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CONCENTRATIONS
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(Received for publication July 20, 1936)

The beneficial effects of exercise on certain
types of diabetes mellitus have long been recog-
nized. Occasionally a young and active diabetic,
with a stable glycemia, controlled by diet and in-
sulin, develops severe and sometimes prolonged
insulin reactions following participation in strenu-
ous sports; while other young and equally ac-
tive diabetics, with an unstable glycemia, find
participation in active sports a burden, accom-
panied by glycosuria and general malaise.

The effect of exercise on glycosuria and gly-
cemia was determined in twelve cases of diabetes
mellitus treated with insulin; in four of diabetes
mellitus treated without insulin; in three of renal
glycosuria; in two of hypotension; in one pa-
tient with glycosuria of pregnancy, another with
obesity, a third with epilepsy, and in three normal
individuals.

REVIEW OF LITERATURE

The first direct observation on the changes in the blood
sugar resulting from muscular exercise was that of Cha-
veau and Kaufmann quoted by Strandell (1), who demon-
strated in 1886 that,the blood sugar in the vein leading
from the masseter muscle of a horse decreased when the
horse chewed. Strandell in his historical review of the
subject says that the first studies on man were made by
Weiland in 1908, when he proved that the venous blood
sugar concentration was considerably lower after ex-
hausting exercise in Gartner's ergostat than before the
exercise. This was done by measuring the blood sugar
concentration before the exercise was started and again
after it was stopped.

Although Lichtwitz (9) in 1914 determined the effect
of exercise on diabetic subjects, which will be discussed
later, most of the work was done on normal subjects.
Gordon, Kohn, Levine, Matton, Scriver and Whiting (2)
report a study of the blood sugar concentrations in mara-
thon runners during 1924 and 1925. They found that the
runners in bad condition at the finish of the race invari-
ably had low blood sugars, values which could be classed
as hypoglycemic. The runners trained on high carbo-

1 Data taken from a dissertation submitted to the gradu-
ate faculty in candidacy for the degree of Master of
Science, Department of Medicine, University of Chicago,
1936.

hydrate diets prescribed by the authors and those runners
who, while running, ate glucose in some form finished in
better condition than those who did not; and their blood
sugars were not low enough to be classified as hypo-
glycemic. Best and Partridge (3) also reported hypo-
glycemic blood sugar levels in three of ten marathon run-
ners following exercise. Wollmer (4) noted a decrease
in the blood sugar in normal and obese persons following
muscular exertion. He describes, however, immediately
after the start of the work, a short but sharp rise in the
blood sugar level which is followed by a decline. This is
noted particularly when the work is heavy-more than
thirteen kilogrammeters per second-according to his ex-
periments. He noted no difference in the blood sugar
curves in normal and obese persons. Other workers have
described a rise in the blood sugar level following work.
Edwards, Richards and Dill (5) found on examination of
a number of football players that hyperglycemia is un-
common in exercise unless it is accompanied by emotion,
as on the football field. The blood sugar reaches a peak
about one-half way through the game-one varsity player
had a blood sugar of 244 mgm. per 100 cc. after thirty
minutes of play. Schneider (6), in examining athletes
at Innsbruch, described an increase in the blood sugar
following a fifty meter dash as compared to that before
the race, in all of the participants who were examined.
This occurred though the pre-race values varied in the
different contestants between 50 and 153 mgm. per 100 cc.
These differences in the blood sugar concentrations by the
various authors have been considered to be due to the
differences in amount as well as the intensity of the exer-
cise. Generally, the blood sugar is lowered in long ex-
haustive exercises, sometimes markedly so; while the
opposite effect is often found in exercise of short dura-
tion (1).

The effect of training on the blood sugar levels during
exercise has also been studied. Hofmann (7) demon-
strated that during exercise the blood sugar remains at a
more constant level in well trained subjects than in sub-
jects not in training. Effects from emotion were not evi-
dent in his experiments as they were in those of Edwards
and Dill previously mentioned.

As has been mentioned, Lichtwitz (9) determined the
effect of muscular exercise on diabetic subjects. He
found that the blood sugar usually decreased but may
increase with exercise, such things as severity of the dia-
betes and training influencing the direction of the blood
sugar change. He noted particularly that in severe dia-
betes mellitus the values were more frequently higher
than they were lower after exercise than before exer-
cise. In one case reported (Number 19) the resting
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blood sugar value was 275 mgm. per 100 cc., and fol-
lowing exercise it was 377 mgm. per 100 cc. The
lactic acid in this case had also risen markedly to a
value of 112.5 mgm. per 100 cc. The possibility of
lowering the blood sugar by exercise in diabetes mel-
litus has been known for some time. Joslin has pointed
out that glycosuria in mild cases of diabetes mellitus may
be controlled by regulating exercise taken after meals.
Lawrence (10) reports lowering of the glucose concentra-
tion of the blood and the appearance of hypoglycemic re-
actions in two cases of diabetes mellitus following exer-
cise. He also points out the supplementary effect of
exercise in exaggerating the action of insulin. Gerl and
Hofmann (11) found that the blood sugar decrease was
too great to be explained by mere summation of the effect
of insulin and exercise. Hamburger (12) in a report of
the literature and in one case of his own showed how
physical exercise (walking) permitted excellent control
of the glycosuria in a child with diabetes mellitus.

Theories offered in explanation of the increase in the
blood sugar following exercise are of interest here.
Grott, Kowalski et al. (8) conclude that the elevation
of the venous blood sugar after exercise depends upon
the outflow of the sugar stored in the liver and muscles
(which they call the central and peripheral reservoirs);
and upon the rate of carbohydrate consumption by the
tissues during work. Edwards, Richards and Dill (5)
think the emotional factor is the chief cause of the blood
sugar elevation following exercise. Bruusgaard (13)
also mentions this as a possibility but points out that he
has found hyperglycemia following exercise in which
there has been no emotional excitement.

Soskin et al. (14) concluded from their experiments
that there was no evidence of significant improvement in
the diabetic tolerance or a decrease in the insulin require-
ments as a result of physical training over an extended
period.

Sometime after this work was started and while it was
still in progress, Richardson (15) published a study of
the effect of exercise on the blood sugar in sixty-one
diabetics.

He was able to divide his series into two groups
according to the level of the fasting blood sugar. In the
first group, mild diabetics with fasting blood sugars be-
low 175 mgm. per 100 cc., exercise produced a marked
lowering of the blood sugar. The second group composed
of severe diabetics with fasting blood sugars over 175
mgm. per 100 cc. reacted to the same amount of exercise
by an elevation of the blood sugar above that of the fast-
ing level. He also found that intravenous insulin when
given before a period of rest in as small quantities as 0.1
unit was without marked effect on the blood sugar, but
when given immediately before a period of exercise caused
a recognizable drop in blood sugar. He also describes a
more marked lowering of the blood sugar following exer-
cise after food has been taken than from the same amount
of exercise taken without food.

EXPERIMENTALPROCEDURE

The experimental procedure consisted of de-
termining the sugar concentration of capillary
blood at frequent intervals-usually every fifteen
minutes-for a period of three to ten hours fol-
lowing the ingestion of a mixed meal or a dose
of glucose while the subject was inactive; and
again determining the glucose concentration of
the capillary blood of the same patient at the same
time intervals following an identical meal, while
the subject performed a measured amount of
work. Usually four or more experiments were
made on each subject and each experiment was
started in the morning at the subject's customary
breakfast hour.

Determinations of blood sugar were made on
capillary blood taken from a finger and esti-
mated by the method of Folin and Svedberg (16).
This method was modified by collecting the blood
in one inch funnels on which the stems had been
fused and removed. Three drops of 0.5 per cent
potassium oxalate solution were air dried in the
bottom of the funnels; this was sufficient to pre-
vent clotting in as much as 0.3 cc. of blood with-
out causing hemolysis in lesser amounts. This
micro blood sugar method is accurate for con-
centrations ranging from 40 to 350 mgm. per 100
cc. Checks on venous blood were frequently
made by macro determinations by the method of
Shaffer and Hartmann (17).

The urine was analyzed for sugar qualitatively
by Benedict's solution, and when necessary quan-
titatively by the Shaffer-Hartmann titration
method, at intervals of thirty to sixty minutes
throughout the experimental period. Subjects
with glycosuria brought to the laboratory urine
specimens collected during the preceding twenty-
four hours. These were titrated for glucose
which had previously been identified by fermen-
tation tests. The urine was tested for acetone
by the nitroprusside reaction.

Each case of diabetes mellitus and the case of
epilepsy received a mixed meal identical with that
given as part of their regular therapeutic regime
in place of a glucose test meal. Those cases tak-
ing insulin received their usual dose, and care
was taken to keep the time between the injection
of insulin and the beginning of the meal constant.
Non-diabetic subjects, with the exception of
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Cases 21 and 24, and the diabetic case Number
13, received glucose test meals containing an equal
amount of carbohydrate. The glucose was given
diluted to four hundred cc. with water and fla-
vored with lemon juice.

During the resting periods, except when blood
was being taken, the subject had the freedom of
the laboratory, but usually spent his time in sit-
ting quietly reading or conversing with the
workers.

All exercise was performed on a stationary
bicycle, the amount of work being measured by
an ergometer of the Sevringhaus type (18).
The interval between the ingestion of food and
the beginning of exercise was kept fairly uni-
form. Exercise was never begun after a meal of
glucose until the blood sugar had begun to rise,
to make more striking if possible, the ability of
work to lower the concentration of blood sugar.
It soon became evident that two subjects of nor-
mal weight for height, and of the same age, could
not accomplish equal amounts of work with com-
fort. Such factors as previous training, mus-
culature, and nervous reactions were observed
carefully, and overambitious subjects were ad-
vised against exhaustion. No standard amount
of exercise was imposed. Each subject exercised
at the rate and over a period of time that was
agreeable to him. After exercise, the subject
usually rested in bed for fifteen to thirty minutes.

The question whether or not the blood sugars
were taken while the work was in progress, or
whether work was stopped even momentarily
while the blood was drawn, may arise in the
reader's mind. Work was stopped from two to
four minutes on every subject at the time the
blood was taken. The time between stopping
work and drawing the blood was, however, less
than one minute, the remainder of the time being
spent by the subject in rest. Some justification
for this method may be necessary in view of
Christensen's report in 1931 (19) that the blood
sugar changed rapidly back to the pre-work levels
following a period of work; as do the pulse,
respiratory rate, and even the basal metabolic rate.
He said, therefore, that unless the blood was
taken while work was still in progress the blood
sugar values were not those of work but were
"restitution values." Although this is literally

true, in these experiments the blood sugar values
shown on the graphs as those during work have
been taken some few seconds after work was
stopped. This was done for three reasons.
First, with the amount of work performed by the
subjects rest was necessary at fifteen minute in-
tervals. It was decided, therefore, to take the
blood as soon as possible after the subject had
stepped from the stationary bicycle and walked
three paces to a chair. This method simplified
the drawing of the blood. Second, it was found
that the difference between blood sugar levels
during work, and from one to three minutes after
stopping work, was not greater than the experi-
mental error of the method. Also, if the blood
sugar was descending during work the level a few
minutes after work was stopped-Christensen's
" restitution " value-was lower than the preced-
ing value obtained during work; but if the blood
sugar was ascending during work the level ob-
tained a few minutes after work was stopped
was higher than that level found while work was
in progress. Third, if greater differences oc-
curred than were found, it would not change the
results of these experiments, since the attempt
was being made to show only the relative changes
in the blood sugar levels produced by work, and
not necessarily the absolute values.

EXPERIMENTALRESULTS

The experimental material is divided into five
groups to simplify discussion.

Group I. Diabetes mellitus treated with insulin
A. Well controlled (stable glycemia) .......
B. Difficultly controlled (unstable glycemia) .

C. Uncontrolled (unstable glycemia) .......
Group II. Diabetes mellitus treated without in-

sulin .....................
Group III. Renal glycosuria ................
Group IV. Miscellaneous

A. Hypotension ...........................
B. Glycosuria of pregnancy ................
C. Obesity ................................
D. Epilepsy treated with a ketogenic diet ....

Group V. Normal subjects ..................
Total ...............................

3 cases
4 cases
5 cases

4 cases
3 cases

2 cases
1 case
1 case
1 case
3 cases

27 cases

Table I gives a brief summary of the subjects'
histories and the experimental procedures; more
detailed information concerning diet, insulin, and
total work performed will be found on the indi-
vidual graphs.
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TABLE I

Summary

Phys-
Case ical Family Aver- Dura-
num- Sex Age Height Weight devel- metabolic age tion of

ber op- history work work
ment

kilo-

years cm. kgm. trsam- min-
per ue

second

GROUPI. DIABETES MELLITUS TREATEDWITH INSULIN
A. Well controlled (stable glycemia)

1 M 29 173.5 56.8 Fair None known 2.20 75
2 F 40 164.0 60.9 Fair None known 2.40 45
3 F 23 156.5 51.0 Fair Mother had 2.20 45

goiter

B. Difficulty controlled (unstable glycemia)

4 M 19 175.0 62.3 Good None known 3.70 105
5 M 24 179.0 63.0 Good Mother had 2.20 135

goiter
6 M 39 172.0 63.8 Good Glycosuria in 1.60 135

one nephew
7 M 24 166.0 49.9 Fair Glycosuria in 3.00 60

one cousin

C. Uncontrolled (unstable glycemia)

8 F 30 160.0 47.0 Poor None known 1.10 75
9 M 13 126.0 28.0 Fair None known 2.25 38

10 F 17 163.0 51.0 Fair None known 1.85 53
11 M 25 171.0 67.5 Fair Father has 1.37 53

glycosuria
12 F 34 169.0 61.3 Good Unknown 1.53 25

GROUPII. DIABETES MELLITUS TREATEDWITHOUTINSULIN

13 M 29 178.0 69.4 Good None known 5.00 60
14 M 45 180.0 72.4 Good None known 3.34 45
15 M 47 163.0 101.0 Fair None known 3.65 45
16 M 30 167.5 64.6 Fair Mother and two 2.14 60

siblings have
glycosuria

GROUPIII. RENAL GLYCOSURIA

17 M 47 168.0 77.4 Fair Paternal grand- 3.02 60
mother had
glycosuria

18 M 34 166.5 63.1 Fair Unknown 3.00 65
19 F 34 165.0 56.1 Fair Glycosuria in 0.80 60

mother and
two siblings

GROUPIV. MISCELLANEOUS

A. Hypotension

20 F 22 157.5 47.2 Poor None known 2.90 50
21 F 47 170.5 75.1 Poor None known 0.0

B. Glycosuria of pregnancy

22 F 38 165.0 75.1 Fair Glycosuria in 2.38 30
mother

C. Obesity

TABLE I-Continued

Case ~~~~~Phys-
Case Pjical Family Aver- Dura-
num- Sex Age Height Weight devel- metabolic age tion of

ber op- history work work
ment

kilo-

years cm. kgm. mgrm-r
per utes

second

D. Epilepsy treated with a ketogenic diet

24 M 19 162.0 46.3 Good Paternal grand- 3.90 90
mother had
epilepsy

GROUPV. NORMALSUBJECTS

25 M 26 174.0 79.0 Good None known 2.87 75
26 M 24 183.0 79.6 Good None known 3.84 45
27 M 29 176.0 76.3 Good None known 4.30 60

One illustrating figure will be used in each group to
demonstrate the changes in the blood sugar level produced
by exercise.

Group I. Diabetes mellitus treated with insulin
A. Well controlled cases (stable glycemia).

The characteristics of this group are well shown
by Case 1, Figure 1. They are for this group;

18

860

'40

| CURVES (a. b, MMNo

0120

FIG. 1. CASE 1.
Rest. - Period of work. Work in kilo-

grammeters. Curve (b) 8,516. Curve (c) 10,954.
] |Mixed meal. Carbohydrate 48 grams, protein 20

grams, fat 64 grams, calories 848, glucose equivalent 66
grams. t Insulin 15 units.

a rather low fasting blood sugar level which var-
ies little from day to day, 86 to 150 mgm. per
100 cc.; a maximum postprandial blood sugar
which is not a great deal higher than that of the
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group of normal or non-diabetic individuals stud-
ied, 156 to 197 mgm. per 100 cc.; and the com-
parative ease with which exercise lowers the post-
prandial blood sugar. This reduction ranged
from 12 to 90 mgm. per 100 cc. Glycosuria is
not found in this group.

B. Difficultly controlled cases (unstable gly-
cemia). These cases differ from those just de-
scribed in the following respects; the. greater
daily variation of the fasting blood sugar level
which varies from 96 to 232 mgm. per 100 cc.;
the higher postprandial blood sugar levels of from
158 to 256 mgm. per 100 cc.; and usually the ap-
pearance of glycosuria sometime during the rest-
ing periods. Case 4, Figure 2, is a good ex-
ample of this group.

O;

a'

to
'

to

I

OLXCOSURIA
a + * ++ ...+++
b O O*+++o
c

O 0 0

d O 0 0

f

.c _
O 1. 2 a

FIG. 2. CASE 4.

Rest. - -- Period of work.

0

0

0

*...

0

Work in kilo-
grammeters. Curve (c) 21,795. Curve (d) 26,986.
Curve (e) 24,676. Curve (g) 19,034. l Mixed
meal. Carbohydrate 61 grams, protein 25 grams, fat
50 grams, calories 794, glucose equivalent 82 grams.

t Insulin 28 units.

It is noted in this group, comprised of Cases
4, 5, 6, and 7, that exercise is very effective in
lowering the postprandial blood sugar, and from

the illustrative figure and the effects upon the in-
dividual subjects, such as the hypoglycemic symp-
toms experienced by all of the subjects in this
group, the effects of exercise are more marked
than in the group of well controlled subjects.
The most striking difference between this and the
preceding group of cases is the difference between
the levels of the blood glucose at the end of the
fourth hour during rest and work respectively.
This difference varied from 56 to 170 mgm. per
100 cc., while in the preceding group the blood
sugar levels at the end of four hours were all
within 20 mgm. per 100 cc., regardless of whether:
the subject had exercised or rested. Although
there was this marked difference between the final
blood sugar values after rest and exercise, the
final values of all the studies following rest and
those following exercise varied as a rule less than
30 mgm. per 100 cc.

The work in this group of cases was not exces-
sive when compared by the subjects to the swim-
ming, tennis, golf, or camp life in which they
indulge.

C. Uncontrolled cases (unstable glycemia).
Four of these cases belong to a group which
might be called the acute progressive juvenile type
of diabetes mellitus. Though usually found in
the younger age groups this type is not necessarily
limited to it. The added factor of inability to
follow dietary and insulin therapy prescribed, be-
cause of financial reasons or lack of will, compli-
cates management in at least two of these cases-
Cases 8 and 10. Adequate control in the remain-
ing two cases, Numbers 9 and 11, was not satis-
factorily achieved during this period of study.
Case 12 is not offered as an example of the pro-
gressive type of juvenile diabetes. The onset of
the disease was acute, but not progressive. Emo-
tional factors complicate management to the ex-
tent of making the case uncontrolled.

Case 8, Figure 3, is taken as a typical ex-
ample of the response to exercise by members of
this group. The characteristics of the group, as
shown by the blood sugar curves, are a high fast-
ing level of 182 to 376 mgm. per 100 cc., with an
abrupt fall in the blood sugar to 56 to 238 mgm.
per 100 cc. in the fourth hour; a drop which, in
four of the five cases, meant a change of blood
sugar level from 200 to 260 mgm. per 100 cc. in
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BHoRs

FIG. 3. CASE 8.
Rest. - - - Period of work. Work in kilo-

grammeters. Curve (c) 3,937. Curve (d) 6,688. I I
Mixed meal. Carbohydrate 28 grams, protein 14 grams,

fat 50 grams, calories 618, glucose equivalent 41 grams.

t Insulin 25 units.

four to five hours every morning. This rapid
fall in blood sugar occurred whether or not exer-

cise was taken. The effectiveness of the insulin
is demonstrated by the character of the curve.

The effect of muscular exercise is difficult to de-
termine as will be discussed later.

Group II. Diabetes mellitus treated without
insulin

Four cases are included in this group; Cases
13, 14, 15, and 16; of which Case 13, Figure 4,
will be used as the illustration. These cases pre-

sent a number of interesting points. First there
is a small fluctuation in the daily fasting blood
sugar level, which, with the exception of one case,

ranged between 91 and 122 mgm. per 100 cc.

Second, there is a rather close similarity of com-

parable curves at any one time throughout the
experimental period. Third, the effectiveness of

the muscular exercise on lowering the post-
prandial blood sugar is very similar to that found
in the normal subjects. The above three char-
acteristics are all much like those found in normal
subjects under similar conditions. A fourth
characteristic, demonstrated in this study only by
Case 13, is the higher postprandial rise following
the second meal of the day; a finding noted in
diabetes mellitus and frequently utilized to diag-
nose mild cases which give a fairly normal glu-
cose tolerance test.

The mixed meals fed these subjects, with the
exception of Case 13, contained one gram of car-
bohydrate per kilogram of standard body weight.
This represents approximately double the usual
intake for each subject at the breakfast meal.
The plan was adapted to deliberately provoke a
hyperglycemia in the resting blood sugar curves
as a control for the demonstration.

Group III. Renal glycosuria
Three complicated cases of renal glycosuria are

included in this group. The complications are,
hypertension, peptic ulcers, and pregnancy, for
Cases 17, 18, and 19, respectively. Case 17,
Figure 5, is used as the illustrative case. The
only effect of the hypertension on this study was
to limit to some degree the amount and speed of
exercise that it seemed advisable to permit.
These cases react to exercise for the most part
as do normal individuals. The fasting blood
sugar level is within the normal limits and fluctu-
ates only little, apparently even less than the daily
fluctuation found in the normal subjects by Holt
and Greischeimer (20). Also the blood sugar
curve is back at the fasting level in less than two
hours, it goes through a hypoglycemic phase, and,
in Cases 17 and 18, glycosuria appears only in
the postprandial periods at levels of 140 to 160
mgm. per 100 cc., which is below the normal renal
threshold. This type of response permits a diag-
nosis of a cyclic renal glycosuria according to the
classification of Holst (21). Case 19 demon-
strated the effect of insulin on renal glycosuria
of a constant nature. The effect of exercise on
this case is also very similar to that of the normal
individual. The blood sugar was lowered very
little since only a small amount of work was done.

These three cases are of particular interest
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g8

in5.3
I.
0

0

aCa

0 1 2 3 4 a a

FIG. 4. CASE 13.
Rest. --- Period of work. Work in kilogrammeters.

First period Second period
Curve (b) ............................................... 17.599 18,530
Curve (d) ................................................ 23,078 18,777

1- ]-IMixed meal. Carbohydrate 50 grams, protein 17 grams, fat 39 grams, calories 619, glucose equivalent
64 grams.

from the standpoint of a differential diagnosis
between renal glycosuria and diabetes mellitus
and are published elsewhere in more detail (24).

Group IV. Miscellaneous cases
A. Hypotension. The two cases in this group,

Cases 20 and 21, 'were referred to the Nutrition
Laboratory for blood sugar analysis because of
symptoms suggestive of hypoglycemia; that is,
weakness, inability to work, dizziness, and faint-
ing, all relieved by the ingestion of food.

0 1 X & 4 U . 5

SOURS soon
FIG. 5. CASE 17. FIG. 6. CASE 20.

Rest. - - - Period of work. Work in kilo- Rest. - - - Period of work. Work in kilo-
grammeters. Curve (d) 10,850. 1-I Glucose test grammeters. Curve (b) 8,683. 1 I Glucose test meal
meal 70 grams. 50 grams.
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With the subject (Case 20) in a resting state
following the ingestion of a glucose test meal the
blood sugar course followed a normal curve for
one hour, Figure 6. At this point an abrupt
drop occurred at a rate and to a level which fre-
quently causes diabetic subjects to complain of
insulin reactions. She complained of her usual
symptoms of weakness, dizziness, and faintness
with hunger at the time the blood sugar level was
within the hypoglycemic range, 50 to 70 mgm.
per 100 cc. When the glucose test meal was fol-
lowed by exercise (Curve b) the absorption of
the glucose appeared to be delayed as demon-
strated by the second peak of the curve. During
this experiment, the glucose content of the blood
did not reach a hypoglycemic level, and there was
no complaint of the symptoms of weakness, dizzi-
ness, etc. Insufficient exercise to be measured
either by the ergometer or fall in the blood sugar
level was done in Case 21 for purposes of com-
parison.

Simultaneous occurrence of hypoglycemic blood
sugar levels and the complaints of weakness, dizzi-
ness and faintness relieved by food, suggest a
diagnosis of hypoglycemia of unknown etiology
in these two cases.

B. Glycosuria of pregnancy. This case, Num-
ber 22, was seen in the seventh month of her
seventh pregnancy at which time a glucose toler-
ance test by macro blood sugar methods showed
a typically diabetic type of curve. Nine and one-
half months after glycosuria was discovered the
course of the blood glucose following food inges-
tion was followed during resting and working
conditions. Both curves, Figure 7, show a nor-
mal fasting blood sugar, and although the post-
prandial peak is higher than those found in nor-
mal subjects, 192 mgm. per 100 cc., this tolerance
test was made while the subject was still restrict-
ing her diet. The rapidity with which the blood
sugar returns to the fasting level is not charac-
teristic of diabetes mellitus. The urine remained
sugar-free. The effect of work is marked and is
similar to its effects on the curves of normal
subjects.

C. Obesity. Case 23, Figure 8, has been ap-
proximately fifty per cent overweight for the past
seven years. She was selected for these experi-
ments because of characteristics of " endogenous "

FIG. 7. CASE 22.
Rest. --- Period of Work. Work in kilo-

grammeters. Curve (b) 4,274. 1I- Glucose test meal
60 grams.

obesity.2 Reduction has been persistently at-
tempted but with little permanent success. At
the time these tests were made the subject had
been on a liberal unrestricted diet for several
months.

The blood sugar findings following the inges-
tion of glucose are problematic, and will be taken
up in the discussion.

8180co

ISO'

140
160

b ..1 . 0

FIG. 8. CASE 23.
Rest. --- Period of work. Work in kilo-

grammeters. Curve (c) 4,264. I I Glucose test meal
57 grams.

2 " Endogenous " obesity is used to denote those few pa-
tients resistant to weight loss by the usual methods. No
other deductions as to the nature of the disturbance are
inferred.
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D. Epilepsy on a ketogenic diet. Case 24 is
interesting not only- from the standpoint of the
effect of exercise on the blood sugar values, but
also because of the excellent physical condition
of this subject who has been on a ketogenic diet
for nine years. These experiments on the blood
sugars were carried out to determine the blood
sugar characteristics under conditions of work
and rest, of a patient with an extremely low
carbohydrate intake (Figure 9). The three ex-
periments, one rest curve and two curves with
exercise, which resemble fasting blood sugar
curves, were determined following the ingestion
of the patient's usual breakfast containing seven
grams of preformed carbohydrate and 15 grams
of available glucose.
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FIG. 9. CASE 24.
-Rest. - -- Period of work. Work in kilo-

grammeters. Curve (b) 19,456. Curve (c) 25,254.
Mixed meal, Curves a, b, c. Carbohydrate 7 grams,

protein 10 grams, fat 37 grams, calories 431, glucose
equivalent 15 grams. Glucose test meal 64 grams,
Curve d.

Group V. Normal subjects
This group is composed of three adult males,

one a physician and the other two students. Cases
25 and 26, the two students, ate mixed meals for
all of the blood sugar determinations made, while
the blood sugar studies on Case 27 were made fol-
lowing the ingestion of glucose. The subjects,

Cases 25 and 26, had been on known diets of
carbohydrate 250 grams, protein 75 grams, and
fat 100 grams for three days previous to the
experiments.
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FIG. 10. CASE25.
Rest. - - - Period of work. Work in kilo.

grammeters. Curve (b) 12,360. Curve (d) 13,423.
I I Mixed meal. Carbohydrate 98 grams, protein 22
grams, fat 33 grams, calories 777, glucose equivalent 112
grams.

The characteristics of the normal blood sugar
curve need not be outlined here but the reader
is referred to Case 25, Figure 10.

DISCUSSION

Muscular exercise affects the postprandial blood
sugar in the case of well controlled diabetes mel-
litus, with or without the use of insulin, in a man-
ner similar to its effect on the non-diabetic indi-
vidual. It is well known that mild types of dia-
betes mellitus are benefited by exercise. The
cases of mild or well controlled diabetes pre-
sented in this paper differ from the normal sub-
jects mainly in the greater elevation of the blood
sugar after meals. Carbohydrate metabolism is
regulated well enough to control the fasting blood
sugar level.

Some difference in the general characteristics
of the blood sugar curves is seen in the various
cases grouped for discussion under mild diabetes
mellitus treated without insulin (Cases 13, 14, 15,
and 16), and well controlled cases under insulin
management (Cases 1, 2, and 3). The three
controlled cases on insulin therapy on the whole
show less variation in the blood sugar levels than
the four cases not taking insulin. The fasting
values are, with the exception of Case 15, not ab-
normally high; and two of the four cases, Num-
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bers 13 and 14 treated without insulin do not
have high postprandial blood sugars. Two cases,

Numbers 15 and 16, who showed glycosuria, were

given diets at the time of the experiments to pro-

duce glycosuria, as has been mentioned, and do
not on their usual regime have glycosuria. With
the approximately normal blood sugars found in
this group of well controlled diabetics it is not
surprising that they should react to exercise as

do normal subjects.
The effect of muscular exercise in the irreg-

ularly controlled diabetic individual appears to
be more marked than in the well controlled case

when judged by the difference between the level
of the postprandial blood sugar during rest and
immediately following exercise. The irregularly
controlled cases of diabetes (Cases 4, 5, 6, and
7), dependent upon insulin, have a correspond-
ingly greater variation in blood sugar levels. In
all of the cases placed in this group the spontane-
ous adjustment of the blood sugar level during
or after exercise, which seems to take place in
the milder cases, is lacking. This is shown by
the wide variation in the blood sugar levels at the
end of the period of exercise when compared to
the rest curve for the same time interval. As
Lawrence ( 10) suggests the exercise seems to aug-

ment the effect of the insulin to a greater degree
than would be expected merely from a summation
of effects of insulin and exercise. Although the
amount of work performed by the mild diabetics
and the irregularly controlled severe diabetics
may be comparable, the blood sugar levels vary

widely. The body mechanism for regulation of
the blood sugar seems in the case of the mild
diabetics to be able to adjust itself to the effect
of the exercise much better than it does in the
non-diabetic individual. From an examination
of the blood sugar curves, this regulating mecha-
nism does not seem to exert its effect in the more

severe cases of diabetes. This difference makes
these cases more difficult to control without glyco-
suria or insulin shock, and especially so with a

generous carbohydrate intake. The finding of a

constant and marked effect from muscular work
suggests that regular exercise performed at pre-

scribed intervals might simplify the problem of
insulin adjustment.

The third group, the uncontrolled cases of dia-

betes (Cases 8, 9, 10, 11, and 12), are probably
uncontrolled because of improper spacing of the
insulin dosage throughout the twenty-four hours.
Because of the great changes in the blood sugar
levels over rather short periods, these cases feel
miserable much of the time, and even though
hypoglycemia is absent, may complain of symp-
toms from the sudden shifts in blood sugar levels
rather than the absolute values. In several of
the subjects in this study, Cases 8, 10, and 11,
particularly, we have been unable to differentiate
between the symptoms resulting from true hypo-
glycemia and those resulting from a relative hypo-
glycemia following sudden changes in the blood
sugar. Reactions which have taken place at
blood sugar levels of 120 mgm. per 100 cc. are
relieved promptly by administration of glucose
in some form, as are those reactions which occur
at blood sugar levels below 50 mgm. per 100 cc.

The effect of muscular exercise is difficult to
determine because the drop in the blood sugar
level from the insulin alone is such that the intake
of food produces no postprandial rise in the
blood sugar curve, and the, amount of work that
these patients were able to accomplish was small
compared to the performances of the subjects in
the. other groups. Had these individuals been
able to perform more work, the appearance of the
resting blood sugar curves makes it improbable
that the levels could be changed more rapidly
by the aid of exercise than it was by insulin alone.

The fall in the blood sugar at rest is particularly
noticeable because of the high fasting level, and is
probably due to the intake of a large quantity of
insulin within a short period of time. In well or
even irregularly controlled cases the administra-
tion of equally large doses of insulin is not ac-
companied by this rapid fall in the blood sugar.
The explanation of this may also lie in the fact
that these latter cases have better control of this
blood sugar regulating mechanism by reason of
their having some more available endogenous
insulin than the uncontrolled cases. They may
be able, because of this endogenous insulin, to
control to some degree the fluctuations of the
blood sugar and thus to hold them more nearly
within normal limits, but when exercise is added
to the ordinary strain upon this mechanism, large
fluctuations in the blood sugar result. In these
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cases which are irregularly controlled there may
be sufficient endogenous insulin together with the
exogenous insulin to control blood sugar fluctua-
tions unless some additional factor, such as stren-
uous exercise, is present to nullify the effects of
the body regulation of carbohydrate metabolism.
The recent work of Soskin et al. suggests, among
other things, that liver dysfunction in the storage
of glycogen may account for the marked fall in
the blood sugar at rest since he has shown that
a changing amount of insulin in the blood stream
is not necessary for a normal glucose tolerance,
but that a normal liver is necessary (22).

The effect of muscular exercise on the blood
sugar of the cases of renal glycosuria, hypoten-
sion, glycosuria of pregnancy, and obesity is sim-
ilar to that found in the normal individuals per-
forming similar amounts of work. This is to
be expected since there is no known metabolic
disturbance in these conditions which should af-
fect the blood sugar levels during rest and work.

The response to exercise in the case of obesity
(Case 23, Figure 8) is similar to that of normal
individuals; the other blood sugar changes are
not typical in every respect of a non-diabetic.
Curve a remains high for a longer time than is
usual, while Curve b has an elevation higher than
normal with resulting glycosuria. On the other
hand, the return to the fasting level is rather
prompt, and the curve with exercise shows some
lowering of the blood sugar during work. Hard
physical work, however, was extremely difficult
for this subject and as a result the work accom-
plished was slight compared to that done by the
other subjects in this study. One might expect,
considering Wollmer's (4) findings that the blood
sugar of obese subjects would react to exercise
as does that of normal subjects.

The epileptic subject, Case 24, Figure 9, is
introduced as an illustration of the effect of exer-
cise on the blood sugar concentration of a non-
diabetic subject on a low carbohydrate (keto-
genic) food mixture. Practically no fluctuation
was noted in the resting curve, in fact it appears
to be the curve of a fasting person. It is not sur-
prising that the small amount of glucose-fif-
teen grams-does not produce a noticeable rise,
and that the effect of exercise on the blood sugar
curve is negligible. Bergmark (23) has shown

that as little as six and a quarter grams of glucose
produces a definite elevation of the blood sugar
curve during rest; and work in this laboratory
confirms these observations. Our findings are
not contrary to the results of his experiments as
the glucose in our diet was derived from a mixed
meal of high fat content which may lower the
rate of absorption of carbohydrate. The work
performed by this subject when compared to the
work performed by the other subjects in these
experiments seems more than ample to produce a
leveling of any blood sugar peak which might
occur following the ingestion of a mixed meal.
In this case as in that of other normal subjects it
has been found difficult to lower the blood sugar
by work to a point greatly below the fasting level.
Only the most strenuous exercise, marathon run-
ning and the like, is able to lower the blood sugar
in the normal individual much below the fasting
level and to deplete the glycogen stores to a point
that results in hypoglycemia (2). Though this
case, Number 24, has been on a diet containing
less than seventeen grams of carbohydrate for
the past nine years, it is evident that his glycogen
stores must be sufficiently great to prevent lower-
ing of the blood sugar from work.

The results obtained in the three normal or
healthy subjects examined were consistent in
every case. It was possible to abolish the post-
prandial rise in the blood sugar by partaking of
sufficient exercise following the meal. The blood
sugar course of Case 25, Figure 10, at rest follow-
ing a mixed meal, shows more variation, perhaps,
than one would expect to find; but this is ex-
plained by noting that the subject had been in-
disposed and had eaten very little the day before
Curve a was made. The maximum elevation of
the other three curves compares favorably with
those of Cases 26 who ate mixed meals. As in
the other groups, when the blood sugar rises rap-
idly, the removal of glucose from the blood is
more marked following exercise than that found
in the curves without exercise.

SUMMARYAND CONCLUSIONS

1. This paper reports the observations made
on the effect of muscular exercise on the blood
sugar of twenty-seven subjects. Twelve had dia-
betes mellitus treated with insulin; four diabetes
mellitus treated without insulin; three renal gly-
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cosuria, one of which was on insulin therapy;
two hypotension; and one each glycosuria of
pregnancy, obesity, and epilepsy; while three
were normal individuals.

2. Exercise of sufficient intensity and duration
will lower the postprandial blood sugar in con-
trolled diabetes mellitus treated with or without
insulin, in renal glycosuria, in hypotension, in
obesity and in normal subjects.

3. Exercise in the uncontrolled diabetic, in the
amounts performed in these experiments, does not
have a noticeable effect in lowering the post-
prandial blood sugar.

4. Exercise seems to have the greatest effect in
lowering the postprandial blood sugar in the ir-
regularly controlled diabetic, when measured by
the difference in the resting and exercising blood
sugar levels at the end of exercise, and by the re-
sulting clinical symptoms at this time.

5. Exercise of the intensity performed in these
experiments is not sufficient to lower the blood
sugar below normal fasting levels in non-diabetics.

The authors wish to express their appreciation to Dr.
Louis Leiter for his many helpful suggestions throughout
the study.
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