 4.5 103 8.1 1341 5.4
Total . o ==l BEE 4.8 597 6.0 656 7.0

The average inerease in duration of life of the diabetic today over
that of the Naunyn era is 2.2 years, or 45 per cent. But this does
not represent the true change in longevity, because it is the old,
not the young, diabetic who is dying. The proportionate number
of deaths in the early decades has greatly decreased. In the Naunyn
epoch the deaths of those with onset in the first decade constituted
7.5 per cent of the total number; in the present epoch they consti-
tute only 2.5 per cent. In the Naunyn epoch the deaths of those
with onset at over forty years were 57 per cent, they are now 73
per cent, In the Naunyn epoch the average age at death was 44.8
years, but in the Banting era 54.2 years. The average age of the
60 patients who died from among the 1138 treated during the year
ending July 1, 1926, was fifty-nine years.? This is ten years above
the average age at death of the citizens of Massachusetts and a year
above that of the expectation of life of the new-born child.

It is interesting to compare this advancing age at death with the
figures of the Metropolitan Life Insurance Company for their
industrial policyholders. Their life expectancy has risen nine
vears in the past thirteen years; that of my diabetics has risen
16 years in about the same period. The median age at death from
diabetes in the registration area of the United States was 57.1
vears in 1900 and 60.6 years in 1920. The corresponding figures

1 One case duration unknown, making total deaths, 657.

Foornore:—The figures in Tables 75, 76 and 79 differ slightly, first because in the
ecompilation of statisties new reports of old cases would be received after a table was
completed, dates of periods were sometimes changed from March to June, July, or
August for special reasons and finally in Table 79 for the first time in calculating
durations of life the midyear was employed rather than the actual number of years
and months. Thus in the Naunyn Epoch there were 61 cases who lived less than a
vear and their average duration was estimated as (.5 year.

£ §0.9 years for the fatal cases during the year ending July, 1927.
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for male diabetics were 57.4 and 59.5 years and for female diabetics
56.9 and 61.3 years respectively.!

In Table 76 the deaths and durations of the fatal cases in the
Banting era are given in detail by decades. The interval covered
by the deaths of the patients is slightly different from the Banting
group in Table 79. The table comprises 600 cases in contrast to
656 in Table 75. First of all one is struck by the small number of

TasLe 76.—DuraTion oF LiFe oF 600 Faran Cases, Avovsrt, 1922 ro AvcusT, 1926,

No. of Dhuration,
Decade. CASeS. Vears.
-9. . . . R 14 2.5
10-19 . . . ) snny Sk e 38 3.3
20-29 . . . o AR LTSS A 49 4.5
T o e T S 57 9.3
4049 . . . . . e e . 152 9.8
BOEBDY. . . . . TV oy N1 B.1
g6o-69 . . . . oy Yo e LN o 108, 5.8
=1 .. . . o iSO\ e e 27 4.0
Total MY AL SN RS S V=V N RN - |1 ! 7.4
TasLE 77.—Deorease 1IN Deatas Dunring Fist Yeagr oF tHE Disease.
Denths,
Massachusetts Total first yoar,
General Hospital. deaths.? per cent.
IR O IRO8 R L] . . | e 2 - 68
1598 to 1913 . - e B 21 41
1913 to 1917 . - L e 48
1922 to 1926 N /s X%
Boston.
1895t01913 . . . . . AN 9. | o/ i3
IS FOIBIS W\ A\ R . . . L A 27
JOIDEOIBES D\ \of 2 \ 0 v D T AN ]
Author's series,
RSO0 . LN o e e P, YOOH 18
1914 to 1922 . . . ., . . . . . . . . &08 9
1082103826 . . . SNy AN 7 800 5

cases in the early decades as compared with former periods. It is
misleading in this regard. It simply shows that the youthful
diabetic is living not dying. If the living cases for the first decade
could be included the duration would almost double. The peak of
duration 9.8 years is reached in the fifth decade and this is the
highest duration yet achieved by the average patient in any decade
of any series thus far.

A better idea of the future duration of the diabetics’ life is shown
by the living children. Among 435 cases there are 12 or 2.3 per cent,
3 dead and 9 living, who have survived diabetes more than a decade

1 17, 8. Census Mortality Rates, 1910-1920, p. 139.
* In the series of the Massachusetts General Hospital and City of Boston, the
duration of many cases was unknown, hence the comparatively small number.
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and no doubt exists about the aceuracy of the diagnosis of 10 of these
cases. The statment, therefore, is justified that with children even
with old methods there were between 1 and 2 per cent who lived
more than ten years. It so happens that this is about one-half the
percentage of adults who have lived over twenty years, namely,
161 cases in the first 5086 true diabetics (see p. 896) coming to
me for treatment. But the increase in duration of life of the child is
progressing far more rapidly than in the adult. Diabetes begins
so late in life that it is clear the old conceptions of its relations will
be reversed. Today the young diabetic will be the long-lived
diabetic, and the old diabetic will have the shorter duration.

The prolongation of life in my own series of cases is manifest
just as in the Boston series. Prior to June, 1914, my Naunyn
epoch, the average duration of life of 338 of my fatal cases was 4.7
vears; between June, 1914 and August, 1922, the Allen epoch, for
806 fatal cases it was 5.4 years; and from August, 1922, to July 1,
1926, the Banting epoch, for 656 fatal cases it has been 7.0 years.

The number of diabetic individuals who have lived in excess of
the space of years attained by my entire group of fatal cases is
considerable. Thus in seeking material for investigation of the
subject of arteriosclerosis in diabetics 934 cases, living or dead,
were found who had had the disease ten years or more up to July 1,
1926. (See p. 675.) ;

As a matter of historical interest Table 78, compiled in 1916,
is inserted, and, though not exactly comparable, somewhat similar
data compiled in 1926 are added to it. The new compilation is
made up of true diabetics, whereas in 1916, 10 per cent of the cases
may have been potential diabetics, renal glycosuries, and unclassi-
fied glycosurics.

Fro. 78.—Virar Sramstics oF Dmaseric PATIENTS ARRANGED ACCORDING TO
Periops WHEN Finst OnsERVED, IRRESPECTIVE OF PrEvious DURATION,
Dara CompiLep IN 1916 anp 19260,

1016.1 1926.2
Period Total Total

first CHSCS Per cases Per
observed. troced. Alive. cemnt. traced Alive.  cent,
1893-1900 . . . 17 1 6 17 0 0
1901-19056 . . . B6 12 14 7 3 4
1906-1910 . . . 2863 532 31 287 32 14
1911-1915 . . . B551 329 60 495 96 19

1915-1916* . . . 239 216 90
1916-1920 S f 878 331 38
1921-1925 . . . 2394 1797 75
1825-1926* . . . 870 531 a3
Total . . . 917 424 46 4100 2259 55

i Case Nos. 1 to 1208, of whom 1090, 90 per cent, were true diabetics.

* Case Nos. 1 to 5726, of whom 4869, 85 per cent, were true diabeties, and only
these true diabeties are included in this series.

' Not included in final average.
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Tasre 79.—Tue IncrEASING DuraTioN oF LiFe 1N Diaseres, Basen Urox Faran
Casgs ar Dirrerent Perions,

| Naunyn. Allen. [ Banting.
Duration. Chases., | Per cent. | Cuses. | Per cent.| Cases. | Per cent.
|
0-1 61 18.1 70 8.7 32 5.3
1- 2 a1 15.1 105 13.0 6l 10.2
2- 3 54 15.9 110 13.6 1] 10.0
3-4 31 9.2 92 11.4 60 10.0
4= 5 22 6.5 70 8.7 85 9.0
5 6 21 6.2 49 6.1 31 5.0
6 7 12 3.6 41 5.1 23 3.8
-8 10 2.9 48 6.0 34 8.7
59 12 3.5 42 5.2 28 4.7
9-10 13 3.8 22 2.7 28 4.7
10-11 ] 2.4 24 3.0 20 4.3
11-12 12 3.5 18 2.2 29 4.8
12-13 9 2.7 26 3.2 2 3.7
13-14 5 1.5 12 1.6 19 3.2
14-15 1 0.3 12 1.5 17 2.8
15-16 (&) 1.8 12 1.5 16 2.7
16-17 4 2 0.6 16 2.0 13 2.2
17-18 i 2 0.6 2 D.2 13 2.2
18-19 - 2 0.6 3 0.4 7 1.2
19-20 : IE et 6 0.8 5 0.8
20 on 1 1.2 26 3.2 | 22 3 4
Totals : _ 338 806 | 600 |

Average duration (vears) . 4.7 5.4 ’ 7.7

Average age at death, 339 cases, 44.8 | 607 enses, 54.2.

The detailed duration of life of my 1744 fatal cases arranged in
suceessive periods is shown in Table 79. The decrease in mortality
during the first, second and third years of the disease of these cases
for successive epochs is definite. Particularly encouraging is the
fall in mortality in the first year from 18.1 per cent in the Naunyn
epoch to 5.3 per cent in the Banting epoch. But the table discloses
the grim fact that even since the introduction of insulin every other
diabetic has died before the fifth year of his disease was completed.
However, 12.8 per cent live over fifteen years in contrast to 4.8
per cent in the Naunyn period. Finally the table teaches that
today’s problem is to learn to treat the diabetic who has already
lived for more than five years.

The treatment of diabetes in the past has been largely concerned
with the problem of diabetes, but more and more in the future the
physician will have the privilege of dealing with a highly trained
patient anxious to avoid not only the unpleasant sequele of his
disease but all the ills to which flesh is heir. Diabetes is a good
disease and the treatment of it is broadening for the physician.
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H. THE CURABILITY OF DIABETES.

The course of diabetes occasionally ceases during the lifetime of
an individual. Both Naunyn and von Noorden believe that a
diabetic patient may recover. I am unwilling to state that any
of my patients have been cured. Harrison' is fully as conservative
and even goes so far as to deny even a partial remission of the
disease, but with this I cannot agree. Many patients, 50 or more
of my series, say they are cured, but by that they mean they are in
good health. They forget they are living on a partially restricted
diet. It will be desirable after investigation to report such cases,
because there are already a large number. One must remember
that diabetes is at times temporarily latent. The term “arrested”
instead of “cured” has found general acceptance in the literature
of tuberculosis, and it is equally appropriate in diabetes. It is
better for the present to take the conservative standpoint and be
very slow to report cured or even arrested cases. One is constantly
being told of patients who have been “cured,” of which proof does
not exist. It should be remembered that a sugar-free urine and a
normal blood sugar do not constitute a cure; both should be normal
for years.

One of my friends, who reported the disappearance of diabetes
in certain cases, will publish a sequel to his former article in order
“to show how little one can bank on a temporary condition. ‘Once
a diabetic, always a diabetie,” I believe is the best rule to stick to no
matter how much improvement.”

Carrasco Formiguera® mentions the son of a diabetic who showed
sugar during an infection with a furunculosis. Under serupulous
treatment and a free diet, save actual sugar, he remained free from
hyperglycemia or glycosuria. My fat carbuncle patient, Case
No. 5872, has done almost as well. This is the type of case which
should be watched for a decade. Why should we not demand, as
in cancer, a ten-year period of freedom from symptoms before we
say “cured?”

The duration of the disease was fifteen or more years in 1917 with
62 cases, or 6 per cent of the then total number, and now in 1927
there are 51 patients, or 1.0 per cent of the total, who have lived
over twenty-five years. Yet few, if any, of these long living dia-
betics are cured, though perhaps 39.6 per cent, according to A. A.
Hornor who has studied the protocols for me, may be considered
controlled. Even if the disease has subsided so far as glycosuria

! Harrison: Quuart, Jour. Med., 1926, 19, 223, }
? Carraseo Formiguera: Footnote, Joslin: Tratamiento de la Diabetes Sacarina,
Montaner y Simon, Barcelona, 1925, p. 154.
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and hyperglycemia are concerned, its complications remain in most
instances. 1 was disappointed to find no actual cure among the
75 cases of hyperthyroidism associated with diabetes.

Innocent Diabetes.—Brugsch,! and more recently Holst,® have
described benign glycosuria in diabetic families. Holst means
by this term, alimentary glycosuria and renal glycosuria. This is
in a way depressing, because it implies that the benign and malign
glyveosurias are branches of the same tree. I have always suspected
this, indeed feared it for my own patients whom I have described
as ‘“‘unclassified” glycosurias, potential diabetics, and renal gly-
cosurics, but as yet have not proved it. Time will tell, but at
present my data only allow the statements recorded on pages 549,
551 and 552. Holst is to be congratulated upon the length of time
his cases of benign glycosuria were under observation before he
reported them as such.

" Campbell® reports cases of so-called innocent diabetes. I take
it that this group corresponds elosely with the group which I call
for safety’s sake potential diabetes. John' has also written upon
the spontaneous disappearance of diabetes. Von Noorden® says:
“Almost every diabetes starts as alimentary glycosuria. Alimen-
tary glycosuria is always a sign of real diabetes.” T do not consider
any diabetes innocent.

Many of these I suppose resemble my Case No. 1686, who between
August, 1921, and March, 1926, was free from glycosuria upon 19
examinations, and none of the 19 blood-sugar tests rose above
0.15 per cent, usually being considerably lower. Diet was then
relaxed and glycosuria returned to the extent of 0.1 and 0.5 per
cent with hyperglycemia of 0.22 and 0.24 per cent at one hour and
one and a half hour after meals, respectively.

Recovery is possible in three types of cases as described by Allen:

1. Acute Diabetes Arising from Curable Causes.—It is quite
possible that diabetes which has followed trauma might subside,
either with or without operation. Recognizing the hyperglycemia
which occurs in the course of infectious diseases, it is easy to under-
stand that in a few cases glycosuria may develop, last several
days, and after recovery from the infectious disease may disappear.
Schmitz’s remarkable case, already described on p. 146, might
come under this heading and 1 hope Case No. 203, p. 188, will
prove to be of this type. See also Case No. 1139, p. 165, who
resembles very closely the patient of Schmitz. I consider Case

! Brugsch: Ztschr. f. artzl. Fortbildung, 1924, 21, 586,

* Holst: Arch. Int. Med., 1926, 38, 279.

! Campbell: Jour. Am. Med. Assn., 1924, 82, 1990,

4 John: Jour. Am. Med. Assn., 1925, 85, 1629; Med. Jour. and Rec., 1925, 122
(Supp.), 739.

¥ Von Noorden: Jour. Am, Med. Assn., 1923, 80, 968,
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No. 1139 about the best case of this type which I have seen,
Undoubtedly more cases of this nature will appear as time goes
on because of the frequency of urinary examinations during the
infectious diseases of childhood. In fact so many of these began
to appear in my records that it necessitated the reclassification of
the entire number for this fourth edition,

Local infections in the neighborhood of the pancreatic gland,
for instance those accompanying pancreatitis and gall stones,
might give rise to a temporary diabetes. Thus Case No. 18,
first seen by me in 1900, was treated for diabetes for years by my
friend, Dr. Pfaff, and lived conscientiously upon a diet. After
an interval of fifteen years, I saw her again and found the urine
free from sugar, and it remained so until her death in 1922, save when
her gall stones were removed in 1919.

Syphilis might be expected to furnish cases of diabetes with
recovery, but no clear-cut case of this kind has developed in my’
series. (See p. 753.)

2. Exceptional Cases in Childhood.—A considerable number
of cases of mild or temporary diabetes in children is beginning to
appear in the literature, just as in my records. It is not easy to
decide whether diabetes originally existed. (See Riesman, already
cited, p. 146.) Case No. 203 of my series is instructive. This
little boy first showed sugar at the age of seven, in 1908, although
symptoms were present the preceding year. His mother has
diabetes and is Case No. 155 having come for consultation in 1907,
He was promptly put upon a careful diet by his mother and phy-
sician, Dr. Warren White, of Roxbury, Massachusetts, and has
remained sugar-free during the subsequent nineteen years. He was
very faithful to his diet and remains in good condition, By advice
he is purposely keeping a trifle underweight, eating a normal diet
save for less sugar. When his mother had had diabetes sixteen
years, she “would not touch sugar any more than she would poison.”
Due to her faithfulness she is still living happily in 1927,

Von Noorden reports a striking case of a boy, aged seven years,
who, on a strict diet, constantly excreted 20 to 30 grams of sugar
and considerable quantities of acetone bodies. He became sugar-
free only with the help of oatmeal and vegetable days. He remained
on this restricted diet for some years and at the age of twelve years
was again seen by von Noorden, when he was in perfect health,
eating an ordinary diet without a trace of glycosuria.

3. Diabetes Associated With Organic Diseases.—This group
is subdivided by Allen into (1) those cases with nervous disorders,
such as the cases deseribed by Naunyn in association with tabes;
(2) cancer involving the pancreas which may be followed by the
disappearance of sugar. No instance of this kind has occurred
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in my practice, though it is readily understood through the develop-
ment of undernutrition in the patient (see p. 751); (3) neither has
cirrhosis of the liver been observed to replace diabetes, such as
Claude Bernard and Lepine deseribe;! (4) on the other hand, with the
development of severe nephritis, diabetes has ceased in a few cases,
notably Case No. 354. In Cases Nos. 457 and 872 it developed;
(5) the fifth group mentioned by Allen is tuberculosis. Naunyn
and many other writers have observed the subsidence and dis-
appearance of the disease following tuberculous infection. In
Case No. 344 of my series (see p. 748) the severest degree of
diabetes, as shown by the urinary amnalyses for December 25-26,
1911, changed its character entirely, as proved by the urinary
reports of March 17-18, 1912, During the interval pulmonary
tuberculosis broke out and advanced rapidly. Weight decreased
from 147 pounds to the neighborhood of 80 pounds, and the patient
died without acidosis. Many diabetics are cachectic at the time
of death, but this condition has by no means modified the disease.
On the other hand, when cachexia, due to a cause other than dia-
betes, occurs in a diabetic, it may be responsible for improvement
m the diabetes.

! See a forthcoming article by Dr. James Bordley upon this question.
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SECTION IV.
PHYSIOLOGY AND PATHOLOGY.

A. BLOOD SUGAR.

1. The Blood Sugar in Health and Diabetes.—The blood sugar
of normal individuals fasting, 7. e., before breakfast, is most fre-
quently 0.10 per cent. It varies from about 0.08 per cent to 0.11
per cent and it may vary in the same individual at different times.!
Reports upon percentages of sugar in the blood also vary in accord-
ance with the method employed. The Folin-Wu method gives
results which are lower than the Benedict method, which in turn is
higher than the Bang or Hagedorn methods.

Normal values for the blood sugar according to various methods
are shown in Table 80, and in Table 81 are recorded estimations of
the percentage of sugar in three specimens of blood by four different

methods,

Tanrue 80.—THE Broop Svear., Normar Vanves AccorpinGg 1o IMFFERENT

METHODS.
Per cent,
Bertrand method . . s ? 0.07 -0.11
Hagerdorn and Jensen : 0.09 —0.11
Bang-Hatlehol 3 0,09 -0.11
Folin-Wu . . . . 0,085-0.111*
Shaffer-Hartman : 0,09 -0.11
Lewis-Benedict . Ry 0.096-0, 1252
Myers-Bailey S 3 0,083-0.122¢

TasLe 81.—Comparamive PERCENTAGES OF SUGAR IN THE BLoop Accorping TO
METHOD OF ANALYSIS.?

Per cent glucose.

Method. 1 2 3
Bang 0.097 0.118 0.145
Titrimetric
Hagedorn . 0,001 0,124 0. 159
Benediet 0.118 0.151 0.198
Colorimetrie
Folin . . D.105 0.121 0.188

Stammers:  Phys. Reviews, 1926, 6, 630,
Byrd: Jour. Lab. and Clin. Med., 1927, 12, 600,
Hést and Hatlehol: Jour. Biol. Chem., 1920, 42, 347,
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On account of these differences in percentage of the blood sugar
with various methods I believe it unwise to cumber clinical statistics
with records to the third decimal place.

Blood-sugar values as reported by European observers are quite
generally lower than the values obtained by the usual methods
employed in the United States. The original Benedict pierie
acid method is now seldom employed. It gives the highest results
and pure picric acid is difficult to obtain, although Dr. Benedict
writes me that dependable results can be obtained if the acidity
of the precipitating solution is carefully adjusted. It is generally
conceded that nearly all the methods routinely used for blood-
sugar determinations yield figures which are definitely too high
for the true glucose content of the blood. The new Folin' copper
method is probably the most accurate so far available as indicating
true glucose content but it is as yet not simple enough for routine
use.
Agreement has not been reached as to the nature of the sugar in
the blood. Folin and Svedberg® have recently produced evidence
to show that the blood contains a fermentable sugar in addition to
glucose. It is most abundant in diabeties with high blood sugar.
The existence of sugar in the blood in the form of y-glucose® has
not received general support, and neo-glucose has had the same
fate

In diabetes the percentage of sugar in the blood is increased.
Adequate data for the fasting blood sugar in diabetics are not
available, because nearly all patients have undergone more or less
treatment when they come for examination. With 722 diabetics
examined in my office or at the hospital, the average percentage
of sugar in the blood fasting was 0.21 per cent, and with 619 dia-
betics at varying times of the day, not fasting, the average was
0.19 per cent.* Under treatment the blood sugar may fall to below
normal,’ reaching as low a value as 0.017 per cent (Herman?) shortly
before death. During an insulin reaction in a child Millard Smith®
noted the complete disappearance of sugar from the blood and yet
recovery took place. He states that all precautions were taken to
check the Folin-Wu reagents employed. In a few cases fasting values
are obtained above 0.40 per cent. There were 6 such in my series
among (94 successive diabetics upon first coming for treatment.

I Folin: Jour. Biol. Chem., 1926, 87, 357.

# Folin and Svedberg: Jour. Biol. Chem., 1026, 70, 405.
* Winter and Smith: Jour. Physiol., 1923, 57, 100,

+ Krogh: Jour. Biol. Chem., 1927, 74, 303.

" Gray: Med. Clin. of North America, 1923, T, 675,

¢ Joslin: Med. Clin. of North America, 1921, 4, 1723,

7 Herman: Personal communication. See p. 219,

® Smith: Boston Med. and Surg. Jour., 1926, 195, 663.
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As a rule, such cases are on the verge of coma, complicated with
nephritis, or, as in Case No. 1015, associated with suppression
of urine. (See p. 213.) Argy reports a value of 1.71 per cent in
coma (see p. 651) while those of my Cases No. 1015, fatal, and 4099,
recovery, were 1.49 per cent and 1.62 per cent respectively. Rabino-
witch writes me he has just had a case with blood sugar 1.42 per cent.
John in a series of 1000 cases of diabetes found the highest percentage
of blood sugar upon admission to the hospital to be 0.908 per cent.
These are the highest values I have seen either in my own cases or
in the literature. | cannot agree with Petrén who considers the
case severe when the percentage of sugar in the blood is above (.24
per cent. Thus, in an analysis of 2000 cases of diabetes on admis-
sion to treatment, John' found 55 per cent of the patients with a
blood sugar of 0.25 per cent or over, and in my series of 694 consecu-
tive cases there were 5(f per cent above 0.20 per cent. (See p. 224.)

A high blood-sugar value does not necessarily mean that the
patient will he better off if it is reduced promptly to normal.
Such a procedure might be as undesirable as to lower a blood-pres-
sure of 200 or over to normal in the same space of time. Who
would really wish to attempt it? The depancreatized dogs live
very comfortably with a high blood sugar.?

The plasma gives slightly higher figures than the whole blood.
Thus far all of our analyses have been with the whole blood.

It is easier to state what constitutes a normal blood sugar than
to specify how abnormal a blood sugar must be to prove the presence
of diabetes. My personal classification of diabetes in so far as it is
dependent upon the blood sugar is based upon a fasting blood sugar
of 0.14 per cent or over and a blood sugar of 0.17 per cent or over
after food. A potential diabetic would find a place between these
and the normal values. In the diagnosis of diabetes and thyroid
disease I raised the values, in order to exclude a multitude of cases,
to 0.17 per cent fasting and 0.20 per cent after operation. With
such boundary lines there are enough diabetics to treat.

(a) Sugar in Plasma and Corpuscles.—It is only recently that a
decided difference has been found between the amount of sugar in the
plasma and corpuscles., As late as 1922 Folin and Berglund® wrote
that “no serious error is involved in the use of the whole blood for
analysis” and Hansen? found the percentage the same in 93 per cent
of normal individuals. Higler and Ueberrack,® however, were

! Bee John: Arch. Int. Med., 1927, 39, 67, but the figures in the text are from a
later personal communication,

* Macleod: Carhohydrate Metabolism and Insulin, Longmans, Green & Co.,
Ltd., New York, 1996, p. 8.

* Folin and Berglund: Jour. Biol. Chem., 1922, 51, 213.

‘ Hansen: Acta. Med. Seand., Suppl., 1023, 4, 1.

" Hégler and Ucberrack: Bioch. Ztschr., 1925, 1566, 123,

13
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convinced that the sugar in the plasma was always higher than in
the whole blood and in consequence the sugar of the corpuscles
must be less.

When changes are taking place in the blood sugar the plasma
responds more quickly than the corpuscles, so that if the whole
blood sugar is increasing there is a lag in the diffusion of glucose
into the cells and as a result the major portion of the glucose is in
the plasma, and when the whole blood sugar is decreasing the plasma
contains less sugar than the cells. The action of insulin affords an
opportunity to observe rapid changes in the blood sugar and Foshay!
was able not only to demonstrate the above phenomenon, but also
to show that insulin causes a reduction in the quantity of glucose in
the erythrocytes of the dog and man which is disproportionate to
the reduction in the whole blood, He ascribes this as the reason
why insulin reactions have been observed with a normal or increased
percentage of blood sugar, such as John® has described. Foshay
ascribes an insulin reaction not to hypoglycemia per se, but to a
cytoglyeopenia—a status of glucose impoverishment within the cell.

In a case published by Dr. Foshay an insulin reaction was pre-
dicted when the whole blood sugar was 0.197 per cent, the plasma
sugar 0.220 per cent, but the blood sugar in the cells 0.036 per cent.
The reaction really took place six hours later, but by that time the
whole blood sugar had fallen below normal. Foshay's results have
not been confirmed by Trimble and Maddock® working in Folin's
laboratory.

(b) Sugar in Tissues.— Insulin has promoted a study of sugar in the
tissues. Following an injection of insulin into an animal, Eadie,
Macleod, and Noble* observed a disappearance of glucose from the
fixed tissue cells, A new difficulty, however, has arisen in the inter-
pretation of analyses of sugar in the blood and tissues owing to the
refinement of methods. The new reagents for sugar in the blood are
more specific for glucose and give lower values for sugar in the blood,
but these reagents are especially sensitive to interfering substances.
These newer methods for sugar in the blood may lead to the revision
downward of the values for sugar in the tissues which Palmer®
found. Sugar and inorganic phosphate curves vary more or less
together in blood under the effect of insulin, but less importance is
attached to this phenomenon than formerly?.

Through the courtesy of Dr. H. C. Trimble of the Harvard Medi-
cal School I am enabled to give a series of analyses made simul-

! Foshay: Am. Jour. Physiol., 1925, 73, 470; Arch. Int. Med., 1027, 40, 661.

t Johm: Jour. Lab. and Clin. Med., 1926, 11, 548.

i Personal communication, March, 1928,

4 Eadie, Macleod, and Noble: Am. Jour. Physiol,, 1925, 72, 614.

» Palmer: Jour, Biol. Chem., 1917, 30, 79.
¢ Best, Hoet, and Marks: Proe. Royal Soe., 1926, B, 100, 32.
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taneously of the sugar in the blood, skin, and muscle of a dog before
and one-half hour after intravenous injection of glucose.

TaprLe 82.—Svcar Varves Berore aNp OxE-HALF Houn AFTER INTRAVENOUS
Inaecrion oF Guucose nTo A Doa. (H. C. Tmimpre.)

‘ Skin, free sugar per Muscle, free sugar
Blood per 100 co. 100 cc. | per 100 gm.
Before | After . _
injection. injection. | Before. After. Before. After.
] 1 I 5
78 412 a4 390 12 1541 |, 4 ;!
101 | sl | a4 101 &4 !}Qf 3 gm. glucose per kilo.
95 360 69 2714 | 55 89 2 gm. glucose per kilo.

Sugar in the blood, according to Dr. Trimble’s analyses is invari-
ably higher than in the skin or museles irrespective of whether the
percentage in the blood is as low as 95 mg. per 100 cc., or as high as
464 mg. Before the injection of glucose with one exception the
sugar in the skin was higher than in the muscle, and it was invari-
ably higher after the injections. The sugar in the skin, therefore,
corresponds far more closely to that in the blood than does that in
the muscles. Some very recent work by Mendel and Arnold' at
Yale shows that the blood serum and the lymph serum under
normal conditions have almost the same concentration of sugar
(as well as of phosphorus, caleium, chlorides, ete.)). Under such
abnormalities as administration of insulin and of glucose given
intraperitoneally, the lymph has a slightly higher sugar concentra-
tion than the blood serum. Sugar was estimated by the Lewis
and Benedict method and the results may be higher than the truth
in either or both fluids. But as it stands it supports the idea of
ready and rapid passage of diffusible substances between blood and
lymph and probably the tissues.

If the sugar is increased in the skin of diabetics, this may be one
reason why (ump]i{atinm are common in the skin in contrast to
their relative absence in the deeper tissues, which appear to have
better and indeed excellent recuperative power.

Gratefully also I acknowledge the kindness of Dr. W. Thalhimer
who has allowed me to record his analyses of the sugar in the blood
and muscle of rabbits. They, too, show the lower percentage of
sugar in the tissues than in the blood.

Sugar in the sweat has been investigated by Usher and Rabino-
witch? and found demonstrable in healthy indiv iduals and increased
in patients with eczema.

! Mendel and Arnold: Jour. Biol. Chem., 1927, 72, 189.
* Usher and Rabinowitch: Arch. Dermat. and Syphilol., 1927, 18, 706.
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(¢) Sugar in Venous and Arterial Blood.—Normally the blood sugar
is higher in arterial blood than in venous blood and this indicates
utilization of carbohydrates by the tissues. Rabinowitch! feels
that severe diabetes is indicated when the fasting blood sugar in
venous blood is higher than that in the arteries. Frank, Nothmann,
and Wagner® found that insulin caused sugar in the vein to sink
below that in the artery. Rabinowitch?® has studied the blood sugar
in arterial and venous blood under insulin and finds, too, that
insulin lowers the venous blood sugar. His variations, however,
are so slight that it is hard to consider them convincing.

Tavrr 83.—THE PERCENTAGE OF SUGAR IN THE BLoob AND MUSCLE oF A RABRIT,
W. THAauHIMER.

: Sugnr determinations, per cent
Time from death —_—

Rabbit to removal musele, Folin. Benediot, Insulin,
Blood. .. . . : A 0. 1550
Left leg . 5 5 minutes 0.0766 0.0727
Right leg : 5 i 0. 0660 0.0714
Blood . . Vil 0.1176
Left leg . ; 4 minutes 0.0571 0.0526
Blood . . S R A 0.1333
Left leg . . .. 5 minutes 0.0570 0.0573
Left leg &/ &L/ 5 2 0. 0690 0. 0650
Rightleg . . . . 9 4 0. 0670 0.0650
Blood: = 5 Ay & o o AT 0.1315
Blood: . @ .= 1 RT3 0,1522
Leftleg . . . . . 4 minutes 0. 0686
Blood . . S Sl 0. 1694 AN A 2 units.
“ 0.5 hour . 3 B N Da101ST il 3 units.
LR o1 B 14 =y OUORAR: ety 5 units.
2.5 . 1 0.0619
35 " o\ L 0.0637
4.5 * VL oy Q2000 /AL ik v 10 units.
I T S 0.0452 :
s | o 2D M T 004009 AT AT Killed.
Left leg . .5 minutes 0. 0760 0. 0662
Right leg 7 ¥ 00695 0.0540

2. Sugar Absorption and Glycogen Formation.—In health the
sugar in the blood rises slightly after a meal, but soon returns to the
normal level. It has been known for yvears that with the disappear-
ance of the excess of sugar from the blood the glycogen in the liver
increased, but although long suspected it has only recently been
proved that the glycogen in the muscles increased as well. Best!
showed that in a perfused muscle all the sugar which disappeared
from the blood was either stored as glycogen or oxidized. Like-
wise, Coori and Cori® demonstrated that 90 per cent of the sugar

' Rabinowitch: Brit, Jour. Exp. Path,, 1927, 8, 76,

¢ Frank, Nothmann and Wagner: Klin. Wehnschr., 1924, 3, 5581, 1404, Frank:
Prac. 'F}lt-rzlj_rit' des Diabetes Mellitus, Leipsig, 1927.

i Rabinowitch: Brit. Jour. Exp. Path., 1927, 8, 302,

+ Best: Ann. Clin, Med., 1927, 5, 1081.

b Cori and Cori:  Jour. Biol. Chem., 19268, T0, 557.
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which disappeared could be accounted for by glucose oxidation and
by deposition of glycogen in the liver and muscles. In normal
animals for 100 parts sugar, 38 parts were oxidized, 36 deposited
as glycogen in the muscles, and 16 in the liver as glyeogen. In
insulinized animals 50 parts were oxidized, 38 parts deposited as gly-
cogen in the muscles and 4 parts in the liver. Carbohydrate also
exists in the muscles as sugar, but this can be looked upon more as
active carbohydrate than as the more permanent, passive carbo-
hydrate, glycogen.

Rabinowitch! has been able to find evidence to support the view
that the first effect of insulin is to enable storage or conversion of
glucose into glyeogen and that glycogen formation is a necessary
preliminary to oxidation of carbohydrates.

Burn and Dale demonstrated in 1924 that “during a period of
forty minutes before insulin, the rate of disappearance of sugar in
milligrams per hour was 369, whereas during four consecutive
twenty-minute periods following it, the figures were 1704, 1026,
1392, 1452 respectively.'™

Cori, Pucher, and Bowen?® proved that insulin increases the intake
of sugar by the muscles by measuring the sugar in the arterial
and venous blood. It is now demonstrated that insulin accelerates
the rate at which the muscles absorb the sugar from the blood
stream, and this has also been demonstrated for the organs as well.
Lactic acid does not increase sufficiently after the use of insulin to
explain the disappearance of the sugar.

When the blood sugar has been lowered by insulin, its percentage
is scarcely changed when large quantities of glucose (2 grams per
kilogram body weight) are injected into rabbits, although in normal
rabbits marked hyperglycemia would have been caused.

Levulose in diabetic animals forms glycogen and is metabolized
more readily than is glucose and also raises the respiratory quotient
which glucose does not.

An explanation of the overflow of sugar from the blood into the
urine was given by Folin and Berglund.* “The kidneys receive their
quota of sugar just as do the other tissues, and this increase of sugar
does not involve the slightest degree of strain. The strain comes
only when the holding capacity for free sugar is reached and when the
glycogen formation must come into play to keep the sugar concen-
tration within normal limits. The speed of glycogen formation is of
amuch lower order than is the earlier process of merely absorbing the
sugar from the blood. At this stage, therefore, the sugar backs up in
the blood and the holding capacity of some tissues including the kid-

' Rabinowitch: Brit. Jour. Exp. Path., 16927, 8, 302.

? Macleod: Loe. cit., p. 301.

* Cori, Pucher, and Bowen: Proo. Soc. Expt. Biol. and Med., 1923, 21, 122,
4 Folin and Berglund: Jour. Biol. Chem., 1822, 51, 213
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neys is exceeded. As a result of the strain thus produced the kidneys
are finally compelled to make use of a more efficient process than the
glycogen formation for reducing the sugar concentration in the
kidney cells, and the elimination of sugar suddenly begins. That a
real local strain has preceded the escape of the sugar is indicated
by the fact that the sugar excretion once begun does not stop as
soon as the blood sugar has fallen below the threshold, but, in fact,
continues until the level of the blood sugar has gone away down,
even to subfasting values (hypoglycemia).!

“Normally there is neither fructose nor galactose in the tissues,
and within this enormous empty reservoir the galactose disappears
as readily as does fructose and more readily than glucose. With
respect to absorption and distribution galactose and fructose are
alike. As far as excretion is concerned, the difference between the
two is not even of a quantitative character. One is, the other is not
excreted. Such a qualitative difference in the matter of excretion
cannot very well depend on quantitative differences in the speed
with which the two sugars are transformed into glycogen. The
sugar excretion observed after very small doses of galactose clearly
points to the absence of a renal threshold for galactose. In the
absence of such a threshold galactose will continue to be excreted
as long as there is any galactose in the tissues, for a little of it will
constantly leak back into the blood. The excretion would be like
that of absorbed dextrin exeept for the fact that even galactose is
gradually converted into glycogen thus diminishing and finally
exhausting the supply of galactose.”

3. The Glucose Threshold.—The glucose threshold, or renal
threshold, that is the percentage level of sugar in the blood above
which sugar appears in the urine, has been carefully studied.
Reliance should never be placed on a single examination, because
of the transient hyperglycemia caused by emotion,® and because of
the possible influence of the previous diet. The normal glucose
threshold level lies between .16 and 0.18 per cent sugar for whole
blood and somewhat higher, about 0.19 per cent, for the plasma.
These figures correspond to the highest normal level for the glucose
threshold, because lower levels are frequently obtained and these
lower levels eventually verge into renal glycosuria® It also makes
a difference in such determinations as to whether the threshold is
determined on the basis of a rising or a descending curve of sugar
concentration in the blood. The two may be quite different.
Thus, Goto and Kuno,* and also Hatlehol® observed that the sugar

! Folin and Berglund; Loc. cit., p. 213,
¢ Teinblatt: Jour. Lab. Clin. Med,, 1923, 8, 500.
! Folin and Berglund: Jour. Biol. Chem., 1922, 51, 213,

+ Goto and Kuno: Arch. Int. med,, 1921, 27, 224.
i Hatlehol: Acta Med. Scand,, 1924, supplement 8, 1.
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elimination began at 0.15 per cent of sugar in the plasma but
continued until the sugar in the plasma dropped to 0.06 per cent.
Also the level of the blood sugar is not the same in venous and
arterial blood, according to Henriques and Ege,' though the blood
sugar in venous and capillary blood are said to be the same. The
threshold is characteristic for the individual according to John? and
may be low or high and in untreated diabetics changes. In a
personal communication John cites in support of this view the
independence of insulin reactions to the blnacl sugar percentage.
Hatlehol® claims the threshold does not rise with the age of the
patient or with the duration of the disease. My cases show little
change of percentage of blood sugar, but I cannot speak for the
threshold.

A levulose threshold, similar to the glucose threshold, appears
probable from the researches of Folin and Berglund,* but for galac-
tose or lactose they find no such threshold exists.

“The tissues of the diabetic person should contain much higher
concentrations of glucose than tissues of normal persons, and this
is the immediate reason why the blood sugar rises so high after the
intake of glucose in any form. The high concentration of glucose in
the tissues would probably have little or no effect on their absorp-
tion of fructose. From the giving of fructose we should, therefore,
get a much higher concentration of total sugar (glucose plus fructose)
in the tissues without any material increase in the sugar of the
blood."®

The concept comprised in the term “glucose threshold” is not
only approximately true, but absolutely correct, however uncertain
the exact figures given for the threshold may be. This appears
proved, because even as much as 200 grams of glucose failed to
yield a trace of sugar in the urines of normal individuals studied
by Folin and Berglund, and was also without effect on the sugar
excretion comprised in the term glycuresis. “Hyperglycemia
definitely below the threshold does not normally produce the slight-
est leakage of glucose through the kidneys and normally not a trace
of absorbed and circulating glucose is lost.”” To this conclusion
Benedict and Osterberg® do not agree, basing their opinion largely
on a different interpretation of the experiments of the writers
quoted.

4. Alimentary Glycosuria and Hyperglycemia.—From the pre-
ceding paragraph it is evident that the views of the leaders in the

! Henriques and Ege: Biochem. Ztschr., 1921, 119, 121.

* John: Jour. Metab. Research, 1622, 1, 1.

4 Hatlehol: Acta Med. Seand., 1924, supplement 8, 1.
 Folin and Berglund: Jour. Biol. Chem., 1922, 51, 213.

% Folin and Berglund: Loe. cit., p. 213.

¢ Benedict and Osterberg: Jour. Biol. Chem., 1923 55, 7G9.
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chemistry of the blood sugar are at variance upon this topic. If
it exists at all it is of so slight a degree as not to lead to confusion
with actual diabetes. “The term alimentary glycosuria has been
used to express the fact that some apparently normal persons
eliminate moderate quantities of sugar after the ingestion of cane-
sugar, glucose, or even after starch.” The term alimentary gly-
cosuria is a misnomer, according to Folin and Berglund. “The
sugar is excreted either because the level of the blood sugar has
risen above the normal threshold or because the threshold itself
is below the normal, as in renal glycosuria. There can be no doubt
as to the existence of some mechanism by which the excretion of
glucose is normally absolutely prevented.”t However, the fact
remains that Holst? found glycosuria developed after carbohydrate
meals in 31 of 159 individuals. He used the Benedict test.
Alimentary Hyperglycemia.—Alimentary hyperglycemia occurs
one-half hour after a meal and frequently does not return to the
normal in two hours.® Brill’ found a fall in the blood sugar one and
a half hours after breakfast, but after lunch there was a rise. A
meal of fat and protein only may produce a rise in blood sugar.
5. Food Tolerance Tests.— I'ood tolerance tests and particularly
glucose tolerance tests are often fallacious. They are being more
and more employed as a rapid method for the detection and diagno-
sis of diabetes, but the results may be as unfair to the patient as
to the doctor or insurance company. The previous diet of the sub-
ject is a definite factor. Odin found that if an individual lived upon
a rigid, low-carbohydrate diet for some weeks and a liberal carbo-
hydrate meal was then taken, hyperglycemia developed to such an
extent that a diagnosis of diabetes would be warranted. For years
I have been using (empirically at the commencement of treatment)
test diets which contained a considerable quantity of carbohydrate
with a small amount of protein and fat, because I recognized that
after once lowering the carbohydrate in the diet of a patient it was
difficult to raise it again. I have followed this plan especially with
children and with cases seen soon after the onset of diabetes. Scien-
tifically now there is justification for such a course, because it is
recognized that if carbohydrate is withheld long the insulin secreting
function of the pancreas falls in abeyance. Hence the diabetic
insurance applicant who thinks he will elude the company’s doctor
by living on a restricted carbohydrate but liberal protein-fat diet
is defeating his own ends. Clinically 1 have always found it easier

! Folin and Berglund: Loe. cit., p. 164.

t Holst: Ztschr. f. Klin. Med., 1022, 95, 394.

3 Sakaguchi, Matsuyama, and Watanabe: Jour. Biol. Chem., Tokyo, 1922, 1, 371.
¢ Brill: Jour. Lab. Clin, Med., 1923, 8, 727.

& Petrén: Arch. Exp. Path. u. Pharm., 1923, 99, 52.
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to get good results with an untreated diabetic than with one who has
been rigidly dieted. This phenomenon is by no means new, but
it has recently been emphasized by Odin,® Malmros,? Stenstrom,?
Adlersherg and Porges,* and most recently of all by Sweeney® who
shows that glucose tolerance curves are postponed in dehydrated
animals, that there is a definite decrease in tolerance after a fat
diet and starvation, a slight decrease in tolerance on a protein diet,
but an increase in tolerance on a carbohydrate diet.

Personally I believe the fairest way in which to determine whether
a patient has diabetes is to make the examination without previous
notice after a dinner of meat, potato, three slices of bread, and apple
pie, with coffee and sugar. Practically every meal is a sugar-
tolerance test. The urine should be free from sugar before, at one
hour, and at one hour and a half or two hours after the meal. It
can be tested immediately, and if sugar-free the evidence is probably
about 99.9 per cent correct that the patient has not diabetes, but
to be 100 per cent, simultaneous tests for sugar in blood and urine
should be performed, and these will disclose renal glyecosuries and
may disclose potential diabetics.

TavLe 84, —Foop Test, Case No, 3839, Marcu 15, 1927,

Urine sugar, Blood sugar,
Time, per eent. per cent.
Four hours after breakfast . . . . . . . 0.1 0,10
Lunch: Baked beans, potato, 1} rolls, apple pie,
ice eream
One hourafterlunch . . . . . . . . . trace 0.23
One and a half hours after lunch . | ¢ . 8.0 0.27

Although glucose tolerance tests are widely used, clinicians vary
greatly in their interpretations of them. Some depend most on the
height of the curve secured, others on the length of it, others on both.
The last attitude is undoubtedly safest if one is to rely on such tests,
but even then I regard them as unsatisfactory. As Rowe and
Rogers® point out, one must take blood samples before and at
one-half, one, two and three hours after the test in order not to
miss any unusual and perhaps transient peak. Personally I do not
recall a single case in which the diagnosis was missed by employing
an ordinary test meal as described above. John in a personal com-
munication suggests that the blood sugar be taken two and a half to
three hours after a meal as a short cut to a glucose tolerance curve.
A diabetic, he considers, would not present a normal blood sugar

! Odin: Acta Med. Seand., 1927, Supplement 8.

* Malmros: Zentbl, {. inn. Med., 1927, 48, 244.

! Stenstrdm: Ibid, 244.

4 Adlersberg and Porges: Klin. Wehnsehr., 1926, 5, 1451,

! Sweeney: Arch. Int. Med., 1927, 40, S18.
" Rowe and Rogers: Calif. and Weat. Med., 1027, 26, 64.
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at this time. Hale-White and Payne' would only have a diagnosis of
diabetes on a dextrose tolerance curve which is abnormal throughout.

With these preliminary statements the following pages with their
divergent views of various authors may be more easily reconciled,

After a meal the percentage of sugar in the blood of normal
individuals rises promptly, but should not exceed 0.16 per cent.
Since it frequently occurs that diabetic patients under treatment
have normal blood sugar fasting values, various test meals have been
proposed with smaller or larger quantities of glucose either selected
arbitrarily or dependent upon the weight of the patient.

The administration of 100 grams of glucose to normal individuals
raises the percentage of sugar in the blood, and Jacobsen? has shown
that this takes place within five minutes. The rise is greatest
when the glucose is given fasting in the morning, being somewhat
less after breakfast. The increase reaches on the average 0.14
per cent in half an hour, in one hour 0.12 per cent (300 curves), in
two hours, .11 per cent, but in three hours the percentage drops
to slightly below normal or 0.09 per cent. A peak value of over
0.16 per cent is usually considered abnormal. When the quantity
of glucose given is between 150 and 200 grams, the values for the
four periods are 0.16, 0.15, 0.12, and 0.10 per cent, and when the
quantity is between 20 and 25 grams, 0.10, 0.12, 0.11 and 0.09 per
cent. With normal individuals maximal and minimal values are
obtained differing considerably from the averages above recorded,
but it is probable, as with the normal fasting values, that a more
careful selection of normals will eliminate the gross extremes. In
the latter months of pregnancy the percentage of blood sugar may
rise to as high levels or even above the threshold, but is not
accompanied even then by glycosuria; the reverse is also true.
See page S65.

The effect of various quantities and forms of carbohydrate and
some other foods upon the blood sugar is shown in Table 85, which
is compiled from two sources, first, data accumulated by Gray from
the literature and, second, the experiments of Folin and Berglund.
The blood-sugar values obtained by Folin and Berglund in their
experiments with maltose, glucose, dextrin and starch are somewhat
lower than the levels attained by other investigators. They ascribe
this partially to their subjects being medical students, and with
these the influence of emotion would be less. Furthermore, in
these experiments the blood was drawn from the veins rather than
by puncturing the fingers, which causes distinctly more pain. In
support of this theory they call attention to the reports of a group of
investigators’ who have obtained substantially the same degree of

! Hale-White and Payne: Quar. Jour. Med., 1927, 20, 457.

t Jacobsen: Biochem. Ztschr,, 1913, 56, 471.
! Cammidge, Forsyth and Howard: British Med. Jour., 1921, i, p. 586.
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hyperglycemia from any kind of food, except fat, as they obtained
from sugar or any other carbohydrates. These authors took the
blood from the roots of the finger nails. Peculiar, high results from
certain other laboratories using micro-methods are possibly open
to suspicion for the same reason.

TaBLE 85.—AvERAGE Broon-sugar CUrvEs IN Norman Persons (Comrinep

BY GrAY).!
- gt Blood sugar.
ount,
Fort;.u £m. Before. { hour. 1 hour. 2 hours. 3 hours.
Glueose . . . 150-200 0.16 0.15 0.12 0.10
70-100 0.14 0.12 0.11 0.00
50 0.14 0.14 0.10 0.10
20-25 0.10 0.12 0.11 0.09
Sucrose . . . 50-100 0.15 0.14 0.12 0.12
Levulose . . . 100 0.14 0.13 0.12 0.11
Starch . . . 70-100 0.15 0.14 0.12 0.11
50 e 0.14 0.12 0.19
Fat . . . . 10-75 kR 0.10 0.10 0.10 0.10
Mixed meal £ . 0.13 0.12 0.11 0.11
ExpermenTs oF FoLIN AND BERGLUND.?
Glucose . . . 200 0.105 0.152 ais 0.121 0.136
St 200 0.090 = 0.118 i 0.0942
Levulose . . . 200 0.100 0.102 0.101 o 0.098
Maltose . . . 200 0.080 0.080 0.078 0,069
Galactose A By 100 0.003 0.089 0.087
4 7 B 100 0.004 0.079 0.082
Glucose . . . 100 0.004 0.079 0.082
Lactose . . . 200 0.004 0.101 0 0. 0884
Dextrin . . . 200 0.101 £ 0.101 0.087 0.083
Starch, potato . 175 0.003 75 0.083 0.070 0.068
Oliveoil . . . 200 0,006 AE 0.070 o 0.088
Egg white . . 1000 0.108 e 0.102 0.101 0.008
Gelatin . . . 135 0.097 3o 0.003 0.084 0.002

They mention one subject: “A medical student, S-g., never had
any sugar in his urine (qualitative tests) either before or after the
day of the experiment. When the preliminary sample of blood
was taken, he grew pale and very faint. When the second sample
was taken, he fainted completely. The plasma of this blood con-
fained 210 mg. of sugar, whereas the first contained only 105 mg.
In the course of the next hour the sugar content sank to 111 mg.,
ﬁnd neither at this time nor later did the taking of the blood disturb

im.””

Levulose did not raise the blood sugar in Folin and Berglund's
experiments and Holm® found hardly any effect, though Schiitti’
observed an increase, but less than after glucose.

! Gray: Arch. Int. Med., 1923, 31, 241.

* Folin and Berglund: Jour. Biol. Chem., 1922, 51, 213.

! Four hours, 4 One hour, forty minutes,

¢ Folin and Berglund: Loo. cit., p. 263,

¢ Holm: Ztschr. f. d. ges. Exp. Med., 1923, 36, 43.
¥ Schiitti: Biochem. Ztschr., 1923, 143, 201.
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In a study of 713 non-diabetic cases Rabinowitch! found only 29
with blood sugars above 0.18 per cent, Lewis-Benedict method,
after the ingestion of 100 grams of glucose before breakfast, but there
were 103 cases with a percentage above 0.12.  So many of the cases
with a blood sugar above .18 per cent returned to normal in three
hours and yet upon analysis were found to have some disease asso-
ciated with disturbance of carbohydrate metabolism that Rabino-
witch believes a blood sugar of 0.18 per cent after 100 grams glucose
must be considered pathological and a normal value at the end of
three hours inadequate proof of the absence of diabetes. On the
other hand, Fries and Kohn? in a study of glucose tolerance tests
report they have found many in children which do not return to the
normal fasting level at the end of three hours.

A demand for refinement of the glucose tolerance test by washing
out the stomach at a definite time after ingestion and allowance for
the recovered glucose has been put forward by Beeler, Bryan,
Cathecart and Fitz,® but it has been shown to be immaterial' even
if as much as 50 grams glucose remains unabsorbed.?

Whether large or small amounts are given, Hansen® found there is
an upper limit of 0.18 per cent for the rise in blood sugar.

Daily repetition of glucose tolerance tests has been carried out
by John, and he has been so kind as to allow me to insert his unpub-
lished results made upon two normals. The normal individual was
given 100 grams glucose for five successive days with the sur-
prising outcome that the height of the hyperglycemia curve fell
on some of the successive days, but as John significantly points out,
even on the first day when the hyperglycemia reached a peak of
0.26 per cent the return of the curve to normal was attained within
a three-hour limit. Upon the fifth day the peak reached was only
0.09 per cent. These instructive experiments of John made in
1921 find their explanation today in the stimulating action of
carbohydrate meals on the insulin-secreting function of the pancreas.
The reverse of this situation was produced with a low carbohydrate
diet by Odin and has been discussed on p. 200.

That one must be careful in interpreting blood-sugar curves is
suggested by Rabinowitch? who demonstrated the possible fallacies
in such interpretations by studies of simultaneous respiratory
exchange and blood-sugar curves.

Rabinowitch: Jour. Clin. Inves., 1926, 2, 579.

Fries and Kohn: Am. Jour. Med. Sei., 1925, 170, 547.

Beeler, Bryan, Catheart, and Fitz: Jour. Metab. Research, 1922, 1, 544.
Ohler: Personal communication.

Malmros: Skan. Archiv. {. Physiol., 1925, 46, 329.

Hansen: Acta Med. Seand., 1923, Suppl. 4.

' Rabinowiteh: Jour. Clin, Invest., 1925, 2, 143.
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Lennox' has recently carried out experiments in which varying
quantities of glucose were administered, both orally and intraven-
ously, in duplicate dosages, at intervals from twenty minutes to two
hours. In this way two “tolerance curves’ were secured. Although
the response in different subjects varied greatly he found that the
greatest single factor was the amount of glucose ingested. After
the oral administration of 1.5 grams of glucose per kilogram, fol-
lowed in a few minutes by a similar amount of glucose, the second
curve was only one-fourth the area of the first, while with a dosage
of 0.33 gram it was approximately the same area. Following the
intravenous administration, the same general rule held, though
the second curves were always larger than those in which the sugar
was administered orally. Following double intravenous injections
of glucose, hypoglycemia as low as 48 mg. per 100 ce. of blood was
reached. Lennox interprets his experiments as confirming the
importance of glucose as a stimulator of the blood-sugar regulating
mechanism of the hody. He regards the alimentary hyperglycemia
which occurs after fasting as due to a lack of stimulation of the
sugar-regulating mechanism. In substantiation of this, mention
should be made of the fact that Lennox? also found that in a majority
of the non-diabetic subjects, there was progressive lowering of
suceessive curves following ingestion and injection of glucose. Of
the 25 subjects with abnormally high initial blood-sugar curves, 21
of the curves were lower on second trial. Consequently he thinks
that a single blood-sugar curve test, may be without diagnostic
significance, and that a lowered subsequent curve may not neces-
sarily be due to the experimental or therapeutic procedures intro-
duced between the first and second tests. Foster likewise noted that
a second dose of glucose taken soon after the hyperglyveemia of the
first dose had subsided produced little or no effect on the concentra-
tion of sugar in the blood. Foster® believes the first dose of glucose
stimulates the glucose mechanism of the organism to such activity
that it is able to take care of the second without becoming hyper-
glycemie. He ascribes the hypoglycemia which eventually follows
the ingestion of glucose as due to overactivity of the glycogen-
forming mechanism. With animals in the hypoglycemia stage after
msulin, large doses of sugar, 2 grams per kilogram body weight, can
be injected with scarcely any change in the blood-sugar level.

Frank* held this same view. This might explain why the Japanese
and other races with a high carbohydrate diet have a relatively low

! Lennox: Jour, Biol. Chem,, 1927, 73, 237.

! Lennox: Jour. Clin. Investigation, 1927, 4, 331.

' Foster: Jour. Biol, Chem., 1923, 55, 303.

¢ Frank: Ztschr. {. physiol, Chem., 1910-1911, 70, 291.
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level of sugar in the blood. Obviously it explains the advantage
clinically of giving a little carbohydrate to a severe diabetic such as
Case No. 1542 an hour before the regular meal. This patient would
tolerate even more carbohydrate than usual at breakfast if she had
the insulin provocative meal an hour before hand.

Repetition of tolerance curves at approximately annual intervals
has been carried out by Ohler' in 20 patients, with results which,
together with the after-history, emphasize the fact that tolerance
improves with proper attention to dietary restrictions and fails
with neglect. Furthermore, in this series the relationship between
decrease in tolerance and increase in weight has been striking,
showing the harmfulness of obesity.

A study of blood-sugar curves in 25 Jewish and 25 non-Jewish
patients with no apparent glycogenic disturbance indicates that
race is not a factor, even though the Jew is also endowed with
a nervous or emotional temperament.? Apparently it may vary
according to the country or rather the dietary habits of a particular
country. Concepcion® found that in 30 Filipinos the blood sugar
was 0,123 per cent, but in American residents of long standing it was
0.134 per cent and in Europeans of long residence 0.154 per cent.
I think I am correct in quoting Japanese friends in stating that the
blood sugar of Japanese is lower than we find it here among
Americans.

To the observers cited by Gray, who have obtained satisfactory
curves with smaller amounts of glucose than 100 grams or 1.5 grams
per kilogram body weight may be added W, R. Ohler, whose experi-
ence in Peabody's Clinie at the Boston City Hospital has made him
feel that smaller amounts give information just as valuable, and that
a determination two hours after a mixed meal will often give all the
information required.

A combination method for the determination of the sugar in
the blood and the sugar in the urine (following the procedure used
in quantitating sugar in normal urine) is employed by Lewis!
in his method for the performance of glucose tolerance tests. He
considers that a fasting blood sugar of 0.13 per cent or more is
nearly always indicative of disturbed carbohydrate metabolism.

The hypoglycemia in normals observed to follow hyperglycemia
in a sugar tolerance test is a regular and normal occurrence and I
suppose a result of the stimulation of the secretion of insulin. It
is of much practical importance. Food tests should be arranged
so that the maximal and minimal values will occur within a two- or
three-hour (John) period following ingestion of the test meal.

1 Ohler;: Med. Clin. of North America, 1922, 5, 1465.

2 Morrison and Ohler: Boston Med. and Surg. Jour., 1922, 188, 852,
a

“

Concepeion: Jour. Am. Med. Assn., 1924, 82, 580,
Lewis: Jour. Lab. and Clin. Med., 1927, 12, 350.
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A satisfactory test meal has been urged by Brill' It contains
approximately carbohydrate 100 grams, protein 26 grams, fat 27
grams, about 760 calories, and consists of bread, butter, cereals,
eggs, sugar, coffee, and cream. For the estimation of the carbo-
hydrate tolerance the urine and blood sugar are examined before
the meal and at one hour and a half after the meal. The normal
individual at an hour and a half after a meal will have a blood
sugar within 10 mg. of the fasting level, but in diabetics he found
that the second level was invariably considerably higher, in mild
cases averaging 25 to 30 mg., in moderate cases 40 to 50 mg., and in
severe cases reaching over 200 mg.

This test meal has been utilized by Wright? in the examination of
268 individuals. Among these 81 showed no distinet evidence
of impaired carbohydrate metabolism while 187 showed an abhnormal
blood-sugar curve and glycosuria and were classified as positive.
It should be stated that this high percentage was probably in part
due to the fact that the patients were old rather than young and had
come to a sanitarium for treatment. Sixty-eight of the patients
had a normal fasting blood sugar but showed a hyperglycemia and
glycosuria two hours after a meal. Wright emphasizes the import-
ance of such a test in order to discover early diabetics. Iscudero
and Puchulu® have used the glucose tolerance test in another form
in order to discover latent diabetes in diseases of the skin. They
administered glucose, 2 grams per kilogram body weight, to patients
who had gone without food for twelve hours after having deter-
mined the percentage of sugar in the blood. At the end of three
hours, in their opinion, the blood sugar should reach its original
level.

John* recommends in order to determine the exact diagnosis of a
patient with glycosuria the estimation of the blood sugar and of
the urine at exactly three hours after a heavy carbohydrate meal.
If the individual is normal, there will be no hyperglycemia, because
in a normal individual whose tolerance for carbohydrate is unim-
paired the blood-sugar content will be normal or subnormal. An
instructive series of blood-sugar estimations is given by .John.
Even if the blood sugar should rise to 0.172 per cent after the noon
meal, but within three hours fall to normal, John would not classify
this patient as a true diabetic. In contrast, in his table he shows the
blood-sugar curve of a diabetic in whom the renal impermeability
was as high as 210 mgs. per 100 cc.

A summary of the results of glucose tolerance tests and test

1 Brill: Jour. Lab. Clin. Med., 1923, 8, 727.

! Wright: New York State Jour. of Med., 1927, 27, 122,

1 Eseudero and Puchulu: Progresos de la clinica, 1926, 34, 513.
¢ John: Am. Jour. Med. Seci., 1025, 169, 102,



208 PHYSIOLOGY AND PATHOLOGY

meals with a proposed method of selecting risks from among indi-
viduals with slight glycosuria has been prepared by MecCrudden.!
According to his test the applicant swallows 100 grams glucose
dissolved in 250 ce. of cold water. Two hours later a blood-sugar
test is made with the Folin and Wu method. Applicants showing
0.12 per cent blood sugar or less are accepted; those showing more
than 0.12 per cent are not accepted. I consider this liberal treat-
ment toward the applicant for insurance, but on the other hand I
think a liberal carbohydrate meal test with urine and blood tests
before and at one and one and a half hours after the meal fairer
to the patient. Indeed, most cases will be settled by the urine test
alone after the meal.

Test meals given to diabetic patients raise the percentage of
blood sugar higher and for a longer period than with normals, and
it is the prolongation or cessation of the hyperglycemia which is of
the greatest importance in the opinion both of John and Mosenthal.?
The latter has reviewed instructively the various aspects of glucose
tolerance tests. Gray found that following 100 grams of glucose,
the blood sugar of 40 diabetic patients with a normal, fasting blood
sugar rose to 0.18 per cent in one-half hour, 0.20 per cent in one
hour, 0.15 per cent in two hours, and 0.10 per cent in three hours.
With 54 diabetic patients whose fasting blood sugar was 0.12 per
cent or more the values were distinetly higher. These values are
compared with normal values in Table 87. When the fasting blood

TasrLe 86.—Grvcose Torerance Tests! 1N Diaserics anp Normars Comparep.

Blood sugar i:)isbstic blood-sugar curves.

Glucose | ot
s given, asting),
Indsdidua gm. pee-sent Fasting. | § hour. | 1 hour. | 2 hours. ‘ 3 hours.
J |
Diabetics. |
40 . 100 | Normal 0.09 0.18 0.20 0.15 | 0.10
M. . . 100 | 0.120rmore| 0.17 0.25 0.27 | 0.25 0.21
B b 50 |0.llorless | 0.08 | 0.12 | 0.12 | 0.14 | 0.13
Normals [
30 . . . 100 0.09 0.14 0.12 0.11 0.09

sugar of the diabetics was 0.11 per cent or less, fasting, as in 6 indi-
viduals and these were given 50 grams of glucose, the increase in
percentage of blood sugar was not abnormal until the second and
third hours. Therefore, 50 grams of glucose eannot be accepted as a
routine test unless blood values for at least two hours are obtained.

t MeCrudden: Proceedings of Assn, of Life Ins. Med. Directors of Am., 1924,
11, 156.

* Mosenthal: Med. Clin. of North America, 1925, 9, 549,

! Gray: Arch. Int. Med,, 1923, 31, 241,



BLOOD SUGAR 209

Kern and Jonas' point out that in a case they regard as a mild
but true diabetic, because glycosuria appeared only when the blood
sugar was above 0.15 per cent, the rise of blood sugar after a test
with glucose, 1.75 grams per kilogram body weight, would have
been missed had not a blood-sugar test been made one-half hour
after its administration. Therefore, to satisfy John and Kern and
Jonas the blood is best examined at one-half and three hours after
a test.

The sugar in the blood and urine of a diabetic and non-diabetic
were compared by John* during nine hours of the day. Even in the
normal the blood sugar rose to 0.17 per cent, but the method
employed may account for this. (Table 87.)

TasLe 87.—Estmmamion oF Svear 18 THE Broop anp Umine COMPARED 1IN A
DiasgeTIic AND Nov-piaBeTic During Nive Hours oF Tag Day, (Jonrn.)

| AN | L PAL

=Tl HINTN NS O e
Non-diabetie.
Blood sugar mg. per 100 co. . | 110 146 110 106 | 140 | 172 140 110 110

Urine sugar . . |neg. pos. neg. neg, | neg. | pos. Pos, neg. neg.
Diabetie. |

Blood sugar mg. per 100 ¢e. . | 120 210 248 222 | 156 | 198 259 262 210

Urine sugar . . . . neg. neg. pos. po | neg. | neg. pos. pos. pos.

Myers-Benedict method was used for determining the blood sugar and Benedict
method for testing the urine.

In normals the blood sugar rises less after the mid-day meal than
after breakfast if the interval between is three hours. This differ-
ence is not constant in normals and still less so in diabeties. In
the latter the greater the severity, the greater the advantage in
separating the meals instead of approximating them.* Maclean?
found that the blood-sugar curve following the administration of 50
grams of glucose to fasting diabetics might be high and prolonged.
After feeding the patients for a time, though starting at the same
blood-sugar level, the same amount of glucose produced a reaction
which was not as high or lasted as long and to this extent indicated
mmprovement of the patient. Sakaguchi® explains the above
phenomena on the basis that at breakfast-time glycogen formation

! Kern and Jonas: Jour. Am. Med. Assn., 1923, 81, 1439,

* John: Am. Jour. Med. Sci., 1925, 169, 102,

¥ Sakaguchi and Sato: Mitt. d. med. Fakultiit d. Kais. Universitiit su Tokyo,
1920, 28, 373. See also Petrén: Compt. rendu de la 8oc. de Biol., 1625, 93, 380.

! Maclean: Modern Methods in the Diasgnosis and Treatment of Glycosuria
and Diabetes, Constable and Co., London, 1922,

b Sakaguchi: Ihid., 1918, 20, 439.
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by the liver is at a low ebb. The indication, therefore, would be
not only to make the carbohydrate at breakfast less than at the
other meals, but to precede breakfast with a small amount of carbo-
hydrate. Gray’s' experience with divided meals in my clinic is a
practical confirmation of these observations.

. The Blood Sugar During the Day in Insulin and Non-insulin
Treated Diabetics.— Without insulin the highest blood sugar con-
centration, according to Jonas, Miller and Teller,® usually oceurs
one hour after breakfast and with insulin either at the same time or
just before the administration of the first dose of insulin for the
day. Without insulin the lowest blood sugar is before breakfast
and with insulin it is just before lunch or in the mid-afternoon.
Hatlehol® found a rise in the blood sugar during the night which
was simultaneous with sleep. It occurred with the more advanced
cases of diabetes and therefore was an unfavorable sign. Patients
in Petrén’s! Clinic living upon a diet restricted in carbohydrate and
protein, but with fat varying between 170 and 260 grams, showed a
lower blood sugar at 2 .M. than at 8 p.m.

Diabetes can be diagnosed in the vast majority of cases without
the use of a glucose tolerance test. 1 always use such a test with
reluctance, and for two reasons: (1) I fear that my patients will
not understand why it is justifiable for me to give them sugar when
I say it is harmful for them to take it; (2) although I have never
seen a diabetic patient whom I considered injured by a glucose
tolerance test, I cannot forget Allen’s statement: “In the early stage,
glucose is more powerful than starch in producing diabetes, and
animals which are progressing toward complete recovery on starch
diet can be sent into hopeless diabetes by admixture of glucose.”

7. The Blood Sugar in Other Diseases.—Other diseases or states
than diabetes are often accompanied by abnormal blood-sugar
percentages. Of these hypertension, nephritis, pregnancy, hyper-
and hypothyroidism, diseases of the liver, of the pituitary body
and of the adrenals are the most common. Gray® attempted to
condense all the data in the literature, and Table 88 is based upon
his summaries. The test meal given was 100 grams glucose in all,
except a few cases whose inclusion he thought legitimate because
the curves were, in each, as high as after the usual dose.

The percentage of sugar in the blood is also increased in apoplexy,
pneumonia, typhoid, tuberculosis in the presence of fever, and in
some cases of cancer. There is a decided increase after ether and,

! Gray: Boston Med. and Surg. Jour., 1922, 186, 763.

* Jonas, Miller, and Teller: Arch. Int. Med., 1925, 35, 285.
* Hatlehol: Loec. eit., p. 248,

4 Petrén: Compt. rendu de la Soe. de Biol., 1925, 93, 380,

& Allen: Jour, Exp. Med., 1920, 31, 402.
& Gray: Arch. Int. Med., 1923, 31, 241.
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in fact, all varieties of general anesthesia and in operations on all
kinds of cases. If the ether anesthesia is less than an hour, the
increase is 32 to 89 per cent, but if more than an hour, the increase
is greater. Pain, fear of operation or of anesthesia exert a neghglble
influence upon the blood sugar.! Claude Bernard’s piqiire is the
original method for causing hyperglycemia without food. Blood
sugar values in phlorizin diabetes have been recently reviewed by
Nash? with a careful survey of the literature.

TapLE 88, —Broop-suvaAnr Stanparps IN ConpiTioNs NEITHER NORMAL NOR
Diaseric (Gray).

Test meal, 100 grams glucose.

| Average percentage of blood sugar.

Condition. | Namber
Nl ‘ East- | ybr. | 1hr. |2 brs |3 hrs.

Hypertension without nephritis . 29 0.11 | 0.19 | 0.18 | 0.16 | 0.13
Nephritis without hypertension . 11 0.14 | 0.19 | 0.23 | 0.20 | 0.24
Renal glycosuria without nephritis .| 70 0.09 I 0.13 | 0.12 | 0.11 | 0.09
Pregnancy with blood sugar 0.11 per | |

cent orless . . . | 6L 0.09 | 0.14 | 0.14 | 0.12 | 0.13
Hypothyroidism, cretinism, myxedema | 8 0.10  0.16 | 0,15 | 0.12 | 0,11
Hyperthyroidism: |

Blood sugar (fast.), 0.12 or more 9 0.13 | 0.17 \ 0.18 | 0.18 | 0.11

Blood sugar (fast.), 0.11 or less . 58 0.09 0,16 | 0,16 | 0.14 | 0,11

After operation ¥ 4 0.08|0.12 (0,10 ( 0.09 | 0.09
Hepatic disease: |

Obstructive jaundice 7 5 =7 D.22 | 0.23

Cardiac cirrhosis . . . 6 0.14 ] e 0.18 0.21

Aleoholie or syphilitie cl.rrhosm 28 0.10 /1 0.15|0.17 | 0.17 | 0.18

Catarrhal jaundice 10 0:10| .. 10.15

Bailey's case i 0.12 | 0.32 | 0.37 | 0.34 | 0.27
Hypopituitarism or dyspttultansm 4 0.11 | 0.17 | 0.17 | 0.14 | 0.12
Acromegaly or hyperpituitarism 11 0.09 | 0.1310.17 | 0.15 | 0.11

|

Maranon, Carraxo and Soler® state that in Addison’s disease
hypoglycemia is always present and that the blood-pressure falls
concurrently with the blood sugar.

Extreme lowering of the blood-pressure is associated with hypo-
glycemia.! Therefore, it is not unexpected to find it is low in Addi-
son’s disease. It is also low in hypothyroidism and hypopituitarism.

Abnormal blood-sugar curves in patients without glycosuria, and
conversely normal curves in patients with glycosuria, have been
studied by Ohler® with the following results:

! Epstein and Archner: Jour. Am. Med. Assn., 1016, 58, 1927,
* Nash: Phys. Rev., 1027, 7, 385.
* Marafion, Carraxo and Soler: Revista Sud. Am., 1925, 8, 23.

¢ Editorial: Jour. Am. Med. Assn., 1924, 82, 1695.
4 Personal communication.
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In a series of 160 cases who underwent glucose tolerance tests,
glycosuria was absent with 103 and 57 showed only small amounts.
Of the 103 cases without glycosuria, 37 gave normal gl\rcemlc reac-
tions, 53 definitely abnormal and 12 doubtful reactions; or in other
words, 60 per cent of the cases without glycosuria gave abnormal
sugar tolerance reactions. An analysis of the cases in this group
shows that a very large percentage of the abnormal reactions were
found in the fn][nv.mg pathological conditions (arranged in order
of frequency): Gall-bladder diseases; cirrhosis of the liver;
bronchial asthma; arteriosclerosis; carcinoma; obesity; endocrine
disturbances; chronic nephritis; chronic arthritis.

In arthritis, Pemberton,' and in cases of high blood-pressure,
O'Hare? and John® have recorded hyperglycemia which in O'Hare's
cases has at times been sufficient to suggest the diagnosis of diabetes.
In the latter instance van Slyke believes the liver plays an important
role. Pemberton et al. found that interference, through posture,
with the blood flow in the limbs of normals and arthrities favored
a lowered sugar tolerance, He thus explains the benefits which
accrue to such patients by measures which improve the circulation.
Case No. 2435 writes me that on July 6, 1926, the per cent of sugar
in the blood taken from the arm was 0.215 but from the leg was
0.230.

In Ohler's group of 57 cases in which glycosuria was found, 9
cases gave perfectly normal reactions. These 9 fulfil all the require-
ments of so-called renal glycosuria. The remaining 48, or 84 per
cent, showed definitely abnormal reactions, despite the fact that in
every instance the fastmg blood sugar was perfeetly normal.

Blood volume in blood-sugar estimations is of significance accord-
ing to Epstein and Baehr.® They point out that the increase in the
percentage of sugar in the blood is only indicative of a relative, that
is percentile, but not of absolute hyperglycemia, and suggest the
advisability of studying the blood volumes and computing thereby
the total blood sugar in cases of diabetes mellitus. In a later publi-
cation Epstein® defines “hyperglycemia as an increase in the total
amount of blood sugar over the normal, and not merely an increase
in concentration or percentage. Thus, it is pessible to have a hyper-
glycemia even when the percentage of sugar is normal or below
normal.” Fitz and Bock have computed the quantity of sugar in
the blood. (See p. 341.)

S. Hyperglycemia (Extreme).—It must be remembered that a
varying blood sugar is a normal blood sugar, and that it is the
1 Pemberton, Cajori, and Crouter: Jour. Am. Med. Assn., 1925, 85, 1793,

* 'Hare: Am. Jour. Med. Sei., 1920, 160, 366.
' John: Annals Clin. Med., 1926, 5, 340.

+ Epstein and Baehr: Jour, Biol. Chem., 1914, 18, 21.
¢ Epstein: Proc. Soe. Exper, Biol. Med., 1916, 13, 67,



BLOOD SUGAR 213

extreme in either fasting blood sugar or blood sugar after a meal
which is hyperglycemia. The highest percentage of sugar in the
blood, 1.7, was found in a case reported by Argy, but the highest
percentage, 1.62 per cent, in a case who survived is reported by
Curtis and Dixson! from my series. (See pp. 214, 651.) The data
of a notable case were furnished me by W. H. Olmsted of St. Louis.

“H. F., aged fourteen years. Onset symptoms one year previous.
Two weeks before admission sore throat; five days before admission
fell down stairs. Completely comatose on admission; could not be
aroused for twenty hours. Moderate acetone breath; air hunger;
edema of entire body and eyelids; eyeballs soft. Blood-pressure
78/34. Blood sugar 1.40 per cent. Blood CO, 27.7 per cent.
Non-protein nitrogen 140 mg. There was found an ulcerative
stomatitis (streptococcus). Complete anuria. Catheter washing
showed + sugar, insufficient for ferric chloride test. Large number
of white blood cells and red blood cells; no casts. Benzidine ++4;
acetone, no reaction (too small amount). History of strong ferric
chloride before coma Treatment: Insulin and alkali. Died:
Uremia.”

Case No. 1015 of my series also deserves mention. Here too,
anuria was a factor. A schoolmaster, aged forty-seven years,
highest weight 216 pounds. Family and past history negative.
Indefinite onset of diabetes in February, 1916. Sugar first discovered
March 12, 1916, and three days later the urine contained 6 per
cent; albumin was reported absent. The patient came under my
observation for the first time on March 18, 1916. During the pre-
ceding twenty-four hours he had been fasted except for 1 ounce of
whisky in 3 ounces of black coffee, which he had taken every two
hours. No other liquid had been given save about a pint of water
in which a tablespoonful and a half of sodium bicarbonate had been
dissolved. During this period he had vomited fluid which contained
blood. He was dull, but conscious, and there was no hyperpnea.
No edema. He had no fever; pulse 104; arteries not sclerotie.
Blood-pressure in right arm 60/—; in left arm, 80/50. The heart
was little if any enlarged and there was a systolic murmur at the
apex. During the twenty-four hours 30 cc. of urine were obtained
by catheter, showing a slight trace of albumin, no diacetic acid,
and a positive reaction for sugar. The sediment contained many
coarsely and finely granular hyaline casts, pus, and 6 to 8 red blood
corpuscles to a field. Death was preceded by edema of the lungs
and coma, although in nowise suggesting diabetic coma. The blood
sugar taken twelve hours before death contained by the Bang
method, 1.15 per cent, 1.45 per cent, and 1.49 per cent of sugar, or
an average of 1.37 per cent. The accuracy of the solutions used
in the test was immediately controlled with a standard solution of

glucose,
! Curtis and Dixson: Jour. Am. Med. Assn., 1928, 80, 1115,
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The highest percentage of sugar in the blood ever recorded in a
patient with recovery was found in my Case No. 4099. She is a
young girl, aged twenty years, with a four-year duration of diabetes
who entered the hospital September 18, 1927 with a blood sugar
of 1.62 per cent and a CO, combining capacity of 13 volumes per
cent. She had been in coma eighteen hours before entering the
hospital and her local doctor had given her large amounts of cold
water and sodium bicarbonate. She too had almost complete
anuria. In ten hours after 250 units of insulin her blood sugar was
reduced to 0.13 per cent and now, weeks later her blood sugar
is (.29 per cent, her urine is sugar-free and she is discharged from the
hospital with an insulin dosage of 30 units.

9. Hypoglycemia.—Hypoglycemia had begun to appear as a
serious factor in the treatment of diabetes even before the introduc-
tion of insulin. Four cases have developed in my own series and
4 others have come to my attention in the clinics of my friends.
So serious did the problem appear in 1921 and so evident the cause
that I reported the first 3 cases under the caption “The Critical
Period of Hypoglycemia in Undernutrition.”! Even in non-
diabetics a prolonged undernutrition may be accompanied by
hypoglycemia. This eccurred with L. C., whose weight and vitality
were brought low by partial pyloric obstruction extending over a
period of years. When he came to the hospital for operation the
blood sugar three hours after his noon meal was 0.05 per cent. At
first it appeared as if prolonged undernutrition was necessary to
produce a threateningly low blood sugar, but now it is apparent
that this state ean develop in the course of a few hours, and, just
as in Mann's hepatectomized dogs, be relieved in a few minutes with
a few grams of glucose. Just before death a marked hypoglycemia
exists. In making studies of the variations of the chemical con-
stituents of the blood from one to forty-eight hours before death,
Paul? found that the blood sugar rapidly falls to insignificant values.

Hypoglycemia occurs clinically (a) as a result of undernutrition,
particularly of carbohydrate; (b) as a result of prolonged exercise;
(¢) in conjunction with an overdose of insulin; (d) in Addison's
disease; () experimentally following extirpation of the liver; (f) in
status thy mlculvmphamus }

Harrop in a recent discussion of the subject emphasizes the
development of unconsciousness with few prodromes.

(a) Undernutrition as a Cause of Hypoglycemia.—The low diets,
both as a whole and especially in carbohydrate of the Allen under-
nutrition era, predisposed to hypoglycemia and not long after it had

U Joslin: Med. Clin. of North Ameriea, 1921, 4, 1923,
* Paul: Bull. Ayer Clin. Lab. Penn, Hosp., 1925, 9, §
5 MacLean and Sullivan: Proe. Soe. Exp. Biol. and Med 1926, 23, 425.
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begun instances of this occurred among my patients. The first
deaths were startling and at the time unexplained.

Inanition in diabetes was the recorded cause of death of the first
patient, but it takes little imagination to infer the hypoglycemia.
Case No. 1085, a frail woman of thirty-four years with a history of
diabetes of seven months' duration, became sugar-free with great
difficulty despite fasting and a low diet. After four months the
sugar in the blood decreased from over 0.5 to (.1 per cent coinci-
dentally with a fall in weight from S8 to 61 pounds, of which the
last 10 pounds were lost between November 3 and 10, 1916. At
this time her weight represented a total loss of 95 pounds and was
56 per cent below standard. No subsequent blood-sugar deter-
mination was made, but inasmuch as a few days later, without
change in treatment or in general condition, she died at her home
without pain or coma, there is little doubt that hypoglycemia was
present. The data upon the metabolism of this patient will bear
insertion. They are remarkable in three ways. (1) The metabo-
lism was —40 per cent which was almost as much substandard as
her weight, 56 per cent; (2) the respiratory quotients were high for
a diabetic, 0.81, 0.81, 0.79, and 0.81 with but a single value as low
as 0.70; (3) the quotient rose after levulose to 0.86 and even 0.90.
It is quite possible that the levulose may have prolonged the life
of this patient. (Table No. 89.)

A man, Case No. 1831, with onset of diabetes in April, 1917, at
the age of thirty-eight years, entered the hospital May 5, 1920,
only seven years ago, and yet how little we appreciated then the
symptoms of hypoglycemia. The details of the course of treat-
ment with laboratory findings are shown in Table 90. Acidosis was
present, sugar in the urine amounted to 2.4 per cent, and in the
blood to 0.36 per cent. After four days of undernutrition, during
which the total calories consumed amounted to less than 900,
followed by two days of fasting, the patient failed to become sugar-
free and the blood sugar remained 0.27 per cent. Upon resumption
of 14 to 35 grams of protein per day and 3 to 8 grams of fat the
blood sugar dropped to 0.11 per cent and on the next day to 0.05
per cent. This unusually low value was assumed to be erroneous
and, unfortunately, not reported. Upon the following morning the
patient became irrational, disoriented, but an hour afterward again
apparently normal, and was able to sit up and even walked around.
Physical examination was negative. The next morning he could
not be roused, coma gradually deepened, though unassociated with
acidosis, and death occurred in a few hours. The blood sugar
was (.04 per cent. No marked loss of weight during hospital stay
was observed though he had lost 72 pounds in the three years
before admission. Quantitative examinations of the nitrogen in
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the urine were made and showed an average excretion of 16.9
grams_t'mm the tenth to the sixth day before death, and an average
excretion of 19.6 grams on four of the five days preceding death.

Experience with these two individuals made it possible to fore-
stall a similar outcome with Case No. 2079. This man developed
diabetes in September, 1919, at the age of twenty-nine years and
came for treatment on February 5, 1921, weighing 119 pounds
after a loss of 66 pounds below his maximum weight. Acidosis
was severe, sugar in the urine 5.8 per cent, and blood sugar 0.27
per cent, and even after thirty days of treatment the blood sugar
was 0.23 per cent. Yet two days later the patient became sugar-
free, and within a week the blood sugar was 0.12 per cent, and on
the forty-third day 0.09 per cent. This premonitory fall in blood-
sugar being noticed, the diet was at once changed to carbohydrate
19 grams, protein 59 grams, fat 62 grams. Despite the fact that
this patient had required so long to become sugar-free, steady addi-
tions of carbohydrate were made to the diet until on the forty-
ninth day after admission the total carbohydrate was 68 grams,
the protein 71 grams, the fat 66 grams, and the blood sugar was
0.05 per cent. Even one hour after a meal two days later, when
the carbohydrate was 86 grams, the blood sugar was 0.1 per cent.
The patient was then discharged with carbohydrate 82 grams,
protein 74 grams, fat 66 grams, calories 1234, weight 92 pounds,
in contrast to a weight of approximately 110 pounds on the first
day of treatment.

Two weeks later the report came that his blood sugar was 0.1
per cent, and the newly acquired tolerance was preserved. Such a
gain in tolerance from such a critical state had not before come to
my attention. On November 20, 1921, he was said to have died
from cardiac disease but no coma.

While on the watch for insulin reactions the fourth case of hypo-
glycemia was discovered in an old lady of sixty-four years, Case
No. 2716, whose diabetes began one year and nine months before
in October, 1920. Her loss in weight amounted to fully 100 pounds,
essentially all of which had occurred since her disease began. At
no time did she receive insulin. On the morning of July 18, 1922,
the blood sugar was (.33 per cent, the plasma creamy with 3.4 per
cent blood fat. Three days later following a sharp restriction of diet
the percentage of blood sugar was 0.03. Mrs. L. felt that she was
dying and actually was too weak to feed herself. Her pulse was
of small volume and rapid and only after frequent feedings with
oatmeal gruel did she recover. By September, 1923, the patient
required 42 units of insulin daily, and she died January, 1926, in
her sixth attack of coma.
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A fifth case of hypoglycemia occurred in another hospital.! The
patient was a man who was 65 per cent overweight when he devel-
oped diabetes. T'wo weeks before his death two-thirds of his weight
had vanished and 31 pounds of it in the preceding forty-four days.
A pound of body flesh is equivalent to about 1500 calories and
consequently his calorie deficit between December 9 and January
22 was 46,500 calories or roughly 1000 calories a day. His inanition
had reached 36 per cent below standard weight on January 22 and
in the ensuing two weeks undoubtedly fell still lower. On December
10, 1922, the blood sugar was 0.16 per cent. On January 17, 1923,
the blood sugar was 0.25 per cent, on January 18, it was 0.23 per
cent, and insulin which had been given intermittently in doses of
5 and 10 units daily was omitted and the diet changed to carbo-
hydrate 10 grams, protein 20 grams, fat 40 grams. By January 22
the blood sugar was 0.1 per cent and by January 31, 0.07 per cent,
although the carbohydrate was 40 grams, protein 40 grams, and
fat 100 grams. Upon the following day despite a further increase
in diet to earbohydrate 80 grams, protein 65 grams and fat 120
grams the blood sugar was 0.042 per cent, and he died February 5,
1923. Autopsy showed hyaline degeneration of the islands of the
pancreas as the primary fatal lesion, and focal pneumonia, edema of
the lungs, and slight arteriosclerosis as the secondary or terminal
lesions.

Woodyatt® refers to a case of hypoglycemia coming to his atten-
tion, but not on his service, who died in convulsions. N. B. Herman?
has written about a patient under his observation at the Johns
Hopkins Hospital, making the eighth non-insulin case of hypo-
glycemia. Dr. Herman has kindly furnished me data about this
case in connection with which he is planning to report later in detail.
“A man, aged forty-six years, was told six years ago that he had
diabetes and for four years lived on a diet preseribed by his physi-
cian. At the end of this time, still feeling rather weak, he broke
diet and ate whatever the rest of the family ate. From 1917 to 1921
he lost about 25 pounds and from 1921 to November, 1922, about
35 pounds. In November, 1922, following the use of male fern for
supposed tape worm, an intractable diarrhea started and continued
to the time of death.

“On admission his weight was 93 pounds and his height 6 feet,
50 per cent below standard. After one day on calculated main-
tenance diet his blood sugar was 0.054 per cent. He was immediately

! Cabot, R. C., and Cabot, H.: Case Records, Massachusetts General Hospital,
April 17, 1923, vol. 9 (Case 9161},

* Woodyatt: Jour. Metab. Research, 1922, 2, 793.

1 Personal communication, May 14, 1923.
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put on ward diet and his blood sugar rose to 0.284 per cent. There
was sugar in the urine, of course, at this time. His diet was modified
and his blood sugar varied between 0.054 and 0.09 per cent. The
diarrhea remained about the same and we were never able to be
sure about the cause. There was no evidence of outspoken pan-
creatic insufficiency; the stool was lower than normal in diastase
content. The patient seemed to be getting along a little better
than usual when he suddenly went into coma and died, the intra-
veneous injection of 63 grams of glucose having no effect. The
blood sugar at the onset of coma was 0.017 per cent.”

Marked loss of weight has characterized all of these cases for
whom the data have been recorded. In 2 of the cases sudden decline
in weight, although already low, took place shortly prior to the
hypoglycemia. In 2 instances the excretion of urinary nitrogen
per kilogram body weight was high, 0.216 grams, and from 0.523
to 0.165 grams. The metabolism in Case No. 1085, who presum-
ably died of hypoglycemia a few days later, was —40 per cent.
At the time I reported this first case no similar one had come to
my attention.

(b) Exercise as a Cause of Hypoglycemia.—The blood sugar of the
competitors in a 25-mile Marathon run was studied by Levine' and
others and found to be moderately diminished in two runners and
markedly diminished in four. A close correlation existed between
the physical condition of the runners at the finish of the race and
the level of the blood sugar. Those competitors who had extremely
low blood sugars presented a picture of shock not unlike that pro-
duced by an overdose of insulin. Percentages as low as 0.05 and
0.049 were obtained, but when these same individuals ate candy
during the run, the percentages were 0.114 and 0.092 and they
finished in very good condition. Soon after the beginning of exer-
cise there is an initial rise in blood sugar as Levine and his co-workers,
as well as Rakestraw,® previously showed.

Accidents undoubtedly result from hypoglycemia due to over-
exercise. My strenuous relative of equal age, weight 100 pounds,
who holds the cup for broken bones, rode to hounds, then home five
miles, took her usual meagre breakfast, attended to the day’s house-
hold affairs, exercised the dogs, and then went for another ride on a
spirited hunter. Some time later in the forenoon she was found on
the ground near a jump. She had no recollection whatsoever of
taking the jump and never would have taken it in the manner dis-
closed by the hoof marks of the horse, if she had been in the full
possession of her faculties. Therefore, I believe the evidence points

! Levine, Gordon, and Derick: Jour. Am. Med. Assn., 1924, 82, 1778; Gordon,

Kohn, Levine ¢ al.: Jour. Am. Med. Assn., 1925, 85, 505.
? Rakestraw: Jour. Biol. Chem., 1923, b6, 121.
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to hypoglycemia. Having recovered from her broken pelvis, though
not a diabetic, she now carries a lump of sugar when she rides.

In their treatment of 5 epileptic but not diabetic children with a
ketogenic diet Talbot et al.,! and Shaw and Moriarty® noted hypo-
glyeemia upon several occasions which in 1 instance was 0.038 per
cent, and the symptoms were sufficient to lead to the administration
of carbohydrate.

(c) Insulin as a Cause of Hypoglycemia.— Hypoglycemia begins
to develop immediately as a result of administration of insulin,
and reaches a maximum in three-quarters of an hour, almost irre-
spective of whether the insulin is given subcutaneously or intra-
venously, though oceurring a little faster with the intravenous
administration, but producing the same result in an hour. The
extent of its action depends chiefly but not entirely on the glyveogen
in the liver. The initial fall is not closely related to the numberof
units. If the sympathetic nervous system in animals is paralyzed
with ergotamin or section of the splanchnics, recovery from hypo-
glyeemia is greatly delayed. Recovery does not take place until
the blood sugar reaches a low normal level. 1f no glycogen is avail-
able, gluco-neo-genesis is necessary. An insulin reaction varies
according to the diffusion of sugar in the blood and tissues, but the
recent work showing the interaction of the thyroid and adrenal
glands on insulin is important. The reaction may be due as
Foshay believes to the lowered sugar in the blood corpuscles even
though the total blood sugar is normal, but his theory still needs
confirmation as has been noted on page 194.

(d) Addison’s Disease.—See Section XV, p. 873.

(e) Extirpation of the Liver as a Cause of Hypoglycemia.—In the
hypoglycemia of Mann’s and Magath’s dogs glucose alone was specific
save for maltose and mannose. Lactose, levulose, sucrose, glycerol,
lactic acid, and even epinephrin and pituitrin were without effect.

(f) Status Lymphaticus.— MacLean and Sullivan® in studying the
status thymolymphaticus have found low blood sugars, although
seldom if ever low enough to provoke symptoms.

(7) Cancer of the Islands of Langerhans.—In a case reported by
Wilder! metastases in the liver developed and from these potent
insulin was obtained. Severe hypoglycemia kept recurring over a
period of months, and for the last few weeks of his life was so severe
as to necessitate his taking 1000 grams of cane-sugar daily.

(h) Progressive Muscular Dystrophy.—McCrudden and Sargent?
found the blood sugar 0.064 per cent in a case of progressive muscular

! Talbot et al.; Boston Med. and Surg. Jour., 1927, 33, 218.
* Shaw and Moriarty: Am. Jour. Dis. Child., 1924, 28, 553.
¥ MacLean and Sullivan:  Proe. Soc. Exp. Biol. and Med., 1926, 23, 425,

! Wilder: Jour. Am. Md. Assn., 1927, 89, 3458.
» MeCrudden and Sargent: Arch Int. Med., 1916, 17, 465.
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dystrophy. When the blood-sugar concentration was raised with
carbohydrate an increase in health, strength, and weight ensued.

() Postoperative Thyroidectomy.—After thyroidectomy hypo-
glycemia may occur in dogs! and in humans.?

Parsons® reports a case of benign diabetes of nine years’ duration
discovered during pregnancy. A not dissimilar case is that of
Shapland’s whose renal threshold was low and a disabled gall-
bladder apparently the inciting factor. My patient, Case No. 2206,
has survived his diabetes 14.8 years. He develops reactions readily
and some of them seem to occur when the blood sugar is compara-
tively high.

10. The Blood Sugar in Relation to Clinical Aspects of the Disease.
—The diagnosis of diabetes is aided greatly by a knowledge of the
percentage of the blood sugar. When the fasting blood sugar
percentage is above 0.13, the test should be repeated, and if con-
stantly elevated, it indicates diabetes. The same is true for a blood-
sugar percentage of 0.18 per cent after a meal, and a value of 0.17
per cent is suspicious. The demonstration of a normal blood-sugar
percentage coincidently with the presence of glycosuria is reassur-
ing and suggests renal glycosuria. For exceptions, see Table S8S.
According to Petrén the twenty-four hour blood-sugar curve in
diabetic patients during a fasting day showed as a rule that the
drop in the blood sugar is greatest during the first six hours, a
smaller decrease during the next six hours, while during the last
twelve hours a very slight drop or even an increase may oceur.

Estimations of the blood sugar are of great value in the treatment
of diabetes. An increase in the percentage of blood sugar almost
invariably precedes the appearance of glycosuria. It thus enables
earlier measures to be undertaken to eradicate the cause. Though
valuable, it is certain that such tests will be made in but a very
small proportion of the diabetics who need treatment for some vears
to come. The preceding sentence was written in 1923. Writing in
1927 T believe it to be the exception for a patient to die of diabetes
in Massachusetts without a blood-sugar estimation having been
made. This is partly because so many diabetics die in hospitals. In
1925, 51 per cent of the diabetics dying in Boston died in hospitals.

Cases can be treated very satisfactorily without such estimations
or with infrequent estimations, and in proof Table 91 is submitted,
showing the course of the disease in 10 children in the first decade
of life, untreated with insulin, and 8 similar children treated without
any estimations of the blood sugar,

Time and insulin unravel many queer conceptions. In the third

i Janney and Isaacson: Arch. Int. Med., 1018, 22, 160,
! Holman: Bull. Johns, Hop. Hosp., 1923, 34, 69.
# Parsons: Boston Med. and Surg. Jour., 1926, 195, 660
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edition Table 91 was printed to show that even without blood-sugar
tests patients lived long. Since classification of the diabetics last
vear, this table becomes explainable. 1 reprint the table exactly as
before, but in italics insert classification, placing in heavy type
alone the two remaining cases whose blood sugar has not yet been
done but should be done when the opportunity is available. [ am
all the more ready to print this table again because not one of the
living diabetic children in 1923 recorded in the table has since died.
I believe that case numbers should be given by those who promul-
gate any types of treatment so that, after a series of years, their
records stand disclosed.

Taprg 91.—THE Coursi oF Diaperes iy CaitbreN with INFREQUENT Broop
Sugar Tests.)

With blood sugar tests. | Without blood-sugar tests,
Classifi- Cuse Age st | Duration Classifi- Case Age at | Duration
eation® | No. onset. |  years. cation.® No. | onset. | yeuars.
| Living

£.D, 1162 5.0 ‘ 12.1 | Une; 1036 80 11.3
D. M. 1484 9.9 \| 10.3 P.D. 1139 20 11.1
D. M. 1568 8.1 | 9.5

R. G. 1612 10.6 10.2

D. M. | 1707 6.2 | 9.6 | D.M. | 2084 3.0 8.1
D. M. | 1753 8.8 | 11.5 D. M. 2007 5.0 12.3

| Fatal

D. M. 894 1.6 | 80 | b M 534 9.0 6.6
D. M. 949 sl 7.0 D, M. (20 4.0 5.8
D M. | 1151 3.6 8.2 D. M. 750 10.0 5.2
D. M. 1231 9.5 ‘ 6.0 D. M. 1202 2.0 58
R. G. 1266 5.4 6.5

Table 91 is inserted here not to discredit blood-sugar estimations,
but to show that there is no excuse for a case to be neglected because
such laboratory facilities are not available. Children will live a
considerable number of vears without them, but Carrasco Formi-
guera® very properly points out that with adults a table of this sort
would yield far less favorable results because of the difference in
renal threshold.

11. The Prognosis in Relation to Blood Sugar.— The prognosis is
also aided by blood-sugar tests, but, as Host* has said, “it is not so
much the initial blood sugar as the degree to which it can be lowered
by treatment.” Gray,?® analyzing the records of 210 of my fatal

! Durations compiled to July 1, 1927.

i D. M. = Diabetic; P. D. = Potential dinbetic; R. G. = Renal glycosurin: Une.
= Unclassified.

* Carrasco Formiguera: Joslin, Tratamienta de la Diabetes Sacaring, Montaner ¥
Simon, Barcelona, 1925, p. 177.

* Host: Jour. Am. Med. Assn., 1924, 82, 430.

4 Gray; Med. Clinic of North America, 1923, 7, 675,
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TaBrLe 92.—Rerarion oF Broop Svear (Fasmna, Foriy axp W) 1o ProgNosis,

(GRrAY.)
[ | } Fatal ! | Living * Toial ?
| Duration i
| after
blaod | | |
Blood sugar,| No. of | sugar to Duration Durntion Duration
per cent, patients.| death, No. of after No. of after No. of after
years | onses. bl Cnses, blood cases, blood
(average) | sugar, sugar, sugar,
| | years, VOOrs, years,
0.40-0 57 | 10 0. 66 3 ¥.3 I 2 3.7 | 6 | 2.5
0.30-0.39 | 48 1.13 30 1.9 4 | 4 ] .n 3.1
0.20-0.29 90 1.23 1. | 2:1 | 180 4.1 | 271 3.5
9 270 4.3 S46 3.9

0.19 or less| 62 1.81 76 | 2.

cases, has tabulated the percentage of blood sugar when first seen
in connection with the date of death. The table shows quite clearly
that the higher the percentage of sugar in the blood when the patients
come for treatment, the shorter the duration of the disease. Thus,
the 10 patients who showed a blood sugar of 0.4 per cent or above
succumbed within two-thirds of a year, whereas those with a blood
sugar percentage between (1.3 and 0.39 lived 1.13 years, those with
a blood sugar 0.2 to 0.29 per cent, 1.23 years, while those whose
blood sugar was less, 0.19 per cent, lived 1.81 years, Of course, it
must be emphasized that these values relate purely to fatal cases
of diabetes and that the causes of death in these cases may have
not been directly dependent upon the diabetes but upon other
factors. Gray's table, however, does indicate that the higher the
blood sugar, the more serious the diabetes. It has now been ampli-
fied by adding to it 200 consecutive fatal cases of diabetes whose
deaths occurred subsequent to the introduction of insulin, though
by no means all of these cases had insulin, because they lived all
over the country. Only those fatal cases were taken who first came
for treatment between April 1, 1919, and September, 1923. At a
glance one can see that a blood sugar of 0.40 per cent or above is
serious, although even such cases live twice as long as formerly.
The table also shows how rare such a blood-sugar percentage is
when a patient is first seen. The dependence of prognosis upon the
sugar percentage is shown by the remaining figures. For comparison
the data for 494 consecutive cases have heen added who were living
July 1, 1926, and also seen first between April, 1919, and September,
1923. These figures illustrate far less than the fatal cases the prog-

1 Compiled from 200 consecutive fatal cases who died between August, 1922, and
July 1, 1926, and who were first seen between April, 1919, and September, 1923,

* Compiled from 494 consecutive living cases who were first seen between April,

1919, and September, 1923, and who were living July 1, 1926,
3 Compiled from the 200 fatal and 494 living cases.
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nostic value of the blood sugar, but the small number of cases alive
with a blood sugar above .40 per cent compared with those whose
blood sugar was (.19 per cent or less tells the story. Perhaps the
fairest idea of the prognostic value of the blood sugar is shown by
the right hand column of the table, which gives the average values
for both living and dead.

Patients in coma have high values for the sugar in the blood, yet
many live for years upon recovery. In Table 93 the figures for the
blood sugar in coma and its relation to prognosis are collected. The
table has the defect that in 8 cases insulin had preceded the taking
of the blood for analysis. It is quite evident from the per cent of

TasrLe 93.—Broop Svear 1N Coma aND I1s RELATION TO PROGNOSIS,!

Fatul cases. Living cases.

Blood sugar, No. Dwuration No. Duration
per cent. days. years.
0.70-0,83 . 2 1 ] D.6-1.5
0.60-0.69 . 2 7-8 3 0.7-2.0
0.50-0.59 2 21-600 4 0.5-3.0
0.40-0.49 3 1-6 7 1.0-2.3
0.30-D0.39 . v 2 2-7 8 0.1-3.4
0.20-0.20 . NG St i 3 0.8-3.1
0.19 or less . 2 2.0

sugar in the blood in coma that a close relation to prognosis does not
exist.

Petrén has regarded a percentage of blood sugar of 0.24 as of
serious import. His own data have been collected and discussed by
himself* and Malmros.® Tt is a cautionary signal to all who use insu-
lin and thereby allow the percentage of blood sugar to rise, because
of the increased diets permitted.

The method of Ivar Bang was employed in the earlier analyses,
the Lewis-Benedict method in 1916 and 1917, and the Folin-Wu
method from April, 1919, to date.

TaBLE 94.—THE INFLUENCE OF AGE UPoN THE BLoop Sucar (Fasting) 18y TrRUe

DiasuTEs.
lDAIIl 1922-1923 1926
Blood sugar, Blood sugar, Blood sugar,

Age, Cases per cent, Cases per cent, Cases per cent,

Years. No. BVETAZE. No. AVeTage. No. AVErnge.
010 . . . 1 0.19 20 0.19 20 0.18
20 . . . 28 0.21 = ST 20 0.18
230 . . o 27 0.24 20 0.19 20 0.19
31-40 . . 28 0.23 0 sty 20 0.24
41-60 . . . 18 0.22 20 0.22 20 0.21
61-80 . . . 85 0.20 gt 20 0.21
61-70 . . . 18 0.21 20 0.24 20 0.23
7lon Wl e 3 0.27 20 0.22 20 0.19

1 The first ease occurred on April 23, 1923, the last case on August 8, 1926, and
:!18 table is compiled to September, 1026. In heavy type are the extremes of dura-
1011,
? Petrén: Compt. rendu de la Soc. de Biol., 1925, 93, 380,
3 Malmros: Acta Med. Scand., 1925, 62, 204,
156
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12. Age.—The influence of age upon the percentage of sugar in
the blood of diabetics is negligible. Table 94. Furthermore, there
appears to be no change in the blood sugar of a routine series of
cases as compared with similar series either before or at the time
treatment with insulin was introduced.

In general the younger the patient the lower the blood sugar,
but the converse is not true, and indeed the difference between dif-
ferent decades is slight. Four cases, all under the age of ten years,
showed 0.06, 0.04, 0.08, and 0.07 per cent of sugar within a few days
of the beginning of treatment in the Allen Epoch of undernutrition.
Their course in the hospital was by no means as favorable as such
low percentages would imply. The total duration of the disease
was 1 year in one of these cases, 2 and 3 years in another, and 6
years and 6.5 years in the third and fourth, Death resulted from
coma in 3 and from aceident in the other.

Normal infants, fasting, under two weeks old have a low blood
sugar averaging 0.087 per cent. In ill-nourished infants lower
values are found.! At three to five hours after nursing the amount
varies in healthy infants from (0.085 per cent to 0.125 per cent.?

13. Duration.—The duration of the disease does not bear a
close relation to the percentage of sugar in the blood. In general
there is a tendency to a slight rise in the blood sugar, but it is so
moderate as to afford little support to the theory that diabetes
becomes more severe the longer it lasts. It is distinetly encouraging
to see that cases with duration over ten and even fifteen years
should show so little increase. One would have expected that a
rising renal threshold alone would have exerted more of an influence.

Tavre 95.—Tue InFLUENCE OF THE DUraTiON OF THE Disgase vrox ToE Broop
SuGAr IN DIABETES.

1016 1922-1923 1923-1028
(T Blood sugar, Blood sugsr, Blood sugar,

Duration, Cases per cent, Cases per cent, Cases per cent,

years. No. average. No. AVErage. No. average.
Under 1yr.. . 54 0.21 20 0.18 5 0,18
1- 5 i = = BE 0.22 20 0.21 22 0.23
6-10 4 26 0.22 20 0.26 27 021
11-15 . 12 0n.23 20 0.21 52 0.19
16-29 . , i 0.22 20 0.23 31 0.19

The tables cited under prognosis, Tables 92 and 93, also throw
light on the blood sugar in relation to the disease.

Gray writes, “A rise in blood sugar might appear if instead of
tabulating averages of groups of patients with successive durations,
one either considered the same patient at different periods, or in

! Brown: Quart. Jour. Med., 1925, 18, 175.
! Stammers: Phys. Reviews, 1926, 6, 630.
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each group considered not the average, but the relative frequency
of different blood thresholds at different periods from onset.”

I have met this suggestion through the compilation of Table 96
which shows the changes in blood sugar of the same patient at inter-
vals either of five years or ten years following the date of the first
blood-sugar estimation. For these 50 cases the tendency of the blood
sugar was to be lower rather than higher after intervals of five or
ten years between tests.

TanLe 96.—The Broop Sucar ix Draperic Pamients Durine Five or Monre
Yeans Accorving To THE AGE oF ONsET oF THE DISEASE.

Second observation, Third observation,
| First observation, 5-0 years later. 10-12 years later.
| s
| Average Average Average
Cases B: 8. Cases B. 8. Cases B. 8.
Age at onset, No. per cent. No. | per cent. | No. per cent.
. ; .
0-19 1 | 0 18 : gL | 1 0.15
20-39 14 0.18 9 0.15 5 Q.17
40-59 35 0.18 24 i 0.19 32 0.19

14. Glycosuria.—The presence of sugar in the urine (during
the preceding twenty-four hours) is almost invariably accompanied
by an increase of sugar in the blood. Among 207 blood-sugar
analyses, there were only 5 instances in which this did not occur.
On the other hand, the sugar in the blood may be as high as 0.5
per cent without glycosuria. This is most apt to occur in nephritis.
John! found a blood sugar of 0.31 per cent to be the highest percent-
age without glycosuria in a series of 1000 diabetics. Major and
Davis? observed 7 patients between the ages of eleven and thirty-
five years without arteriosclerosis or sign of renal disease, who were
taking insulin, whose percentages of blood sugar were between
0.425 and 0.250 without glycosuria. Rabinowitch?® also has observed
a rising renal threshold under insulin treatment in young diabetics.

In studying the question of high renal threshold in 1000 of my
cast’?s.'l)r. C. T. Stone felt that they afforded an unfavorable prog-
nosis inasmuch as autopsy records appeared to show that the high
renal thresholds often were associated with hyalization of the islands
of Langerhans,

In Table 97 is shown the range of the percentage of blood sugar in
a group of my cases and the quantity of sugar excreted in the urine

! John: Arch. Int. Med., 1927, 39, 67.

# Major and Davis: Jour. Am. Med. Assn., 1925, 84, 1798.
" Rabinowiteh: Brit. Jour. Exp. Path., 1926, 7, 352.

¢ Stone: Jour. Am. Med. Assn., 1926, 87, 388,
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in the preceding twenty-four hours. On the average the higher the
quantity of sugar excreted, the higher the percentage of sugar in
the blood. Exceptions are numerous and are caused by the cases
with a high renal threshold or by renal glycosuria. Case No. 6181
at his first visit had a blood sugar of 0.54 per cent and I should judge
the twenty-four-hour urine contained at least 150 grams glucose.

Tasre 97.—TrE Broop Sucar 18 REraTioN To THE ToraL QuantiTy oF GLucosn
Excrerep 1N THE PrEcEpiNg TwenTY-FOoUR Houns.
Excretion of glucose in

preceding 24 hrs,, Cases,  Analyses, Blood sugar, per cent.
grams, Nao, No. Lowest Average. Highest.
L e s 321 0.07 0.19 0.50
1= 8« o o o 4 G2 0.11 0.24 0,50
=2 v = o 39 29 0.09 0.24 0.35
11-200. . . . 27 a8 0.18 0.28 0.50
=20, = e e 22 0.15 0.26 0.43
=00 . A8 25 0.19 0.24 0.45
al=T0. .o« M1 12 0.11 0.28 0.45
200 S ¢ )8 9 0.24 0.32 0.40
100=-1007 . X . . 6 Li] 0.19 0.31 0.38
151-200._ . . . : 1 0.13 0.13 0.13
318 S e 1 0.25 0.25 0.25

TaBLE 98, —AnALY8ES oF Broop-sucAr Fasmine Mape vron DiaBETIC
Paments Duming THE Counrse oF TrREATMENT.

Treatment without insulin, Treatment with insulin,

; Hospital cases, Haospital cases,
| blood sugar. blood sugar,
, No. of [ No. of
Year. cases, \:\l‘ithinra ! At | Year. cases, | Vgithin [3 3
o oty digchnrge, | Ays o dischurge,
ademiamon | per ent. admission. | per cent.
| | |
[
1916 33 D22 | 017 1922 | 30 0.27 0.19
1919 100 0. 19 | 0 14 1923 100 0.22 017
%22 | 100 0 22 [ 0. 15 | 1927 50 | 0.22 0. 19

The blood sugar of Case No. 564 was (.13 per cent. He repre-
sented a severe type of diabetes in a boy aged sixteen years who,
although ultimately becoming sugar-free, remained so with strict
adherence to diet. He lived for ten years when he succumbed to a
gastric ulcer. Case No. 706 also had a blood sugar of 0.11 per cent.
He likewise represents a serious form of diabetes, but in spite of this
fact he eventually became sugar-free and lived 7.7 years until
February 4, 1923, when he died of perforation of peptic ulcer.
These low blood-sugar percentages were simply the result of treat-
ment by undernutrition and therefore illustrate only the results of
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treatment by that method. The blood sugar indicated better than
the clinical impression the true nature of the case.

No essential change has taken place in the percentage of blood
sugar in patients admitted to the hospital for treatment in the
vears 1916, 1919 and 1922 as shown by various groups of cases
collected in Table 98. On the other hand, the blood sugar at dis-
charge is a trifle lower. It reached its lowest value in 1919 when
undernutrition was more strenuously followed than now. For com-
parison three series of cases treated with insulin are added. The
first series is the earlier and hence made up of more severe cases,
the second series comprises both severe and moderately severe
diabetics.

The percentage of sugar in the blood in coma is increased and
may be very high at onset, remain high without glycosuria in the
case of renal block, and fall nearly to normal with insulin and the
low diet before the coma is over. For the blood sugar in coma see
Section IX, page 650,

15. Glycolysis in Blood.—For many years, despite certain con-
tradictory evidence, the impression has existed that the disappear-
ance of sugar from unpreserved blood in vifro proceeds at a slower
rate in diabetic blood than in normal blood. Numerous investiga-
tions have been carried out with the idea of discovering any fixed
rule by which such glycolysis takes place. Since even now the sub-
ject is one of dispute and has not as yet been shown to play a sig-
nificant part in carbohydrate metabolism, I dismiss it without
statement of opinion by referring to the recent paper of Lemann
and Liles' who quote the available literature and conclude that
glycolysis proceeds more slowly when there is hyperglycemia,
however produced, and that administration of insulin, per se, does
not affect this behavior. They suggest that delayed glycolysis in
diabetic blood may be due to the hyperglycemia per se and not to
any essential quality of the blood characteristic of the disease.

E. BLOOD LIPIDS.
By HAZEL M. HUNT

AND

ELLIOTT P. JOSLIN,

1. Blood Lipids in Health.—Lipids,’ the name given to all sub-
stances closely connected with fat metabolism, are normally present
in blood in four forms:

(a) Triglycerides.—Glycerides of the higher fatty acids, usually
oleic, palmitic, or stearic. These glycerides are fatty acid tri-esters

! Lemann and Liles: Jour. Lab. Clin. Med., 1026, 11, 339.

’ Ifipidn is the new term recommended by the International Congress of Pure and
Applied Chemistry.
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formed from glycerol and one or more of the higher fatty acids. A
good example is triolein.

H:C — 0 OC — CyHxn
HC -0 0C — CisHn

H.C — 0 OC — CisHn

Triglycerides yield about 98 per cent of their weight of fatty acids.

(b) Phosphatides.—Glycerol esters of the higher fatty acids but
containing phosphorus in the molecule. Lecithin and cephalin
are the best known phosphatides and lecithin is the more important
of the two. It is a glyceride containing 2 molecules of fatty acid
and 1 molecule of phosphoric acid which is in turn combined with
1 molecule of cholin. The fatty acid composes about 70 per cent
of the whole compound and the phosphoric acid about 12 per cent.

H:C = 0 OC - Ci1Has

|
Oleo-palmitie lecithin contains 1 mole- HC — 0 OC - CuHn
eule of glyecerin, 2 molecules of fatty acid
(oleic and palmitic acids), 1 molecule of H.C — 0 — P\
phosphorie acid, 1 molecule of cholin. & N\OH
0

(e) Cholesterol. —A substance whose chemical formula is still
being studied. It is believed to be a secondary aleohol belonging to
the terpene series of compounds and probably contains two double
bonds. The formula aseribed to it is as follows:

(CHa): : CH + (CH2): — CyyHy — CH = CHs
7N

7
HC CH:
N A
CHOH

About two-thirds of the cholesterol in the plasma is combined
with fatty acids, thus forming esters, but in the corpuscles all of
the cholesterol is free.

(d) Cholesterol Esters.—Combinations of cholesterol with a fatty
acid, ordinarily palmitic or linoleic acid. In the cholesterol esters
the fatty acids constitute about 44 per cent of the whole molecule.

The total fatty acids, which comprise the fatty acids in the gly-
cerides, the fatty acids in lecithin and the fatty acids combined
with cholesterol, represent the predominant form, about 50 per cent,
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in which fat appears in the blood. The average normal percentage
of fatty acids is 0.37, range 0.29 to 0.42 per cent. The lecithin
comes next and the average is 0.3 per cent, range 0.28 to 0.33 per
cent. Cholesterol, in both free and combined forms, is least abun-
dant, the average being 0.22 per cent, the range 0.19 to 0.25 per
cent.

Analyses for the total fatty acid, lecithin, and cholesterol in the
whole blood, the plasma, and the corpuscles are given in Table
99, which is based upon Bloor’s figures for 19 normal individuals.
The plasma affords the best index of changes in the lipids of the
blood. The lipid content of the corpuscles varies but slightly
in health or disease and little attention need be paid to it.

The analyses of the fat in the blood made upon my own patients
have been performed upon the plasma of blood obtained in a post-
absorptive condition unless otherwise stated. Usually the blood
has been secured fourteen hours after the last meal. The analyses
have been begun as a rule not later than two hours from the time
the samples of blood were obtained.

The influence of food upon the blood fat is striking, but as yet
there is no fat tolerance meal to serve as a standard. Speculation
suggests that as wide a variation might exist in the blood lipids
after the ingestion of fat in diabetes as takes place in the blood
sugar in diabetes after the ingestion of carbohydrate. Bloor! used
standard doses of olive oil in his study to determine the utilization
of fat in diabetic dogs. Thus he found the blood fat to be 0.6 per
cent twenty-four hours after a meal, but 0.73 per cent three and a
quarter hours after 100 ce. olive oil, 1.2 per cent, the peak of the
rise, in six and a quarter hours, and 0.87 per cent in eight hours.
Surraco® noted that the cholesterol could be easily influenced in
ascitic fluid by changes in the diet. Luden, studying the influence
of diet upon cholesterol in the blood, found a very definite increase
in blood cholesterol when diets rich in cholesterol were fed, as did
Landau and his co-workers® MeClure and Huntsinger* report
increases in blood cholesterol and fatty acids after a meal, regardless
of the character of the foodstuffs. When fed in relatively large
amounts there is some evidence that it or its esters may be deposited
in the tissues and walls of the bloodvessels.5

Blaisdell and Chandler® have also noted an increase of cholesterol
in the blood following the feeding of cholesterol and of egg yolks to
dogs and rabbits.

! Bloor and Gilette: Proe. of Soe. Exp. Biol. and Med., 1925, 22, 251.
* Surraco: Jour. Am. Med. Assn., 1918, 70, 1269.

! Landau: Ann, de Méd., 1025, 18, 143,

* McClure and Huntsinger: Jour. Biol. Chem., 1928, 76, 1.

! MacCallum: Physiol. Rev., 1922, 2, 70.

¢ Blaisdell and Chandler: Am. Jour. Med. Sci., 1027, 174, 402,
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Fasting, hemorrhage and narcosis cause an increase in the blood
lipids, but this is not constant, apparently depending upon the
nutritional condition of the animal. In those instances without
marked increase it could be obtained after a period of forcing fat
food. However, in starving animals, according to Rosenfeld, the fat
mobilization ordinarily produced by phosphorus poisoning in dogs
was absent.

The total fatty acids of the blood are increased in nephritis,
pneumonia, pregnancy and in extremely severe anemia. In these
conditions acid poisoning may be a factor.

Lecithin appears to be an intermediate stage in the metabolism
of fat. After passage through the intestinal wall when the fat
reaches the blood or soon after, there is an increase in lecithin
which is believed to have its origin in the fat and to be a stage in its
metabolism. Lecithin may be increased in nephritis and high
values have been observed in the blood corpuscles in leukemia,
but in the cachexia of carcinoma low values are obtained. It has
also been reported increased in experimental conditions in animals,
such as in the anemia produced by continued bleeding, and in
depancreatized dogs. Lecithin is destroyed upon standing by the
action of an esterase in the corpuscles, and this may account for
the low values occurring in the literature.

Cholesterol is a relatively well defined and stable chemical sub-
stance, and is the lipid which can be most readily determined. Its
significance is still an unsolved problem, but that it has a very
definite and important role in the fatty acid metabolism is well
recognized. Professor Bloor! says of it: "It is universal in its
occurrence wherever there are other lipids, sometimes free and some-
times in the form of esters. In the blood, when not disturbed by
food absorption, it bears a constant relation to lecithin and in the
plasma to its own esters. In the corpuscles it is always found free.
In the blood plasma it increases as other lipids increase, and any
increase of cholesterol due to overfeeding is followed by an increase
in other lipids. In blood plasma it oecurs both free and combined
in the proportion of about 1 part free to 2 parts combined.”
From the work of Hiirthle* and the more recent work of Bloor® the
cholesterol esters are believed to be the palmitate and the linoleate.
Cholesterol seems to be the main vehicle for the transfer of the unsat-
urated fatty acids in the blood stream. Bloor states in this regard:
“The significance of this fact is not altogether clear, for while it
seems to connect cholesterol closely with the intermediary metab-
olism of the fatty acids, the cholesterol esters are in contrast to

! Bloor: Jour., Metab. Res., 1823, 4, 549.
! Hirrthle: Ztschr. Physiol. Chem., 1805-1806, 21, 331.
' Bloor: Jour. Metab. Res., 1023, 4, 549,
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lecithin, very stable compounds. Tt brings to mind the familiar
experiments of Knoop who found on feeding phenyl derivatives of
the fatty acids that fatty acid chains were reduced 2 carbons at a
time to within 1 or 2 carbon atoms of the ring. It may be that
cholesterol forms such an unburnable ‘handle’ from which the fatty
acids are burned.”

Sunderman and Weidman! investigated the blood cholesterol of
various animals in relation to their normal diets and plotted the
curves for each species. Their list includes both herbivorous and
carnivorous animals, They conclude from their work that there is
no relation between the dietary habits of animals and their blood
cholesterol content.

Cholesterol is inereased in narcosis, aleoholism, and pregnaney, as
well as in all cases of jaundice, because of the stoppage of one of its
normal paths of exeretion. It is increased in nephritis, but decreased
in cachexia of various origins. In the blood of natives of the tropies
cholesterol is very low despite the fact that infections of the liver
are common. De Langen® noted the rarity of gall stones in the
tropics. The single case he observed among 15,000 patients was
not in a native of the East Indies and no case was recognized among
40,000 out-patients.

Cholesterol and lecithin are constituents of all living cells and
probably constitute most of the “built in” or invisible fat of the
tissues. Both may be synthesized in the body. Lecithin probably
takes an active part in fat metabolism and is the first stage through
which the fats pass in their utilization by the organism. Where
the vitality was low McCrudden® found a relation between the
severity of the condition and the low values for cholesterol and
blood sugar. When the patient improved under treatment, the
values for both blood sugar and cholesterol increased.

The fats of the food, after digestion and absorption, reach the
blood mainly by way of the lymph vessels and apparently do not
pass in any appreciable amounts into the intestinal blood capil-
laries. Because only 60 per cent of the absorbed fat could be
recovered from the thoracic duct at its point of entry into the blood
stream, it was believed for some time that the other 40 per cent
must be absorbed directly into the intestinal blood capillaries and
thus get into the circulation. However, it does not enter directly.
Even if the thoracic duct is tied, fat, according to Lee! still gets
into the blood by other openings which evidence indicates are
Iymphatie.

! Sunderman and Weideman: Arch. Dermat. and Syph., 1925, 12, 679.
! De Langen: Jour. Am. Med. Assn., 1918, 71, 1099.

! MeCrudden: Jour. Am. Med. Assn., 1918, 70, 1216.

t Lee: Johns Hopkins Hosp. Bull., 1922, 33, 21.
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Because of the adaptive changes made possible during the resyn-
thesis of fats as they pass through the intestinal wall, the fat as it
reaches the blood stream may have quite different properties from
the food fat in which it originated.

Sugar falls but fat rises in the blood in starvation. Coincident
with this change in the blood acidosis-appears. From this increase
in fat in the blood one might infer that the blood is mobilizing fat
from its fat depots for its nutritional needs, and it is readily con-
ceivable that in the presence of abnormal metabolism the fat of an
obese subject might be more easily drawn upon and that the effect
would be the same as that of ingested fat. For this reason the lipids
in the blood of fat and thin people present an interesting field for
study.

The power exhibited by the lungs and by the liver to destroy
cholesterol is lost if the pancreas is not functioning. This power is
recovered with the use of insulin. Nitzescu and Cadarin® believe it is
possible to say with certainty that the pancreas by its endoerine
secretion plays a prineipal role in the metabolism of cholesterol.

2. Blood Lipids in Diabetes.—With an excess of fat diabetes
begins and from an excess of fat diabetics die, formerly of acidosis,
now of arteriosclerosis. In 75 per cent of 1000 of my diabetic cases
an increase of body fat preceded the onset of diabetes, and in 66
per cent of my earliest cases abnormal fat metabolism resulting in
acidosis caused death, and in 47 per cent of my more recent cases
arteriosclerosis caused death.

Disordered fat metabolism was first associated with diabetes
when phlebotomy disclosed a milkiness of the blood of diabetic
patients. Severe diabetes was, and is, the only disease in which
lipemia is frequent enough to be of special significance. The milky
appearance of the serum and the “cream” which rose from it on
standing indicated the fat. When bleeding fell into disuse, nothing
more was learned regarding the nature of this fat until in 1903
Fischer observed that the quantity of cholesterol in diabetic blood
was abnormally high, and this finding was confirmed by Klemperer
and Umber, who made a similar observation with regard to lecithin.

The percentage of fat reported was extreme, and in 1 case
Klemperer found 26 per cent; figures of 15 to 20 per cent were not
unusual. Among my cases the highest values are 13.1 per cent
as found by Bloor,? Case No. 786, and 16.3 per cent in the same
patient as found by H. Gray, but these two analyses are based
actually upon a patient undergoing treatment with restriction
of fat and after fasting fourteen hours. In comparison with the
extreme values of Klemperer the increase of 13.1 per cent appears

! Nitzescu and Cadarin: Comptes Rend., 1925, 92, 206.
* Bloor: Jour. Biol. Chem., 1921, 49, 201.



236 PHYSIOLOGY AND PATHOLOGY

only moderate, but in reality it represents an increase of twenty
times the average normal value.

() Lipemia (cloudiness or milkiness of the plasma) does not
normally appear in the postabsorption period, although the blood
plasma may contain an excess of cholesterol, lecithin, and probably
some fat. The introduction of more fat into the blood by feeding
or mobilization from body fat generally produces a milkiness nor-
mally lasting but a few hours, but under certain conditions for con-
siderably longer periods. If the total fat of the plasma rises above a
normal value of 0.5 per cent to 0.8 per cent, lipemia usually appears,
but in diabetes values above 1 per cent with clear plasma are often
found. Bloor obtained a value of 4.35 per cent total lipid in my
case, H, with clear plasma. Such cases of “masked” lipemia have
been frequently noted. The “masking may be an unstable condition,
since on standing for a time, twenty-four hours to forty-eight
hours, milkiness may develop in a plasma which was clear when
drawn.” Professor Bloor considers this as due probably to a change
only in the physical condition of the fat present. Of a series of 116
insulin treated diabetics studied at the New England Deaconess
Hospital during the past year 9 cases showed a definite lipemia.
Six of these cases were severely acidotic and might be termed cases
of “threatened coma.” They all had high plasma cholesterol values.
One case of five days’ duration, Case No. 6089, showed lipemia with
a cholesterol plasma content of only 0.236 per cent and 2 cases of
seven and nine years' duration had cholesterol values of 0.221 and
0.214 per cent, respectively. Thus it appears that a change in the
physical condition of the fat in blood plasma may make normal
amounts visible.

Tasre 100.—CroLeEsTEROL VArves 1x Liresmic Broop Prasma.

N?. Cholesterol, per cent. Age in years, Duration in years.
r'n:ea. = i{;:u.lsl.‘. Average. Range. .‘\\'Emgr? Range, Average.
9 . . D.214-0.955 0.4584 12-39 29 5 days 3
to
@ years

In one of my cases of lipemia, Case No. 786, Bloor found all the
lipids increased, but as the lipemia disappeared the total fat dimin-
ished most rapidly, the lecithin less rapidly, and the cholesterol
relatively slowly, “showing that the fat is the first to decrease as
it was the first to increase, the lecithin next, and the cholesterol
last.” In one case with a clear plasma the total lipid content was over
4 per cent, the lecithin 1 per cent, and the cholesterol 1.4 per cent,
Bloor believes that both the fat of the food and the fat stored in
the body may be sources for the lipemia but that the former is the
more important. The accumulation of fat in the blood which causes
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the lipemia, he ascribes to the difficulty which the diabetic has in
removing fat from the blood in contradistinction to the lipemia
following hemorrhage, which can be explained by an excess of inflow
of fat into the blood.

Bloor and Gilette working with dogs found that there was a
much greater accumulation in the plasma and slower removal of
fat from it in response to a standard fat feeding in the case of dia-
betic dogs than in normal dogs. These experiments indicate that
these animals may not be able to utilize fat as well as normals.!
This inability is not digestive, but shows itself in a greatly increased
response of free fat in the blood plasma after a standard fat meal.
Cholesterol and lecithin levels are not much affected until the dia-
betes produced is quite severe. The defect appears to be concerned
only with the disposal of free fat as it comes into the blood from the
thoracic duct. The fact that insulin will bring these animals
quickly back to normal lends support to the theory advanced by
Bloor that insulin may increase the permeability of body cells whose
power to take up fat has been lowered by the diabeticcondition.
This hypothesis also fits in well with Allen’s conception of the cause
of lipemia in diabetes—a general cachectic condition of the whole
organism which affects all the cellular functions including permea-
bility. This conforms to the broader pathology of the pancreas in
diabetes which includes the acinar tissue and its deficient secretion
of pancreatic juice as observed in diabetic patients. Bloor also
inclines to the belief that there is a deficiency in diabetes of a hor-
mone whose funetion is to aid in the removal of fat from the blood,
basing his opinion upon: (1) the lipemia which is so common with
diabetics; (2) its easy produetion in dogs made diabetic, but the
difficulty of its production in normal dogs; and (3) the high content
of blood lipids in diabetics.

(b) High Values in Diabetes.—Professor Bloor in 1916 found all
the lipids increased in diabetes. This is shown in Table 101 taken
from Bloor, in which he compares the blood lipids of normals and
28 of my diabetic patients. It is also confirmed by Table 102,
which represents analyses of 131 bloods of my cases made by H.
Gray* in Bloor’s laboratory. The inerease is greatest in the plasma,
the composition of the corpuscles remaining so nearly constant as
to be disregarded.

Gray's series of 131 specimens of blood fat were divided into
three groups, according to whether the patients were mild, moderate,
or severe in degree. All of these types of diabetes were distinguished
by a marked increase in lipids of the blood, and the general state-
ment was made that the increase is progressive with the serious-

! Bloor and Gilette: Proc. Soc. Exp. Biol. and Med., 10925, 22, 251.
? Joglin, Bloor and Gray: Jour. Am. Med. Assn., 1917, 89, 375.
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ness of the disease. Thus, the average quantity of lipids obtained
by Bloor’s method in the whole blood amounted to 0.59 per cent
in 19 normal individuals, but was increased to (.83 per cent in 32
mild diabetics, to 0.91 per cent in 37 moderately severe dlahetl(“i.
and to 1.41 per cent in 55 severe cases of diabetes. The increase
holds not alone for the lipids obtained by Bloor’s method, which
extracts approximately 91 per cent of the total blood lipids, but
for each of the three groups of lipids.

Tasre 101,—Comrarison oF Broop Lirins oF Nonumar anp 28 Diassetic
INDIVIDUALS.

(Compiled from table of W. R. Bloor, Jour. Biol. Chem., 1916, 26, 424.)

Total fatty acids, | Lecithin, | Cholesteral,
gms, in 100 e.e, glun. in 100 c.e, gms. in 100 ¢.c.
| Whale Cor- | Whole . Cor- | Whole Cor-
! blood, Plasma. pust‘-lm blood. Plasma. puscles.| blood, Plasma. puscles,
Dinbetic extremes | 41-76 | 46-.93 | .33-.62 | .26-.50|.17-45 | 32-.60 | .19—44 | [ 16-65|,17-.24
Diabetic average ' | .52 A3 36 30 A6 .29 36 .20
Noraal average .22

a7 .39 34 .30 .21 K ¥ .23 20
Normal extremes . | 20-42|.30—.47 |.27-.45(.28-.33 | . 17— ’I:,S't—ﬂi A9-.25|.19-.31.17-.24

The patient who showed the greatest increase of total fatty acids
in the plasma—save for lipemia—was Case No. 983, who was
obese and developed severe acidosis upon restriction of carbohydrate
and only after eighteen days of treatment became sugar- and acid-
free. (See p. 279.) Eventually she was proven to be one of the
mildest of diabetics, showing that a diabetic is mild or severe as
the diet and doctor make him. On the other hand, a elinically mild
case may show considerable abnormality, due probably to diet, as
in Case No. 914 (p. 424, Bloor') whose increase in total fatty
acids was 60 per cent. His tolerance for carbohydrate was 150
grams. Between the mild and severe cases were all degrees of
gradation in the blood lipids, but in general the more severe the
diabetic condition the more marked was the abnormality in the
blood lipids.

(¢) The Relation Between the Different Lipids in diabetics was not
the same in the larger group of cases examined by Gray as con-
trasted with the small group first examined by Bloor. Although
the quantity of total fatty acids is trebled, the cholesterol is only
doubled and the lecithin increased but one-third. The increase
in cholesterol is significant and suggestive and seems indeed pathog-
nomonic of the prolonged diabetic hyperlipemia, since Bloor has
found it lacking in the acute lipemia of overfeeding which is char-
acterized by an increase in the total fatty acids alone.

! Bloor: Jour. Biol, Chem,, 1916, 28, 424,
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The increased amounts of lecithin and cholesterol in the blood have
led to the belief that the increase was due to degeneration of tissue
cells, setting free their lipids, but analyses of various tissues have
shown that the lipid content of the tissues in diabetes is not abnor-
mal. The increased fat in the liver, rising to even more than 10
per cent does constitute an exception, because it represents storage.
Increased mobilization of stored fat as the result of the partial
starvation has also been offered as an explanation, but here again
the evidence does not bear out the assumption. In the first place
the stored fat contains only traces of lecithin and cholesterol; in
the second place, though fat at onset, diabetics generally become
thin later and have very little stored fat; also even complete starva-
tion does not necessarily mean increased blood fat. A third inter-
pretation considers the increase due merely to an accumulation
of food fat which the organism can no longer burn, and in the light
of the knowledge that in diabetes the fat-burning mechanism is
probably deranged and of the recent discovery that lecithin and
probably cholesterol (as ester) are steps in normal fat metabolism,
this seems to be the most reasonable explanation.

Lecithin, however, except for lipemia, varies with the fatty acids
in nearly all cases, but not as constantly as does the cholesterol.
In Case No. 786, with lipemia, the values for lecithin were not
greatly increased, as is shown by a comparison with the lecithin
values in this same patient when he did not present lipemia.

Cholesterol has been found to run parallel with the total fatty
acids in all cases, including lipemia. Therefore, the determination
of the cholesterol alone in the plasma has been considered to give
valuable information regarding the lipid content of the blood in
diabetes. Whether or not this is true in insulin-treated diabetics is
a question which needs further work to solve. Wishart's' studies
revealed no especial retention of cholesterol when diabetic patients
subject to lipemia were fed cholesterol or foods rich in cholesterol.
This is, of course, quite the opposite of what Luden® found in normal
individuals.

In the right hand column of Table 102 the blood sugar values
corresponding to the fat values are inserted. Gray thus shows the
greater reliability of blood fat in prognosis. Rabinowitch® also
considers the quantity of cholesterol in the blood of greater prog-
nostic value in insulin treated diabetes than the blood sugar or the
clinical condition of the patient.

Williams examined the cholesterol in 89 cases of diabetes. In
52 of these it was under 0.25 per cent, in 11 between 0.25 and 0.3

! Wishart: Jour. Metab. Res., 1922, 2, 190.

* Luden: Jour. Lab. and Clin. Med., 1017, 3, 141.
' Rabinowiteh: Canadian Med. Assn. Jour., 1927, 17, 171.
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per cent and in 26 it amounted to over 0.3 per cent, compared with
Bloor’s 0.23 per cent for normals.

The total fatty acids afford the surest indication of a change in
the blood lipids. 1t will be seen that the normal variations for leci-
thin and cholesterol were so great as to overlap the variations for the
lecithin and cholesterol in diabetic blood. On the other hand, the
lowest figure obtainable for total fatty acids in diabetic blood was
at the upper normal limit for these acids in normal blood, but this
held good only for the plasma.

The mild cases of diabetes were subdivided into two groups
based upon the presence or absence of nephritis. The differentia-
tion, however, showed nothing characteristic. Indeed, the uni-
formity for the groups was so close that it extended to all the different
lipids.

(d) Blood-fat Values on Fasting and on High-fat Diets.—The
effect of fasting upon the blood lipids was studied by Cowie and
Hoag' in a boy, aged seven yvears, with diabetes presenting acidosis.
After four days without food, the total lipids increased 182 per cent.
Another patient showed a (4 per cent increase during three days
of fasting, and this was also accompanied by acidosis. When these
patients were given a diet high in fat and low in carbohydrate and
protein, the lipids decreased. This is surprising. The increase in
the blood fat during starvation should be related to the insufficient
combustion of carbohydrate. In fact, all our conclusions upon the
utilization of fat by the body or the accumulation of fat in the blood
must be restudied in the light of our present knowledge of the keto-
genic-antiketogenic ratio. Blau and Nicholson® recognized this in
their conclusions upon their studies of the blood fat in 26 cases of
diabetes. They also call attention to the presence of another factor,
namely, infection, which might easily complicate the problem.

The administration of fat in the form of eream to normal children
was also investigated by Cowie and Hoag., They found that the
maximum amount of lipids in the blood was reached from the
fifth to the seventh hour after ingestion and that with 3 adults the
maximum was obtained in six hours. When the fat was given
together with a large amount of carbohydrate, the highest point
was reached with the adults during the second hour.

“The fat absorption-utilization curve of an adult diabetic patient
was studied following the ingestion of 143 grams of fat, 6 grams of
carbohydrate, and 16 grams of protein in a single meal. The
maximum concentration in the blood was reached at the sixth and
eighth hours, showing, however, a rise of only 10 per cent over the
first hour after ingestion. A boy, aged eleven years, with diabetes,

! Cowie and Hoag: Jour. Am. Med. Assn., 1921, 77, 493.

* Blau and Nicholson: Arch. Int, Med., 1920, 26, 735,
16
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showed at the eighth hour a 26 per cent increase over the first
hour, following ingestion of 90 grams of fat, 14 grams of protein,
and 11 grams of carbohydrate. These results show no gross varia-
tion from the normal curve.” One of our cases, a boy, Case No,
2878, diabetes of five years’ duration, who had been on a fat diet
of 186 grams with carbohydrate probably high in quantity per day
for two months, showed low cholesterol values, 0.162 per cent.
This is about the value we now obtain with most of the diabetic
children, save adolescent girls.”

Cowie and Hoag's 8 diabeties examined showed an increase of
total lipids, the highest being 8.8 per cent. “When these patients
were fed a minimum of carbohydrate and protein, but large amounts
of fat, ranging from 100 to 200 grams daily, and furnishing an ade-
quate caloric intake for the individual, the lipids content of the
blood steadily decreased. The patient whose case is cited above
had 8.18 per cent on entrance, which was reduced to 1.5 per cent
before he was discharged from the hospital on a diet containing
220 grams of fat.”

The high-fat, low-protein and low-carbohydrate diet led to a
reduction of the lipemia likewise in the cases studied by Marsh
and Waller.!

These results are similar to those of Newburgh and Marsh? in
their studies of high fat feeding. It should be noted that these
results were obtained coincident with a decrease in the sugar in
the urine and in the blood, and the explanation is offered that the
decrease in fat in the blood of their cases was not on account of the
large quantity of fat in the diet, but rather on account of the
improvement in the diabetes brought about by the better utili-
zation of carbohydrate. This agrees with Allen’s? statement that
the one indispensable prerequisite for diabetic lipemia is the exist-
ence of active, severe symptoms in the form of glycosuria and that
severe cases whose glycosuria has been abolished by diet never
exhibit any extreme grade of lipemia, however high the fat intake.
In other words, the improvement in the treatment of the patient
as a whole is the important factor, irrespective of the method
employed. Although the diets of Newburgh and Marsh were high
in fat, it is probable from the work of DuBois and Richardson® as
well as MeCann® that considerable portions of this were not burned.
It is all the more striking that the fat in the blood was not increased
to a greater extent. If there is a defect in the metabolism of fat in
diabetes apart from that dependent upon the deranged metabolism
of carbohydrate, one would expect it to show more plainly.

Marsh and Waller: Arch. Int. Med., 1923, 80, 655.
Newburgh and Marsh: Arch. Int. Med., 1923, 31, 63, also 455.
Allen: Jour. Metab. Research, 1922, 2, 219,

1
1
)
¢ DuBois and Richardson: See p. 287.
¥ M¢Cann: Loe, cit., p. 202,
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Cases of mild and moderate diabetes were found by Blatherwick!
to utilize satisfactorily large amounts of fat. He determined this
point by demonstrating the consistency of the blood-fat level of
his patients and the absence of acid bodies in the urine. His results,
however, were during short periods.

(¢) Acidosis and Blood Fat.—The influence of acidosis upon blood
lipids deserves attention because it is from abnormalities in the fat
metabolism that so great a percentage of our patients formerly
died. However, data based upon groups classified according to
severity of diabetes do not give consistent results. Gray in 1916
found a higher level of total lipids in cases of diabetes with acidosis
than in cases without acidosis. The total lipids were not, however,
proportional to the severity of the acidosis as it was found that
patients classified as having moderate acidosis showed higher values
than those with severe acidosis. In some instances there have been
ecases in extreme conditions of acidosis with bleod lipid values normal
or below normal. The blood of two such patients dying in coma in
1916 was examined for blood lipids one day and three days respec-
tively before death. In neither of these cases were the lipids high.
One day before death the plasma cholesterol of Case No. 1004 was
0.180 per cent, total fatty acids 0.43 per cent and lecithin 0.18 per
cent. Three days before death the plasma cholesterol of Case No.
1005 was 0.300 per cent, the total fatty acids (.56 per cent and the
lecithin 0.25 per cent. :

In the work? done recently in our laboratory on insulin-treated
diabetic patients the highest cholesterol values were found in cases
showing moderate to severe acidosis. The explanation possibly
lies in the differentiation of the cases with an without acidosis. In
1927 we have had no cases which died in coma. The severity of the
acidosis in the cases described below was determined by clinical
symptoms and the C'Oy combining power of the plasma.

All three patients made good recoveries. (ase No. 6150 entered
the hospital with a blood-sugar value of 0.66 per cent, a plasma CO,
combining power of 9 volumes per cent and a blood cholesterol
value of 0.3G8 per cent. In spite of the fact that 295 units of
insulin had been given the blood sugar was still increasing, the CO.
combining power was unchanged but there was a definite gradual
decrease in the cholesterol. Does this apparent lag in sugar value
and apparent response in the cholesterol value when insulin is given
indicate a possible direct influence of insulin on fat metabolism?

In contrast to this is Case No. 4099 in which the inereased choles-
terol values remained very little changed although large amounts
of insulin had been given and the blood sugar had been lowered
from 1.60 per cent to 0.13 per cent in twelve hours.

! Blatherwick: Jour. Biol. Chem., 1921, 49, 103.
* To be published.
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TapLe 103.—InrLvencE oF CoMa ox PrasmMiA CHOLESTEROL,

‘ ‘ Blood CO,

- . Insulin | sugar, | volumes, Cholesterol
Date, J‘E!Eil Time. units. | per cent. | per rent. per cent. | Remarks.

Case No. 6150 |
June 23 1.50 p.m. 205 0. 66 9 0. 368 | Plasma very milky.
June 23 | 3.30®m. | ... 08t | o 0.313 | Plasma milky,
June 24 7.30 am. 70 0.36 | 31 0.272 Slight lipemia,
June 25 7.30 A 70 0.24 hitl 0.275 | Slightly cloudy.
June 27 | 7.30am. | GO 0.26 40 0.225 | Plasma clear.
| Case No. 4009

Sept. 18 | 5.30 a.m. b 35 1.60 13 0.370
Sept. 18 | 8.15 a. | 1.38 15 0.358
Sept. 18 | 10.45 A, 255 0.79 24 0.312
Sept. 18 | 2.55 p.m. b 0.37 37 0.452
Sept. 18 | 6.10 ., ‘ 0.13 45 0.394

‘ Case No. 6356

Oct. 10 | 6.00 P, X Wctas 16 .

Oct. 10 | 7.45 P | : i 0.37 s 1.22 Plasma creamy.
Oet. 10 | 10.00 poM. [ | 40 0.24 12 1.19 Plasma creamy.
Oct. 11 | 745am.|| 40 | 0.16 5 U BN NG ¢ 1 Plasma creamy.

Oct. 12 | 200em/| 5 | 0.17 | 101 |Plasma creamy.

Case No. (6356 shows a very marked inerease of blood cholesterol
in coma. The cholesterol upon admission was 1.22 per cent and
the fatty acids were 3.82 per cent. The patient showed definite
signs of acidosis with a CO. combining power of 16 volumes per cent
although the sugar content was only 0.37 per cent. Very little
insulin was required to lower the blood sugar and to cause the acido-
sis to disappear but the blood lipid values remained very high.

A suggestion that the high fat content of the blood in such cases
is due to the susceptibility of the individual to hyperlipemia was
made by Bang and by Allen in 1922.

(f) Blood Sugar and Blood Fat.— (Cholesterol and blood-sugar values
stand in fairly close relation in the milder cases of the disease, but
as the disease advances in intensity the cholesterol tends more to
increase than does the blood sugar although this is by no means the
invariable rule. Any close parallel relationship is destroyed entirely
in instances of marked metabolic disturbance as is clearly illustrated
by Cases Nos. 4099 and 6356 in Table 103, Certainly there is no
correlation of blood sugar and cholesterol in these two remarkable
cases of diabetic coma. Case No. 4099 had the highest blood sugar
ever recorded in my series of patients and the blood cholesterol
figure is not remarkable.

If we chart the blood sugars on the basis of super and subnormal
cholesterol values we find there is a general rise and fall of sugar
values with cholesterol values. This is true of values based upon
averages only. There are many exceptions as Table 104 discloses.
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TasLe 104.—Prasyma CHOLESTEROL AND Broop-suGar VaLues COMPARED IN
Pre-iNsuLin AND INsunin PErioDs.

Allen Epoch. Banting Epoch.
(Analyses by H. Gray (Analyses by H. Hunt
in 1916-1917). in 1926-1927).

Chalesterol, | Blood sugar, Total| Cholesterol, | Blood sugar,
per cent. per eent. | cases. |  per cent, per cent.

Chaolesterol Tatal
(Normal 0.23 per cent), | CIEES.

| |

Below normal, range . [ 10 ‘ 0.19-0.23 | 0.17-0.41 | 60 0.11-0.23 | 0.05-0.40
1
|

Average . . . . 0.214 0.23 0.19 0.19
Above normal average | 23 | 0.25-0.44 | 0.16-0.42 | 41 0.24-0.88 | 0.05-0.50
0.330 0.24 0.37 0.26

(¢) Prognosis and Blood Fat.—'The prognosis in diabetes is defin-
itelv related to the percentage of fat in the blood of non-insulin-
treated diabetics as shown by a study of 171 of my fatal cases made
by H. Gray.!

Patients with the highest percentages of fat about the year 1916
lived on the average but a few weeks, whereas those with percent-
ages but slightly above normal lived for three to five years. (See
Table 105.) Between the extremes of the table the values vary
quite uniformly. When the statistics are examined for the same
number of cases but based on twice the number of analyses of the
blood, including those made both at entrance and during the course
of treatment, the same results are to be seen. The table therefore
shows clearly that conditions which favor an increase in the fat of
the blood of diabeties are inimical to a favorable prognosis, and
furthermore, that even very slight increases are distinetly harmful.
However it should be emphasized that these high percentages of
fat are amenable to treatment and ecan be made innocuous. (See
Case No. 983, pp. 238 and 279.)

Cholesterol in the blood is also distinetly related to the prog-
nosis in diabetes. (See Table 106.) The higher the percentage of
cholesterol the more unfavorable the prognosis. The statistics in
the table vary consistently between its extremes. Here again
none of the values obtained for cholesterol with the blood of diabeties
were normal, and the therapeutic indication is plain—an excess of
cholesterol as well as of total fat is to be combated.

Remond and Rouzaud? in studying the plasma-cholesterol of
189 diabetic patients found that 7 per cent had a value higher than
300 mgs. per 100 ce. and that of these cases only 1 survived two
vears after these findings. In my fatal cases reported by Gray in
1916, 35 per cent exceeded the cholesterol danger line, 310 mg., and

! Gray: Am. Jour. Med. Sei., 1924, 168, 35.
! Remond and Rouzaud: Bull. de 'Acad. de Méd., 1923, 89, 60.



246 PHYSIOLOGY AND PATHOLOGY

31 per cent lived more than two years. However, the higher the
cholesterol values the more decided was found to be the decrease in
subsequent length of life. When the patient lived less than two
vears, the average cholesterol was .53 per cent versus 0.30 per cent
when the patient lived more than two years.

Tasre 105.—RevaTion oF Broop Far to Proanosis.!
Berore INsvLin,

Length of life in years, based upon fat in the blood,

| Admission Later
Fatal: Living: | specimens: | specimens:
admission | admission atnl and atal and
Blned a1 and later and later living | living (i}r:nld
at, imens | specimens imens rimens ot
per cent. ﬂ?n::jlidluted. mpn:zlidzted. c:-fg::;iuc;nted. cgg:zzlidar.ed.- duration
VBATrS. ! VEHrs. Venrs. Veurs. in yenrs.
0.67 or less é (78) 1.2 | (151) 28 ‘ (146) 2.5 (83) 1.9 : (229) 2.3
0.68 to 0.99 .| (135) 1.2 | (296) 2.4 | (278) 2.2 | (153) 1.8 | (431) 2.1
1.00 to 1.49 f (87) 0.9 | (176) 2.1 | (130) 1.7 | (133) 1.6 | (268) 1.7
1.50 to 1.99 iz (26) 0.9 | 38) L.7 (24) 1.2 (40) 1.5 (64) 1.4
2.00+ . | @woe 2n19| 2 14| (1920 B1LT
3.004 . (2) 1.5 (7) 1.0 216 0 (D10 (" 1.1
4.004 k . (707 (2) 0.3 | (3 0.8 | (6) 0.5 (@) 0.6
|

Parenthesis enclose the number of specimens consolidated to obtain each average
length of Lfe.

Tasre 106.—Reration of Broop CHOLESTEROL T0 PROGNOSIS.
Before June 1, 1023,

| Choleaterol, gm. per 100 e,
i 78l h, or, if |
e Ofﬁlst:‘f cr- }’.'.'Z‘.’.-df":'ﬁtz’é;“ y::ﬁ?at For No. of | Whale blood, Plasma,
| analyses. . per cent, per cent.
0.1 or less ; = it =] 6 0.38 0.48
0.2 to 0.5 N 6 0.25 | 027 0.
0.6 to 0.9 AT L S | Rl sl
1.0+ i ol el 32 0.37 | 0.46
2.0+ - w W ep 11 0.30 0.32
3.0+ . s 7 0.37 U.;g
4.04 i 4 e, 2 0.25 0. ¥
5.0+ = . 4 0.20 027 022 59
6.0+ s TR 0.25 0.28
704 ' . e L 1 0.21 0.25

Overweight does not cause an increase in the blood fa.lt of diabetes,
because patients 11 per cent or more above actuarial standards
showed a slightly lower percentage of blood fat than those diabetics

!\ Whole blood, Bloor's “total-fat” method. Highest value among 20 normal
bloods (Bloor) was 0.67 gm. per 100 ec.
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within a broad zone between +10 per cent and —10 per cent of
the standard. (See Table 107.) Yet these comfortably nourished
diabetics exhibited as average percentages of blood fat 0.81 per cent
and 0.82 per cent which are 20 per cent above the normal blood fat—
namely, 0.68 per cent. The differences in these percentages of blood
fat are absolutely slight, but relatively considerable. An increase
of 20 per cent in the blood fat is not to be disregarded. In the data
of Newburgh and Marsh similar increases in the blood fat of their
patients are recorded but are considered by them as normal and
as proof that a high-fat diet does not increase the blood fat of a
diabetic. Their contention is true to a greater extent than I con-
sidered possible, but one must not get the impression that their
patients have a normal blood fat. When the diabetic patients
showed an average weight 11 per cent or more below standard, their
blood fat was increased to 1.25 per cent, which is almost twice the
normal fat value. But from other tables in this section this increase
can be explained as due to these diabetic patients being more severe
in type rather than by an attempt to relate it to the substandard
weight. However, it suggests that it would be desirable to have a
series of analyses of the blood fat of non-diabetics some of whom are
above and some of whom are below standard weight.

TasLe 107.—RuraTion BErwees Broop Far axp Booy Weiear Weesn Broob
Was TAKEN.

[ Blood fat,

Weight of patient at time of blood expressed in per cent avernge;
overweight (4) or underweight (—) compared with Nao, of (Bloor's method),
Medico-actusrinl Insurance tables of average weight for analyses. whole blood
height and age. per cent.!

+21 and over (maximum, +54) O S\N 44 I 0.83 0.81
+11 to 20 . T N 44 ‘0.80' )
+1 to 10 82 | 0.04

0 Broad normal - + | 0.756 ¢ 0.91

-1to =10 3 116 0.90
—1lto —20 . . : . 147 | 0.94
—20to =30 . . 153 | 1.10 1.13
-31 to —40 . oAl s . 143 | 15 1% (e
—41 and under (minimum, —59) . . ! 64 | 1.60

Prognosis in diabetes may be related to the blood fat, providing
the blood fat remains constantly at the level at which it was first
determined. Fortunately treatment will modify the prognosis,
as shown by the results in Case No. 983, who showed the greatest
increase of total fatty acids in the plasma among my early cases and
vet now, twelve years later, is a mild diabetic. With her, the

! All specimens, admissions and later, on both fatal and living patienta.
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decrease in fat took place during the course of weeks. How different
the condition of today. A total blood fat of 6.3 per cent in Case
No. 2842 decreased with 63 units of insulin in four and a half days
to 2.95 per cent. Clearly the prognosis in diabetes cannot be related
to a single blood-fat value, but is dependent upon the modification
of that blood value by treatment.

(k) Insulin and Blood Fat.—The condition of the blood of diabetics
in regard to lipid content seems to be very different in this era of
insulin treatment. No longer do we find a marked increase in blood
lipids in diabetes. If plasma cholesterol can still be considered
as an index of the variations in total lipids, we have to admit that
blood lipids in the diabetic vary only slightly from the normal.
Using Dr. Gray's table as a basis of comparison, we have classified
116 insulin-treated diabetics whom we have studied during 1926 and
1927" upon their plasma-cholesterol levels and find that whereas
in 1917 upon the same classification only 27 per cent of them were
mild cases, today we find 73 per cent mild cases. Rabinowitch?®
found normal values for plasma cholesterol in 61.6 per cent of 18
insulin-treated diabetics whose fasting blood sugars were normal.
However, of his group of patients with more severe types of diabetes
t}.'ll.II'B were approximately only 25 per cent with normal cholesterol
values.

TABLE 108.—CLASSIFICATION OF SEVERITY oF DIABETES IN 1927 Basep on GRaY's
TasLe For CHoLeEsTEROL CoMPILED IN 1917,

H. Gray, 1917, H. Hunt, 1927,

e N A T

Degree of severity. Taotal cases. Per cent. Total cases, Per cent,
Mild (cholesterol 0.250) . . B2 a7 85 73
Moderate (0.260-0.360) T b 29 19 16
Severe (0.3704) N s ] 44 12 11

Is this the work of insulin alone? Does it mean that our low-
fat diets in 1927 with higher carbohydrate values are successful in
keeping the lipids of the average diabetic around the normal level?
Is it partly that our diabetics are consuming less cholesterol —eggs?
Insulin has a direct influence on lipid metabolism according to
Chauffard® and that its influence is independent of carbohydrate
metabolism is strongly asserted by Labbé.! In their series insulin
brought the total lipids of one patient from 9.2 per cent down to
1.3 per cent in five months while the blood sugar remained fairly
constant, and in two other cases studied by Labbé and Lamelet

1 To be published.

2 Rabinowitch: Can. Med. Assn. Jour., 1927, 17, 171.

3 Chauffard: Bull. de Soc, Méd des Hop, de Paris, 1924, 49, 1573,
4 Labbé: Ibid., 1924, 49, 1573,
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dietetic treatment of diabetes failed to influence the cholesterol
level which remained at 0.250 per cent. When insulin was used,
the cholesterol fell in three days to 0.22 per cent and in eleven days
it had fallen to 0.15 per cent. In another case very irregular varia-
tions were observed. The cholesterol level during insulin treat-
ment fluctuated from 0.25 to 0.15 per cent but failed to remain
at either extreme. From their observations these authors felt
that insulin acts directly on fat metabolism independent of carbo-
hydrate metabolism. The data recorded in Table 103, p. 244 sug-
gest that insulin exerts a direct rather than an indirect action upon
the blood fat, but simultaneously with its action upon carbohydrate
metabolism. Although some insulin had been given to the patient,
Case No. 61539, before she entered the hospital in coma and 150
units more between the time the first and second blood samples
were taken, the blood sugar was steadily rising whereas the blood
cholesterol decreased from 0.368 per cent to 0.313 per cent. The
blood sugar five hours and fifteen hours later was decreasing, but
the cholesterol kept pace with it and fell to 0.225 per cent by the
third day. That the influence is indirect rather than direct, how-
ever, is strongly maintained by Blix' who feels that the improvement
in fat metabolism is brought about only by a better carbohydrate
metabolism. The second case in Table 103 is difficult to explain.

Nitzescu® believes that a certain type of cholesterolemia exists
after pancreatectomy, which is different from any cholesterolemia
produced in normals. This cholesterolemia and probably that
occurring in diabetes are readily decreased by insulin, but he asserts
insulin does not influence normal cholesterol.

How spectacular the decrease in lipids may be is evidenced by
Rabinowitch's’ patient whose blood fat was reduced by 1 pound
over night and by another pound the next day. (See p. 691.)

In a series of 116 cases of insulin-treated diabetics of all ages, all
degrees of severity and durations of disease, studied at the New
England Deaconess Hospital during 1926-1927, the average chol-
esterol per cent was found to be 0.257.  Of this number 60 per cent
had cholesterol values below the accepted normal of 0.23 per cent.
The average value for this group is 0.186 per cent, the average age
of this group is 37.5 years, and the average duration of disease is
6.4 years. Contrasted with this we find the average cholesterol of
the 40 per cent showing high cholesterol values to be 0.36 per cent,
the average age 43 years, and the average duration of disease 6.9
years.

i Blix: Inaug. Dissert., Lund, 1925.
* Nitzescu ef al.: Compt. Rend. Soe. d. Biol., 1924, 90, 538.
' Rabinowitch: Personal communieation.
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TasLe 100.—Bummanry of Dara on CHoLesTErROL 1IN THE Broon Prasma oF
DrasrTrics (1926-1927),

Values above i Values below | |
. normal of normal of Plasma | Average
No. of 0.23 per cont. 0.23 per cent. | eholesteral, | duration | Avernge
CABeS, | AVETAge of dinbetes, nge,
' cent. roars. AATE.
Nao, Per cont, No, Per cent, oy A | e
| ! | —
16 . .| a7 ‘ 10 69 60 0.257 66 | 302
| ! =
Cholesterol, ‘ Cholesterol,
per cent. per cent,

| Range. | Avernge. Range. !f\\feru.g:r,

0,236 0.360 | 0.10 0.156 |
0.955 | Q.23 |

The cholesterol values are low. The average cholesterol fig-
ure for the 60 per cent showing normal or low values is 0.186 per
cent, a figure just below the lowest normal value recorded by
Professor Bloor (Table 101). Just what this can mean is difficult
to say at present. That these low values are important we are
very sure and we feel that they need just as much investigation as the
high values.

The relations between the different lipids have not been investi-
gated in the recent work done on insulin-treated diabetics as it was
assumed that cholesterol, acting as an index of activity of all the fat
constituents, would give us the information we sought. However, a
new series of investigations has been started to determine whether or
not all the lipids are approximately normal in insulin-treated dia-
beties as is cholesterol or whether the fatty acids are differently dis-
tributed and cholesterol is no longer an index of their variation and
response to metabolic disturbances and adjustments.

That duration of diabetes has little or no effect upon the choles-
terol in the blood of insulin-treated diabetics is demonstrated by
Table 110.

That the cholesterol in the blood does not increase with the dura-
tion of the disease is an argument against the progressive character
of diabetes. This agrees well with the work done by White' on
13 cases of diabetes treated with insulin. White found further
that there was little relation between the fasting blood fat and the
fat intake. The nutritional condition of the patient seemed to have
a more direct relationship than any other factor. Higher blood

1 White: Quart. Jour. Med., 1926, 19, 159.
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fats were found in patients with subnormal body weights than in
patients with supernormal body weights. (See Table 107.)

Tasre 110.—Invrvexce oF Durarion oF DiaBeTEs o8N CHOLESTEROL AND SUGAR
v tHE Broon oF IiaseTics.

Cholesterol, per cent.
Dinbetes duration, No. of ) Average
VEeUrs. Cuses. blood sugar,

Range. Avernge, per cent.
D-1 6 | 0.120-0.236 0.184 0.17
-2 10 | 0.147-0.854 0.3541 0.25
2- 3 10 0.109-0.625 0.285 0.21
3- 4 ot = - L] 0.155-0.535 0.254 0.22
4+ 5 ; : = = 11 0.189-0.392 0.287 0.26
5-10 - 41 0.094-10.750 0.247 0.23
10-20 x 19 0.100-0.325 0.234 I 0.19
20+ . 5 | 0.134-0.242 0.183 | 0.20

(i) Influence of Age Upon Cholesterol. —Our Table 111 shows a
marked increase in cholesterol values when the onset is in the second
and third decades of life. The average cholesterol percentage during
these two decades approaches the average value for diabetics found
by Bloor in 1916, White found that age had no influence upon the
blood lipids.

Tanue 111.—InFLUENCE oF Ace UPoN CHOLESTEROL AND StuaAr IN THE Broop
oF DIiaBETICS,

Cholesterol, per cent.
Deeade of onset, Total | Blood sugar,

VOAars. CHses, | per cent,

Range. | Average. AVErage.
0-9 2 N\4D O8N 14 0.120-0.316 0,198 ‘ s s
10-19 : : 1L 19 0.109-0.884 | 0,316 0.28
20-29 S o N 9 0.134-0.882 0.364 0.30
30-39 : e b oeopiRd 0.100-0.492 0.245 0.20
4049 ) .| 23 0.100-0.366 0,236 0.21
50-59 Ll 18 0.155-0.346 0.230 0.19
60-69 | 7 |01s4-0375| 0.236 RE

(j) Arteriosclerosis and Blood Fat.—Arteriosclerosis is one of the
most troublesome complications of diabetes today. It has sup-
planted coma as a cause of death in diabetes. That arteriosclerosis
is due to faulty fat metabolism has been considered and suggested
many times. Labbé and Heitz? say that arterial obliteration in
diabetes is due to localization of cholesterol in the tunica intima.

U If the 2 cases of coma with extremely high cholesterol are not counted, the
range of cholesterol for this duration of disease will be (.147-0.350 per eent with
an average of 0.221 per cent, thus bringing the whole series down to a normal value.

* Labhé and Heitz: Ann. Méd., 1925, 18, 108.



252 PHYSIOLOGY AND PATHOLOGY

Aschoff" attributes arteriosclerosis to the deposit of fat in the form of
cholesterol esters in the arteries. The more fat there is in the blood,
the more readily it is deposited. The subsequent calcification
of the deposited cholesterol leads to calcified arteries. High chol-
esterol values in cases of arteriosclerosis have been found by Mjas-
snikow?® and by Labbé and Heitz® Can it be that the prevalence of
arteriosclerosis in diabetes is to be attributed to the high-fat diets
we have prescribed and more especially to those diets having been
rich in cholesterol? T suspect this may be the case. At any rate
it is reasonable to maintain the cholesterol in the blood of our
patients at a normal level, and that I shall strive to do. This may
result in the limitation of eggs, each one of which contains 0.38
grams cholesterol and even of olive oil containing about 1 per cent
and corn oil more nearly 2 per cent. This therapeutic procedure is
adaptable to experimental investigation and should not require
long for solution. A study in our laboratory of the cholesterol
values in diabetics with and without arteriosclerosis resulted in
Table 112. To exclude all the children and young adults only
patients twenty-five years old or older were considered.

TasLe 112.—Broop CHoLesTEROL Vawves iv Diaserics Wite axp Witaour
ARTERIORCLERDSIE (1926G-1927),

Chaolesterol, per cent. |
! Average | Average
Total age, duration,
Arterioselerosis, degron. Cases, Range. | Average | years. yeurs
Absent . : J 14 0.190-0.925 ! 0.202 | 40 6.3
Slight 20 | 0.147-0410 | 0:220 o2 8.8
9.2

Marked | 22 | 0100-0338 | 0,200 | 60 |

Our investigation shows no marked increase in cases of arterio-
sclerosis.  Whether or not the fairly high value for the group with-
out arteriosclerosis is indicative of an active depositing process and
the lower values indicate a satisfactory equilibrium between deposi-
tion and circulation is a question. Further study of the group
which clinically show no arteriosclerosis is demanded. Bloor® says
that “deposition of cholesterol and its esters does not necessarily
require a high blood cholesterol, but depends on the ability of the
blood to keep in solution a substance which is probably in a state of
supersaturation.”

Bowen and Koenig® have just reviewed the subject of arterio-
sclerosis in diabetes and published their Roentgenological studies
of the vessels of the lower extremities. They found arteriosclerosis

1 Aschoff: Lectures on Pathology, Hoeber, N, Y., 1024,

* Mijassnikow: Ztschr, f. klin. Med., 1925, 102, 65,
* Labbé and Heitz: Ann. Méd., 1925, 18, 108.
4
L]

Bloor: Personal communieation.
Bowen and Koenig: Buffalo Gen. Hosp. Bull., 1927, 5, 31.
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in 63 per cent of their patients above the age of forty years, but in
only 28 per cent of non-diabetic subjects of similar age. Arterio-
sclerosis appeared to them to vary with the duration of the disease
and the neglect of treatment because it was not observed in cases of
long standing when the diabetes was controlled. They discuss the
bearing of hypercholesterolemia upon arteriosclerosis and add an
excellent summary of the literature.

(k) Cholesterol in Special Cases.—Our 1926-1927 series which
showed an average cholesterol of 0.257 per cent is marked by two
special groups which are showing abnormally high values. One
group is the acidotic group previously discussed, and the others the
so-called “‘adolescent high group” of girls. Of 10 girls with an average
onset of diabetes of twelve vears and an average age at time of
test of 17.5 yvears there are 5 who have cholesterol values above
0.31 per cent. Their average cholesterol value is 0.398 per cent.
To be compared with these are 5 other girls whose cholesterol
values are normal or low and these are shown in Section B of
Table 113.

Tasie 113.—THE AboLEscEnT GRoUp.
A. Those Showing High Plasma-cholesterol.

|
Oiset Insulin

Case nge, Ajge at Duration, Gain in | units Cholesterol, | Blood sugar,
No YOnrs. test, | Venrs. wt., Iba, | per day, per cent. per cont,
| | (80 coma)

4232 14 19 5 ‘ 20 50 | 0.395 0.20
2962 12 16 | 4.0-4.3 55 45 0. 500 0.48
| 0.478 | 0.32
| | 0.312 0.29
2617 4 | 19 | 50-5.2 -19 a0 0.390 0.07
j | 0.490 0.25
2528 B 16 | 8 9 40 | 0.316 0.29
3078 12 16 4 22 (it} 0.392 0.31
Average 12 17 b 16 | 45 0. 398 0.29
B. Those Showing Normal and Low Plasma-cholesterol.
| Onaet | Insulin
Case nge, Age nt Durntion, Gain in units, Cholesteral, | Blood sugar,
No. | years. | test, years, wt., ths, per duy. per cent. per cent
I |
1 1
4978 15 | 19 2.5-3.00 46 B0 0.197 n.29
| 0.166 0.31
5707 | 14 16 2 =20 28 | 0.208 0.19
2847 | 10 17 7 a3 48 0. 156 0.39
4998 16 15 2 -2 35 0,238 0.29
1997 . 11 19 8 a2 45 0.158 0.24
{
Average 13 18 44 17 43 | 0.187 0.29

1 Period covered by tests.
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Just how should these tables be interpreted? It is especially
puzzling because the only difference, based on average values only,
is in the cholesterol. Should we consider this high cholesterol value
in each case of Section A to be indicative of a bad prognosis? It
will be of great interest to follow this special group. We shall report
later data. For what special changes or differences should we look
in the two groups? I should venture a guess that the “A” group
were really on a lower carbohydrate diet, but diet data for both
sections are largely unreliable. It is possible that some other inter-
pretation can be found but this table may be chiefly valuable for
future reference.

3. Cholesterol in Diabetic Children.— Twenty-six diabetic chil-
dren were included in the study. They all contracted diabetes
before the age of fifteen years. With the exclusion of the post-
adolescent girls just discussed the average value of cholesterol in
this group was found to be 0.147 per cent. What do such low
values signify? These, too, must be interpreted in the light of
further study.

Tasre 114.—Broop CaoLesteroL Vanves ix 26 Diaseric CHILDREN.

Clinical data, | Cholesterol, per cent.,
| I
| Normal or below, Above normal.
Age ot onset. Duration, Age at time
Years. years, of test, |
Cholesterol, | Cholesterol,
0. No|
No. | | |

Av,

eases. RHange.| Av, 'Range | Av. |Range. Av. RII.I:I&I“ Av. | Range.

| | T eall
26 . 2-14.9 8.0 [3moes. 4.0 | 5-18 | 12.3 |21 0.109 | 0.146 | 5 | 0.312 | 0.385
[\ to | | (%0 | to |
8 yrs. | | 0.226 | [ ]0.500

C. THE TOTAL METABOLISM IN DIABETES.!

Two equally emaciated and severe diabetic patients come for
examination. When asked to disrobe, the one who is bright-
eyed with flushed cheeks and red, dry lips removes his clothes to
the skin, refuses a blanket, says he is thankful to cool off, and
stands awaiting further orders; his pale, sallow companion slowly
undresses, regretfully removes his underclothes, and without
invitation picks up a blanket, shivers, and sits down. The pulse

! Prior to the discussion of the effect of food upon the metabolism on page 329,
various eonsiderations upon metabolism in general are set forth, and the computa-
tion of metabolism is described on p. 461 and p. 959. See also Du Bois: Basal

Metabolism in Health and Disease, 2d ed., Philadelphia and New York, Lea &
Febiger, 1927.
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of the former is rapid and that of the latter is slow. If put to a
physical test, the difference between the two individuals would
prove to be far less than the contrast in appearance would indi-
cate,

An observer trained in the interpretation of metabolism tests
could not fail to discern that the metabolism of the one was as
distinetly above normal as that of the other was distinetly below
normal. The two represent the dangerous extremes reached by
patients having the same disease. So frequently were instances
of the former type encountered among the diabetic patients studied
at the Nutrition Laboratory in Boston before June, 1914, and so
commonly those of the latter type after that date, and so clearly
did the transition in type of these cases correspond to the abandon-
ment of overnutrition and the adoption of undernutrition at that
time, that no more appropriate title could be found by the writer
for a monograph, based upon studies of diabetics between the years
1908 and 1917, by F. G. Benedict and himself than “Diabetic
Metabolism with High and Low Diets.’?

In what follows an attempt will be made to bring out the salient
features of the diabetic metabolism which have been encountered
in studies made upon 113 of the writer's patients prior to 1917, and
the more recent observations begun in 1922 and to refer rather
freely to certain aspects of normal metabolism. The early investi-
gations were made possible by the constant help and participation
of F. G. Benedict and his co-workers at the Nutrition Laboratory
of the Carnegie Institute of Washington situated in Boston. Valu-
able papers upon diabetic metabolism have appeared from the
Russell Sage Laboratory embodying the work of DuBois in collabor-
ation with Allen and Geyelin, and more recently with Richardson,
who has become associated with the laboratory, as well as the
discerning critical comments by Lusk. Falta has contributed also
to our present knowledge, both by experiment and discussion. One
of the most detailed investigations by Wilder, Boothby, and Beeler
came from the Mayo Clinic in 1922, and in August, 1923, appeared
a contribution from McCann, Hannon, Perlzweig, and Tompkins®
which united clinical, chemical and respiratory data with a review
of recent literature. Reference has already been made to the mono-
graph of Holten. (See p. 61.)

The total metabolism, or more specificially the gaseous or respi-
ratory metabolism, of diabetes attracted the attention of Petten-

b Joslin: Pub. No, 323, Carnegie Inst. of Washington, D. C., 1923. See also
Benedict and Joslin:  Metabolism in Diabetes Mellitus, Pub. No. 136, ibid., 1910.
Benedict and Joslin: A Study of Metabolism in Severe Disbetes, Pub. No. 187,
1012,  The literature is given in these monographs,

# These latter are discussed on p. 619,
! McCann ef al.: Arch, Int. Med.. 1923, 32, 226.
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koffer and Voit in 1867. They came to the conclusion that diabetic
patients gave off less carbon dioxide and consumed less oxygen
than the normal individual. In 1905, Magnus-Levy, in an
excellently conducted study of four diabetic patients, showed an
increased consumption of oxygen by the patient per kilogram
body weight. Varying results were obtained by other investi-
gators, but these were so divergent in character that the question
still remained an open one in 1908. The problem was then taken
up afresh with the writer’s private patients and, with the coipera-
tion of Prof. Benedict, investigations were carried on in the course
of routine hospital treatment. Recognizing that the lack of
uniformity in the results of other observers might be due to the
fact that different types of diabetics were studied, our attention
was directed almost entirely to the metabolism of severe diabetics.
The metabolism of the mild and moderately severe diabetic was
early recognized to be essentially normal. As years passed on,
it developed that the same diabetic patient might exhibit a metab-
olism at one time distinctly above normal and at another time below
normal.

Between 1908 and 1912, the metabolism of 22 severe diabetics
was observed. Upon comparing these individuals with 20 normal
individuals of approximately the same size and weight, the con-
clusion was reached that the average metabolism of the diabetic
group exceeded that of the normal group by from 15 to 20 per
cent. At that period normal standards for estimating the metab-
olism were unknown and the publication of these data called
forth criticism as to the propriety of comparing the metabolism
of the diabetic with normal but emaciated controls. This eriticism
stimulated the search for normal standards of metabolism to which
subject it is appropriate to refer.

1. Normal Standards of Metabolism.—Normal individuals are
so unlike one another that it is impossible to conceive of a fixed
type from which so comprehensive an expression of their vitality
as is their metabolism will not swerve. A priori, therefore, in
the endeavor to create a normal standard of human metabolism,
it should be conceded that success will be attained if the standard
reached shonld prove to be a zone with considerable latitude rather
than a line. How wide this normal zone should be is a matter for
speculation, but there are few investigators in metabolism who
would venture to narrow the zone to less than 10 degrees—in other
words, to 5 per cent below or above a given base line. The Harris
and Benediet and DuBois standards for normals, the two standards
commonly employed, come within this rather narrow zone; in fact,
when the two standards are compared, it has been shown that a
metabolism of about —5 per cent according to the DuBois standard
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corresponds with the Harris and Benedict base line. When the
metaholism diverges greatly from the normal zone, the difference
between the two methods of estimating the metabolism grows less.
See pages 461 and 959 for methods of computing metabolism.

The metabolism varies not only for sex and age, height and weight,
but also varies for race. Early work upon the metabolism of Oriental
women showed it to be low, but recent work has reopened the
question.! In general the standards of basal metabolism of women
are about 5 per cent too high.?

Unless otherwise stated, the Harris and Benedict standards
are employed throughout this book and more particularly in this
chapter as a basis for the comparison of the metabolism of diabetic
subjects.

2. Metabolism of Diabetic Patients Before and After June,
1914,—Comparing the results obtained with my diabetics between
1908 and 1914, with the Harris and Benedict standard, instead
of with the originally selected emaciated controls, the metabolism
will be found to be 12 per cent abore normal. This was the metab-
olism of diabetics in what for me was the Naunyn Era of treatment.
Similar patients with treatment by undernutrition in the Allen Era
showed a metabolism nearly as much—11 per cent—below standard.
The comparatively constant deviation from the normal zone of
individuals with hyper- or hypothyroidism can be contrasted with
the marked variation in the metabolism observed in diabetes.
One might say that the metabolism of the disease diabetes, even of
severe diabetes, varies but little from normal, but that the metab-
olism of the diabetic patient, particularly the severe diabetic patient,
varies greatly from normal, not from intrinsic causes as with the
thyroid patient, but from extrinsic causes of which the diet is the
chief cause. L. Hédon® has noted an increase of metabolism of
severe diabetics who lose weight on a diet poor in carbohydrate,
but liberal in protein and fat. In severe acidosis it may exceed
30 per cent. But if these patients are first fasted and then given a
limited amount of food the basal metabolism may become —40
plf;r cent. Likewise depancreatized dogs show an increase in metab-
olism,

Acecording to Hédon* the depancreatized dog always has increased
metabolism. Tt may reach 30 per cent and is probably permanent.
The cause may lie in the intermediary metabolism with formation
of sugar out of protein and fat as Geelmuyden suggested. Hédon
suggests the estimation of the severity of diabetes by studying the
increase in metabolism of the patient.

! Okada, Sakuri, and Kameda: Arch. Int. Med., 1926, 38, 500.

! Macleod, Crofts, and Benedict: Am. Jour. Physiol., 1925, 73, 449,
i L. Hédon: Paris Méd., 1027, 63, 446,

‘ Hédon: Arch. internat. de Phys., 1927, 29, 175.
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The fundamental change in treatment of my diabetics began about
June, 1914, and it promptly exerted an influence upon the metabo-
lism. The cause for a marked alteration in the aspect of the dis-
eased patient was surely adequate. Prior to 1914, diabetic patients
were overfed, all cases being treated with a low carbohydrate and
high protein-fat diet. Excess of calories was encouraged, and to
guard against coma, instead of limitation of fat and undernutrition,
sodium bicarbonate was employed in large doses and continued
for periods of months. Fat was given ad nauseam, and even such
fatty foods as cheese and eggs were served, mixed with about equal
proportions of butter. The good results of fasting days were over-
looked; Naunyn's observation, von Noorden's recommendation,
and Weintraud's proof that diabetic patients could subsist upon
remarkably few calories, were known but unappreciated and con-
sidered more of scientific interest than of therapeutic significance.
Hodgson, however, had grasped the principle and with it attained
unusual success in practical treatment. It was at this time that
Guelpa’s conceptions of fasting and of the waning severity of dia-
betes in the presence of an emaciating disease were recognized,
utilized, and enlarged by Allen into a system of treatment based
upon a reduced caloric intake.

Patients given the fasting treatment when this procedure was
first used were almost invariably underfed to a marked degree,
because the hospital period was spent in securing quick results
and these were most readily obtained by extreme dietetic restrictions.

In 1915, the writer recognized that fat was largely responsible
for acidosis, and its omission at the beginning of treatment was
emphasized. Sodium bicarbonate was abandoned in September,
1915, and has never been resumed. The sodium chloride which I
have used freely for subcutaneous infusions in coma has undoubtedly
served as alkali, but fortunately in smaller and safer quantity. The
recduction of weight for therapeutic purposes was followed with some
hesitancy, and lapses of treatment were more tolerated than at
present.

In the presentation of the data acquired upon the metabolism
the policy has been followed of studying the data on the basis of
individual days rather more frequently than by grouping the
results for the individual cases. This has been rendered neces-
sary because a single case has so many phases. Thus, during the
period of observation of a patient there may be changes in age,
weight, and even occasionally in height, and almost certainly in
degree of severity and acidosis, and with each of these factors the
metabolism varies so that a single case becomes in reality many
cases. 1f the postabsorptive metabolism of all diabetics (exclusive of
the girl patients) is compared with the normal standard, it will be
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found that before the change in treatment in June, 1914, to fasting
and a reduced diet, the metabolism was above the standard for
one hundred and seven days and below it on twelve days with an
average metabolism of 12 per cent above normal. (See Table 115.)
In the series made after June, 1914, the metabolism was below
standard on two hundred and twenty-five days and above on fifty
days with an average metabolism of 11 per cent below normal.
The two average variations for the observations before and after
June, 1914, are so nearly equal in distance from the normal standard
that the average metabolism for the Naunyn and the Allen periods
before and after June, 1914, is 0.

TaBLE 115.—Variarion 18 Basan MEraBousm oF DIABETICS FROM THE NORMAL
Stanparp BErForeE AND AFTER INAUGURATION OF TREATMENT BY
UNDERNUTRITION IN JUNE, 10914.

| Number of observation | | Average metabolism
x | days with metabolism. | Average | computed from cases. Average
Period of varigtion | y varintion
observation from from
Above Below standard. | Above Below standard
standard. | standard I standard. | standard.
Before June, 1914: | |
20 cases . . 107 12 +12 | 27 | 2 +13
After June, 1914; | |
76 cases : a0 225 —-11 19 a7 i

If the results for the different cases are compared, the general
trend of the metabolism is seen to be like that observed in the other
comparison. Before June, 1914, 27 cases showed a metabolism
above, and only 2 cases below, the normal standard, while after
that date the metabolism with 19 cases was above, and with 57
cases below, standard. The average variation by cases before June,
1914, is + 13 per cent, but the percentage below normal after that
date is —7 per cent.

(.a) High and Low Metabolism in Diabetes —The wide divergence
which may be found in the metabolism of diabeties is strikingly
shown in Table 116, which presents the 6 cases with the highest
and the 7 cases with the lowest metabolism in the entire series,
as indicated by the percentage variation from standard. With
all of these cases the diabetes was severe.

For the cases with high metabolism the percentage variation
ranged between 26 per cent and +33 per cent. Perhaps the
best idea of the gravity of the conditions under which the sub-
Jects were living is obtained from the duration of life following
tl_le reeorfled observations. Case No, 1412, succumbed to the
disease within three days. Cases Nos. 549, 210, and 246 lived
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from one to six months, Case No. 220 lived nearly a year and a
half, and Case No, 983 is still alive in 1927, Comment upon the
latter exceptional case is made elsewhere. (See p. 279.) It is
sufficient to state here that this patient was markedly obese, being
43 per cent above normal weight. Her high metabolism and
accompanying acidosis would appear to be due to sudden restriction
of carbohydrate and free use of protein and fat for the week pre-
ceding entrance to the hospital. This is an example of what occurs
when such measures are adopted The carbohydrate given for
the four days before the test was 80, 55, 50 and 50 grams, and
although for these same days the caloric intake amounted to but
545, 414, 321, and 240 calories, large quantities of body fat were
drawn upon for active caloric needs. This case is also particularly
instructive, because it showed in 1916 that a marked increase in
metabolism and acidosis may be temporary and not necessarily of
bad prognostic import.

In contrast to the cases with high metabolism are 7 patients
with an exceptionally low metabolisin, these averaging 32 per
cent below standard. Despite this extraordinary decrease in metab-
olism, the life of these patients was evidently not in so great jeop-
ardy as those with high metabolism. Of these patients with low
metabolism one succumbed within a month, but the others lived
between six months and two years and five months from the date
of the observation here recorded. Evidently, therefore, a diabetic
patient whose metabolism is far below normal is, on the whole, in a
safer condition than the diabetic patient whose metabolism is
exceptionally high, though either extreme in metabolism may be
dangerous, but not necessarily of fatal significance.

The respiratory quotients are strikingly different. With the
omission of Case No. 983, the 5 remaining patients with the highest
metaholism had an average quotient of (.7, while with the 7 patients
with the low metabolism the average quotient was 0.84. The
significance of this wide variation in the respiratory quotient is
discussed on p. 306 et seq.

The average loss in weight from maximum of 5 of the 6 patients
with the high metabolism was 21 per cent. The losses in weight
of the 7 patients with low metabolism were decidedly greater.
Thus, the average loss in weight below maximum was 37 per cent,
and the average variation in weight from the normal standard was
—34 per cent. Three patients were 46 to 49 per cent below normal
weight. The low metabolism was evidently connected with an
exceptional loss of body weight, but this was not the only factor.

With one exception the cases with the highest metabolism had an
extreme degree of acidosis, but of the 7 cases with the lowest metab-
olism 3 showed no acidosis, while with the other 4 cases acidosis
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was either absent in some of the tests or not more than moderate
in degree in others.

A considerable number of determinations were made of the
urinary nitrogen, either for the day of the observation or within
one week. The average urinary nitrogen per kilogram body weight
of the cases with high metabolism (omitting Case No. 983) for the
days preceding the observation and also for the day of the test
was 0.32 gram, and the average urinary nitrogen for the patients
with lowest metabolism was 0.255 gram per kilogram body weight.
The nitrogen excretion per kilogram body weight for a normal
adult is about 0.165 gram. It will be observed that the highest
value for urinary nitrogen per kilogram body weight was encountered
with Case No. 1196, whose metabolism was —27 per cent. The
significance of a high urinary nitrogen is twofold. A high urinary
nitrogen implies the disintegration of much protein, usually super-
abundant in the diet, and this leads to a high metabolism under
ordinary conditions, as is universally recognized. On the other
hand, a high urinary nitrogen due to disintegration of body pro-
tein and loss of body nitrogen is an entirely different situation,
because it represents the last resort of the body to preserve existence
and occurs when the metabolism is at its lowest ebb. (See p. 290.)

(b) Variations in the Metabolism of Individual Diabetics.—The
course of the metabolism of 5 severe cases of diabetes was noted
during intervals of from one to one and eighth-tenths years. The
average metabolism was lowered 12 per cent as a result of this
interval. In 3 of these cases the metabolism was above normal
at the first observation and below normal at the second obser-
vation. Corresponding to this lowering of the metabolism, there
was an average decrease of body weight of 17 per cent. Cal-
culating the decrease in metabolism in terms of calories instead
of in standards, the fall in metabolism was exactly the same as
that of loss in body weight, namely, 17 per cent. The average
pulse-rate fell during the period 11 beats. In sharp contrast to
this alteration of the basal metabolism is the metabolism of 6
patients studied after food at intervals of one and one-tenth to
one and seven-tenth years. No loss in the response of the metab-
olism to food was ohserved.

A classic example of the marked variations in the metabolism
of a single diabetic is well exemplified by a case studied by Geyelin
and DuBois.! A young man, aged nineteen years, weight 172
pounds, began to grow thin November 1, 1915, and on November
20, weighed about 150 pounds. Before he came to the authors,
carbohydrate had been greatly restricted and protein (and pre-

! Geyelin and DuBois:  Jour. Am. Med. Assn., 1016, 66, 1532.



THE TOTAL METABOLISM IN DIABETES 263

sumably fat) much increased with resulting severe acidosis.
Between December 7 and 11 he was fasted, and 50 to 114
grams sodium bicarbonate were given daily. He was then fed
(see Table 117), alkali continued, and the metabolism studied.
From the table it can be seen that: (1) The metabolism varied
from 73 calories per hour (31 calories per kilogram body weight
per twenty-four hours) to 43 calories per hour (23 calories per
kilogram body weight per twenty-four hours) in the course of a
few weeks;' (2) that a dextrose-nitrogen ratio in excess of Lusk’s
3.65:1 ration, was obtained on three successive days, to wit:
3.97:1,4.01:1, 3.87:1; (3) that the nitrogen in the urine was extreme,
being 29.8 grams on the second day of fasting and 38.27 grams even
when 99 grams of protein were ingested; (4) that the acidosis was
extreme, for the g-oxybutyric acid eliminated amounted on one
day to 87 grams. The case is remarkable in all of the above par-
ticulars and will always remain a classic in diabetic metabolism,

Tasre 117.—CriNicarn anxp Experimestan Dara 1y Case or Cyrn K.
(GeYELIN anDp DuBois).!

4 g o l 5 . 2
g ; g g | o g | 5
= 7 g =\ = .
pue. | £ | & 2 |88 |5 g8 & | %
0004 |19 g 15l B | 2al5a| § |8
28 | 2 ‘ ;s | B4 84| = |BE BE| B | B
\ 5] & & ‘ o =] A & ‘ m | = <
1915-1916. ‘
Dee, 8- 9 0 0 0 | 74 |27.9|2.68| 43 | 30
9-10 0 0 0 | 78 |20.8|2.61| 34
10-11 | 0 | 0 0 | 74 |24.8 295 .. | 26 |
11-12 | 41 | 17 | 17 [108 [ 30.6 |2.17| 60 | 21
12-13 | 50 | 50 | 69 | 112 |345(1.80 | 53 | 22 |
13-14* | 50 | 55 | 58 | 118 | 35.4|1.92| 87 | 22
14-15 | 53 58 51 | 118 | 87.711.73| 55 |
15-16 | 23 |118 | 41 167 |36.6/3.97| 70 | 19 |0.687| 81
18-17 0 | 99 5 | 153 |38.2|4.001| 75 | 19 |0.714| 76
17-18 0 | 39 2 | 140 [36.2|3.87| 87 | 35 -
18-10 0 0 0 | 55 |20.0|2.76| 58 | 35 |0.707| 738
10-20 0 0 0 | 44 |16.7 2.65| 56 | 49 |
20-21 1 | 10 0 | 38 |14.0|2.44| 41 | 52 [0.721| 66
21-22 1 | 20 0 | 39 |144 265 26 ' |
22-93 5 | 21 0| 25 |18.2|1.12| 10 | 52 |o.734 62
Febh, 16! .. o s 0 . 0 0 | .. |0.915| 42
Mar. 8¢ ol - o 0 0 0 .. |0.860 50

I Geyelin and DuBois: Loe. eit., p. 209,

* Transferred to Bellevue Hospital.

# Transferred to Bellevue Hospital. Liberal diabetic diet the days before these
calorimeter observations.

* After meals which might cause increase in metabolism of 5 to 10 per cent above

1 anhm:t. Aub, DuBois and Lusk (Arch. Int. Med., 1917, 19, 908) discuss this
case more in detail.
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but to me it is far more interesting from other points of view, and
my interpretation of it is as follows: A fat young man develops
diabetes rather acutely. Such cases we know now are quickly
amenable to moderate undernutrition consisting of a non-fat diet
but if placed upon a protein-fat diet with little carbohydrate, as
was this case nearly twelve years ago, develop severe acidosis which
is not easily overcome save with insulin. . Fat patients, as well as
fat depancreatized dogs, are especially prone to develop such an
acidosis. (See Case No. 983 on p. 279.) On December 11-12 a diet
with 42 grams carbohydrate, 1S grams protein, and 18 grams fat
lowered the D:N ratio. It is true the acidosis inereased, but this
may be explained by large doses of sodium bicarbonate. At any
rate, when protein and fat were increased on the following three
days, the severity of the case increased and the phenomenon noted
above occurred. Is it not probable that if fat has been decreased
in the diet at the very beginning of treatment, acidosis would have
been avoided? Did not the sodium bicarbonate act harmfully by
setting free B-oxybutyric acid which previously was innocuously
combined? Had not the case been intrinsically a comparatively
mild case, as was later shown by a toleration of 169 grams earho-
hydrate, and a youthful individual, death from coma must have
resulted. As it was, the case survived (a) an initial nearly non-
carbohydrate diet; (b) the increase of fat in the diet when acidosis
was well under way; (¢) the setting free of enormous quantities of
B-oxybutyric acid through the use of alkalis, and (d) a furuncle,
which, though small, undoubtedly increased the severity of the case
(see Case No. 610, p. 603) and recovered when (1) fat was eliminated
from the diet and protein in moderate quantities given; (2) this was
followed after two days by fasting. Was it not in this case, as in
so many of my own in the past, though with less fortunate termina-
tions, the hand of man that made the diabetes severe, just as later
the hand of man made it mild?

Carrasco Formiguera! cites in contrast one of his own cases who
eliminated 15 grams of nitrogen in twenty-four hours. When put
upon a Petrén diet of carbohydrate 66 to 87 grams, protein 24 to 27
grams, and fat 202 grams, the nitrogen rapidly fell and he excreted
daily 5.56, 5.07, 3.33, 3.05, 2.38, 2.50, 1.74 grams. Carrasco empha-
sizes this as a result of the protection to the nitrogenous metabolism
which the fat afforded. His subsequent course was excellent.

(¢) Age.—The influence of age upon the metabolism of the
diabetic patient is distinct, All the results available indicate, that
both prior and subsequent to June, 1914, in the two decades fifty-
one to seventy years the metabolism varied only 1 per cent from

1 Carrasco Formiguera: Joslin: Tratamiento de la Diabetes Sacarina, Montaner
¥y Simon, Barcelona, 1925, p. 210.
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normal. The normal diabetic metabolism for these decades corre-
sponds to the generally accepted idea of the mildness of the dis-
ease at this epoch; in fact, of the 18 cases studied 10 were mild or
moderate in severity. Greeley' from his experience at Hodgson's
clinic several years ago emphasized the connection between the
decreasing severity of the diabetes with the simultaneous decrease
in normal metabolism which advance in age brings.

Both prior to and after June, 1914, the metabolism in the second
decade (eleven to twenty years) varied respectively 4 per cent
above and 4 per cent below normal. These are significant figures
when considered in relation to each other, because they show for
this decade the same tendency of rise and fall in metabolism for
the two periods as the entire series. On the other hand, the data
are so nearly within normal limits that they confirm the impression
already furnished by Table 115, that the diabetic metabolism is
essentially normal. The disease in youth is so apt to be severe
and has universally been considered to be so severe that it is also
important and encouraging that the metabolism should prove to
be so nearly normal for these hoys.

The three decades between twenty-one and fifty years present
an average increase above normal of 17 per cent before June, 1914,
and an average decrease below normal of 10 per cent after that date.
It may be that these peculiarities in the metabolism can be explained
by the fact that in the decades with an average metabolism either
notably above or below the normal standard the patients were
treated most strictly and showed the effect of overfeeding or low diet,
whereas the patients in the decade eleven to twenty years were
less amenable to treatment, and those in the decades subsequent
to fifty years did not require rigorous treatment. '

(d) Sex.—Sex affects normal metabolism in that females have
a lower metabolism than males of the same age, height, and weight,
and in diabetes the same relation holds .

3. Pulse-rate and Metabolism.— (¢) In Health.—A study of nor-
mal individuals such as those which furnished the basis for the
Harris and Benedict standards of metabolism furnished evidence
that when the pulse-rate is low there is a tendency for the metab-
olism to be low and when the pulse-rate is high there is a distinet
tendency for the metabolism to be high. The average pulse-rate for
121 of the 136 men in the Harris and Benedict group of normals was
61 and that for the men in the DuBois series was the same.

(b) In Diabetes.—In the course of the studies on the metabolism
of diabetic subjects at the Nutrition Laboratory between 7000
and 8000 records were made of the pulse-rate. In our early obser-

! Greeley: Boston Med. and Surg. Jour., 1916, 175, 73.
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vations between 1908 and 1912 it was shown that whereas the
average minimum and maximum pulse-rates of the 25 normal, but
somewhat similarly emaciated, male and female subjects used for
comparison were 54 and 74 beats, respectively, the corresponding
figures for the 24 male and female diabetics were 65 and 81. With-
out taking account of the sex the average pulse-rate of the normals
was 63 and of the diabetics 73.

If we compare the pulse-rate of the diabetics treated since June,
1914, with values for 219 subjeets from the same normal series, an
entirely different picture is presented. Thus, the average diabetic
pulse value, which is based upon 69 cases, was but 1 beat higher
than the normal value, or 65 as compared with 64. This shows,
therefore, that the average pulse-rate of diabetic subjects decreased
markedly in the period subsequent to June, 1914, as compared to
the period before that date.

Tanre 115.—ReramioNy BETWEEN PULSE-RATE AND PosTABSORPTIVE METABOLISM
I8 Darny OsservaTioNs wiTH Dianerics.

Before June, 1914, After June, 1014,
Hange in =4
pulse-rate. Heat output Variation in Heat output per Variation in
S kilogram o metabolism | kilogram of | metabolism
body weight from standard, bud_\lr.‘ weight from standard,
24 hours, cals. per cent, 24 hours, cals. per cent.
45-49 . .7, . s s lbrd 22 | —16
51-60 30 + 2 23 —14
61-70 \ 30 ‘ +13 24 —10
71-80 < 31 | +13 26 - &
81-80 ¥ | 32 +22 26 [ |
91-122 . 37 I +25 33 . +18!

Coming now to the relation between the pulse-rate and the
metabolism in diabetes, it is clear from inspection of the figures in
Table 118, that both before and after June, 1914, the pulse-rate
registers with considerable accuracy the changes in metabolism, the
latter steadily rising as the pulse-rate increases. When, however,
the values for the metabolism in the two periods are compared,
we find that with the same range in pulse-rate the metabolism
varies materially. Aecordingly similar conditions of living are
requisite for an wnterpretation of the pulse-rate as a measure of the
metabolism.

(¢) Effect of Loss in Weight on Pulse-rate of Normal Individuals.—
The losses in weight of the diabetic patients below their maximum
weight were s0 material that the question arises how much bearing

! Range of pulse-rate in this group after June, 1914, was 98 to 101.
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similar losses in weight might have upon the pulse-rate of normal
individuals. Fortunately the pulse-rates accompanying consid-
erable losses of body weight in a series of experiments carried out
by the Nutrition Laboratory are available. The pulse-rates were
determined for a group of 11 healthy young men in the Inter-
national Young Men's Christian Association College at Spring-
field, Massachusetts, when they were upon a normal diet and also
when they had lost on an average of 9 per cent of their weight as
a result of a reduced diet.! In consequence there was an average
decrease in pulse-rate of 14 beats, or 25 per cent. All of the men
registered a fall in rate, but this was by no means uniform. These
individuals lost on the average but 9 per cent of their initial weight,
whereas 111 of the 113 diabetics under observation had an average
loss in body weight from maximum of 25 per cent. From these
data acquired with normal subjects it would appear that in view
of the marked loss in weight of the diabetics, a decrease in the pulse-
rate should be very considerable. Before considering the relation-
ship between the loss of weight with diabetics and their pulse-rate,
however, various factors should be mentioned which may have an
influence upon this relationship.

(1) Factors Influencing Relation Between Pulse-rate and Loss in
Weight.—At the present moment it is prudent to state that the
changes in pulse-rate observed with the normal subjects studied
at Springfield accompanied the 9 per cent loss in weight rather than
were dependent upon it. This is necessary, because while these
normal individuals were losing weight, they were also losing large
amounts of body nitrogen, sinee 10 of the 11 men lost, on the average,
175 grams of body nitrogen between October 4, the initial day of
the reduced diet, and January 27, inclusive. It is yet to be deter-
mined whether the changes in pulse-rate and also in metabolism
which were observed were due: (1) To the loss in weight which
had already taken place; (2) to the loss in body nitrogen; or (3)
what appears to be the most probable cause, to the continued
underfeeding.

The losses in weight described above with normal individuals
took place during a few months, whereas the losses in weight with
the diabetic patients usually occurred during a few years. It is
possible that the greater loss in weight of the diabetic patients
might be counterbalanced to some extent by the greater length
of time during which it occurred. With the diabetics, however,
there was a fourth factor, namely: the growing weakness due to
the progress of the disease which accompanied their loss in weight.
This, however, is not so simple a factor as would appear at first

28:3 %télécdict. Miles, Roth and Smith: Carnegie Inst. of Washington, D. C., Pub.
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thought, because this weakness is manifestly of at least two types.
The first type of weakness develops rather rapidly in the diabetic
who has been living upon a stimulating protein-fat diet, is associated
with and perhaps dependent upon acidosis, and is most evident
as he is about to pass into coma preceding death. It is akin to
the weakness of the patient with hyperthyroidism and high metab-
olism. Then there is the second type of weakness due to inanition.
For the former type of weakness there are few comparable data
upon the pulse-rate with normal individuals, though perhaps
exhaustion after strenuous exertion might serve, and strangely
enough the same may be said of the latter, since inanition seldom
oceurs in uncomplicated form. Complications are less frequent in
cancer than in cardiac or renal disease, yet what data exist upon
the pulse-rate in the successive months of cancer? Here is a field
for research.

(2) Effect of Loss in Weight on Pulse-rate of Diabetics and Com-
parison with Normals.—That diabetics, whose body weight has
suffered so great a loss from their maximum body weight, should
have a pulse-rate as high or even higher than normal, must be of
significance. In the Springfield series of experiments in which
the pulse-rate averaged rather low, even with normal diet, the
subjects were normal, healthy men who maintained their muscular
vigor, as was proved by physical tests, despite the loss of weight.
The loss in weight of the diabetics, on the other hand, can be con-
sidered to have been accomplished by a greater loss of muscle as
well as of fat. This was a fait accompli and in the period before
June, 1914, they were actually being overfed, though the food
was not wholly utilized and showed an increased pulse-rate; in
the period after June, 1914, they were underfed and the pulse-rate
was far lower.

Both before and after June, 1914, the diabetic subjects were
markedly underweight. Before that date the loss in weight of
30 diabetics from their maximum was, on an average, 21 per cent,
yet in spite of this loss the average pulse-rate was 73 beats, or 31
beats (74 per cent) greater than the average pulse-rate of 42 beats
found with the group of normal men on reduced diet after a loss
in weight of approximately half as much, or 9 per cent. This
brings out strikingly the increased pulse-rate of the diabetics before
June, 1914. Subsequent to June, 1914, the loss in weight from
maximum of 66 diabetics averaged 27 per cent. Notwithstanding
that this loss in weight was three times that of the normals, the
average pulse-rate of this group of diabetics was reduced only to
65 beats in contrast to the undernourished normals whose average
pulse-rate was 42 beats. It is thus seen that both groups of dia-
betics, with a much greater loss in weight than the undernourished



THE TOTAL METABOLISM IN DIABETES 269

normals, had higher pulse-rates than the latter and that the highest
pulse-rates were obtained with the diabetics before June, 1914,
when they were overfed. Despite the fact that the loss in weight
of the group of diabetics after June, 1914, was greater than that
of the normal subjects and despite the fact that their intake of
food was low, the diabetic still maintained a higher pulse-rate than
the normals. The evidence is not sufficient to show that the
difference in the pulse-rate of 42 of the normals with 9 per cent loss
of weight and of 65 of the diabetics with 27 per cent loss of weight
can be entirely explained on the ground that the normals were
still losing, but the diabetics had lost their weight. At present,
therefore, we are forced to conclude that an increased pulse-rate
is characteristic of diabetes.

(d) Relation of Severity of Diabetes to Pulse-rate.—If the pulse-
rate in diabetes is characteristic of the disease, one would antici-
pate a variation with the degree of severity. Tabulation of the
data discloses that with increasing severity before June, 1914, the
pulse-rate rose, but after June, 1914, it fell. The force of severity
cannot act in opposite directions, Obviously these changes in pulse-
rate are either not due to severity per se, or the effect of severity
is overcome by stronger influences, e. g., acidosis and difference in
the quantity of food administered.

(¢) Relation of Acidosis to Pulse-rate.—The average pulse-rate
for 45 cases without acidosis was 63 beats and for 24 cases with
severe acidosis 73 beats. Two cases on the verge of coma had
pulse-rates of 98 and 101. Excellent examples of increases in
pulse-rate associated with rising acidosis are also to be found in
the publications of Allen and DuBois' and Gephart, Aub, DuBois,
Lusk.?

4. Edema.— Perhaps no one gross observation made during the
course of diabetes mellitus is of greater significance and causes
greater alarm, both to the patient and to the physician, than the
persistent loss in body weight. On the other hand, slight changes
in body weight which may accompany dietetic alterations or the
ingestion of sodium chloride and sodium bicarbonate are looked
upon as material gains and are thus liable to be misunderstood by
the patient. To interpret intelligently these changes, it is necessary
both for the physician and for the patient to realize the factors
affecting the body weight of normal as well as pathological cases.
Few realize that the normal individual is continually undergoing
changes in body weight throughout the twenty-four hours. Even
during sleep it has been shown that a man of 85 kilos loses 30 grams
per hour, and a woman of 65 kilos 29 grams per hour. With exercise

! Allen and DuBois:  Arch, Int. Med., 1916, 19, 855.
* Gephart, Aub, DuBois and Lusk: Arch. Int. Med., 1917, 19, 9108,
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this is, of course, greatly increased and may amount to 6.4 kilos
for a foot-ball player during one hour and fifteen minutes of active
exercise. Skelton! points out that approximately one-half of the
water in the body is in muscles, one-fifth in the skin, and only one-
fourteenth in the blood.

Edema is a common source of error and it is important to recognize
it as a cause of gain in weight in diabetes. Patients may seem to be
gaining when in reality they are losing weight because of insufficient
diet. Edema occurred most frequently in former vears following
oatmeal days and the administration of alkalis, while later it was
common with fasting diabetics of severe type and was apparently
related to the large quantity of salt which they ingested with broths
and vegetables. In these days of insulin it is quite likely the result
of earbohydrate storage which simultaneously implies water storage.
See p. 271 for a further discussion of this aspect of the subject. See
also von Noorden and Isaac® and Rabinowitch.?

The edema may become extreme and one of my patients (Case
No. 922), whom I had not seen for months, called in a laryngologist
and barely escaped tracheotomy for edema of the larynx. This
quickly disappeared with the omission of salt and a diet of water
and a few oranges. The patient later entered the hospital, became
sugar-free and developed a tolerance for 49 grams carbohydrate,
69 grams protein and 143 grams fat. Case No. 3739 during coma
developed edema following the removal of an intubation tube
inserted on account of laryngeal obstruction and reinsertion of the
tube was necessary. (See p. 659.)

Diabetic patients should be weighed, preferably naked, before
breakfast, and after the urine has been voided, for a patient fre-
quently voids a pound at a time,

(a) Water Content of the Body.—A factor which should be taken
into consideration in interpreting changes in body weight is the
fluctuation in the water content of the body. It should be realized
that the average man at rest without food oxidizes per day about
75 grams of protein, 25 grams of glycogen and 200 grams of fat—
a total of 300 grams of water-free, organized body tissue. It can
readily be seen, therefore, that with the subjects at rest, large and
rapid changes in weight must be due not to the oxidation of organic
material, which amounts to only 300 grams per day, but to large
axeretions of water. Under certain conditions it is possible for
the body to retain considerable quantities of water, and conversely,
to be deprived of considerable amounts of water that would normally
be retained. Campbellt found that an inerease in weight of 6

I Skelton: Arch. Int. Med., 1927, 40, 140.

! Yon Noorden and Isaac: Loe. eit., p. 175,

' Rabinowiteh: Canadian Med. Assn. Jour., 1927, 17, 655.
t Campbell and Macleod: Medicine, 1924, 3, 195,
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pounds would take place after the diuresis due to drinking 10 liters
of water had ceased, and furthermore that this increase in weight
persists for several weeks without evidence of edema. Since ahout
60 per cent of the body is water, any change of water content may
result in material gains or losses in body weight. A man, weighing,
for example, 65 kilograms, may have an absolute water content of
39 kilograms, so that a relatively small change in the percentage of
water in the body may produce a ¢hange in body weight of 1 kilo-
gram.

(b) Influence of Fat and Carbohydrate Diets Upon Weight.— Remark-
able changes in the weight of normal individuals will also occur, if
the proportion of fat to carbohydrate is altered, although the caloric
value of the diet remains constant. A diet rich in carbohydrate
brings about an increase in weight, whereas a diet of exactly the
same number of calories, though chiefly made up of fat, lowers the
weight. These changes undoubtedly are due simply to the retention
of water by the tissues upon a carbohydrate diet and loss of water
upon a fat diet. Such changes appear reasonable because the
storage of 1 gram carbohydrate in the body demands the retention
of 3 grams of water,! 1 gram of protein would appear to require
the same amount, and 1 gram of fat requires only 0.1 gram of
water. These changes are well illustrated by the following table:

TasrLe 119.—Caances 18v WelgHaT wite Far axp Canbouypmrate Diers.
CarBonYDRATE Digr?

Food and drink. Body Gain (+)
Solid matter, Water, Total weight, or loss (=),
Date, 1904, gms, £ms. Ems. k. gins.
Apr, 16 . . o</ - “ 75.086
16170 . 90 4577 4547 75.443 +357
17-18 . . 966 3553 4519 75.414 - 29
18-19 . . 966 3491 4457 75.269 —145
Far Digr.
Apr.19-20 . . 750 3108 3859 74.319 =950
20-21 . . 745 4150 4896 73.480 — 839
21-22 747 4152 4899 72.528 —052

Average gain per day, carbohydrate diet, 461 gms.
Average loss per day, fat diet, —914 gms.

Water stored per day, carbohydrate period, + 165 gms.
Water lost per day, fat period, —906 gms.

It is important to bear in mind the effect upon weight which
must occur when a carbohydrate-free diet is prescribed, for other-
wise the loss of the few pounds which is bound to ensue might cause
undue apprehension or be interpreted as loss of tissue.?

An increase in weight following a marked inerease of carbohydrate
in the diet is strikingly illustrated in severe diabetic patients under
the oatmeal treatment. Under these conditions the weight may

! Zuntz: Biochem. Ztschr., 1012, 44, 200. * Carnegie Pub. No. 176, p. 93.

* See p. fidN for gain in weight in coma, partly to be explained by glycogen storage
following large doses of insulin.
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rise 4.5 kilograms during one or two days; edema develops. Insulin
acts similarly by promoting the storage of glycogen in liver and
muscles, and likewise edema may occur with its use. That this
storage or delay of excretion of water is accentuated in the presence
of diseased kidneys is common knowledge.

(c) Influence of Sodium Chloride Upon Weight.—The quantity of
salt in the diet also affects the weight. For example, in the study
of an individual upon a salt-free diet consisting of the whites of
18 eggs (216 calories), 120 grams olive oil (1080 calories) and 200
grams crystallized sugar (800 calories), total 2096 calories, or 30
calories per kilogram body weight, the weight fell from 70.2 kilo-
grams on the first day to 64.9 kilograms on the thirteenth day,
as will be seen from the following table:

TasrLe 120,—Loss oF WElGHT COINCIDENT WITH A Savr-rreEe Dier!

Urinary analysis.
Intake of Ha), TUrine, Sp. ;’g\'l;. CL, Weight,
Day e e ar. gms gms. k.
1 1470 1720 1012 1.29 4.60 70.2
2 1550 1810 1010 1.20 2.52
3 1560 1430 1012 1.28 1.88
4 1290 030 1017 1.20 0.87 67.4
5 . 1280 1100 1013 1.43 0. 69
6 . ., 154 1170 1012 1.04 0,48 66.6
7. 1200 850 1015 1.15 0. 46
8 . 1125 10000 1013 0.78 0.40 66.1
9 . 1290 1160 1011 0.95 0.26
10 1\ 1200 860 1015 0.89 0.22
11 .\ .. 1260 650 1018 0.76 0.22
12 . 1215 al 1023 0.79 0.17 65.1
13 . \. /1170 560 1023 0.86 0.17 64.9
15 Diet unrestricted. 940 1029 e 3.50
4 ; { .y L= . 69.0
17 . S 4000 1017 25.76

The subject was then put upon a free diet and three days later
the weight had risen to 69 kilograms.

(d) Influence of Sodium Bicarbonate Upon Weight.—The adminis-
tration of sodium bicarbonate is frequently followed by a gain in
weight. Thus, in Case No. 220 the changes in weight during the
administration of sodium bicarbonate were as follows:

TaBLE 121,—Galy 158 WEIGHT COINCIDENT WITH ADMINISTRATION OF Soprom

BICARBONATE.

Sodi Sodium Body
!m‘::{:: :III::Im\ “':"::lljmfl 1 bicarbonnte weight,

Dintee, {rIns. kilos. Tate. gms, kg,
Nov. 2 0 $5.1 Nov. 7. 20 50.7
3 . 0 456 Bl = 20 51.5
4 0 49.0 Dir or e 20 52.4
5 1] 8.6 )i e ) 53.3
th - 20 49.3 j & S . e 20 53.3

! Goodall and Joslin: Experiments with Ash-free Diet, Arch. Int. Med., 1908,
1, 615,
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In order to show that this gain in weight was not directly due
to the alkali but rather to retention of salt, the weights of another
diabetic patient, Case No. 135, were taken while upon a salt-free
diet.

TapLE 122 —Apspncy oF Gaiy N WaigaT CoOINCIDENT WITH ADMINISTRATION OF
Soprvm BicarsoNats Waew tEE Dier 18 Savr-FREE (Case No. 135).

Diet. Salt-free Urine.
1
§ 3 8 ‘E 5 E" : M w g.“ 3"3 = 2 g é
2 |g|24l s B[S 4| 3| |G |88aEal B B| 2|35
cled(E| 82| 2| ¢ | & | 2|B2dEd 2| B &
£ IB|EE| 3|2 |28| B |4 | 2| S |228¥% 3| 5| &8|2
=] 8l e L = | = = D ol 13 B o= .
a Z |0 vl I~ 2= =</ = Z |zl |w|&|0C|a2al|BE
Jan. 26 | O [185|110)| 185 | .. [35008720(21.8(4.2| 7.9|20|4.4|8.2| 160 |88}
27 [0 |135|110| 185 | .. (3500 |3940|19.6|4.3 T,Hlﬂl 4.5(6.3]165 |89}
28 0 185 (110( 185 .. 3500|3210 (20.5 (4.4 7.3|24/4.6|5.9( 160|861
20 | 0 |135| 90155 .. |3500|3210(19.2 (4.1 7.3|26|4.2(4.8| 163 |85}
30 |25(135| T0|185| .. 3500|3190 |16.3|3.5| B.7|33(4.1(1.6| 14685
31 (25/120] 60| 95|23 5370 |4600{19.1 (4.3 12.6|561|5.1|2.3| 146 |83}
Feb. 1 |37 130[100|130(45}|5250{4050]18.7 (3.3 ,10.7|39|4.3|2.0) 137 | 82}
2152 7(]: 60| 95{4515370|3510|16.013.5]10.2|37(3.9|2.1|121 |81}
3 | 15| 158] 3045 800 360(35.0 | | 86

It will be seen that while upon the salt-free diet the weight
steadily fell and, despite the administration of sodium bicarbonate
later, no increase in weight oceurred. This observation has been
confirmed by Levison.! The explanation of the usual gain in weight
of diabetic patients following the use of sodium bicarbonate was
pointed out by Goodall and Joslin® some years ago. Apparently
the administration of sodium bicarbonate, by favoring the excre-
tion of large quantities of retained acid bodies, leads to irritation
of the kidneys, resulting in their inability to excrete salt in the
normal manner. If the salt in the diet is restricted, there is less
to be retained and consequently no gain in weight results.

The explanation of the edema which is found in severe diabetics
is by no means simple. Falta? has recently shown that if sodium
bicarbonate is replaced by potassium bicarbonate the edema will
disappear although the salt in the body and in the diet is low.
Labbét explains the edema by the retention of the sodium and not
of the chlorine. Atchley, Loeb and Benedict® have removed the
edema of a diabetic with the use of 20 to 35 grams of calcium
chloride a day.

! Levison: Jour. Am. Med. Assn., 1916, 64, 326,

t Goodall and Joslin: Jour. Am. Med. Assn., 1908, 51, 727.

i Falta: Wiener Arch. I. inn. Med., 1922-23, 6, 581.

i Labbé and Cumston: Diabetes Mellitus, New York, 1922, p. 115.
® Atchley, Loeb and Benediot: Jour. Am. Med. Assoc., 1923, 80, 1643.
18
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I might here make the clinical observation that a salt-free diet
in diabetes is inadvisable. It is noteworthy that patients during
the period of coma markedly lose weight. Edema, which may be
present just prior to coma, disappears during coma: in fact, I
remember to have seen but one patient in coma who showed edema.

The severe diabetic during coma utilizes apparently all possible
liquid in the tissues to aid in the excretion of toxic bodies. The
importance of maintaining sufficient fluid in the body deserves
emphasis. Hodgson' has thoroughly appreciated it for years and
endeavored to make his patients retain large quantities of fluid.

(e) Weights and Losses of Weight in Diabetic Patients.—During a
series of observations upon a single diabetic individual the varia-
tions in weight were sometimes considerable. Not infrequently
these were due in large measure to the increase or decrease of water
in the body, which was often demonstrated by the presence of
edema. As a result conclusions based upon the metabolism of dia-
betics are especially liable to error. This is evident in the case of
Freda, a little girl of sixteen years, Case No. 1012. She weighed
26.3 kilograms on September 22, 1917, 33.2 kilograms on October 2,
on which date the salt was excluded from the diet, and on October
25 the weight had again fallen to 26.3 kilograms. The transitory
gain in weight in early October was obviously due to edema and
represented a gain in weight of 26 per cent. (!) If the actual body
weights are employed for the period from October 9 to December 1,
the variation in the metabolism from standard would range from
+7 to 431 per cent, but if the weight of September 22 is accepted
as the correct weight for the entire period, the metabolism oddly
enough would vary in just the reverse manner: that is, from +31
to +7 per cent.

The percentage of loss in body weight of some 200 of my cases in
the Naunyn Epoch was computed for me by the Nutrition Labora-
tory. The average loss previous to the first visit was 16 per cent,
and between this time and the last observation a further loss of 3
per cent occurred. This is good evidence that these cases came
almost uniformly late for treatment. The loss would have been far
greater in the Allen period, but not in the Banting Era when a gain
in the weight would be registered.

(f) The Loss of Weight Prior To and During Coma.—The loss in
weight of patients immediately prior to and during coma has always
appeared to me to be great, but from the nature of the case it has
been difficult to determine this point. A hint of this was afforded
by noting the marked loss in weight which occurred in Case No. 135,
from whose diet salt was excluded, but a still better example was

| Hodgeon: Jour. Am. Med. Assn., 1911, 57, 1187,
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that of Case No. 513, referred to on page 782, who lost 35 pounds
in the eleven days preceding the third day before death in coma.
Further observations of this character should be made.

(g) The Caloric Value of a Kilogram of Body Weight and Hypothet-
ical Estimations Connected Therewith.— .., the Nutrition Laboratory
normal subject, in the course of his thirty-one day fast, lost 13.2
kilograms, or an average of 0.7 per cent of his original body weight
each day. Each kilogram lost represents a metabolism of 3238
calories if the estimated total metabolism of each day of L's. fast
is used for the computation. If the first four days of the fast are
excluded, when the loss was somewhat rapid, and the remaining
twenty-seven days, when the loss was more gradual, are employed
for the calculation, each kilogram of body material lost would represent
3766 calories and the average loss of body weight each day would be
0.62 per cend.

In computing the metabolism of a patient the factor of the error
introduced by edema should be borne in mind.!

For a given percentage loss of weight the metabolism of a group
of normal Y. M. C. A. students fell more rapidly than that of dia-
betics, presumably because the latter lost weight more gradually.

Tasie 123, —DEecrEASE IN Bopy WeleaT AND METABOLISM COMPARED.

_ Decrease in - Decrease in
Decrease in metabolism, metabolism

Number of  weight, total, per kilogram,
Group, individuals. per cent. per cent. per cent, Time.

Y. M. C. A, series . . 11 10 19 1.90 3 mos,
Disbetic . . . . . 20 35 22 0.63 5 yrs.
Normals, comparable to

dinbetics at their maxi-

mum and minimum

weights i a7 e 200 35 18 0.51

(k) Diabetic Variations from Standard in Metabolism and Weight
Compared. — Prior to June, 1914, no relation is apparent between the
variation of the metabolism from standard and the percentage varia-
tion of the body weight from standard, when the metabolism was
more than 10 per cent above standard. But, when the metabolism
was 10 to 5 per cent above standard, the average variation of the
weights of the patients from normal was —2 per cent and when the
metabolism was 35 to 40 per cent below standard, the average
variation from standard weight was the most subnormal in the
series, namely, —48 per cent. Between these extremes mentioned,
almost uniform gradations are registered.

! In the Carnegie Monograph Pub., No. 323, p. 65, the subject is discussed in
more detail and more facts presented.

! Minimum weights ecomputed at 35 per cent reduction from maximum and
metabolism predicted for these weights.
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5. Relation of Severity of Diabetes to Metabolism.—The relation
of the degree of severity of the diabetes to the postabsorptive
metabolism is shown in Table 124. As heretofore the experiments
are classified according to whether they took place prior to or sub-
sequent to June, 1914. Before June, 1914, the mild cases showed
a normal metabolism in the daily observations, the few moderate
cases a metabolism of 14 per cent above normal, and the severe
cases a slightly less variation, +12 per cent. After June, 1914,
the metabolism in most of the daily observations with mild cases
and with moderate cases as well was lower than standard, but the
average in each group was still within the normal zone. The
daily observations with severe cases averaged 13 per cent below
standard. In general, prior to June, 1914, the severer types of
diabetes gave a higher metabolism than the mild, while subsequent
to that date, on the contrary, the severest type of the disease
exhibited a lower metabolism than the mild and moderate forms.

Tasre 124.—Reramion oF SevEmrty oF Diaseres 1o Basar Merasousu Berone
AND A¥TeER 10914,

Dhaily observations before Daily observations after
June, 1914, June, 1914.
Percentago varistions |
from standard _
metabolism. Mild Moderate  Severe | Mild Moderate Severs
’ disbetes. | diabetes. | diabetes. | dinbetes. diabetes. dinbetes.

Above standard:

35-30 . : , 1 1 i o= . 2
30-25 . ; - < g | == - 2
25-20 . : 1 12
2015 . .\ ] % 7 ; 15 i 1 1
1510 . . | o i 18 - 3 (1]
10-5 . . . 3 3 15 1 6 1
E R R 1 M RO 13 12
Below standard: | |
0=3F « o . 1 ok | v 2l 7 13 25
510 . . . 1 2 5 9 19
10-15 . - 1 3 20 a2
15-20 . i 1 (] 33
20-25 . . . i : s e 1 34
25-30 . . . e o5 e ot i 18
30-35 . . 5 35 o A 6
35-40 . . . = £3 35 e i 4
Aver. percentage +4 +14 | +12 —4 -5 -12
variation, all | (6 days) (20 days) (93 days) | (22 days) | (72 days) | (185 days)
experiments

The force of severity cannot act in opposite directions. It is,
therefore, reasonable to conelude that one or more extraneous
influences must have been present before and after June, 1914, to
bring this about.
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Of four extraneous factors which might influence metabolism
drugs, exercise, diet and acidosis—little need be said regarding
the first two. Drugs were never given to either group of patients
with the exception of sodium bicarbonate, and this was discon-
tinued after September, 1915, There is no evidence that sodium
bicarbonate exerts the slightest influence upon the metabolism in
health, and a eritical study of the protocols of these diabetic patients
bears out the same conelusion, as does the work of others.!

Exercise played no role, because the experiments were basal, and
exercise was not a part of the routine when these were made.

The change in the character of the diet is of far more importance
in determining the cause of the change in the metabolism of these
patients after June, 1914. The severe cases underwent strenuous
overfeeding before June, 1914, and strenuous underfeeding after
June, 1914, and the gquantitative changes in the diet appear nearly
adequate to account for this phenomenon of changing metabolism.

6. Relation of Acidosis to Metabolism of Diabetes.—Does a
state of acidosis increase the metabolism? 1 am inelined to think
it does and in what follows have assembled all the data my experi-
ments show to prove it. Wilder, Boothby, and Beeler? believe it
does not. DuBois? expresses doubt as to whether we shall ever know.
From the clinical point of view the essential fact is that a high diet
predisposes to acidosis and with it the metabolism is inereased and
that a low diet is seldom accompanied by acidosis and the metab-
olism is decreased, Moral: Avoid a high diet in diabetes, either of
exogenous food or of endogenous food as in hyperthyroidism or
fever.

(a) Acidosis.—It may occur in all types of the disease and ean easily
be made extreme in a mild case, just as it ean with a healthy indi-
vidual. During the years that these experiments were in progress,
acidosis was undoubtedly responsible for two-thirds of all the deaths
from diabetes in the community and possibly for three-fourths of
these deaths. Of the fatal cases studied at the Nutrition Laboratory
before June, 1914, 86 per cent of those who later died succumbed
to coma, and of those studied from that date to the end of the
research, December 5, 1917, 72 per cent of the deaths were due to
COTA.

The relation of the acidosis to the total metabolism is exhibited
in Tables 125 and 126 in which the results of 398 observations upon
106 cases of diabetes are recorded. These indicate thatiwith the
development and increase of acidosis there is a steady rise in the
metaholism.

! Haldane, Wigglesworth and Woodrow: Proe. Roy. Soc., London, 1924, 1B 96, 15.
! Wilder, Boothby, and Beeler: Jour. Biol. Chem., 1922, 51, 312.
' Du Bois: Loe. cit., p. 248,
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Tasre 125.—Acmosis ANp Maerasonsm Wita 106 Disperics on
Four Huxpren Days.

Average
varistions of
Number of metabolism
Degree of observation from standard,
acidosis, Y per cent.
T S SR R e [ 410
. 152 ST I o Lo 144 == 8
= il e e o i+ A = 82 ~ 8
0 A e AR T el e 36 E -8

TarLe 126.—Aciposis AND Basan MeTaBoLisM oF DiaBETICS BREFORE AND AFTER

JUN‘E. 1914.
Before June, 1914, After June, 1914,
Percentage variation with acidosis. variation with arcidosis.
variations
from standard [
metabolism, e i + 0 444+ ++ | 0
| per cent. per cent.| per cent, per cent. per eent-i per cent, per cent | per cent
| | |
Above standard: | ‘ |
35-30 +32 +31 . o5, 433
3{)—25 N +29 +27 e +28
25-20 . . /i 422 +22 +22 | 423 |
20-15 . . .| +18 | 418 [ 16 | 417 | «. | 419 | 416 |
Ja=a@v. S e i +13 +13 +13 - +12 -+12 +12
10=8". [L/rs + 8 +9 +10 + 9 . + 8 + 8 +10
5-0. + 4 + 3 + 6 + & + 1 | =8 + 2 4+ 3
Below stnndsrd.
8, 1= -2 -2 -1 -3 ] -3 -8 -3
=10 \.i 2 . - T N -9 ] -8 —i8 - 8
10:150 Vo o 1\ o IR Al A |h-as | =14 | -12 | -13
15-20 ., L\ & " o 1. 3/ =18 -18 -18 -18
20-25 . . ) " i || ~28/| ~28/| <28 | =28
26-30 . . oy e 8 e | —28 —-29 —28
30-35 . . .| A v - - 74 —-32 o —33
35-40 , . . 4 o . -8 (¢ —38 . —39
Av. variation for | ‘
all daily obser- | 413 | +13 | +12 +10 +1 —-12 —8 —13
vations ‘

Prior to June, 1914, acidosis was of frequent occurrence, Of
the one hundred and nineteen experimental days included in Table
126 for this period there were but eighteen on which no acidosis was
found, but after June, 1914, of the two hundred and seventy-nine
e:(perlmental days on only thirteen experimental days was the
acidosis severe.

In the earlier period there was a tendency for the metabolism
of the diabetic with acidosis to be higher than that of the diabetic
without severe acidosis, and the same relation holds after June, 1914.
Since June, 1914, acidosis has had less opportunity to exert an
influence upon the metabolism,
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Observations are available upon 12 patients before June, 1914,
and upon 24 patients after June, 1914, whose metabolism was
observed, in each instance, during at least two stages of acidosis.
Prior to June, 1914, the average metabolism: of those individuals
without acidosis was 8 per cent above standard, with slight and
moderate acidosis, 14 per cent above standard, and with severe
acidosis, 15 per cent above standard. After June, 1914, during
the period of undernutrition, the group with no acidosis showed
the lowest metabolism, 17 per cent below standard, and the group
with the most severe acidosis the highest metabolism, 5 per cent
below standard.

Confining our attention to severe cases of diabetes, the effect
of acidosis upon the metabolism is still more clearly evident. With
22 cases in various stages of acidosis observations were made on
ninety-three days prior to June, 1914. On only nine of these days
was the metabolism below normal. On two days with cases with-
out acidosis the average metabolism was 9 per cent above standard.
On five days with slight acidosis the metabolism was 12 per cent
above standard, on thirty-eight days with moderate acidosis like-
wise 12 per cent, and on forty-eight days with severe acidosis
13 per cent above standard.

After June, 1914, experiments were made on one hundred and
eighty-five days with 41 cases of severe diabetes. The lowest
average metabolism found on forty-nine days with diabetics having
no acidosis was 19 per cent below standard. On thirty-seven days
with mild acidosis present, the metabolism was 14 per cent below.
The experiments on eighty-seven days with moderate acidosis
indicated a metabolism 12 per cent below standard. On the twelve
days with severe acidosis the metabolism was 2 per cent above
standard. In conclusion, therefore, it can be said that an examina-
tion of the influence of acidosis upon the metabolism of diabetics
of different degrees of severity supports the view that acidosis
raises the metabolism of severe cases. (See L. Hédon, p. 257.)

(b) Acidosis and Metabolism of Individual Diabetics.—('ertain
cases are worthy of special discussion because of the opportunity
they present for a comparison of acidosis and metabolism. The
experimental data of Case No. 983, show clearly such association
in a fat diabetic. This patient stated that she had eaten little
for a week preceding January 29. How true this is one cannot
say, but the presence of acidosis, despite 6.3 per cent of sugar in
the urine, leads one to infer that presumably the relations for the
carbohydrate, protein, and fat in the diet at least may have been
altered. The effect of the caloric content of the daily diet upon
the acidosis and metabolism is brought out by the data in Table
127. From these records it is seen that the postabsorptive metab-
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olism of this woman in the course of six days decreased from 28
per cent to 12 per cent above normal, the urinary nitrogen per
twenty-four hours for the experimental days fell from 13 grams to
5.3 grams, and the sugar in the urine disappeared. The decrease in
the excretion of nitrogen, sugar, and ammonia, and the fall in the
metabolism were coincident with the marked reduction in the total
diet, namely, a change from a diet so abundant as to allow 6.3
per cent of sugar on January 29, 1918, to a diet so low that it
averaged but 76 calories a day for the six days preceding the last
metabolism test. The decrease in the metabolism of protein,
which amounted to but 46 grams (13 —5.3 =7.7 x 6) for a
woman weighing 90 kilograms, appears insufficient to explain the
change in metabolism.

Despite the fact that the patient was fat, that she was upon a
very low diet, and was ultimately given a total fast, the acidosis
decreased. This behavior is absolutely different from that of the
fat women reported by Folin and Denis! when fasted for two four-
day, and one five-day periods, whose acidosis continually advanced
in each period from day to day, though the total acidosis decreased
in successive periods. In the diabetic the acidosis decreased upon
fasting, whereas with the normal individual it developed. The
explanation is found by computing the actual values of carbo-
hydrate, protein, and fat burned at the beginning and end of the
period. This has been done in the usual way with the use of the
non-protein quotient and by having added 20 per cent to the heat
output per twenty-four hours as computed from the basal
metabolism. On February 2-3 the earbohydrate in the diet was
50 grams, but the carbohydrate actually burned by the patient
was 7 grams, whereas on February 8-9, the carbohydrate ingested
was 5 grams, but the carbohydrate burned by the patient was 38
grams. Using Shaffer’s formula (see p. 523) the theoretical quan-
tity of carbohydrate sufficient to prevent acidosis upon the first day
would have been 25 grams. As the patient only actually burned
7 grams, the deficiency of carbohydrate was 72 per cent corre-
sponding to the severe acidosis which she showed on that day.
On the last day the theoretical quantity of carbohydrate sufficient
to prevent acidosis would be 31 grams. On this day 38 grams
were actually burned which would be as much as required. Corre-
sponding to this improvement in the oxidation of carbohydrate, the
acidosis decreased but was still present, and is explainable, as
Shaffer has stated, on the ground that each ketogenic molecule
does not meet its antiketogenic molecule in the body. This led
him to advise giving twice the theoretically sufficient carbohydrate.

1 Folin and Denis: Jour. Biol. Chem., 1915, 21, 183,
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Case No. 1026, a fat man with a mild type of diabetes, was
also treated upon a low diet quite similar to that given to the fat
woman, Case No. 983. In contrast he at no time showed more
than a slight to moderate acidosis. His metabolism changed
from —8 to —15 per cent in seven days. This is again in contrast
to Case No. 983, who, with marked acidosis, presented a metab-
olism of 428 per cent and six days later, with far less acidosis, a
metabolism of +12 per cent. With the decrease in acidosis the
metabolism fell twice as rapidly with Case No. 983 as with Case
No. 1026, who had no acidosis. The difference in the metabolism
of these two cases is not to be explained by the diet, for Case No.
983, during the first six days of treatment received 3.2 (0.3 net)
calories per kilogram body weight per twenty-four hours.

With Case No. 1181, there was a gradual and consistent decrease
in the metabolism as compared with the standard from —1 per
cent to —24 per cent, as determined in postabsorptive experiments
on nine days in the course of a period of sixteen days. The body
weight and urinary nitrogen remained essentially constant during
these sixteen days. The energy in the diet on successive days
ranged from 40 to 575 calories with six fasting days in all. In
this instance it is plain that the decrease in metabolism oeccurred
during a period of continual undernutrition. The acidosis gradu-
ally decreased and eventually disappeared.

With Case No. 765, the metabolism decreased between January
22, and February 12 from —1 per cent to —25 per cent and coin-
cidentally the acidosis which was originally high disappeared.
The urinary nitrogen for the first three days varied between 0.175
and 0.150 gram per kilogram body weight and for the last two
days between 0.130 and 0.135 gram per kilogram body weight.
The fall in metabolism and the disappearance of acidosis are inde-
pendent of marked changes in the urinary nitrogen.

Table 128 is a recomputation of an exhaustive study of the metab-
olism of a case of diabetes by Wilder, Boothby, and Beeler.! It
shows that the metabolisin is definitely related to the degree of
acidosis, for when the metabolism is highest, the acidosis is highest,
and when the metabolism is lowest, the acidosis is least. In the
following table three other factors are introduced which, singly or
together, may be of importance in this supposed relation. These
are the nitrogen excreted and the fat and total calories ingested.
From Table 129 it will be seen that with each of these factors the
metabolism varied as with the acidosis. Shall one ascribe the
entire cause of the variation to the nitrogen or in part to the acidosis
which the fat and excessive diet caused? From evidence already

t Wilder, Boothby, and Beeler: Jour. Biol. Chem,, 1922, 51, 312,
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submitted, and to be submitted, the latter alternative appears as
the more reasonable explanation. It is not for a moment denied
that protein increased the metabolism of this individual, but that
40 grams of protein raised the metabolism of this patient to so
great an extent as here shown appears improbable. In their own
study of Bessie B., Wilder, Boothby, and Beeler believe they can
demonstrate that the change in metabolism preceded the change
in acidosis.

Tasre 128, —VamaTtions 1N Basarn Merasonism aAnNp Aciposis (COMPUTED FROM
Wirtper, Boorusy Axp BEELER.)

Metabolism. Acidosis,
Varintion Blood. Urine (preceding day).
from DuBois
standunrd, “ 7 < X
er cent. Acetone N Hy — N Acetone
. Cashicn bodics NH,, | bodies
- 2 a5 acetone), g Total N, (ns ncetone),
vol., per cent. y gm. ‘ | per cent., Em.
— 1to —10 . . 38 | 0.057 1.58 10 8.1
=11 to =20 ., . 49 0.028 1.19 13 4.2
—21t0 =30 . . | 52 | 0.020 0.50 7 2.0