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Abstract

A variety of studies show that a centralized rather than a generalized pattern of subcutaneous fat
distribution is more directly associated with disorders of carbohydrate and lipid metabolism, as possibly
hypertension. This study was an attempt to observe the relationship of body fat distribution, blood
lipids, blood pressure and exercise in 85 healthy men and women. Within this group there was a
gradation of fat distribution progressing from LBSO and UBSO defined on the basis of WHR. This
paper reports the relationship of body fat distribution defined by WHR to plasma glucose, lipids, blood
pressure, and exercise in this population. Although the obesity indices (RBW and BMI) were slightly
higher in the UBSO group, significant differences existed between UBSO and LBSO groups with respect
to WHR, blood pressure, and total cholesterol concentration in female. WHR values were substantially
different and this was primarily due to greater degrees of differences in waist as opposed to hips
circum ference. Although no significant differences existed between UBSO and LBSO groups with
respect to age, body weight, and hips circumference, energy intake, total cholesterol, LDL-cholesterol
and WHR values were substantially different in male. Positive, significant correlations were found between
WHR and both systolic and diastolic blood pressure and between WHR and the total plasma cholesterol
concentration and age. When 26 pairs of exercise and nonexercise groups were matched according
to sex, age and body weight, blood pressure and blood lipids were significantly lower in the exercise
groups than those in the nonexercise groups. In conclusion, these findings suggest that an altered
blood lipid profiles will manifast in men and women with upper body obese. Furthermore these findings
suggest that exercise and physical activity may be beneficial for controlling blood lipids and blood
pressure in healthy adults.
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Iintroduction intolerance, hyperinsulinemia, and insulin resis-
tance". A recent study suggested that not only

Obesity is implicated as a risk factor glucose the degree of obesity but also the localization
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of fat is a risk factor for health. Numerous stu
dies* * have shown that a high accumulation
of abdominal fat associated with metabolic com-
plications such as glucose intolerance, hyperin-

681

sulinemia®, diabetes”, hypertension and

hyperlipidemia”, and with an increased risk
of coronary disease™'".

Fat mass located predominantly on the upper
body has been termed android, male, upper
body segment, since obesity in men favors dist-
ribution above the waist. Gynoid, female, lower
body segment locations are so termed because
of predilection for adipose accumulation in the
lower abdomen, buttocks, hips, and thighs in
women. These reports confirmed early observa-
tions reported more than 30 years ago by Vague
2 who first suggested that the measurement
of the regional distribution of body fat could
be useful in assessing the risk of developing
diabetes and atherosclerosis. Recent epidemio-
logic studies suggest that a centralized fat pat-
tern, in which a greater proportion of adipose
tissue is distributed on the trunk compared with
the extremities, may be more strongly associated
with diabetes', heart disease, and stroke' ™
than is total adiposity, and it has been suggested
that adipose distribution may confound the asso-

8! Also other re-

ciation of obesity with disease
cent study observed that a high accumulation
of deep adbominal fat was associated with distur-
bances in glucose-insulin homeostasis and in pla-
sma lipid transport, suggesting an increased risk
of diabetes and cardiovascular heart disease
(CHD) risk profile'”.

women who are fat primarily in the upper body

According to Maugh,

are eight times more likely to develop diabetes
than normal women”.

Both genetic and environmental factors appear
to contribute to upper body fat. Smoking, low
amounts of exercise, and stress have been asso-

18,191

ciated with upper body distribution
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The number of obese in the Korea is increa-
sing and its complications are now thought to
be one of the most important health problems
in Korea. To date there have been few studies
investigated the relationship between body fat
distribution, blood lipids, blood glucose and
blood pressure™ ™.

Exercise has been demonstrated to modify fa-
vorably many of the metabolic alterrations asso-
ciated with obesity, including peripheral insulin
resistance, and hyperinsulinemia®’, hypertrigly-
ceridemia®”, and low plasma HDL-cholesterol®.
Such change would be expected to be of importa-
nce in the prevention and treatment of maturity-
onset diabetes and atherosclerotic disease. Rece-
ntly. Williams et al. reported that exercise trai-
ning induced weight loss was associated with
a reduction in the mass of small LDL that showed
contribute to reduce the risk of CHD in exercise-
trained individuals®™*®,

The aim of the present study was to investigate
the relationship of body fat distribution defined
by WHR to fasting plasma lipids, glucose level
and blood pressure. Also this paper determined
the effects of physical activity level and exercise
on the WHR, plasma lipids, glucose level and

blood pressure.

Materials and Methods

1) Study subjects.

Forty-four men, aged from 36 to 62 yr (mean
42.7%£9.3) and forty-one women, aged 33 to 64
yr (mean 47.7%12.7) were recruited. Recruit-
ment for this study was based on the willing-
ness of participants in the study to become invo-
lved in an investigation of such variables, blood
lipids, body fat distribution, blood glucose, blood
pressure, and interview for nutrient intake. Sub-

jects with self reported documentation of no kno
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wn major medical illnesses. None was taking me-
dications. Height and weight were measured, and
BMI(body mass index : body weight(Kg)/height
(Cm)) was determined. With the subjects stan-
ding, the abdominal circumferences was measu-
red at the level of the umbilicus and the hip
circumference at the point of maximum protube-
rance of the buttocks, and WHR (waist-to hip cir-
cumference ratio) was calculated. A convenient
method was used for measurement of dietary
food intake™'. Physical activity level was deter-
mined in three different levels : low, middle,
high. Individuals who exercise¢ more than two
times per week and one session lasts more than
60 minutes are regarded as an exercise group.

After overnight 12 hr fast, venous blood was
withdrawn for measurements of total plasma li-
pids and glucose by enzymatic methods. Subse-
quently, 11 men in the highest gquartile of the
WHR range(0.92 to 1.05) were compared to 11
men in the lowest quartile of the WHR range(0.76
to 0.84). Also 10 women in the highest quartile

10 women in the lowest quartile of the WHR
range(0.73 to 0.79). The two groups had body
fat accumulation predominantly in the upper and
lower body segments and were designated UBSO
and LBSO groups, respectively. This was done
to ascertain whether subjects in the outer quarti-
les of body fat distribution differed to any appre-
ciable extent. The data were collected between
February 1992 and May 1992.

2) Statistical analysis

Data were analyzed by computer using the SAS
(Statistical Analysis System). Values are presen-
ted as mean + SD. Correlation coefficients were
determined by Pearson correlation coefficient. Si-
gnificance of the difference between mean values
of LBSO and UBSO groups was determined by
Student’s t test.

Results and Discussion

Vital statistics of the 44 men are presented

of WHR range(0.89 to 1.02) were compared to in Table 1.
Table 1. Vital statistics of study group of men
- " Total Subjects  LBSO' UBSO*  LBSO vs UBSO
(N=44) (N=11) (N=11) P value
CAge(Yr) 427+ 94 401 + 36 424 + 51 NS?
Body Weight(Kg) 646 + 84 609 + 114 673 + 98 NS
Height(Cm) 1683 + 4.9 1663 + 5.0 168.1 + 5.5 NS
Waist (Cm) 848 + 79 779 + 7.2 888 + 6.0 i
Hip(Cm) 95 + 77 938 + 6.7 923 + 70 NS
RBW 1054 + 121 102.0 + 11.3 1096 + 10.8 NS
BMI 228 + 26 219 + 27 237 + 26 NS
088 + 0.06 081 = 0.05 094 + 7 0.06 *

WHR E N
7 Valu;:s are mean iSD ; h\inbers of sﬁbjééts in parentheses.

' LBSO subjects in the lowest quartile of the WHR range.

2 UBSO subjects in the highest quartile of the WHR range.

* NS ; significantly not different at p value 0.05.

! * 1 significantly different at p value 0.05.
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Table 2. Fasting plasma lipids, glucose, and blood pressure in men

Total Subj?ects

Systolig blood pressure(mmHg) 1200 + 16.7
Diastolic blood pressure(mmHg) 762 + 188

GOT 254 + 28
GPT 221 + 27
Total cholesterol(mg% ) ) 201.8 + 43.0
Trigyceride (mg/dl) 743 + 314
HDL-cholesterol(mg/d}) 372 + 6.2
LDL-cholesterol(mg/dl) 1734 + 412
Blood glucose (mg/dl) 927 + 176
Energy Intake(Kcal) 2220 + 505

Values are mean ir 'SD. ; numbers of subjects in parentheses.

LBSO' UBSO*  LBSO vs UBSO
(N=11) (N=11) P value
1189 + 202 1228 + 195 NS*
759 + 153 735 + 137 NS
254 + 19 251 + 27 NS
23+ 19 216 + 26 NS
1728 + 360 2025 + 330 w
767 + 317 740 + 342 NS
385 + 27 382 + 41 NS
1376 + 284 1730 + 27.3 *
895 + 101 927 + 85 NS
2265 + 696 2149 + 365 NS

' LBSO subjects in the lowest quartile of the WHR range.
2 UBSO subjects in the highest quartile of the WHR range.

* NS : significantly not different at P value 0.05.

a * | significantly different at P value 0.05.

Among the subjects, 19% were obese, the mean
ideal body weight was 105% and their mean
of BMI was 22.8. The average WHR was 0.88+
0.06, with a range of 0.76 to 1.04 and a median
value of 0.88.

The mean ideal body weight of the LBSO group
was 102% and their mean of BMI was 21.9. The
average WHR was 0.815 + 0.05, with a range
of 0.76 to 0.84 in the LBSO group. The mean
ideal body weight of the UBSO group was appro-
ximately 110% and their mean of BMI was 23.7.
In this instance, the average WHR was 0.94 +
0.04, with a range of 0.92 to 1.05 in the UBSO
group. There were no significant differences bet-
ween the LBSO and the UBSO groups in respect
RBW, and BML

ver, WHR values were substantially different, as

to age, body weight, Howe-
anticipated by the selection process.
This was primarily due to greater degrees of

difference in waist as opposed to hips circumfere-

nce.

The clinical characteristics of the 44 healthy
men are shown in Table 2.

Mean valuse of blood parameters and energy
intake are presented in Table 2 along with the
average calculated for the 44 men. The eleven
men in the lower 25% of the WHR range(LBSO)
were compared to the eleven in the upper 25%
of the WHR range(UBSQO). This table shows that
the concentrations of plasma total and LDL-cho-
lesterol were significantly higher in the UBSO
group than those in the LBSO group. No signifi-
cant differences existed between the UBSO and
LBSO groups in respect to blood pressure and
fasting blood glucose concentration. The daily
energy intake average did not distinguish bet-
ween the LBSO and UBSO groups.

Vital statistics of the 41 healthy women are
presented in Table 3.
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Table 3. Vital statistics of study group of women

33

Total Subjects ~ LBSO' UBSO? LBSO vs UBSO

(N=41) (N=10) (N=10) P value
Age(Yr) 477 + 127 357 + 56 550 + 113 .
Body weight (Kg) 572 + 93 483 + 74 615 + 56 *3
Height{(Cm) 1548 + 47 1541 + 42 1523 + 55 NS
Waist (Cm) 804 + 97 697 + 4.1 882 + 81 *
Hip (Cm) 928 + 78 896 + 46 900 + 56 NS
RBW 1161 + 179 995 + 123 1317 + 134 »
BMI 238 + 36 203 + 27 265 + 829 .
WHR 0.85 + 0.5 0.76 + 094 095 + 004 *

Values are mean + SD.: numbers of subjects in parentheses.
' LBSO subjects in the lowest quartile of the WHR range.
? UBSO subjects in the highest quartile of the WHR range.

3

* | significantly different at P value 0.05.

4

NS ; significantly not different at p value 0.05.

Table 4. Fasting plasma lipids, glucose and blood pressure in women

" Total Subjects LBSO! UBSO? LBSO vs UBSO
(N=41) (N=10) (N=10) P value
Systolic pressure(mmHg) 1212 + 177 1084 + 150 1338 + 160 s
Diastolic pressure(mmHg) 716 + 11.1 636 + 82 786 + 51 *
GOT 240 + 22 233 + 14 247 + 39 NS&*
GPT 209 + 26 198 + 22 218 + 35 NS
Total cholesterol(mg %) 199.7 + 253 1855 + 20.7 2064 + 223 *
Triglyceride(mg/dl) 68.3 + 38 513 + 18 710 + 31 NS
HDL-cholesterol(mg/dl) 382 + 56 365 + 38 363 + 37 NS
LDL-cholesterol(mg/dl) 1732 + 26 1605 + 23 1804 + 21 NS
Blood glucose(mg/d}) 889 + 11.7 816 + 5.1 883 + 9.3 NS
Energy Intake (Kcal) 2094 + 501 2004 + 500 1941 + 561 NS
* Values are mean + SD.: numbers of subjects in parentheses. '
' LBSO subjects in the lowest quartile of the WHR range.
* UBSO subjects in the highest quartile of the WHR range.
3 * | significantly different at P value 0.05.
* NS ; significantly not different at p value 0.05.
The mean ideal body weight of women was to 1.02 and a median value of 0.86 in women.
116 % and their mean of BMI was 23.8. The ave- Table 3 reveals that although the obesity indices

rage WHR was 0.85 + 0.05, with a range of 0.72 (RBW, BMI) and age were significantly higher
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Table 5. Significant correlations between WHR and other measured parameters

Parameter(N = 85)
Systolic blood pressure
Total cholesterol

Age

BMI

RBW

in the UBSO group than in the LBSO group,
WHR values were significantly different. This
was primarily due to greater degrees of differen-
ces in waist.

Table 4 shows the fasting plasma glucose, lipids
and blood pressure in healthy women. Ten wo-
men in the lower 25% of the WHR range(LBSO)
were compared to ten in the upper 256% of the
WHR range(UBSQ). Table 4 reveals that the
plasma total cholesterol and blood pressure were
significantly higher in the UBSO group than in
the LBSO group. No significant differences exis-
ted between UBSO and LBSO groups in respect
to fasting plasma glucose, triglyceride concentra-
tion and energy intake.

In Table 5,
WHR and other measured parameters are prese-

significant correlations between

nted. In subjects between 33 and 64 years of
age, WHR values correlated significantly with
blood pressure, total plasma cholesterol, age, BMI
and RBW.

Despite the very small sample size, these resu-
Its demonstrate that the blood pressure and total
cholesterol of middle-aged Korean men and wo-
men are associated with centrally deposited body
fat. The present study supports previous work"
indicating the abdominal fat assesses by WHR
may be better at predicting alteration in blood
pressure and lipid profile.

In females between 37 and 59 years of age,
WHR does increase with age. Age and WHR sho-
wed a somewhat correlation, both to each other

and to blood pressure. Fasting plasma glucose

0.29
0.21
0.31
0.43
0.39

P values vs WHR
001
0.05
0.001
0.001
0.05

did not relate to WHR in healthy adults.
Figure 1 and 2 present the relationship of phy-
sical activity, triglyceride and blood pressure in
persons 33-64 years of age for both men and
women. These results demonstrated that the
blood pressure and triglyceride concentration of
middle-aged Koreans are more directly associated
with physical activity. Figure 3 presents the rela-
tionship of total cholesterol concentration and
blood pressure. There was a postive relationship
between blood pressure and plasma cholesterol
concentration in healthy men and women. These
findings are consistent with earlier studies’.
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Fig. 1. Effect of physical activity on plasma trigl-
yceride concentration.
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Fig. 2. Effect of physical activity on blood pres-
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Fig.3. The relationsip of total cholesterol conce-

ntration and blood pressure.

Table 6. Athropometric measurements in age and body weight matched of exercise and nonexer-

cise groups

”Erxércrise

‘Mean SD
Age(yr) 509 + 87
Body Weight (Kg) 640 + 68
Height (Cm) 1617 + 6.1
Waist (Cm) 829 + 74
Hip(Cm) 9%9 + 84
WHR 085 + 0.06
RBW 1165 1+ 103
BMI 245 + 21

Values are mean+ SD.

Anthropometric measurements in age and body
weight were controlled in exercise and nonexer-
cise groups. This is represented in Table 6. As
anticipated by the selection process, there were
no significant differences between exercise and
nonexercise groups in respect to age, body wei-
ght, WHR, BMI, RBW, and energy intake.

7 ”'No'nexe'rcri'séw P value
i Mean SD ’

502 + 89 NS
633 = 7.2 NS
1613 + 57 NS
833 + 74 NS
9.2 + 81 NS

086 + 0.07 NS
1172 + 99 NS
242 + 21 NS

In the men’s nonexercise group, the mean WHR
was 089 with a range of 080 to 094, in the
women'’s nonexercise group, the mean WHR (0.867
with a range of 0.75 to 1.02. In the exercise groups,
the mean WHR was 0.846 with a range of 0.76
to 092 in men, and the mean WHR was 0.874
with a range of 0.74 to 099 in women.
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Table 7. Comparison of blood lipids, glucose, and blood pressure of exercise and nonexercise

groups

- Exercise

Variables e e
Mean+ SD
~ Systolic pressure(mmHg) 1207 + 167
Diastolic pressure(mmHg) 813 + 113
Blood Glucose(mg/dl) 912 + 225
Total cholesterol (mg% ) 2046 + 232
Triglyceride(mg/dl) 751 + 230
HDL-Cholesterol(mg/dl) 380 £+ 45
LDL-Cholesterol (mg/dl) 163.7 + 231

Vélues are mean + SD.
* ; significantly different at P value 0.05.

“Nonerercie P value
- Meanri SD - o o
T mwew

86.7 + 121 NS

983 + 237 NS

2211 + 264 *

89.1 + 232 *

401 + 42 NS

1795 + 231 *

Table 8. Comparison of exercise and nonexercise group of average nutrient intake

Variables — Exercise
Mean+ SD
 Energy(Kcal) 2297 <+ 539
Protein{(gm) 799 + 153
Fat(gm) 466 + 165
Carbohydrate(gm) 3893 + 604
Fe(mg) 131 + 46
Ca(mg) 619 + 235
Vit A(RE) 1199 =+ 601
Vit By (mg) 105 + 020
Vit Bo (mg) 103 + 040
Niacin (mg) 1717 + 2.8
Vit C(mg) 60.03 + 114

Values are mean + SD.
* | significantly different at P value 0.05.

Table 7 shows that effects of exercise on blood
pressure and lipids. There were significant effects
on blood pressure, total cholesterol, and LDL-
cholesterol concentration due to exercise.

Recent studies indicate that levels of high-den-
sity lipoprotein cholesterol(HDL) may be inver-
sely related to the development of cardiovascular

disease. Conversely, levels of low-density lipopro-

7 WNox{ér);efcisei vaalue

~ MeantSD

2281 o+ 588 NS
749 + 189 NS
437 + 1838 NS
3970 + 784 NS
140 £+ 26 *
632 + 159 NS
1225 + 394 NS
120 + 021 NS
103 + 0.26 NS
1907 + 4.7 NS
627 + 125 NS

tein(LDL) appear to be positively related to the
risk for cardiovascular disease. The increased
HDL/LDL ratio in this study might be protective
to some degree even in the absence of change
in HDL-cholesterol concentration.

In this study, fasting blood glucose did not
differ between exercise and nonexercise groups
with similar energy intake and WHR. It is impor-
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tant to note in this study that exercise per se
has an effect of controlling the blood pressure
and blood lipids without changing WHR. These
findings suggest that blood lipids and blood pres-
sure are independently effected by exercise. A
recent study reported differences in sex in the
way in which body fat is mobilized by exercise ;
men appear to lose weight in their abdominal
area more easily than do women and women
lose weight more easily in their hips®™. Studies
of exercise have shown similar effects, with better
mobilization of both total body fat and abdominal
body fat in men than in women®™. In a recent
study, participants in an intensive exercise prog-
ram had a 20% decrement in intra-abdominal
obesity and chest abdominal subcutaneous obe-
sity. In contrast, WHR decreased by only 2%.
The differences in WHR in the present study
were higher in men and statistically significant,
but not in women. The present data also suggests
there may be a threshold for women for the
amount of exercise necessary to produce change
in WHR.

This result agreed with earlier studies and
suggest that exercise may be beneficial for cont-
rolling blood lipids and blood pressure in healthy
middle-aged healthy men and women.

Table 8 shows that the average nutrient intake
of exercise and nonexercise groups. The mean
daily energy intake was in the usual range for
adult men and women performing moderate le-
vels of habitual physical activity*. A commonly-
held belief regarding exercise and appetite is
that regular exercise increases appetite and food
intake sufficiently to counterbalance the increa-
sed energy expenditure. This belief is not consis-
tent with the findings here and these findings
are in agreement with some previous studies

in humans®.

Conclusion and Summary

Numerous recent studies proved that a high
accumulation of abdominal fat was associated with
an increased risk of coronary heart disease, hype-
rtension, diabetes and with changes in plasma
triglyceride and plasma cholesterol. These meta-
bolic changes may contribute to the risk of car-
diovascular disease that is associated with an
altered distribution of body fat. However, most
previous studies have used RBW and.”or BMI
to estimate obesity in Korean people. A recent
study observed that a high accumulation of abdo-
minal fat was associated with disturbances in
glucose-insulin homeostasis and in plasma lipid
transport. This suggests an increased risk of dia-
betes and cardiovascular heart disease in indivi-
duals with high levels of abdominal fat.

The present study examined the relationships
among blood lipids, blood glucose, blood pressure
and body fat distribution. The effect of exercise
and physical activity levels were studied in a
sample of 85 men and women, aged 34 to 64
years. Results of the present study are as fol-
lows !

1. The average WHR was 0.87+0.06, with a
range of 0.76 to 1.04 in men. The average WHR
was 0.85%0.05, with a range of 0.72 to 1.02 in
women.

2. Although the obesity indices (RBW and
BMI) were higher in the UBSO group, significant
differences between UBSQ and LBSO groups in
respect to WHR, blood pressure, and total choles-
terol concentration existed in women.

3. Significant differences between UBSO and
LBSO groups in respect to WHR, total cholesterol
and LDL-cholesterol existed in men.

4. WHR correlated significantly with blood pre-
ssure, total plasma cholesterol, age and BMI, but
fasting plasma glucose did not relate to WHR
in healtht adults.
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5. When 26 pairs of exercise and nonexercise
groups were matched according to sex, age and
body weight, blood pressure and lipids were sig-
nificantly lower in the exercise group than those
in the nonexercise group.

6. The levels of plasma triglyceride and blood
pressure were effected by physical activity.

7. The blood glucose level correlated significa-
ntly with cholesterol and triglyceride levels.

Higher physical activity levels were related to
lower plasma triglyceride and blood pressure le-
vels.

In conclusion, these findings suggest that an
altered blood lipid profiles will manifast in men
and women with upper body obese. Furthermore,
these findings suggest that exercise and physical
activity may be beneficial for controlling blood
lipids and blood pressure in healthy adults. Fina-
lly, this study suggests that biood lipids and blood
pressue are required to observe significant asso-
ciations in body fat distribution in healthy middle-

aged Koreans.
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