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Abstract

To investigate the primary changes in glucose intolerance, physical characteris-
tics and daily-life activity (pattern) were compared in the normal glucose tolerance
(NGT, n=7) and the borderline glucose tolerance (BGT, n=9) subjects based on the
criteria adopted by the Committee on the Diagnosis of Diabetes mellitus of Japan
Diabetes Society. The basal glucose and insulin concentrations in the BGT group
(90.7+4.1mg/dl, 9.2+1.1xU/ml) were slightly higher than that in the NGT group
(82.0+3.2mg/dl, 6.7+1.04U/ml), while the glucose response following an oral glucose
load in the BGT group was quite different from that of the NGT group. The area
under the curve (AUC) of plasma glucose level following an oral glucose load was
significantly higher in the BGT group than that in the NGT group (p<0.05), while
the AUC of plasma insulin level in the BGT group did not significantly differ from
that in the NGT group (p>0.05). The maximal oxygen uptake was significantly lower
in the BGT group than that in the NGT group (32.4+2.8 vs. 42.5+2.6ml/kg/min,
p<0.05). Systolic blood pressure was significantly higher in the BGT group
(134+3mmHg) than that in the NGT group (122x4mmHg, p<0.05). However, body
mass index, the percentage of body fat, and waist-to-hip ratio in the BGT group did
not differ from those in the NGT group. These results thus suggested that decreased

physical fitness may be the primary change which induces glucose intolerance.
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Introduction

It is well known that both physical inactivity and body fat
accumulation impair glucose tolerance'"». Several studies have
been demonstrated that individuals with low levels of physical
activity found to be at increased risk of non-insulin-dependent dia-
betes mellitus* ®. On the other hand, excessive caloric intake
results in weight gain, and the body becomes markedly resistant to
the action of insulin®. Since body weight is determined by energy
balance between consumption and intake, decrease in the consump-
tion which is induced by physical inactivity may also lead to
weight gain. Therefore, it is believed that physical inactivity is
closely related to obesity in the development of glucose intoler-
ance.

Lindgarde and Saltin” investigated obese subjects who have
different levels of physical fitness on insulin sensitivity. Interest-
ingly, they observed that the insulin sensitivity in the obese fit was
significantly higher than that in the obese unfit. It has been
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reported in obese subjects that a single bout of exercise improves
whole body glucose uptake without change in body fat contents®,
suggesting the potential importance of physical exercise on glucose
tolerance. Since the primary sites of glucose disposal after glucose
load are peripheral tissues”, such as skeletal muscles, these results
suggest that the improved or deteriorated glucose tolerance may be
due to the changes in capacity for glucose uptake in skeletal
muscle.

In this context, we hypothesized that decreased physical
fitness which suggests a low metabolic potential of skeletal muscle
may be the primary cause for impaired glucose tolerance. There-
fore this study was designed to compare the physical characteris-
tics and daily-life activity of the borderline glucose tolerance sub-
jects with those of normal glucose tolerance subjects.

Methods

Subjects.

Twenty-two male college students participated in the
program of exercise prescription in Saga Medical School. One of
the characteristic trends of these subjects is that they possess an
interest in health and physical activity. This study performed after
giving them the informed consent. Six subjects who had a family
history of diabetes or hypertension were excluded from this study.
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Nine subjects were in borderline glucose tolerance (BGT) and
seven subjects were in normal glucose tolerance (NGT). The
results of glucose tolerance test were classified according to the
criteria adopted by the Committee on the Diagnosis of Diabetes
mellitus of Japan Diabetes Society'® based on the results of a 75-g
oral glucose tolerance test. In brief, the glucose tolerance test
results were defined as follows: (1) BGT: fasting plasma glucose
between 110-140mg/d]l, and/or 1-h blood glucose=160mg/dl,
and/or 2-h blood glucose between 120-200mg/dl; (2) NGT: fasting
plasma glucose<110mg/dl, and 1-h plasma glucose<160mg/dl, and
2-h blood glucose<120mg/dl.

Body compesition,

Body mass index (BMI) was calculated by dividing weight
by height squared (kg/m?). The waist-to-hip ratio (WHR), an index
of the pattern of regional fat distribution, was calculated by divid-
ing the minimal circumference of the abdomen by the circumfer-
ence of the buttocks at the maximal gluteal protuberance. The per-
centage of body fat was estimated from the sum of the triceps and
subscapular skinfolds measured with a skinfold caliper'” using
Brozek’s formula'.

Physical fitness.

The maximal oxygen uptake was measured on a cycle
ergometer by the leveling off criterion'®. The workload was
increased by 15 Watts every 4min, and expired air was collected
in Douglas bags at the last 3 to 4min of each stage. Fractional
concentrations of oxygen and carbon dioxide in the expired gases
were measured by gas analyzer (ABL3, Radiometer), and gas
volumes were measured with a spirometer (Shinagawa, Tokyo,
Japan).

Questionnaire on the daily-life activity pattern.

A questionnaire on the daily-life activity pattern was pre-
pared and consisted of items as state of health, regularity of life,
hours of sleep, regularity of meals, having breakfast, food prefer-
ence, snacks, smoking, drinking alcohol, and habitual exercise.

Oral glucose tolerance test (OGTT).

For 3 days before the study, the subjects were refrained from
any type of exercise. On the day previous to a 75-g oral glucose
tolerance test, all subjects were provided a supper containing
>140g carbohydrate, >30g fat, and >33g protein. OGTT was per-
formed at 09:00 after an overnight fast. A catheter was inserted in
an antecubital vein and blood was drawn for later analysis of
plasma glucose and insulin concentration. Subjects were allowed
to rest quietly for at least 15min before blood sampling. Basal
samples for glucose and insulin were obtained before OGTT.
After an oral administration of a 75-g glucose, blood samples were
subsequently drawn at 10, 20, 30, 40, 50, 60, 90 and 120min.
Plasma glucose concentrations were measured in duplicate using
the glucose oxidase method (Yellow Springs Instruments, Yellow
Springs, OH, USA). Aliquots of plasma were frozen at -80°C until
measurement of insulin levels by radioimmunoassay (SRL, Tokyo,
Japan). The AUCs of plasma glucose and insulin after glucose
load were calculated using the trapezoidal method'.

The parameters of blood chemistry (lipids, serum enzymes,
uric acid) were determined by Dry chemistry methods (Reflotron,
Boehringer Mannheim).

Statistics.
The results were expressed as the mean+SEM. Statistical

comparison between the BGT and the NGT groups was performed
by Student’s t-test or Mann-Whitney U-test. Univariate and multi-
variate stepwise regression analysis were calculated using Statview
I program for Macintosh (Abacus Concepts, Inc., Berkeley, CA,
USA). Differences were considered to be statistically significant at
p<0.05.

Results

Characteristics of subjects (Table 1).

The percentage of body fat and BMI were similar in the
NGT and the BGT groups. The WHR in the BGT group was
slightly higher than that in the NGT group, though the difference
was not statistically significant. The maximal oxygen uptake was
significantly lower in the BGT group than that in the NGT group
(p<0.05). Systolic blood pressure at rest was significantly higher
in the BGT group than that in the NGT group (p<0.05), while dias-
tolic blood pressure at rest was slightly higher in the BGT group
than that in the NGT group, but the difference was not statistically
significant.

Table 1 Characteristics of the subjects.

NGT group BGT group
Age (yn) 241 = 04 264 £ 0.7
Height (m) 1.72 = 0.01 1.75 = 0.02
Weight (kg) 715 £ 40 69.8 + 3.6
BMI (kg -m?) 233+ 10 240 £ 12
WHR 0.79 = 0.01 085 = 0.02
Body fat (%) 167 + 1.8 213 + 28
VO:max (ml ‘kg'-min') 425 £ 2.6 324 £+ 2.8*
SBP (mmHg) 122 + 4 134 + 3%
DBP (mmHg) 5+ 3 82+ 4
HDL-C (mg/dl) 450 = 15 405 = 37
TC (mg/dl) 150+ 9 182 =+ 19
GOT (xU/ml) 236 = 21 277+ 55
GPT (pU/ml) 248 =+ 4.6 310 £ 6.6
y -GTP (pU/ml) 169 £ 26 315 + 64
Uric acid (mg/dl) 65 + 03 6.7 + 05
Values are represented as mean+ SEM.

NGT: normal glucose tolerance.

BGT: borderline glucose tolerance.

BMI: Body mass index.
WHR:waist-to-hip ratio.

VO:max: maximal O:uptake.

SBP: systolic blood pressure at rest.
DBP: diastolic blood pressure at rest.
HDL-C: high density lipoprotein cholesterol.
TC: total cholesterol.

GOT: glutamic oxaloacetic transaminase.
GPT: glutamic pyruvic transaminase.

y -GTP: y -glutamy! transpeptidase.
*p<0.05

The daily-life activity (pattern) (Table 2).

The BGT subjects tended to prefer meat or fatty food.
Regarding to habitual exercise, six of the seven NGT subjects had
habitual exercise, while six of the nine BGT subjects did not
perform any type of exercise.

OGTT (Fig. 1, 2, 3).

The basal glucose and insulin concentrations were slightly
higher in the BGT group (90.7+4.1mg/d}, 9.2+1.1 xU/ml) than that
in the NGT group (82.0+3.2mg/dl, 6.7+1.0 U/ml), but the differ-
ence was not statistically significant. The plasma glucose and
insulin concentrations during OGTT were illustrated in Figure 1
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Table 2 The results of a questionnaire on daily-life

and 2. The plasma glucose concentrations at 50, 90 and 120min

activity (pettern). _ following glucose load were significantly higher in the BGT group
Total subjects Group . . . .
NGT BGT than that in the NGT group (p<0.05). While plasma insulin con-
(n=16) (n=T7) (n=9) centration at 120min following glucose load was significantly
The state of health higher in the BGT group than that in the NGT group (p<0.05).
rglg:)good 3 ? g The average of AUC of plasma glucose level was significantly
very good 9 6 3 higher in the BGT group than that in the NGT group (p<0.05). On
Regularity of life the other hand, the AUC of plasma insulin level was higher in the
;g;ge‘g: iregul g % g BGT group than that in the NGT group, but the difference was not
regular 68 1regular 4 2 7 statistically significant. Since the AUC of insulin level of one
Hours of sleep subject in the BGT group showed a striking difference compared to
29 hours 1 1 0 those of other subjects, Student’s t-test was also done after exclud-
,8/;1232 Z ? g ing this subject. However, there was also no significant difference
<6 hours 4 2 2 between both groups. The longitudinal study included this subject
Regularity of meals could give important information regarding the process of
'Sgeg‘gar irregul ; % ? improvement or deterioration on glucose tolerance. Therefore, this
re;elarmes fregular 6 3 3 subject remained in this study. The insulin to glucose ratio was not
Having breakfast significantly different between the BGT and the NGT groups (Fig
rarely 5 2 3 3).
sometimes 5 2 3
every da 6 3 3
Food pr?;ereﬁce Relationship of maximal oxygen uptake, WHR and the per-
fish or vegetable 0 0 0 centage of body fat to plasma glucose concentrations.
nll;z?(t)g(li' fatty food 2 é ; Maximal oxygen uptake was inversely related to both the
Snacaks percentage of body fat (r=-0.48, p<0.001) and WHR (r=-0.88,
rarel 2 1 1 p<0.001). Glucose concentrations during OGTT were introduced
Y. g
sometimes 8 3 5 in univariate and stepwise multiple regression analyses (Table 3).
Smozzg day 6 3 3 Glucose concentration at 120min during OGTT were inversely
1o 12 5 7 related to maximal oxygen uptake (r=-0.75, p<0.001), and posi-
yes 4 2 2 tively related to WHR (r=0.64, p<0.01) and the percentage of body
A pe
D“m““% alcohol 3 | ) fat (r=0.52, p<0.05). The results of stepwise multiple regression
;f;lgﬁmes 12 6 6 analyses showed that maximal oxygen uptake is a significant vari-
every day 1 0 1
Habitual exercise
no 7 1 6
yes 9 6 3
Values are number of subjects.
&
* = P<0.05
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Fig. 1 Plasma glucose concentrations vs time (left) in the borderline glucose tolerance (@) and the normal glucose tol-
erance groups (O) during a 75-g oral glucose tolerance test. * Significantly different (p<0.05) from the normal
glucose tolerance group. Values are represented as means+SEM. Area under the curve distribution of plasma
glucose (right). Closed circle (@) and open circle (O) with bar represent individual data and the means +
SEM, respectively.
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able to plasma glucose concentrations during OGTT (P<0.01).

Discussion

This study was designed to investigate the primary changes
in impaired glucose tolerance. In order to examine this question,
the NGT and the BGT subjects were selected based on the criteria
of the Committee on the Diagnosis of Diabetes mellitus of Japan
Diabetes Society’. The BGT subjects had significantly lower
maximal oxygen uptake compared with NGT subjects, while BMI,
WHR and the percentage of body fat in the BGT subjects did not

Table 3 Univariate and stepwise multiple regression
analyses with plasma glucose consentra-
tions during OGTT.

basal glucose

120min

Univariate regression analysis

Maximal oxygen uptake r=-0.63(p<0.01) r=-0.75 (p<0.001)

WHR r= 0.50(p=0.06) r=0.64 (p<0.01)

% body fat r= 0.31 (NS) r=0.52 (p<0.05)
Stepwise multiple regression analysis

Maximal oxygen uptake p<0.01 p<0.001

WHR NS NS

% body fat NS NS

Model R? 0.40 0.56

NS: not significant; WHR: waist-to-hip ratio.

differ from those in the NGT subjects significantly. These results
thus suggested that decreased physical fitness may be the primary
change which induces glucose intolerance.

Maximal oxygen uptake in the NGT group was similar to
that in previous studies (means: 40.9~44.6, ml-kg" -min") which
were measured using the same exercise protocol in the sedentary
male subjects who have a normal response to a 75-g oral glucose
tolerance' '», while that in the BGT group (32.4ml kg’ -min™)
seemed to be lower than that of similar aged sedentary subjects.
The association between low maximal oxygen uptake and glucose
intolerance may be explained as follows: Since the primary sites of
glucose disposal after glucose load are peripheral tissues, such as
skeletal muscles”, the differences between two groups on glucose
tolerance could be resulted from the ability of glucose uptake in
muscles. It is well known that skeletal muscle with excellent
capacity of glucose uptake was characterized in an increase in cap-
illary density' and glucose transporter protein'>?®, and enhanced
glycogen synthase activity'”, and that muscles consisted primarily
of slow-twitch oxidative fibers predominate in these factors com-
pared to that of fast-twitch glycolytic fibers'**, Magnusson et al.?"
observed that the subjects who had low physical activity indicated
lower values of maximal oxygen uptake, capillary density, and
aerobic enzyme capacity compared to healthy controls. Therefore
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the low values of maximal oxygen uptake in the BGT subjects may
suggest deterioration of functional capacity in skeletal muscle for
glucose uptake. In the NGT group, six of the seven subjects
engaged in habitual exercise, while six of the nine subjects in the
BGT group did not perform any exercise. This suggested that
maximal oxygen uptake may be influenced by physical activity.
Therefore, we thus speculated that low metabolic potential of
skeletal muscle, as reflected in the decreased maximal oxygen
uptake and/or inactive lifestyle might be primary cause for
impaired glucose tolerance.

It has been reported that essential hypertension is associated
with resistance to the action of insulin to stimulate glucose uptake
in skeletal muscle®®. Baron et al.¥ demonstrated that attenuated
insulin-mediated skeletal muscle blood flow appears to be a major
cause of insulin resistance in subjects with elevated mean arterial
pressure. Since systolic blood pressure in the BGT group was sig-
nificantly higher than that of the NGT group, there is a possibility
that impairment in the action of insulin to increase skeletal muscle
blood flow may result in glucose intolerance. Recently, it has been
reported that insulin-stimulated blood flow is positively correlated
to maximal oxygen uptake™. Overall, metabolic conditions, such
as decreased maximal oxygen uptake and elevated blood pressure,
may thus induce the dysfunction of glucose tolerance.

Increase in body fat, especially abdominal fat accumulation
is associated with glucose intolerance® . In the present study,
there are no significant differences between the BGT and the NGT
group in both the percentage of body fat and WHR. However, the
glucose concentration at 120min following glucose load was posi-
tively associated with both the percentage of body fat and WHR.
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