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Overweight Japanese with body mass indexes of
23.0-24.9 have higher risks for obesity-associated
disorders: a comparison of Japanese and Mongolians

K Shiwaku'*, E Anuurad!, B Enkhmaa', A Nogil, K Kitajimal, K Shimono!, Y Yamane'
and T Oyunsuren?

'Department of Environmental and Preventive Medicine, Shimane Medical University, Izumo, Japan; and *Center for
Biotechnology, Mongolian Academy of Sciences, Ulaanbaatar, Mongolia

OBJECTIVE: The degree of obesity of Asians is less than that of Caucasians. It has been suggested that Japanese, categorized as
having normal weight (BMI <25.0), as defined by WHO (2000), have a tendency toward increased incidences of dyslipidemia
and diabetes. Our objective was to analyze parameters constituting obesity-associated disorders in overweight Japanese and
Mongolians with a body mass index (BMI) of 23.0-24.9, and to assess the suitability for Asians of the Regional Office for Western
Pacific Region of WHO criteria pertaining to obesity (WPRO criteria, 2000).

DESIGN: Cross-sectional study in a workplace setting.

SUBJECTS: A total of 386 Japanese men and 363 Japanese women, and 102 Mongolian men and 155 Mongolian women.

MEASUREMENTS: Anthropometric measurements (weight, height, waist circumference, hip circumference and blood
pressure) and metabolic measurements (plasma levels of total cholesterol, HDL cholesterol, triglyceride, glucose and insulin).
RESULTS: Graded increases in BMI of Japanese and Mongolians were positively associated with body fat percent, waist
circumference, hip circumference and waist/hip ratio. The Japanese were categorized as 22% overweight, 22% obese |, 3%
obese II; the Mongolians rated as 18% overweight, 34% obese I, 19% obese Il, based on the WPRO BMI criteria. The Mongolians
had a higher prevalence of obesity and a higher body fat percent, but a lesser gradation of dyslipidemia, than did the BMI-
matched Japanese groups. Overweight Japanese (BMI 23.0-24.9), in comparison to normal Japanese (BMI 18.5-22.9), had
significant differences in systolic blood pressure, HDL-choresterol and triglyceride in men, and in systolic and diastolic blood
pressure, HDL-choresterol, triglyceride, insulin and Homoeostasis model assessment-insulin resistance in women. In contrast, the
Mongolians showed no significant differences in metabolic parameters between overweight and normal subjects, except for
diastolic blood pressure.

CONCLUSION: Since the relationship between abdominal fat mass and BMI is ethnic-specific, a universal BMI cutoff point is
inappropriate for Asian populations such as the Japanese and Mongolians. The present investigation suggests that, while the
WPRO criteria are suitable for Japanese, the WHO criteria are more appropriate for Mongolians.
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Introduction
Obesity and overweight have become common health
problems globally. Although severe obesity is clearly asso-

consequences of being mildly-to-moderately overweight
remain controversial." The International Obesity Task Force
of WHO proposed a system of classification based on body

ciated with increased mortality and incidence of cardiovas-
cular disease, type II diabetes mellitus (diabetes), stroke,
dyslipidemia, osteoarthritis and some cancers, the health
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mass index (BMI), and selected a BMI of 30.0 as the cutoff
point for obesity (WHO criteria),” similar to classifications
used in a number of past studies in Europe and the USA,
based on mortality and morbidity outcomes® (Table 1).

In recent years, accumulating evidence has suggested that
the relationship between BMI and body fat deposits differs
between ethnic populations.* It has been recognized that the
WHO criteria® for classifying obesity in adult Caucasians
may not be appropriate for Asian populations. Asian
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Table 1 Proposed classification of weight by BMI

NHLBI (1998) WPRO (2000)

WHO (2000) Classification Terminology BMI (kg/mz) Classification BMI (kg/mz)

Underweight Underweight <18.5 Underweight <18.5
Normal range Normal 18.5-24.9 Normal range 18.5-22.9
Preobese Overweight 25-29.9 Overweight at risk 23-24.9
Obese | Obese | 30-34.9 Obese | 25-29.9
Obese Il Obese Il 35-39.9 Obese Il >30
Obese lI Obese I >40

WHO (2000): The International Obesity Task Force of WHO proposed the definition of obesity in Obesity: Preventing and Managing the Global Endemic of WHO
Technical Report Series in 2000.2 NHLBI (1998): The Obesity Task Force of the National Heart, Lung and Blood Institute, USA, proposed the definition of overweight
and obesity in clinical guidelines on the identification, evaluation and treatment of overweight and obesity in adults-the evidence report in 1998.3 WPRO (2000): The
Steering Committee of the Regional Office for Western Pacific Region of WHO, the International Association for the Study of Obesity and the International Obesity

Task Force proposed the appropriateness of the classification of obesity in Asia in 2000.*

populations have a high level of abdominal fat at a lower
BMI relative to Caucasians, and show an increasing trend
toward obesity.* Obesity, as defined by the WHO criteria as
BMI >30.0, exists in no more than 2-3% of the Japanese
population, in contrast to 10-20% for Europe and the USA.5
However, obesity-associated disorders in the mildly-to-
moderately overweight may be involved in the onset of
cardiovascular diseases in Japanese.>™’

The Examination Committee of the Japan Society for the
Study of Obesity proposed new guidelines in 2002 for
diagnosing ‘Obesity Disease’.’> In these guidelines, obesity
is categorized as a BMI >25.0. The Regional Office for
Western Pacific Region of WHO, the International Associa-
tion for the Study of Obesity and the International Obesity
Task Force also proposed a separate classification of obesity
for Asia in 2000. This led to the proposal that adult
overweight be specified in Asia as a BMI >23.0, and that
obesity be specified as a BMI >25.0 (WPRO criteria).*
Although there have been many investigations into the
relationship between BMI and obesity-associated disorders in
Asians, overweight or obesity continue to be classified as BMI
>25.0, based on the WHO criteria.> Some reports suggest
that the cutoff point of BMI for detecting obesity-associated
disorders is lower than a BMI of 25.0 for Japanese,s’lo while
the relationship between BMI classifications and adverse
health outcomes according to Asian ethnicity is less clear.

We investigate the relationships between BMI classifica-
tions and parameters constituting obesity-associated disor-
ders in different population groups of East Asia, to evaluate
the suitability of the WPRO criteria* for Asians. We chose
Japanese and Mongolian populations, who, of the Asian
populations, are relatively close genetically,!' but have
relatively large differences in body composition among the
Asian ethnic groups.'?

Subjects and methods

Subjects

A total of 749 Japanese aged 30-60y, (386 men and 363
women) participated in regular health check-ups at manu-

facturing factories and offices in Shimane Prefecture, Japan,
in 1999-2002, and all volunteered for this study. A total of
257 Mongolians aged 30-60y, (102 men and 155 women),
who underwent health check-ups in 2001, volunteered for
this study. The recovery rate of participants was 95% of the
factory workers in Japan. The Mongolian subjects were
chosen by random sampling from lists of workers who
worked at two large companies (cashmere factory and power
plant) in Ulaanbaatar, Mongolia (Table 1). Participants were
not using prescription medications for diabetes, hyperlipi-
demia or hypertension. Information on the participant’s
lifestyle was obtained using a self-reported questionnaire:
current smoking, current alcohol consumption and exercise
for over 20 min twice a week.

The subjects were categorized based on the WPRO criteria
into the following groups: below 18.5 BMI as underweight;
18.5-22.9 BMI as normal; 23.0-24.9 BMI as overweight at
risk (overweight); 25.0-29.9 BMI as obese I; and 30.0 BMI
and above as obese II. We used the same research design and
protocols for all subjects to avoid anthropometric methodo-
logical errors. The ethics committee of the Shimane Medical
University approved all study protocols, and all subjects gave
written informed consent.

Anthropometric measurements

After an overnight fast, body weight was measured to the
accuracy of +0.2kg with a standard scale while dressed in
very light clothing, and height was measured to an accuracy
of +0.5cm using a height bar fixed on a wall, with subjects
standing with back, buttocks and heals pressed together
against a wall. Bioelectrical impedance analysis was mea-
sured using a leg-to-leg version of a bioimpedance analyzer
(ModelBF-631, Tanita, Tokyo, Japan). Waist circumference
was measured to the nearest 0.1 cm at the narrowest part of
the torso, as seen from the anterior aspect. Hip circumfer-
ence was measured to the nearest 0.1cm at the point of
maximum extension of the buttocks. The measurement was
repeated for waist and hip circumferences, and a third
measurement was made if the difference between the first
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two readings was more than 0.5 cm. BMI was calculated as
weight (kg) divided by squared height (m?). Blood pressure
was measured twice at the right arm, using a standard
sphygmomanometer (Nippon Rinsho Kikikogo, Tokyo,
Japan), with the participants seated.

Blood samples

Venous blood was collected from the antecubital vein after a
12-h overnight fast. The Mongolian blood samples were
separated and transported from Ulaanbaatar to Shimane
using a freezing coolant, and then frozen at —80°C until used
in this study, all within a 3-month period.

The concentrations of total cholesterol, high-density
lipoprotein-cholesterol (HDL-C), triglyceride and glucose
were measured using an enzymatic assay kit (Wako Pure
Chemical, Osaka, Japan). The level of low-density lipopro-
tein-cholesterol (LDL-C) was calculated by the following
formula: total cholesterol (mg/dl)-~HDL-C (mg/dl)—triglycer-
riglyceride/$5, in the case of less than 400 mg/dl of triglycer-
ide.'® The concentration of insulin was measured by Insulin-
EIA test (Wako Pure Chemical, Osaka, Japan). Homoeostasis
model assessment-insulin resistance (HOMA-IR) was calcu-
lated by the following formula: fasting plasma insulin (uU/
ml) x fasting plasma glucose (mg/dl)/405.* HOMA-IR has
been proposed as a simple and inexpensive technique for
estimating the insulin resistance,’® and has been validated
for epidemiological studies.'®

Statistical analyses

Analysis of data was carried out using SPSS statistical analysis
software (Version 10.0J, SPSS Inc, Tokyo, Japan). The results
are expressed as the mean +standard error. Since the data for
triglyceride, insulin and HOMA-IR were significantly skewed,
they were transformed logarithmically before performing a
statistical analysis. Comparisons between two groups were
performed by Student’s t-test to assess the differences in
anthropometric and metabolic parameters by ethnicity or
gender. One-way ANOVA was used to compare the ages of
the five BMI groups, and post hoc analysis was carried out,
using a reference category of BMI of 18.5-22.9. General
linear measurement (GLM) was used to compare the
anthropometric parameters adjusted for age, or metabolic
parameters adjusted for age, smoking, drinking and exercise
habits, and post hoc analysis was carried out, using a reference
category of BMI of 18.5-22.9. The Kendal test was used for
the frequency of five BMI classes. A nominal two-sided P-
value of less than 0.05 was used to assess the significance.

Results

BMI and anthropometric parameters in Japanese and
Mongolians

Lifestyle and anthropometric parameters by BMI classes in
the Japanese and Mongolian subjects are shown in Table 2.
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The Japanese men and Mongolian men and women in
progressively higher BMI categories were negatively asso-
ciated with current smoking habit (P<0.05). Graded in-
creases in BMI for both the Japanese and Mongolians were
positively related to the indicators of fat mass, such as body
fat percent, waist circumference, hip circumference and
waist/hip ratio after age adjustment (P<0.001).

The Japanese were categorized as 22% overweight (men
25%, women 18%), 22% obese I (men 26%, women 17%)
and 3% obese II (men 2%, women 3%), based on the WPRO
criteria. The Mongolians were rated as 18% overweight (men
15%, women 20%), 34% obese I (men 40%, women 30%),
19% obese II (men 21%, women 17%) and were heavier than
the Japanese (Japanese men 23.3+0.2 and women 22.5+0.2
BMI; Mongolian men 26.2+0.4 and women 25.5+0.4 BMI,
P<0.001). Mongolians of both genders also had significantly
higher values for body fat percent, waist circumference, hip
circumference and waist/hip ratio than did the Japanese
(P<0.001).

BMI and metabolic parameters in Japanese and
Mongolian subjects

The relationships between BMI classes and metabolic para-
meters are shown after adjustment for age, smoking,
drinking and exercise habits in Table 3 (Japanese) and
Table 4 (Mongolians). The Japanese of both genders in
progressively higher BMI categories were positively asso-
ciated with systolic and diastolic blood pressure, triglyceride,
insulin and HOMA-IR, and were negatively related with
HDL-C. Additionally, LDL-C in the Japanese men (P =0.039)
and glucose in the Japanese women (P<0.001) increased in
relation to the BMI. Mongolians of both genders in
progressively higher BMI categories were positively asso-
ciated with systolic and diastolic blood pressure, triglyceride,
insulin and HOMA-IR, and were negatively related with
HDL-C. Additionally, total cholesterol and glucose increased
relative to BMI in the Mongolian women (P=0.033 and
0.035, respectively). The Mongolians had significantly lower
levels of total cholesterol and LDL-C (187 +4 and 113 +4 mg/
dl in men, 176+3 and 103+2mg/dl in women, P<0.003),
compared with those of the Japanese (205+2 and
125+2mg/dl in men, 205+2 and 128+2mg/dl in
women).

In the overweight Japanese (BMI 23.0-24.9), significant
differences from the normal Japanese (BMI 18.5-22.9) were
observed in systolic blood pressure, HDL-C and triglyceride
in the men, and in systolic and diastolic blood pressure,
HDL-C, triglyceride, insulin and HOMA-IR in the women. In
contrast, the overweight and normal Mongolians showed no
significant differences between one another in metabolic
parameters, except for diastolic blood pressure. However, the
obesity I and normal Mongolians groups did have significant
differences in systolic and diastolic blood pressure, HDL-C,
insulin and HOMA-IR for both genders, as well as in total
cholesterol and triglyceride for the women.
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Table 2 BMI classification and anthropometric parameters for Japanese and Mongolian subjects

Classification Underweight ~ Normal Overweight Obese | Obese Il P-value Underweight ~ Normal Overweight Obese | Obese Il P-value
BMI Total <185 18.5-22.9  23.0-24.9  25.0-29.9 30.0> ANOVA Total <185 18.5-22.9  23.0-24.9  25.0-29.9 30.0> ANOVA
Ethnic Japanese

Gender Male Female

Number (%) 386 20(5.2) 158(40.9)  97(25.1) 102(26.4) 9(2.3) 363 28(7.7) 196(54.0)  66(18.2) 63(17.4) 10(2.8)

Age 47.2+0.4 451+1.5 47.0+0.6 46.9+0.7 48.1+0.7 49.6+2.0 NS 473404 46.1+1.2 458+0.5 50.5+0.8* 49.8+09* 43.2+29 <0.001
Smoking (%) 222 (57.5) 17 (85.0) 94 (59.5) 60 (61.9) 48 (47.1) 3 (33.3) 0.014 34 (9.4) 1(3.6) 22 (11.2) 4(6.1) 6(9.5) 1(10.0) NS
Drinking (%) 296 (76.7) 15(75.0) 128 (81.0) 70 (72.2) 77 (75.5) 6 (66.6) NS 124 (34.2) 5(7.9) 65(33.2) 25@37.9) 23 (36.5) 6 (60.0) NS
Exercise (%) 54 (14.0) 4 (20.0) 22 (13.9) 13(13.4) 11 (10.8) 4 (44.4) NS 94 (25.9) 5(17.9) 41 (20.9) 27 (40.9) 19 (30.2) 2 (20.0) 0.032
Length (cm) 167+0 167 +1 166+1 167 +1 16741 168+2 NS 155+0 156+1 15540 155+1 155+1 157+2 NS
Weight (kg) 65.0+0.5 48.7+1.3* 58.1+04 67.3+0.6* 74.54+0.6* 91.2+1.9* <0.001 54.4+0.5 43.840.8* 50.3+0.3 57.4+0.5* 63.9+0.5* 85.6+1.3* <0.001
BMI (kg/m?) 23.3+0.2 17.4+0.3* 21.040.1 23.840.1* 26.6+0.1* 32.3+0.4* <0.001 22.5+0.2 17.9+0.2* 20.8+0.1 24.0+0.2* 26.6+0.2* 344+0.4* <0.001
Body fat (%) 22.7+0.5 154+1.1* 19.2+04 24.2+0.5* 27.3+0.5* 32.3+1.4* <0.001 28.0+0.4 20.1+0.8* 25.5+0.3 30.8+0.5* 33.1+0.5* 41.5+1.5* <0.001
WC (cm) 79.7+0.9 66.4+1.8* 72.8+0.7 82.1+0.8* 89.0+0.9%* 100.0+2.1* <0.001 71.5+0.6 60.4+0.9* 66.8+0.4 743+0.6* 80.84+0.6* 102.8+1.6* <0.001
HC (cm) 92.3+0.6 83.8+1.3* 88.1+0.5 93.6+0.6* 983+0.7* 104.0+1.6* <0.001 91.5+0.4 83.7+0.7* 88.8+0.3 92.8+0.5* 97.9+0.5* 111.1+£1.3* <0.001
W/H 0.86+0.01 0.79+0.01* 0.83+0.01 0.88+0.01* 0.90+0.01* 0.96+0.02* <0.001 0.78+0.00 0.72+0.01* 0.75+0.00 0.80+0.01* 0.83+0.01* 0.92+0.02* <0.001
Ethnic Mongolian

Gender Male Female

Number (%) 102 3(2.9) 22(21.6) 15(14.7) 41(40.2) 21(20.6) 155 6(3.9) 41(26.5) 31(20.0) 47(30.3) 27(17.4)

Age 445+0.6 373+24 425+1.2 457+1.7 453+1.1 45.2+1.2 NS 41.7+0.5 40.7+22 41.5+0.8 42.8+1.2 435409 42.7+1.2 NS
Smoking (%) 58 (56.9) 1(33.3) 16 (72.7) 10 (66.7) 23 (56.1) 8 (38.1) 0.025 14 (9.0) 0 (0.0) 6 (14.6) 5(16.1) 3(6.4) 0 (0.0) 0.012
Drinking (%) 71 (69.6) 2 (66.7) 14 (63.6) 12 (80.0) 30 (73.2) 13 (61.9) NS 95 (61.3) 3 (50.0) 37(90.2) 13 (41.9) 31 (66.0) 11 (40.7) NS
Exercise (%) 10 (9.8) 0 (0.0) 3 (13.6) 1(6.7) 3(7.3) 3 (14.3) NS 22 (14.2) 0 (0.0) 6 (14.6) 4(12.9) 8 (17.0) 4 (14.8) NS
Length (cm) 168+1 164+4 168+1 165+2 17041 168+1 NS 157+0 156+2 157 +1 156 +1 156 +1 156+1 NS
Weight (kg) 74.5+1.3 48.5+3.9* 61.0+14 656+1.7 78.2+1.0* 91.4+1.4* <0.001 62.6+1.0 42.8+2.2* 52.840.8 58.6+1.0* 66.9+0.8* 80.0+1.0 <0.001
BMI (kg/m?) 26.2+0.4 18.1+0.9* 21.6+0.3 24.0+0.4 27.0+0.2* 32.3+0.3* <0.001 25.5+04 17.5+0.6* 21.3+0.2 24.0+0.3* 27.3+0.2* 32.9+0.3*  <0.001
Body fat (%) 29.7+0.8 15.5+2.9* 21.7+1.1 257+1.3* 31.2+0.8* 40.0+1.1* <0.001 38.8+0.8 26.6+2.3 30.4+0.8 355+1.0* 42.0+0.8* 53.2+1.1*  <0.001
WC (cm) 90.5+1.2 69.1+4.0* 77.5+1.5 84.7+1.7* 93.4+1.1* 1053+1.5* <0.001 82.0+09 684+24 71.5+09 79.3+1.1* 85.6+0.8* 98.4+1.1* <0.001
HC (cm) 97.1+0.7 81.5+2.3* 90.3+0.8 93.0+1.0r 98.8+0.6* 105.8+0.8* <0.001 95.8+0.8 858+1.8 887+0.7 929+0.8* 98.4+0.6* 108.2+0.8* <0.001
W/H 0.93+0.01 0.85+0.03 0.86+0.01 0.91+0.01* 0.95+0.01* 0.99+0.01* <0.001 0.85+0.01 0.80+0.02 0.81+0.01 0.86+0.01* 0.87+0.01* 0.90+0.01* <0.001

Smoking, current smoking, drinking, current drinking; exercise, >20 min twice a week; WC, waist circumference; HC, hip circumference; W/H, waist/hip ratio. Data are means + standard errors. P-values
of the two comparisons of lifestyle using the Kendall test were expressed as *P<0.012, compared with a normal of 18.5-22.9 BMI, after general Kendall test for the four BMI groups. P-values for age were
calculated using ANOVA for five BMI groups, and were calculated using GLM univariate analysis for five BMI groups after adjustment for age, then *P<0.0012 vs BMI of 18.5-22.9. NS: nonsignificant

(P>0.05).
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Table 3 BMI classification and metabolic parameters for Japanese subjects

Classification Underweight Normal Overweight Obese | Obese Il P-value  Underweight Normal Overweight Obese | Obese Il P-value
BMI <185 18.5-22.9  23.0-24.9 25.0-29.9 30.0> ANOVA <18.5 18.5-22.9 23.0-24.9 25.0-29.9 30.0> ANOVA
Gender Male Female

Number (%) 20(5.2) 158(40.9) 97(25.1) 102(26.4) 9(2.3) 28(7.7) 196(54.0) 66(18.2) 63(17.4) 10(2.8)

Systolic blood pressure (mmHg) 12243 12141 126 +1* 128 +2* 1424 5* <0.001T 11143 118+1 126 +2* 125+2* 136 +5* <0.001
Diastolic blood pressure (mmHg) 76+2 76+1 78+1 81+1* 86 +4* <0.001 6842 73+1 78 +1* 77 +£1* 86+4* <0.001
Total cholesterol (mg/dl) 194+8 205+3 205+4 206+4 214413 NS 202+6 208+2 209+4 210+4 214411 NS
LDL cholesterol (mg/dl) 11248 12543 128+4 125+4 132+12 0.039 117+6 129+2 134+4 135+4* 133+10 NS
HDL cholesterol (mg/dl) 65+4 58+2 52+2* 48 +1* 40+ 5* <0.001 67+3 62+1 54 +2* 52+3* 46 +4* <0.001
Triglyceride (mg/dl) 90+22 11347 126 +10*  162+9* 173430* <0.001 78+10 84+4 103+ 7* 107 +6* 184 +15* <0.001
Glucose (mg/dl) 88+8 97+3 99+4 103+4 116410 NS 86+4 94+1 96+2 102+ 2* 121 +6* <0.001
Insulin (pU/ml) 9.3+2.0 4.6+0.7 53+1.0 7.7+0.8* 15.5+2.6* <0.001 4.0+0.9* 54404 6.3+0.6* 6.6+0.6* 10.1+1.6* 0.001
HOMA-IR 2.14+0.59 1.11+0.20 1.24+0.30 2.14+0.26* 5.00+0.80* <0.001 0.87+0.25* 1.24+0.10 1.51+0.16* 1.60+0.17* 3.05+0.43* <0.001

Data are means + standard errors. Triglyceride, insulin and HOMA-IR were transformed logarithmically before performing a statistical analysis. P-values were calculated using GLM univariate analysis for five
BMI groups after adjustment for age, smoking, drinking and exercise habits, then *P<0.012 vs BMI of 18.5-22.9. NS: nonsignificant (P>0.05).

Table 4 BMI classification and metabolic parameters for Mongolian subjects

Classification Underweight Normal Overweight Obese | Obese Il P-value  Underweight Normal Overweight Obese | Obese Il P-value
BMI <18.5 18.5-22.9  23.0-24.9  25.0-29.9 30.0> ANOVA <18.5 18.5-22.9  23.0-24.9  25.0-29.9 30.0> ANOVA
Gender Male Female

Number (%) 3(2.9) 22(21.6) 15(14.7) 41(40.2) 21(20.6) 6(3.9) 41(26.5) 31(20.0) 47(30.3) 27(17.4)

Systolic blood pressure (mmHg) 112+9 115+9 121+4 128+2* 13243* 0.002 108+9 11343 119+4 120+3 128+4* 0.042
Diastolic blood pressure (mmHg) 72+7 79+3 88+3* 89+2* 96 +3* <0.001 80+5 78+2 82+2 89+2* 91+2* <0.001
Total cholesterol (mg/dl) 154422 17348 191+10 186+6 202+38 NS 177+13 167+5 169+6 1814 5* 189+ 6* 0.033
LDL cholesterol (mg/dl) 81+21 100+8 120+9 112+6 128+7 NS 99+12 94+5 10145 107 +4 114+6 NS
HDL cholesterol (mg/dl) 52+7 56+3 51+3 49 42* 4342 0.013 6245 5942 55+2 5342* 5242 0.036
Triglyceride (mg/dl) 97 +61 82+23 99+27 134416 158+23* 0.023 81+21 7248 66+10 104+ 8* 116+10* <0.001
Glucose (mg/dl) 75+23 88+9 93+10 107+6 110+9 NS 88+8 87+3 87+3 92+3 100 +4* 0.035
Insulin (uU/ml) 53+3.7 4.6+1.1 55+1.3 7.5+£0.8* 12.8+1.1*  <0.001 3.5+1.5 5.140.5 5.0+0.6 7.4+05* 11.5+0.7* <0.001
HOMA-IR 0.97+1.50 1.07+0.46 1.29+0.54 2.10+0.35* 3.884+0.45* <0.001 0.75+0.44 1.154+0.17 1.08+0.20 1.754+0.17* 2.90+0.22* <0.001

Data are means + standard errors. Triglyceride, insulin and HOMA-IR were transformed logarithmically before performing a statistical analysis. P-values were calculated using GLM univariate analysis for five
BMI groups after adjustment for age, smoking, drinking and exercise habits, then *P<0.012 vs BMI of 18.5-22.9. NS: nonsignificant (P>0.05).
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Discussion

In the present study, we observed remarkable differences
in BMI and fat mass between the Japanese and Mongolian
populations. Obesity, defined by the WHO criteria as
BMI >30.0, was observed in 19% of the Mongolian
subjects, in contrast to only 3% of our Japanese subjects.
The Mongolians also had greater abdominal fat
deposits than the Japanese, as indicated by the significantly
higher levels of body fat percent, waist circumference
and waist/hip ratio. Anthropometric comparisons have
shown that Asians have more subcutaneous and
abdominal fat than Caucasians.'® Such high abdominal
fat at low BMI levels in Asians can be partly explained
by the differences in trunk-to-leg-length ratio, physical
activity level and diet.!” However, the Mongolian subjects
in our study had high abdominal fat and high BMI levels,
which may be assumed to be similar to those in Caucasians
relative to parameters constituting obesity-associated
disorders.*

Over 70% of our Japanese subjects had BMI<25.0 and
overweight (BMI 23.0-24.9) accounted for 22% of the
population. The Japanese subjects had greater fat mass in
the upper body and abdominal obesity, as indicated by
significantly larger waist circumferences and waist/hip
ratios,” in association with elevated BMI, but the extent of
the magnitude of parameters was less than that of the
Mongolians. A comparison of anthropometric parameters
of the two ethnic groups shows the Japanese subjects
having lower body fat and lower BMI relative to the
Mongolians.

For both the Japanese and Mongolian populations, our
study showed an association between BMI >25.0 and higher
values for blood pressure, triglyceride, insulin and HOMA-IR,
and lower values of HDL-C. BMI represents an effort to derive
a measure of adiposity by adjusting the body weight for
individual differences in stature, and is the most popular and
best indicator of body fatness for persons having a BMI
>25.0."%19 Although most epidemiological investigations in
Europe, the USA and Asia have clarified significant increases
of mortality and incidence of cancer and cardiovascular
disease in persons having BMI >25.0,'-* the health con-
sequences of being mildly-to-moderately overweight remain
controversial. Since most studies in Europe and the USA have
used the WHO or NHLBI criteria,® these studies have not
distinguished overweight from normal, as these terms are
defined by the WPRO criteria.

Some recent investigations have reported that even
mildly-to-moderately overweight persons in the USA with
BMI<25.0 had increased mortality and incidence of cardi-
ovascular disease and diabetes.?° This overweight condition
of BMI<25.0 in Asians, especially in Japanese, has been
linked to elevated risks of obesity-associated disorders,’
although the validity of this finding remains in dispute,®!
due to divergent results among investigators attributed to
classifications of BMI, and differences in ethnicity, gender
and age of populations.
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Our results indicate that the Japanese overweight with BMI
of 23.0-24.9 have higher risks of obesity-associated disorders,
than do those with BMI of 18.5-22.9 as normal, while there
are no differences in these metabolic parameters between
overweight and normal for the Mongolians, except for
diastolic blood pressure. In the Japanese population in
Japan, BMI only slightly increased in men, but slightly
decreased in women during the period of 1976-1995
according to national surveys, but the prevalence of
diabetes and dyslipidemia was increasing.?? Therefore, the
WPRO criteria are useful for identifying overweight Japanese,
who account for 22% of the Japanese population in our
study, and for detecting and preventing obesity-associated
disorders.

Our methods in this study have some limitations. A
cross-sectional approach to estimate the relationship of
elevated BMI classes to obesity-associated disorders
means that we examined no data on causality. Another
limitation was the relatively small number of subjects.
We minimized the potential for a selection bias by 95%
recovery rate of participants from the factory workers in
Shimane Prefecture, Japan, and by randomly choosing
participants from lists of workers in the two factories
in Ulaanbaatar, Mongolia. The mean values of 22-23
BMI for the Japanese and 26 BMI in Mongolians
were reported by several population-based investigations
in Japan,'®?"2® and by a national survey in Mongolia,'?
in line with our results for values for BMI in both
ethnicities.

In conclusion, we report and compare the differences in
anthropometric and metabolic characteristics in overweight
Japanese and Mongolians. The Mongolian group had a
higher prevalence of obesity and a higher level of abdominal
fat, but a lesser gradation of dyslipidemia than did BMI-
matched Japanese. The relationship between BMI and
metabolic parameters was ethnic-specific, as has between
the two East Asia populations. Despite the proposal for the
WPRO criteria factors in differences in body composition
between Caucasians and Asians,* a universal BMI cutoff
point is inappropriate for comparisons of obesity character-
istics among Asian ethnic groups. The present investigation,
based on increasing risks to overweight with a BMI of 23.0-
249, suggests that the WPRO criteria are suitable for
Japanese, while the WHO criteria are more appropriate for
Mongolians.
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