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Physical activity and
carbohydrate metabolism

~ T IS NOTEWORTHY that very
little attention has been directed

to the relationship of physical

activity and carbohydrate metabo-
lism.' -l i The few published studies
suggest that physical activity serves
as a hypoglycemic agent in hyper-
glycemic subjects. This report is de-
signed to reexamine carbohydrate
metabolism in terms of reported
physical activity . Specifically, an at-
tempt will be made to analyze the
classical 34ir glucose tolerance pat-
tern and the diurnal blood glucose
pattern in subjects who report daily
exercise vs individuals who report
no daily exercise .

Methods

Eight hundred thirty-two dental
practitioners and their wives were
evaluated in terms of exercise as re-
ported in the Cornell Medical Index
Questionnaire . The 3-hr glucose tol-
erance test was performed on 66
persons . This test begins with a
blood glucose determination fol-
lowing a 12-hr fast . Immediately,
the person swallows a load of 100 g
of glucose. Determinations are
again made 30 min ., 1 hr, 2 hr, and
3 hr after this loadingj of blood glu-
cose. In this study the 30-min
blood sample was omitted . A diur-
nal blood glucose pattern was deter-
mined in 538 subjects by measuring
blood glucose under natural condi-
tions at 8 :30 AM, 10 :30 AM, 12 :30
PM, 2 :30 PM, and 4 :30 PM .

performing some form of exercise
on a daily basis . The classical 3-hr
glucose tolerance test was per-
formed on each of the subjects .
Table 1 outlines the results . Three
points are worthy of special men-
tion . First of all, there are no statis-
tically significant differences of the
means between exercisers and non-
exercisers at any of the temporal
points . Second, the spread of values
(variances) is greater at every tem-
poral point in the no-exercise group
vs the exercise group. Finally, the
variances are only statistically sig-
nificantly different under fasting
conditions [t = 0.498, P<0 .050] .

Experiment two .

In 1965, a multiple testing
health program for members of the
health professions was inaugurated
under the auspices of the Southern
Academy of Clinical Nutrition . In
1969, the project was extended to
include a group designated as the
Southern California Academy of
Nutritional Research, and a third
group was organized under the aegis
of the Ohio Academy of Clinical
Nutrition . In 1971, a fourth seg-
ment was added under the direction
of the Northeast Academy of Clini-
cal Nutrition . Finally, in 1972, a
fifth group was started under the
guidance of the Northern California
Academy of Nutritional Research .
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Result s

Experiment one :

Thirty-three subjects claiming no
daily exercise were matched by age
and sex with thirty-three subjects

A group of 269 subjects claiming
no exercise on a daily basis were
paired by age and sex with a group
of 269 subjects who reported daily
exercise . The diurnal blood glucose
levels were determined at 8 :30 AM,
10 :30 AM, 12:30 PM, 2 :30 PM,
and 4:30 PM under routine dietar y

Table 1

Relationship of physical activity and the classical 3-hr glucose tolerance test
in paired subjects, November 1973 (n=66) a

No-exercise Exercise Significance of the differences of the
group group means variances

Fasting 80 ±10 78 ±7 t = 0 .926, P >0.200 t=0.498, P<0.050b

1 hr 130 ±40 122 ±32 t= 0 .857, P >0.200 t=0.661, P>0 .100

2 hr 95 ±27 89 ±23 t = 0 .970, P >0.200 t=0.708, P>0 .1 00

3 hr 71 ±16 73 ±15 t= 0.547, P>0.500 t=0.853, P>0 .250

a CMI Question 141 : Do you find it impossible to take regular daily exercise?

b Statistically significant difference of the variance .
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Table 2

Relationship of physical activity and diurnal blood glucose in paired sub -
jects, De ce mber 1973 (n=538)a

No-exercise Exercise Significance of the differences of th e
Time group group means variance s

8 :30 AM 98 ±30 95 ±21 t = 1 .143, P >0 .100 t= 0 .469, P<0 .0005b
10 :30 AM 98 ±25 95 ±14 t = 1 .731, P >0 .050 t = 0 .321, P <0 .0005b
12 :30 PM 103 ±30 100 ±19 t= 0 .881, P >0 .200 t= 0 .386, P<0 .0005b

2 :30 PM 105 ±30 102 ±19 t= 1 .146, P >0.200 t= 0 .412, P <0 .0005b
4 :30 PM 102 ±33 101 ±21 t = 0.402, P >0 .500 t= 0 .415, P<0 .0005 b

a CMI Question 141 : Do you find it impossible to take regular daily exercise?
b Statistically significant difference of the variance .

conditions . Three points are clear .
First, there are no statistically sig-
nificant differences of the means at
any of the temporal points . Second,
the variance is greater in the no-
exercise group vs the exercise group
at every temporal point . Finally,
there are statistically significant dif-
ferences of the variance at every
temporal point . This is seen in
Table 2.

Discussion

Many years ago, Claude Bernard
pointed out that life and death are
functions of homeostasis, the
steady state . Since then, he and
others have shown that the internal
chemical state of the body is indeed
steady . Good health is charac-
terized by only small variations, but

disease is represented by wide fluc-
tuations in body functions or in its
internal molecular environment .

A graph of the concept of
homeostasis is shown in Figure 1 .
For example, in a healthy subject
the temperature varies minimally
during the day, but in the sick per-
son it may fluctuate widely . In the
.healthy person, the psychic state
varies only slightly (from minimal
elation to marginal depression) ; in
the sick, it may vary in abrupt
manic-depressive cycles . The pat-
terns for blood pressure, peristalsis,
and other clinical and biochemical
signs vary in similar fashion .

Figure 2 represents an extension
of Figure 1 over a period of years .
In the very early stages of chronic
disease, the amplitudes increase .
With the passage of time, the large
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Figure 1 !n health, factors such as temperature, blood pressure,

psychic state, peristalsis, or blood sugar concentration can be
represented by small daily fluctuations. In disease, the ampli-

tudes are much greater.
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psychic stat e

peristalsis
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undulations become smaller and
slowly rise toward a plateau, e .g .,
the course of hyperglycemia in
diabetes mellitus and of hyper-
tension in heart disease .

On this basis, it follows that rela-
tively young persons usually show
relatively small variations in clinical
and biochemical signs. With ad-
vancing age, the fluctuations in-
crease, and the base levels slowly
rise, as indicated in Figure 3 .

Figure 4 pictorially portrays the
data earlier provided in Table 1 . It
is clear that the spread of values is
greater in the no-exercise group .
Thus, there is a greater incidence of
both lower and higher glucose levels
in this group. In other words, there
is less homeostasis in the no-exercise
group as judged from the classical
glucose tolerance test .

Figure 5 graphically depicts the
data earlier shown in Table 2
derived from diurnal blood glucose
patterns . Here the evidence is even
more sharply defined showing a
greater incidence of both hyper-
glycemia and hypoglycemia in the
no-exercise group .

Thus, exercise may be viewed as
a resistance agent . When it is em-
ployed, disease is discouraged ;
when it is insufficient, homeostasis
is disrupted and disease is en-
couraged .

A breakdown in glucose homeo-
stasis results in an impaired toler-
ance to dietary sugars and an en-

- time

Figure 2 This is an extension of Figure 1 over a period of years .

In the early stages of chronic disease, the amplitudes increase .

With additional time, the broad undulations become more nar-
row and the baseline slowly rises (or declines) to a plateau .
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hanced proneness to a variety of
chronic disease symptoms and
signs . This is not just a feature of
diabetes mellitus and its precursor,
hypoglycemia . For example, im-
paired glucose tolerance has been
demonstrated in a host of other
clinical conditionsl z-I 6 : addiction,
aging, alcoholism, arteriosclerosis
and atherosclerosis, cancer, con-
genital malformations and anoma-
lies, coronary heart disease, dizzi-
ness, dry and burning mouth, ex-
haustion-fatigue syndrome, eye dis-
orders, gout, headache, hyper-
lipemias, hypertension, hyper-
thyroidism, infectious disorders, in-
somnia, liver disease, multiple
sclerosis, obesity, osteoporosis, pep-
tic ulcer, periodontal disease, preg-
nancy, psychologic disorders
(neuroses and psychoses), pul-
monary emphysema, renal failure,
skin disorders, sterility, suppression
of ovulation with oral contracep-
tives, and tic douloureux . In brief,
the evidence suggests that every tis-
sue, organ, and system which has
been studied can be implicated .
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Figure 4 The classical 3-hr oral glucose tolerance pattern in paired subjects who perform

daily exercise vs no daily exercise. The range of values is generally greater in the no-exercise

group. Additionally, the spread of values is significantly greater in the no-exercise group in

the fasting state.
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Figure 5 The diurnal glucose pattern in paired subjects who perform daily exercise vs no

daily exercise. The range of values is clearly greater in the no-exercise group . Additionally,

the spread of values is significantly greater in the no-exercise group at every temporal point .
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