Table 2 Daily physical activity at baseline
Total Men Women
Variables (n=230) (n=111) (n=119)
No. steps 7815 £ 3211 7601 £ 3300 8015 £ 3127
PAEE (kcal) 258 £ 115 271 127 246 £ 102+
Adjusted PAEE (METs-ywk) 309 £138 302143 315135
Time spent in light PA (%) 77.2+£122 76.1 £122 782+ 122
Time spent in moderate PA (%) 2151110 230119 200 £9.9*
Time spent in vigorous PA (%) 1L.1+14 09111 12£1.5
381 £ 230 436 £ 247 324 £ 188*

Time spent in sedentary
activity (min)

PAEE, physical-activity-related energy expenditure;

PA, physical activity
*! p<0.05 vs. men

METs, metabolic equivalents;
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are notably lower in both men and women compared to the
prevalence calculated using the International Diabetes Federation
definition 14 based on waist circumference for Japanese (men:
77.6%, women: 72.3%), whereas only the values for women are
lower using the American Heart Association/National Heart,
Lung, and Blood Institute definition (men: 51.7%, women:
72.3%).19

The physical activity properties at baseline (i.e., daily step-
count, PAEE, adjusted PAEE, and time spent in light, moderate,
and vigorous physical activity) are shown in Table 2. The daily
PAEE was significantly larger in men as compared with women.
The time spent in moderate physical activity was longer in men
than in women. In contrast, the time spent in sedentary activity
in women was significantly shorter than that in men. There were
no significant differences in other physical activity parameters
between men and women. Although the association between
occupation and PAEE was examined, there were no significant

1407 ® ‘ : s
- ¥ =85.999-0.001 X differences among the occupational categories (data not shown).
130 r=-0,14, P <0.05 : : .
In all subjects, the daily step-count was closely related to the
120 P daily PAEE (1=0.92, P<0.001) and adjusted PAEE (r=0.99,
—~ ® ® 3 . = . .
E: P<0.001). The daily step-count was positively associated with
= the time spent in moderate physical activity (r=0.35, P<0.001),
,3_,’ but negatively associated with time spent in light physical
—.":. activity (r=—0.30, P<0.001). BMI was negatively correlated with
E the daily step-count (r=—0.13, P<0.05) and adjusted PAEE
(r=-0.14, P<0.05). Moreover, body weight was negatively
correlated to the daily step-count (r=—0.19, P<0.01, Figure I,
top) and adjusted PAEE (r=0.18, P<0.01, Figure I, middle).
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circumference as a surrogate measurement of abdominal obesity
was negatively and significantly related to the daily step-count
(r=—0.14, P<0.05) and adjusted PAEE (r=—0.16, P<0.05).
However, body weight had positive and significant correlations
with daily PAEE (r=0.15, P< 0.05) and the time spent in
sedentary activity (r=0.14, P<0.05, Figure I, bottom). If all
activities were weight-bearing, the PAEE would only be
expected to be directly related to body weight.

Stepwise regression analysis showed that the daily step-count
could be adopted as an independent variable for BMI and body
weight, and adjusted PAEE could be adopted as an independent
variable for visceral fat area and abdominal circumference.

Discussion

The main findings of this descriptive study were as follows.
First, the mean daily step-count was 7,815 steps in all SCOP
subjects, with no difference between men (7,601 steps) and
women (8,015 steps). Second, the adjusted PAEE for body
weight was 3.09 METs'h/day in all subjects, and there was no
sex-related difference. The adjusted PAEE was somewhat
smaller than the reference values for the quantity of physical
activity for primary prevention of lifestyle-related diseases (3.3
METs h/day) established by the Ministry of Health, Labour, and
Welfare of Japan.'®’ Third, the amount of physical activity (daily
step-count and adjusted PAEE) was significantly and negatively
related to body size (body weight and BMI) and abdominal fat
(visceral fat area and abdominal circumference) in the pooled
subjects, although the correlation coefficients were weak (r=0.1
to —0.2).

Average daily step-count in Japanese men is generally greater
than that in Japanese women as assessed by a national health and
nutrition survey.'” In the present study, the daily step-count in
female subjects was about 1,400 steps/day greater than that in
male participants. The unexpectedly higher daily step-count in
the female subjects may be related to their slower walking speed
and shorter stride than the male subjects. In fact, the time spent
in moderate physical activity (brisk walking) by women was
significantly shorter than that by men, and the time spent in light
physical activity (slow walking) tended to be longer in women as
compared with men.

In 2006 the Ministry of Health, Labour, and Welfare
reexamined the recommended quantity of exercise for primary
prevention of lifestyle-related diseases (originally proposed in
1989) and set reference values for the quantity of physical
activity and exercise for Japanese people between the ages of 20
and 69 years. Specifically, for individuals who intend to promote
health mainly through physical activity, walking 8,000 to 10,000
steps/day (23 METs-h/week) was set as the target daily amount
of physical activity.'® In the present study, the daily step-count
and adjusted PAEE for body weight were 7,815 steps/day and
3.09 METs h/day, respectively, which were somewhat lower than
the reference values described above.

Several previous studies from the USA and UK indicated that
daily step-counts in overweight and obese adults are lower than
those in normal-weight peers.!®!?’ The present study showed that
adjusted PAEE and daily step-count were significantly and
negatively correlated with visceral fat and abdominal
circumference in the pooled overweight and obesity subjects.
This is the first evidence that the amount of physical activity is
partly associated with not only systemic obesity but also
abdominal obesity. Furthermore, in accordance with the results
of stepwise regression analysis, although daily step-count was an
independent predictor of weight and BMI, adjusted PAEE was an

independent predictor of abdominal obesity, i.e., visceral fat area
and abdominal circumference. As adjusted PAEE is determined
by the duration and intensity of physical activity, accumulation
of abdominal fat may be associated with not only the duration
but also the intensity of physical activity. We should emphasize
that the relationships between amount of physical activity and
obesity variables were weak (r=0.1 to —0.2). This implies that
factors other than physical inactivity (e.g. overeating) may
strongly contribute to obesity in the SCOP subjects. To clarify
the cause of obesity in SCOP subjects, the results from the
uniaxial accelerometer should be compared with the responses to
dietary history questionnaires.

Increasing physical activity and reducing caloric intake are
indispensable for the improvement of excess weight and obesity.
SCOP is a randomized control crossover study aiming to reduce
visceral fat of overweight and obese subjects by interventions of
physical activity and diet. Our systematic review suggested that
an increase in adjusted PAEE at 10 METs-h/week (1.38
METs-h/day) is necessary to reduce visceral fat of overweight
and obese subjects. The increase in daily step-count corresponds
to an increase of almost 3,000 steps/day as compared with the
baseline. Therefore, all SCOP subjects receive physical activity
modification education so that their daily step-count increases
gradually by 3,000 steps/day, and it is necessary to set the mean
value of action targets for 11,000 steps/day and 4.5 METs-h/day.

The validity and reliability of the uniaxial accelerometer
have been established.®’'”’ One methodological limitation,
however, 1s that a uniaxial accelerometer cannot measure very
light physical activity (<1.8 METs).” Daily life includes a great
deal of very light physical activity, and very light PAEE occupies
more than the half of total PAEE. Therefore, we should
emphasize that the PAEE obtained in the present study was not
total PAEE but PAEE at 2METs intensity or more. Moreover, the
cross-sectional study design is another limitation of the present
study. The results of the present cross-sectional study must be
confirmed prospectively with exercise intervention studies in
future.
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Abstract

BACKGROUND: Large errors may occur when predicting basal metabolic rate (BMR) based on physical characteristics in
obese people. In addition, the contribution of abdominal visceral fat to BMR remains controversial. This study examined the
accuracy of several predictive equations for BMR and the contribution of abdominal fat distribution to BMR in obese
Japanese participants in the Saku Control Obesity Program (SCOP).

METHODS: BMR was determined using a mask and Douglas bag in adult males (n = 12) and females (n = 11). We measured
abdominal subcutancous and visceral fat areas using computerized tomography.

RESULTS: All the equations, with the exception of Bernstein’s, overestimated BMR in obese males. Some equations,
including the Japan-Dictary Reference Intakes and the Food and Agriculture Organization of the United Nations/World Health
Organization/United Nations University equations, overestimated BMR in obese females, while the Harris-Benedict and
Henry equations provided relatively accurate predictions of BMR in obese females. We found no correlation between
abdominal visceral fat arca and BMR when adjusted for sex, fat-free mass, and abdominal subcutaneous fat area (partial r
=—0.022). Abdominal subcutaneous fat area correlated significantly with BMR when adjusted for sex, fat-free mass, and
abdominal visceral fat area (partial r = 0.732), although this correlation was no longer significant after adjustment for total fat
mass (partial r = 0.266),

CONCLUSIONS: In obese Japanese subjects, most the predictive equations overestimated BMR in males, whereas some
equations were relatively accurate for females. Our findings indicate abdominal fat distribution may not be independently

related with BMR.

KEY WORDS: Basal metabolic rate, obese, predictive equation, abdominal visceral fat

Introduction

Basal metabolic rate (BMR) constitutes the largest
component of total energy expenditure in the majority of people.
Because BMR can be predicted from simple anthropometric
measurements, it is often used to estimate total energy
expenditure.

Many equations have been developed for estimating basal or
sleeping metabolic rates based on anthropometric measurements,
age, and sex."? These equations can be helpful when actual
metabolic measurements are not available. It has been shown in
Caucasians, however, that BMR is considerably more difficult to
predict in obese than in normal-weight subjects.”* Studies have
found that predictive equations overestimate BMR and/or that
large prediction errors may occur in obese subjects.** In
addition, most of the equations currently available apply only to
Caucasians. The validity of the predictive equations has not been
examined in obese Japanese subjects, despite several studies
showing that some of the predictive equations are not applicable
to nonwhite populations.®%

In addition, the contribution of abdominal fat distribution to
BMR remains controversial. Some studies have shown a
relationship between abdominal visceral fat (AVF) area and

Anti-Aging Medicine 5 (1) : 17-21, 2008
(c) Japanese Society of Anti-Aging Medicine
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BMR or resting metabolic rate,'"'* whereas others have not.!*!"
To our knowledge, no study has examined these relationships in
Japanese subjects using computerized tomography (CT), with the
exception of Okura et al, who investigated the relationship in
healthy elderly subjects.'*) They reported that adjusted resting
energy expenditure correlated inversely with AVF but not with
abdominal subcutaneous fat (ASF). While significant, this
relationship with AVF was relatively weak (r = -0.131).

In the present study, we examined the validity of predictive
equations for BMR in obese Japanese men and women. The
contribution of abdominal fat distribution, as measured by CT, to
BMR was also examined.
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Methods

Subjects

The subjects in the study were 50- to 54-year-old obese
subjects (12 males and 12 females) residing in Saku city. They
were randomly selected from among the participants in the Saku
Control Obesity Program (SCOP), the details of which are
described elsewhere in this supplement.'®'®’ The measurements
of BMR for one of the female subjects failed; therefore. data for
12 males and 11 females were used in the present study.

The study protocol was approved by the Ethics Committee of
the National Institute of Health and Nutrition and the Ethics
Committee of Saku Central Hospital. The study protocol was
explained to the subjects prior to enrollment, and all subjects
provided their informed consent.

Basal Metabolic Rate

The subjects reported to the hospital for the series of
measurements at approximately 8 am on the study day. BMR was
measured in the supine position and in the post-absorptive state
(12 hours or longer after the last meal). The temperature in the
room was controlled at 24-26°C. The measurement was
performed using a mask and Douglas bag for 20 minutes with |
minute of intermission. The volume of expired air was measured
with a certified dry gas meter (Shinagawa DC-5, Tokyo, Japan).
The expired air was sampled and the Oz and CO: concentrations
were measured using a gas analyzer (Arco System, AR-1,
Kashiwa, Japan) with a galvanic O2 sensor and an infrared CO:
sensor. For each of the consecutive measurements, the gas
analyzer was calibrated initially using atmospheric air. The
values of O2 consumption and CO: production were expressed
under standard temperature, pressure, and dry air conditions.
BMR was estimated from O2 consumption and CO2 production
using Weir’s equation.*”

Anthropometric Measurements

Body weight was measured to the nearest 0.1 kg and height
to the nearest 0.1 cm using a stadiometer. The measurements
were performed in light clothing and underwear. Body mass
index (BMI) was calculated as weight (kg) divided by square of
height (m?). Percentage body fat was evaluated by the bioelectric
impedance method (Tanita, BF-220, Tokyo, Japan).

To assess ASF and AVF levels, a CT scan was performed at
the level of the umbilicus, with the subject in the supine position.
ASF and AVF areas were determined using commercially
available software (Fat Scan; N2 System Corp., Osaka, Japan).*!
The attenuation range of CT numbers for ASF was set as the
mean £ 3 standard deviation (SD).

Predictive Equations of Basal Metabolic Rate

The predictive equations of Japan-Dietary Reference Intakes
(DRI),??" Harris and Benedict,”® the Food and Agriculture
Organization of the United Nations/World Health Organization
/United Nations University (FAO/WHO/UNU).>* Henry,*"
Owen,%27 Mifflin,?® and Bemnstein®”’ were evaluated (Table I).
For the Japan-DRI equations, the Ministry of Health and Welfare
proposed adjusting for body weight."” Therefore, the equations
including this adjustment were also examined. For the
FAO/WHO/UNU equations, those using body weight only are
often used. However, in the present study, equations using body
weight and height were also examined.

Statistical Analyses

The results are presented as the mean + SD. The % difference
of the prediction error was calculated as the residual divided by
the measured value for each subject. The relationship between
measured and predicted values of BMR and anthropometric
measurements was examined using Pearson’s correlation. Sex
was treated as a binomial variable (0 for males, 1 for females)
and was adjusted for in the partial correlation analysis.
Adjustment for age was not performed because the range was
small (5054 years). Statistical significance was set at p < 0.05
for all predictors. The statistical analyses were performed using
SPSS? for Windows (version 14.0; SPSS Inc., Chicago, IL,
USA).

Table 1  Predictive equations for basal metabolic rate used in the present study

Predictive equations (kcal/day) Males Females
Japan-DRI 22) weight x 21.5 weight x 20.7

Japan-DRI with adjustment for body weight 2>’ [weight + (108 - 0173 x weight)] = 21.5 [weight + (10.8 - 0.172 x weight)] x 207

Harris and Benedict >’
FAO/WHO/UNU (body weight) A

. 879 + (11.6 = weight)
FAO/WHO/UNU (body weight and height) )

66 + (13.7 x weight) + (5.0 x height) - (6.8 x age)

901 + (11.3 x weight) + (16.0 x height/100)

665 + (9.6 x weight) + (1.8  height) - (4.7 < age)]
829 + (8.7 x weight)
865 + (8.7 x weight) - (25.0 x height/100)

Henry 2% [(59.2 x weight + 2480))/4.184 [(40.7 x weight 4 2900)]/4.184

Owen 2827 879 + (10.20 x weight) 795 + (7.18 x weight)

Mifflin %! 5 +1(9.99 x weight) + (6.25 x height) - (4.92 x age) <161 +(9.99 x weight) + (6.25 x height) - (4.92 = age)
Bernstein %’ ~1032 + (11.0 x weight) + (10.2  height) - (5.8 x age) 844 + (748 x weight) + (0.42 x height) - (3.0 x age)

weight: kg, height: cm, age: year.
Predictive equations for 50 to 54-yr-old obese subjects were used.
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Results

The physical characteristics of the subjects are summarized
in Table 2. There was a similar degree of correlation between the
measured and predicted values of BMR for the various predictive
equations (r = 0.839-0.859). The relationships between measured
and predicted BMR based on the Japan-DRI, DRI-adjusted,
Harris-Benedict, and Bernstein equations are shown in Figures I
and 2. In obese males, the majority of equations overestimated
BMR, particularly for those with lower BMR (Figure I),
whereas Bernstein’s equation significantly underestimated BMR
(Table 3). In particular, the Japan-DRI and FAO/WHO/UNU
equations overestimated BMR to the greatest extent. The Mifflin
equation provided a better prediction of BMR, while the
equation overestimated BMR. In obese females, the Japan-DRI
and FAO/WHO/UNU equations overestimated BMR, whereas

the Harris-Benedict and Henry equations provided a relatively

accurate prediction of BMR (Figure

Table 2 Physical characteristics of subjects
Meant SD Range
Males
Age (year) 5241 50.0 - 54.0
Body height (cm) 172.8 £ 3.9 1688 - 1792
Body weight (kg) 913t 10.0 79.1 - 1165
Body mass index (kg/m?) 306+ 3.3 27.7 - 39.2
Percentage of body fat (%) 283+ 49 234 - 392
Abdominal subcutaneous fat area (cm?) 272 + 80 163 - 436
Abdominal visceral fat arca (cm?) 165 £ 51 98 - 289
Females
Age (year) 53 2 50.0 - 540
Body height (cm) 1586+ 58 152.0 - 169.3
Body weight (kg) 825+ 122 693 - 1097
Body mass index (kg/m?) 327138 284 - 400
Percentage of body fat (%) 443170 347 - 625
Abdominal subcutancous fat area (cm”) 383 + 96 250 - 619
Abdominal visceral fat area (cm?) 140 57 84 - 266

SD: standard deviation

In both sexes,
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Fig. 1. Relationships between measured and predicted basal metabolic rate

(BMR) in obese males. DRI: Japan-Dietary Reference Intakes.

adjustment for body weight in the Japan-DRI equations
attenuated the overestimation of BMR, although the value still
remained too high. In addition, the FAO/WHO/UNU equations
with or without body height provided almost identical values.
The SD of the % difference of the predicted BMR was
comparable between the various equations.

Following adjustment for sex and fat-free mass, BMR
correlated significantly with ASF (r = 0.806, p < 0.001) and AVF
(r = 0493, p < 0.05). When sex, fat-free mass, and ASF were
adjusted for, BMR was not correlated with AVF (r = —0.022,
n.s.). The relationships between AVF and residual of BMR
adjusted for sex, fat-free mass, and ASF is shown in Figure 3.
On the other hand, BMR correlated significantly with ASF when
adjusted for sex, fat-free mass, and AVF (r = 0.732, p < 0.001);
however, this correlation was no longer significant after
additional adjustment for total fat mass (r = 0.266, n.s.).

Table 3 Measured and predicted basal metabolic rate in obese people
Values(kcal/day) % difference( %)
Meant SD Range Meant SD Range
Males
Measured 1659 £+ 226 1262 - 2051
Predicted
Japan-DR1 *) 1963 + 216 1701 - 2505 192+ 98 2:7.- 396
Tapan-DRI with adjustment for body weight ~~" 1856 + 178 1639 - 2304 128+ 9.7 221 - 338
Harris and Benedict ! 1831 + 142 1648 - 2178 11.4 £ 10.0 29 . 325
FAO/WHO/UNU (body weight) *% 1938 £ 116 1797 - 2230 1824 12.0 42 - 450
FAO/WHO/UNU (hody weight and height) 2+’ 1961 + 113 1822 - 2245 196+ 123 5.4 - 469
Henry 2% 1885 + 142 1712 - 2241 148 + 10.7 0.7 - 38.3
Owen “027) 1811 + 102 1686 - 2067 105+ 11.4 2.7 - 359
Mifflin *% 1744 + 108 1601 - 1996 6.3+ 103 6.4 - 28.2
Bernstein = 1436 + 125 1267 - 1713 127+ 74 24,00 17
Females
Measured 1477 £ 210 1192 - 1895
Predicted
Japan-DRI 22! 1709 + 253 1435 - 2271 158+ 7.2 1.8 -245
Japan-DRI with adjustment for body weight >>*%/ 1599 + 210 1372 - 2064 8.6t 656 6.2 - 185
Harris and Benedict *%! 1496 + 126 1367 - 1777 2.1+ 8.0 7.5 = 15.7
FAO/WHO/UNU (body weight) ** 1547 + 106 1432 - 1783 58+92 59 - 219
FAO/WHO/UNU (hody weight and height) 2%/ 1543 + 106 1430 - 1778 56+9.2 6.2 - 21.6
Henry 2 1496 + 119 1367 - 1760 22482 7.1 - 16.7
Owen 20.27) 1388 + 88 1293 - 1583 50+86 -165 - 99
Mifflin =%/ 1396 + 149 1240 - 1719 49+70 150 - 59
Bernstein 2% 1370 + 94 1273 - 1581 63+ 8.1 -16.6 - 7.7

= 125



Prediction of Basal Metabolic Rate in Obese Japanese

2800

A DRI ‘ ‘
~ A DRl-adjusted

® Harris-Benedict

B Bernstein

Predicted BMR (kcal/day)

1200 2000 2400 2800

1600
Measured BMR (kcal/day)

Fig. 2. Relationships between measured and predicted basal metabolic rate
(BMR) in obese females. DRI: Japan-Dietary Reference Intakes

300 ‘
. r=-0.016 (n.s.) |
= 200 .
s
-~ L ]
.
g 100 .
= ~ - *
E 0 ] o P
= [} 50 100 150 X0 e 250 300
= -100
2 . |
i .
& -200 .
.
-300
Abdominal visceral fat area (cml]
Fig. 3. Relationships between AVF and residual of BMR adjusted for sex,

fat-free mass, and ASE.

Discussion

This study examined the accuracy of predictive equations for
BMR in obese Japanese people. The findings indicate that many
of the equations, including the Japan-DRI and FAO/WHO/UNU
equations, overestimate BMR, particularly in obese males.

Similar results have been reported in many studies on Caucasians.

However, several of the equations provided accurate estimates of
BMR, mainly in obese females. Among the equations, the
Mifflin equation in males, and the Harris-Benedict and Henry
equations in females, provided a better accurate prediction of
BMR.

The Japan-DRI equations are simple multiples of body
weight (21.5 x body weight for males, 20.7 x body weight for
females). The other equations include an intercept in addition to
a term for body weight and in some cases terms for body height
and age as well. Considering these differences, it is
understandable that the Japan-DRI equations overestimate BMR
in obese subjects of both sexes. To improve this, a term for
adjustment of body weight was provided for each sex.*” While
this term reduced the overestimation of BMR, a large
overestimation of BMR (12.8 + 9.7 % for males and 8.6 + 6.6 %
for females) still remained. The suggested values for adjustment

of body weight were obtained in rather lean Japanese subjects,
with fat-free mass contributing considerably more to BMR than
fat mass. Therefore, a low fat-free mass relative to body weight
(indicated as a high percentage of body fat) may explain the
overestimation, even after additional adjustment for body
weight.!’ In contrast, Bernstein’s equation, which was developed
for obese Caucasians, underestimated BMR, especially in obese
males.

The other equations incorporate an intercept, and some of
them have terms for body height and age. Thus, it is expected
that the terms adjust BMR for body composition to some degree,
similar to BMI. However, the FAO/WHO/UNU equations that
include terms for body weight and height provided comparable
values to those with a term for body weight only. Considering
the mean values of % difference, inclusion of terms for body
height and/or age is not likely to improve the prediction of BMR
in obese people, whereas the existence of an intercept or a
curvilinear term would be expected to improve the predictive
ability of the equation.

With the exception of the Japan-DRI equation, the predictive
equations did not overestimate BMR to a large extent in obese
females. This sex difference was not observed in previous studies.
Female subjects in the present study had slightly higher BMI
than male subjects, and their percentage body fat was also
greater. While these differences should have been associated
with overestimation of BMR considering the result of the present
study, this can not explain the sex difference. Thus, the reason
for the observed sex difference in the present study remains
unclear.

The SD values of the % difference ranged from 7.4% to
12.3% in obese males and 6.6% to 9.2% in obese females.
Previous studies reported that the interindividual coefficient of
variation was about 8-13% in healthy people,’'* although
interindividual variability of sleeping metabolic rate was less, at
least for Japanese subjects.” The values calculated in the present
study were within this range, but different from those of a
previous study of obese subjects.”’ A possible reason for this
difference may have been the uniformity of body composition,
although the range of percentage body fat in the present study
was large in both sexes, suggesting that this was unlikely to be
the reason.

It remains controversial whether AVF is related to BMR.
Because AVF is related to sex, fat mass, and ASF, it is necessary
to adjust for these variables in order to examine the relationship
between AVF and BMR. In the present study, we adjusted not
only for sex and fat-free mass but also for ASF to clarify the
independent contribution of abdominal fat distribution. As a
result, ASF but not AVF correlated independently with BMR
after adjustment for sex and fat-free mass. However, this
significant correlation disappeared after additional adjustment
for fat mass, indicating that the independent correlation between
ASF and BMR may actually reflect the relationship between fat
mass and BMR. Adipose tissue has a small but definite
contribution to BMR, while ASF and fat mass are correlated with
each other, particularly in obese people, who have a large fat
mass. If the relationship between ASF and BMR reflects the
relationship between fat mass and BMR, this implies that
abdominal fat distribution is not associated with BMR in obese
Japanese people.

One of the limitations of the present study was the relatively
small sample size. However, to obtain values of % difference
when using predictive equations of BMR, the sample size used
should provide relatively stable results. In the present study,
normal-weight subjects were not included. To clarify the
characteristics of obese subjects, this may be another problem. In

0-17)
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addition, the analysis evaluating the contribution of abdominal
fat distribution was performed in all subjects with adjustment for
the effect of sex. As a consequence, comparison with the results
of earlier studies could not be undertaken. Some of these
previous studies reported the results for separate age categories,
sex, and menopausal status.

In conclusion, the majority of the predictive equations
overestimated BMR in obese Japanese males, whereas some
equations were relatively accurate for obese females. In obese
people, overestimated BMR may lead to overestimation of total
energy expenditure. Caution is therefore needed when selecting
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predictive equations of BMR for obese Japanese people. Our
results indicate abdominal fat distribution was not independently
related to BMR.
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DNA polymorphism of obese people in Saku Control Obesity Program (SCOP)
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Abstract

BACKGROUND: Various genes related to fat-, sugar- or energy-metabolism are suspected that their polymorphisms (SNPs)
are susceptible to development of obesity and other metabolic syndromes. Although many lines of evidences are accumulated.
inspections as to their relation are still insufficient. Here, we assembled 235 obese people in Saku Control Obesity Program
(SCOP), and are going to investigate the association between those SNPs, body mass index (BMI) and other clinical
parameters.

METHODS: 235 subjects, whose BMI belonged in upper quintile (over 28.3), are recruited from examinees for periodic
medical checkup in the Health Dock of Saku Central Hospital (Nagano, Japan). Genotyping for the SNPs were conducted
using the PCR-PFLP method from peripheral venous blood. The frequencies of the SNPs in UCP1 (-3826A/G), UCP2
(Ala55Val), UCP3 (-55C/T), PPARy2 (Prol2Ala), adiponectin (Ilel64Thr), leptin receptor (LEPR, Argl09Lys), calpain 10
(SNP43), f2AR (Argl6Gly, Gln27Glu), f3AR (Trp64Arg) were analyzed and associations between those SNPs, body mass
index (BMI) and other clinical parameters were investigated. The frequency was compared with those in HapMap Project or
in Nansei Cohort..

RESULTS: Frequencies of above SNPs in SCOP were not different from those of healthy people in Nansei Cohort or
HapMapProject, except for adiponectin Ile164Thr. SNPs of UCPs or 2, #3AR genes, often reported their association with
BMI, were not confirmed in obese subjects in SCOP. We found significant association in the LEPR Argl09Lys in woman;
Lys/Lys minor homozygotes had higher levels of leptin, TNF- @, C-peptide, insulin, triglyceride and fasting serum glucose,
and also, the genotype showed a trend of higher values of HbAlc, BMI, body fat mass and waist circumference.
CONCLUSION: Adipocytokines, such as leptin and adiponectin, may play an important role in the development of metabolic

syndrome, and they would be influenced by polymorphism of UCP or 2, f3AR genes.

KEY WORDS: SNPs, lipokine, Obesity, Epidemiology, Intervention study

Introduction

Metabolic syndrome is defined as a combination of disorders
that increase one’s risk for cardiovascular disease and diabetes
mellitus type 2. Particularly, visceral obesity is shown to
predispose to these syndromes. Although lifestyle is important,
there is considerable evidence that genetic factors also have a
significant role in its pathogenesis."

Various genes related to fat-, sugar- or energy-metabolism
arc suspected that their polymorphisms (SNPs) are susceptible to
develop obesity and other metabolic syndrome. Uncoupling
protein (UCP) I, 2 or 3, adrenergic receptor (AR) fi2 or f3,
peroxisome proliferator-activated receptor (PPAR) 2,
adiponectin, leptin receptor (LEPR), calpain 10 are comprised in
these genes. Although many lines of evidences are accumulating,
inspections as to their relation are still insufficient.

Here, we assembled 235 obesity people in Saku Contorol
Obestity Program (SCOP), and are going to investigate the
association between those SNPs, body mass index (BMI) and

Anti-Aging Medicine 4 (2) : 63-69, 2007
(c) Japanese Society of Anti-Aging Medicine

= 128 ~

other clinical parameters. Genotyping for their SNPs were
conducted using the PCR-PFLP method from peripheral blood
after taking written informed consent. The frequencies of the
SNPs in UCP1 (-3826A/G), UCP2 (Ala55Val), UCP3 (-55C/T),
PPARy2 (Prol2Ala), adiponectin (Ilel64Thr), leptin receptor
(LEPR, Arg 109 Lys), calpain 10 (SNP43), f2AR (Argl6Gly,
Gln27Glu), B3AR (Trp64Arg) were compared with those of
healthy people published in HapMap Project or those previously
analyzed in Nansei Cohort (n=422, BMI1=23.3).

HapMap is a public database of common variation in the
human genome exhibited by The International HapMap
Consortium.?’ The map includes information about more than
one million SNPs obtained in 269 DNA samples from four
populations; Yoruba in Ibadan, Nigeria; Utah, USA; Beijing,
China; Tokyo, Japan. Some SNPs were also analyzed in Nansei
Cohort. Total 422 healthy people were recruited from the group
in 2001 and 2002, who received periodic medical checkup in the
Nansei-cho Hospital (Mie Prefecture, Japan).

Kouichi Yamada, PhD. / Program of Education Nutrition,

The National Institute of Health and Nutrition

1-23-1 Toyama, Shinjuku, Tokyo 162-8636, Japan

Tel: +81-3-3203-5723 / Fax: +81-3-3203-0335 / E-mail: kouichi@nih.go.jp



DNA polymorphism in Saku Cohort

Method

- Subjects

Japanese obese subjects aged 40-64 years old with a BMI
greater than 28.3 were selected from people who had undergone
a medical checkup in the Saku Central Hospital. They were
asked to participate in the intervention program for weight loss
named Saku Control Obesity Program (SCOP). The participants
had an anthropometric and clinical examination (height, weight,
body fat percentage, waist circumference, visceral fat arca, and
biochemical markers of blood and urine) and were assessed for
present illness, physical activity and dietary habit at the start of
this program. Details are described in elsewhere. ™

- Genotyping and Statistical Analysis

DNA was purified from subjects’ blood using QlAamp DNA
blood 96 kit (Qiagen). All the SNPs were genotyped by a
polymerase chain reaction (PCR) followed by digestion by
restriction enzyme (PCR-RFLP method) (Table 1). 80 ~ 200 bp
fragments containing objective SNP were amplified in a 20 ul
reaction mixture including 50 mM Tris-HCI, pH9.0, 20 mM
ammonium sulfate, 0.7 mM MgClz, 0.2 mM 4dNTPs, 1.25 units
Tag Pol (ToYoBo), genomic DNA and 12.5 pmol of each primer
(with/without | or 2 bases mismatch). PCR was conducted as
follows: 10 min at 94°C as initial denature, 35 cycles of 2 min at
94°C, 2 min at 52°C, 1 min at 72°C, and 10 min at 72°C as final
extension. PCR product was digested with each restriction
enzyme (NEB or Fermentus) and subjected to electrophoresis in
Spreadex EL300 gel (Elchrom Scientific) at 55°C.

The database was made in EXCEL file and converted to
SPSS database. Genotype frequencies were compared using chi-
square test, and analysis of variance (ANOVA) was conducted
for detection of association between genotype frequencies and
clinical parameters. These statistical analyses were done by
SPSS verl4.0. If ANOVA was significant, Bonferroni test was
also performed.

Results

Frequencies of SNPs in SCOP were listed in Table 2. There
was no statistically significant difference among SNP
frequencies in those of Nansei Cohort or HapMapProject.
Adiponectin  Ile164Thr heterozygotes, however, were
significantly more frequent in obese subjects in SCOP than those
reported by Kondo et al. As for the SNP frequencies between in
men and women showed that UCP1-3826 G/G minor
homozygotes were more frequent in woman than that in man
(P=0.070), suggesting that the homozygotes were susceptible to
obesity in woman (Table 3).

We investigated the association among the SNPs, contents of
adipocytokines, clinical parameters and plasma biochemical
markers. Comparison of adipocytokine contents sorted out for
every SNPs revealed that, in PPARy2 12Pro/Ala heterozygotes
(woman), plasma C-peptide (P=0.004) and insulin level
(P=0.008) were higher than Pro/Pro major homozygotes (Table
4). Adiponectin 1641le/Thr heterozygotes had lower adiponectin
blood concentration than the major Ile/Ile homozygotes both in
men (P=0.072) and women (P=0.016). These results coincide
with the report of Kondo et al.”, in which subjects with 164Thr
allele had lower adiponectin concentration in blood.

Leptin receptor (LEPR) 109Lys/Lys minor homozygotes had
significantly higher leptin (P=0.002), TNF-a (P=0.046), C-
peptide (P=0.018) and nsulin level (P=0.064) than Arg/Lys
hetero or Arg/Arg major homozygotes only in woman. In
calpainl0 SNP43G/A heterozygotes (woman), free fatty acid was
higher than the G/G major homozygotes (P=0.040). f3AR Trp64
allele had trend in higher C-peptide (P=0.009) and insulin
contents (P=0.053) than Arg allele in man, which was contrary to
results supposed from the accepted hypothesis. Heterozygotes
(Trp/Arg) had the intermediate contents.

Comparison of BMI and other biochemical parameters sorted
out for every SNPs revealed that UCP1 -3826G/G homozygotes
had elevated total- (P=0.046) and LDL- choesterol level
(P=0.063) than other genotypes in woman (Table 5). In PPARy2
12Pro/Ala heterozygotes (woman), triglyceride level were higher
than Pro/Pro major homozygotes (P=0.052), which is converse
with general hypothesis. Adiponectin 164Ile/Thr heterozygotes

Table 1  Genotyping of metabolic syndrome-related genes by PCR-RFLP
gene SNP dbSNP  amplified region (Bold letters indicate polymorphysm.) restriclion enz. generated frag (bp)
"- CACAAAGAAGAA G, v TIC GATCA . . ATTAGCCACCACTGG -3
UCPI -3826A/G rs1800592 s :\A REAGMNN... TIC GRICK... CICTEALE ACT Bel 1 277 151+126(A)
(Shihara et al.)*
UCP2 Ala55Val (C/T) 660339 5'- TCAAGGGCCAGTGTTTGGAG .. ... C/T CAGCGCCCAGTACCGCGGT -3° BsuN 1 146—=128+18(C)
Smal 153—131+22(C)
uces -§5C>T 151800849 S'- ACCCCAAGTCAAGAGGACTG ... .. C/T GTGTGTATAAGACCAGTGCAA -3’ Dde I 153—129424(T)
PPARy2 Prol2Ala (C—+ 1801282 5'- TCTGGG AGTT ! i i
'ARy2 ol2Ala (C—G) © 82 5'.T AGATTCTCCTATTGAC C/G ... .. CTCCTGT, GTCTTCCAG -3 Hhal 154—+22+132(G)
adiponectine Tel64Thr (T—C) Not Found 5'- GCTGTACTACTTTGCCTACCACA T/C ... ... CTATGCTCTTCACCTATGATCA -3 Dpa I 96—=21+75(T)
LEFR Arg 109 Lys (G>A) rs1137100 5'- TTTCCACTGTTGCTTTCGGAG .. ... A/G GACATTTGTTTCAACAGTAAATTCTT -3 Avall 95—+26+69(G)
Miul 146—18+128(G)
3 — 2267 §'- -3
calpainl0  SNP43 (G—A) 153792267 5'- ACGCTTGCTGCGAAGTAAGGC G/A ... . GACCATGGGAATCAGAGAGG -3 Nsil 146—22+124(A)
FIAR Argl6Gly (A/G) 151042713 §'- GCCTTCTTGCTGGCACCCAAT A/G .. .. GTTTGGCAATGTGCTGGTCAT -3 Neol 120—+18+102(G)
Gln27Glu (C—=G) 131042714 5'- GCCTTCTTGCTGGCACCCAAT .. .. GCAG UG .. ... GTTTGGCAATGTGCTGGTCAT -3 FnudH | 120—+52+68(C)
) 213,125,
fA3AR TrpdArg (T—C) 134994 5'- GCAGCTGCCCCTTTAAGCG ... .. CC TIC GG ... ... GGTGATGGGACTCCTGG -3 Neil 148—69479(C)
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Table 2

gene

UCP1

UCp2

UCP3

PPARy2

adiponectine

LEPR

calpainl0

BA2AR

B2AR

f3-AR

Genotype frequencies of metabolic syndrome-related genes

SNP
-3826A/G

AlaSSval (C/T)

-55C5T

Prol2Ala (C—G)

Nle164Thr (T—=C)

Argl09Lys (G>A)

SNP43 (G—A)

Argl6Gly (A/G)

GIn27Glu (C—=G)

Trp64Arg (T—C)

cohort

SCop
Nansei
HapMap-JPT

Shihara et al. (Japanese men) 5

SCOP

Nanse1

HapMap-JPT

IBIC

Shiinoki et al. (Japanese) ©
SCOP

Nanser

HapMap-IPT

JBIC

Liu et al (Caucasian) 7
SCOP

Nansei

HapMap-JPT

Mori et al. (Japanese men) 8
SCOP

Kondo et al. (Japanese) 9
SCop

HapMap-IPT

Park et al. (Korean) 10
Matsuoka et al.(Japanese) !
SCopP

Nansei

HapMap-JPT

Horikawa et al. (Japanese) 12
SCOP

HapMap-JPT

Yamada et al. (Japanese) !*

Hayakawa et al.(Japanese men) L4

SCOoP
HapMap-JPT
Yamada et al. (Japanese) 12

Hayakawa et al. (Tapanese men) 14

SCop

Nansei

JBIC

Shihara et al. (Japanese men) 5

HWP : Hardy Weinberg Plot

IBIC : Japanese Biological Informatics Consortium's data
P-values are given by the chi-square test.

Genotype frequencies of metabolic

syndrome-related genes (male/female)

Table 3
gene genotype
UCP1 AIA
(-3826A/G) A/G
G/G
ucpez Ala/Ala
(AlaS5Val) Ala/Val
Val/Val
UCP3 c/C
(-55C/M) cT
T
PPARy2 Pro/Pro
(Prol2Ala) Pro/Ala
adiponectin Ile/Mle
(lle164Thr) [le/Thr
LEPR Arg/Arg
(Argl09Lys) Lys/Arg
Lys/Lys
calpainl0 GIG
(SNP43 G—A) G/A
A2AR Arg/Arg
(Argl6Gly) Arg/Gly
Gly/Gly
B2AR Gln/Gln
(GIn27Glu) Gln/Glu
Gluw/Glu
f3AR Trp/Trp
(Trp64Arg) Trp/Arg
Arg/Arg

Male Female

n % n %
29 252 23 19.7
67 583 60 513
19 16.5 34 29.1
34 29.6 27 23.1
54 47.0 54 46.2
27 235 36 30.8
58 50.4 50 42.7
47 409 57 48.7
10 8.7 10 8.5
105 913 110 94.0
10 8.7 7 6.0
11 96.5 114 974
4 15 3 2.6
65 56.5 77 65.8
43 i74 34 29.1
7 6.1 6 5.1
102 88.7 110 94.0
13 1.3 7 6.0
23 20,0 28 239
60 52.2 55 47.0
32 27.8 34 29.1
97 84.3 7 82.9
18 15.7 19 16.2
0 0.0 1 09
78 67.8 87 T4.4
32 278 28 239
o 43 2 1.7

P-values are given by the chi-square test,
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aenatype P-value of SCOP
n major homo hetero minor homo HWP  allele frequency compared with
233 52 (22.3) 127 (54.5) 54 (23.2) 0.17  0.496 : 0.504
22 117 (27.7) 206 (48.8) 99 (23.5) 0.65 0.521:0479 0.264
Not Found  (Not Analyzed)
349 87 (24.9) 191 (54.7)  71(20.3) 0.07 0.523:0477 0.63]
232 61 (26.3) 108 (46.6) 63 (27.2) 0.29 0496 : 0.504
422 116 (27.5) 204 (48.3) 102 (24.2) 0.51 0.517:0.483 0.702
44 11 (25.0) 26 (59.1) 7(15.9) 0.20 0.545:0.455 0.216
1500 0.500 : 0.500 0.611
120 28 (23.3) 71 (59.2) 21 (17.5) 0.04 0.529:0.471 0.054
232 108 (46.6) 104 (44.8) 20 (8.6) 0.47  0.690 - 0.310
422 194 (46.0) 179 (42.4) 49 (11.6) 0.43 0.672:0.328 0477
44 21 (47.7) 21 (47.7) 2(4.5) 0.25 0.716:0.284 0.654
1478 Not Applicable 0.675:0.325 0.664
1873 Not Applicable 0.735:0.265 0.096
232 215 (92.7) 17'(7.3) 0 0.56 0963 :0.037
422 392 (92.9) 30 (7.1) 0 0.45 0964 :0.036 0918
44 19 (88.6) 5 (11.4) 0 0.69 0.943:0.057 0365
215 203 (94.4) 11 (5.1) 1(0.5) 0.06 0.970:0.030 0,370
232 225 (97.0) 7 (3.0 0 0.82 0.985:0.015
452 450 (99.6) 2 (0.4) 0 0.96 0.998 : 0.002 0.005
232 142 (61.2) 77 (33.2) 13 (5.6) 0.55 0.778:0.222
44 27 (61.4) 16 (36.4) 1(2.3) 0.44 07950205 0631
680 458 (67.4) 200 (29.4)  22(3.2) 0.92 0.821:0.179 0.115
68 Not Applicable 0.765:0.235 0913
232 212 (91.4) 20 (8.6) 0 0.49 0.957 : 0.043
247 226 (91.5) 21 (85) 0 0.49 0957:0.043  0.963
45 37 (82.2) 8 (17.8) 0 0.51 0911:0089 0.062
172 Not Applicable 0.950 : 0.05 0.712
233 51(21.9) 115 (494) 67 (28.8) 0.90 0.466 :0.534
44 6 (13.6) 22 (50.0) 16 (36.4) 1.00 0.386:0.614 0.379
450 113 (25.1) 224 (49.8) 113 (25.1) 092 0.500:0.500 0.486
210 57 (27.1) 104 (495) 49 (23.3) 0.91 0.519:0.481 0.288
233 195 (83.7) 37 (15.9) 1(0.4) 0.59 0.916:0.084
44 38 (86.4) 5(114) 10(2.3) 0.15 0.921:0.079 0.321
450 389 (86.4) 59 (131) 2(0.4) 0.88 0930:0070 0614
210 188 (895) 22 (10.5) 0 0.42 0.948:0.052 0.153
233 165 (70.8) 61 (26.2) 7(3.0) 0.64 0.839:0.161
422 290 (68.7) 115 (27.3) 17 (4.0) 0.20 0.823:0.177 0.745
1064 Not Applicable 0.821:0.179 0.596
349 262 (75.1) B4 (24.1) 3(0.9) 0.18 0.871:0.129 0.114
had higher total- (P=0.015) and LDL-cholesterol (P=0.040) than
the major Ile/lle homozygotes in man (Table 5), although in
woman, these association were insignificant. LEPR 109Lys/Lys
. minor homozygotes had significantly higher triglycerid level in
i woman (P=0.088). Also, their fasting blood sugar level was
higher than that of Arg/Arg major homozygotes (P=0.054). To
the contrary, in man, Lys/Lys homozygotes had the reduced waist
0.355 circumference than the other (P=0.033). In calpain10 SNP43G/G
major homozygotes (woman), triglyceride was significantly
0.464 higher level than the G/A heterozygotes (P=0.042), in agreement
with negative association in the level of HDL cholesterol
W (P=0.012). In some genotypes which is reportedly preposition to
o obesity or diabetes (PPARY2 Pro/Pro in both sexes, adiponectin
0.684 1641le/Thr in both sexes, LEPR 109Lys/Lys in woman, f3AR
) Arg/Arg in woman), C-reactive protein (CRP) showed higher
0,345
a2 trend than other genotypes.
The difference among LEPR Argl09Lys SNP was further
0.149 tested with Bonferroni adjustment (Table 6). Acutally, leptin
ki level, C-peptide level and BMI were significantly higher in the
' Lys/Lys homozygotes than in other genotypes in women.
0.604
0.363
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Table 4  Genotypes of metabolic syndrome-related genes and adipocytokines

gene genotype Male
ucel A/A 29
AJG 67
GIG 19
uce2 Ala/Ala 34
Ala/Val 54
Valval 27
uce? cic 58
T 47
T 10
PPARy2  Pro/Pro 105
Pro/Ala 10
adiponecun le/Mle 111
[e/Thr 4
LEPR Arg/Arg 65
Lys/Arg 43
Lys/Lys 7
caipainl0  G/G 102
G/A 13
AR Arg/Arg 23
Argl6Gly
Arg/Gly 60
Gly/Gly 32
PIAR Gl/Gln 97
Gln27Glu
Glo/Glu 18
Glw/Glu 0
fIAR Tpflp 78
TrplArg 32
Arg/Arg 5
Table 5a
gene genotype Male
ucP1 AJA 29
AJG 67
GIG 19
uce2 Ala/Ala 34
Ala/Val 54
Valival 27
uce3 cic 58
cT 47
T 10
PPARy2  Pro/Pro 105
Pro/Ala 10
adiponectin  lle/Mle 111
[le/Thr 4

fFA leptin

0.50+0.20 7.68 £4.97

051+0.18 8.62+6.26
050+0.18 756+4.16
054+020 8211563
048+0.18 7931617
050+0.16 875+4.54
051+0.20 8.16+5.13
051+0.17 7944613
048+0.20 974+6.30
051+0.18 826+574
045+0.19 7641456
050%0.19 8.09+549
053+£0.1311.45+9.25
050+0.19 7.74+4.60
051+0.18 92017.18
054+0.18 644 1.60
051+0.19 8204574
046+0.16 828 +4.90
048+0.14 72414352
050+£0.19 883+6.85
054+0.19 7.73+£3.30
051+0.19 8.11+588
046+0.13 870+4.11
048+0.17 888+6.28
056+0.20 696+3.71

051+£0.22 568+2.75

TNF-a adiponectin C-peptide  insulin

1.19+040 2881209

1.34+055 287172

125046 2351144

1.21£0.51 259%1.33

1.30+0.50 273195

1.36+£0.51 317£191

128052 256154

1271046 293+1205

1.39+0.66 3521150

1.28£051 281183

1.33+048 2584110

1284050 284178

1404081 123£026
p=0.072
1374053 274+171

1.17+£045 290+195
1214049 2574120

182+18

3

1.28+049

1364063 251135

1344061 2874178

1.33+0.52 2834178

1.17£036 2.65+1.80

1251050 291+182

1461049 2141136

p= 0,093

1332055 261169

1191037 3241199

1.18£0.54 266117

Tol-Che  HDL-Cho  LDL-Cho
20424342 513841006 1198 +327
0524272 4913£951 1187+ 331
006+ 199 4974 +994 1215+ 21
W34+ 236 4974+ 1027 11404 331
239 +323 49944906 1229+ 323
2056+ 243 4959+ 1048 1193+ 274
20384276 49644966 1184+ 346
20514294 4891 4966 1204+ 303
016+251 54904926 1210 £ 153
2037 +290 4980+ 953 1189 + 325
2089+ 126 49804 1176 1254 + 164
2030+ 266 5006+9.68 1183307
2373 £ 465 42504700 1510+ 387

p=0015 p=0.040

2794136 11.95+12.55
2831116 11.70£843
3044144 137941121
284+10911.05£713
2774132 1240211.20
3044132 128711082
296+13512.78£11.49
275+ 1.16 1142849

2711151146767

t

87+12612.28+10.22
271+1.291034£758
2854127 12.10%£1017
286+063 12452402
2874129 1240£11.13
2874128 12.04 £891
2611072 985t448
2864127 12.06+10.19
2844117 1251 £83581
278+098 1081 +708
289+1.36 125121147
285+12612.30£9.00
28311261228+1042

3014122 11.22%7.62

1104140 13.65£11.55
2354065 9.08+4.13

2284055 7544335
p=0009  p=0053

Female

2

60
M

2
-3

110

-1

114

el

110

97

19

87

8

TG HbAlc
1652+ 779 565078
1870 £ 1429 591 % 110
1470 £ 76.5 5721073
1984 £+ 1695 6.02 + 1.02
1555+ 843 574 1.06
184.1 £ 1045 570 £ 0.68
1794 + 1429 5951 096
179.1 £ 97.2 5.58 £ 0.65
129.1 £ 558  6.09 £ 1.87

p=0097
1756 £ 1247 582+ 1.01
1677 £ 599 5671043
1733 £ 1211 583 £ 098
21804969 5351045

= 132 =

fFA

0501021
056021
0621022
060£0.23
0.55+0.20
0574023
0574019
0571024
055+0.20
0571021
0571024
057+022
0614013
0561021
0.611022
0.51£020
056021
0721021

p= 0040
0571026
0571020
0564019
0561022
0.60+0.17
0.49
057+022
0.57£0.20

037£001

Fasting Glc
1080 £ 183
1135 £ 287
1114 £ 187
11511 £ 29.1
1110 + 246
109.0 £ 196
1148 + 26.5
1070 £ 16.7
1160 + 422
1122 + 255
1072 £ 17.0
1119 + 252

1078 £ 11.9

leptin ~ TNF-a

205541072 1112034
2253+1092 1.25£043
19.11£11.84 1.24 =048
229141412 1.16£047
210641047 1242042
19924955 1191042
20881099 122043
2137+ 11.67 1.19+£0.42
20104879 126+0.50
211421118 1.21£043
21.16+10.61 1.14£0.35
2132£11.18 1.21 £043
14372347 0971021
2047+£9.75 1.14+042
19.93+ 1080 1324041
369341850 1484044

p=0002  p=0.046
2411118 1212043
17.90+10.14 1.17£050
21241199 1164042
2424987 118038
214041267 1.32+051
201941126 1.19+040
223241116 1.33£057
17.90 130
20404998 1.22+042
232341343 1194048

358542029 1.20+042
p=0.090

adiponectin

4B8+299
5684289
5434343
6.11£356
548300
5024288
588+343
5334293
4441202
552+116
489190
559306
1274025
p=0016
5374132
5841282
492066
5372203
686372
609188
5542271
4784278
5502314
5.05%266
820
534£313
582299

500+0.14

Genotypes of metabolic syndrome-related genes and plasma biochemical markers (Male)

C-pepude  insulin
2854146 11.52+£7.99
245+072 1094 £5.54
250+0.76 11.25£5.07
2421064 9.68+3.80
25110721079 £4.75
263%1.321249%8.19
2421075 1043497
264+ 107 11.51 1665
2344078 1136 £542
246+0.78 10.69£5.16
3501208 1686+ 12.14
p=0004  p=0008
2524093 11094595
2444034 950%1.66
248+081 11.04 %535
243£075 10151 4.87
3571221 1628 +13.25
p=0018  p=0.064
2552094 11141591
2201073 9961568
272+£1.32124618.02
2534084 11.1725.57
243£061 10021413
257£096 11.2216.10
245+0.71 10834521
206 10.20
2571099 11.44+6.36
250+0.70 1044 £4.36

231+125 8.10£5.80

CRP BMI body fat &  Waist Circumf.
015+ 018 2957212 27514383 1009 £ 66
020035 3082418 2980%450 1021+ 101
014008 3045% 263 2875+464 100361

p= 0065
0144015 3093414 2005+ 411 1020 £ 103
019037 29872304 2834+441 999£73
018+ 020 30092366 3044+470 1040% 80O
015+ 015 3062+ 350 2908 +459 1015+ 84
019039 3016+323 2915+ 383 1011 %88
025+ 028 3075531 28354638 1036+ 105
018£029 3051+367 2913+448 1016+ 9.0
012£005 2976+ 188 2809+409 10104 58
015+ 015 3039+ 350 2894+446 1013+ 86
080+ 127 378+ 515 31884256 1072+ 103
p< 0.001
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Table 5a

gene genotype Male Total-Cho HDL-Cho LDL-Cho TG HbAlc Fasting Gle CRP BMI body fat &  Waist Circumf.

LEPR Arg/Arg 65 2031 +291 4886+ 891 [1178+321 821+ 1313 S88+ 109 [120+£289 0.A8+ 035 2999+267 2908+ 400 1002+ 69
Lys/Arg 43 20531279 5160+ 1057 1217+ 307 1600+ 93.6 571+ 082 1116+ 194 017£016 3114 +469 2926%522 10422 109
Lys/Lys 7 2077+ 191 474311056 1204335 1996+ 1638 583+062 1106+ 142 016+ 011 3033+£202 2739+27 979+ 438

caipainl0  G/G 102 2050+ 274 5061 +977 1200+ 314 17224 1248 5782092 [1114+218 018+030 3038+ 358 2884+426 10l§=i{)‘(8).393

G/A 13 1980+ 324 43461619 11532329 19581768 6054 134 1145+432 013+011 3090+ 343 3060+557 1025+73

A2AR Arg/Arg 23 2006+ 273 46‘04p=in'l(:]1§6 11472432 1993+ 2077 573+ 089 (101187 0204021 3041+437 2912+517 100.7+95

e Arg/Gly 60 2035+ 248 5040+926 1200272 1661 +863 581+093 11104252 018035 3049+239]1 29224452 1014+098
Gly/Gly 32 2079+339 5138+964 1219+295 1738+885 588+ 112 1143+284 015+013 3038+ 192 2866+377 1022456

A2AR i Gl/Gln 97 2036+ 282 4944+ 948 11921325 1749+ 147 5741081 1104 +222 0184030 3048+ 380 2807+460 1015+93

o Glo/Glu 18 20734271 5172+ 1079 1208+260 1746+ 960 620+ 157 1191+360 015+010 3024+ 168 2948+ 340 1015+ 45
GluGlu 0 s

[3AR Tp/Trp 78 2046+ 287 4831 +£994 1212+307 1756+ 963 586+ 106 1130+£260 02041033 3071+372 2030+449 102124092
Trp/Arg 32 2039+ 269 5294+ 791 1145349 822+ 1717 5674077 1091+234 Q0112007 3010+321 28734427 1013+ 71

Arg/Arg 5 1998+ 284 5300+ 1217 1236177 1166+ 266 594+ 068 1098+ 167 015+009 2840+ 218 2692+480 940+ 79
p=10.055

Table 5b  Genotypes of metabolic syndrome-related genes and plasma biochemical markers (Female)
gene genotype Female  Total-Cho HDL-Cho LDL-Cho TG HbAlc Fasting Glc CRP BMI body fat % Waist Circumf.

UCPI AA 23 2003+361 ST48E 1072 12284330 14541752 596+ 164 1106+ 194 0171015 3149+ 382 4192+ 614 1047+ 97
A/G 60 2012+358 S563% 1185 12782302 1390 £821 581+092 1116+288 019+020 3124%208 4043+ 507 1040+ 82

GIG 34 2306+457 5559+ 1190 14212392 1648+ 730 601+ 113 1146+277 0174015 30.63£297 40394566 1027+ 78

p= 0046 p= 0063

UCP2  AlwAl 27 2161+ 401 5819+ 1186 1335360 12204502 597+ 141 1168+321 0144013 3177+293 4101 £438 1038+ 81
AlaVal 54 2119+ 360 5444+ 1069 1277+ 284 14894779 SO1+ 113 11124231 018+ 019 3064290 40.12+490 1033478

ValVal 36 2238+ 446 5664+ 1260 1341+405 1655+ 920 5814096 11054277 0204018 3132£359 4138+ 683 1044+ 95

ucP3 CIC 50 21341440 5550+ 1177 1281+ 365 149.50729.2 5914135 11041233 017016 310T+271 4075+ 517 1033 + 80
CT 57 2205+368 56351177 13474336 14692826 589092 11381250 OI8+0.18 3L19+359 4081+575 1040+ 88

TT 10 20974346 56304 1049 1241230 1470 £807 590+ 1290 (1324478  021+021 3087 £267 3982+ 552 1044+ 82

PPARy2 Pro/fPro 110 2152 + 404 5587 + 11.55 1305+ 346 1443 £ 760 588+ L16 1123+ 270 018018 3113£307 4064515 1037+ 80
ProAla 7 2367 £207 577121275 1386+ 247 2034+ 993 609+ 096 1126+ 228 004 £013 3087+ 447 4179£950 1049+ 136

adiponectin lele 114 2167 + 400 5619 + 1163 1309 + 344 147.520'}'3?22 589+ 116 1124+ 270 017+ 018 3111+ 318 4067+ 546 1038+ 3
OefThe 3 20974309 4800+ 624 1323+£226 14734412 6204020 1073+60 031+ 004 3100+ 115 4207+ 556 1039+ 113
LEFR  ArgArg 77 2156+ 348 S5S3+ 1174 13174317 14214725  SS1#102 10814189 0164015 31174317 40604538 1036+ 87
Lys/Arg M 2195+507 572+ 1159 1327+ 413 1489 % 70.0 603+ 130 1196 % 349 0191017 30471263 40511469 1029163
LyslLys 6 2107+ 346 553341084 1123+58 21522 1558 6322 174 12504475 0314+ 040 3395+ 434 43254979 (1044 119
p=0.088 p= 0054 p=0041
caipainl0 GG 110 2157 +405 5531+ 10123 1300+343 [5152 791 590+ L16 1126 +272 0184018 3106+ 320 40.63+ 556  103.6 4 8.4
2201 +£225 6657+ 1278 1447£297 896+ 307 589+ 090 107.6% 175  OA3+009 3186+ 215 4196+ 320 1071+ TS
p=0012 p=0.042

fA2AR Arg/Arg 28 21801 £ 335 57794 1244 1345+ 304 1289+ 594 559+ 062 1088+ 271 0.5+ 011 3103+ 325 4027+618 1029+ 97
Argl6Gly

G/A

~1

Arg/Gly 55 2234+ 443 56951 1199 1356+ 375 1545+ 815 S87+105 1093+ 171 019+ 017 3096+ 325 4122+ 567 1033185
Gly/Gly 34 2041 +343 5294979 1206+£297 15261861 620+ 152 1201366 0191022 3142+295 4025+443 1053+ 6.8
;9:2AR . Gln/Gln 97 215.3104?; 5645+ 1196 1324 £357 14601 753 5871 113 M21+274 0181019 3099+323 4066+552 1036+ 86
S Glw/Glu 19 2098+ 346 5416+ 945 1247+£253 15444953 605+ 128 1135+243 0154010 31774278 4084 +535 1050+ 7.2
Glw/Glu I 1960 45.00 111.0 198.0 5.50 112.0 0.30 30.80 42.90 97.6
f3AR TepMrp 87 2183+ 424 5576+ 1049 1330+ 358 1476+ 744 592+ 122 115£269 016+015 31081334 4053+564 1037+87
Trp/Arg 28 2137+ 306 5661+ 1499 1264+ 288 1533+ 914 S587+095 1159+£269 019016 3120+265 4154+48 1039+ 75

Arg/Arg 2 1790142 5700+ 283 1060+42 800+ 156 5351007 980% 113 057077 31.10+071 37151389 1038+ 74
p=0.005

= 1ea =
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Table 6

LEPR(Female) leptin TNF-a C-peptid
ANOVA 0.002 0.046 0.018
Bonferroni

Arg/Arg Lys/Arg 1.000 0 164 1.000
Arg/Arg Lys/Lys 0.001 0.192 0.021
Lys/Arg Lys/Lys 0.001 1 000 0.015

P-values less than 0.05 are shown in bald.

Discussion

Association of BMI and other clinical parameters with
genotypes of UCPs or 2, f3AR genes are reported in many
studies. In obese subjects in SCOP, however, only a few of these
associations were confirmed. On the contrary, some converse
results were obtained; for example, Arg/Arg minor homozygote
of A3AR showed lower C-peptide (P=0.009) and insulin
(P=0.053), and higher HDL cholesterol level (P=0.055) in men.
Plausibly, comparison with non-obese people in Saku cohort
(case-control study) may explain these disagreements.

Leptin is an adipocyte-specific hormone, and regulates
adipose-tissue mass via hypothalamus. The leptin receptor is
found in many tissues including the hypothalamus, and has a
single transmembrane domain, which is common with the
cytokine receptor family. It is easily inferred from the important
role of LEPR that the dysfunction resulted from SNPs may
predispose to obesity and other metabolic syndromes. Several
reports suggest the association between their SNPs and these
diseases. however definite statement cannot be made as yet.

We showed significant association in the LEPR Argl09Lys,
which is resided in exon 4 of the gene; Lys/Lys minor
homozygotes (woman) had higher levels of leptin, TNF-a, C-
peptide or insulin, compared with other genotypes; and in the
homozygotes, triglyceride and fasting serum glucose were
significantly higher, and also, the genotype showed a trend of
higher values of HbAlc, BMI, body fat mass and waist
circumference.

Associations described above were observed only in woman
(Table 4). Similarly, Rosmond et al.'® reported that Arg/Arg
homozygotes had lower leptin concentration, and probably as a
result, lower BMI and abdominal sagittal diameter, as well as
lower blood pressure, but that was in men. Wauters et al.'® found
associations of Lys109Arg with fasting glucose and oral glucose
tolerance test in post- and pre-menopausal woman with impaired
glucose tolerance. The fact that in females leptin levels are
higher than males suggests that estrogens have effect on leptin
secretion. Probably, combination of increased secretion of leptin
by estrogens with dysfunction of leptin receptor predispose to
obesity and other metabolic syndromes. However, the
mechanism as to the development in detail remains to be
elucidated.

A (Lys) allele of Lys109Arg is the major type in European
(A:G=0.658:0.342, HapMap-CEU) or Sub-Saharan African
(A:G=0.883:0.117, HapMap-YRI). On the contrary, the SNP
frequencies are reversed in Asian; G (Arg) allele is the major
type in Asian (A:G=0.205:0.795, HapMap-JPT; A:G=0.144:0.856,
HapMap-HCB). The frequency in SCOP was A:G=0.222:0.778,
and also in Korean, Arg was a major allele.!” This racial
difference may influence their distinct susceptibility to obesity
and other metabolic diseases.

Also, we demonstrated that adiponectin 164Ile/Thr
heterozygotes had truly lower plasma adiponectin level than the

Significance in LEPR Argl09Lys SNP with ANOVA or Bonferroni adjustment

insulin TG Fasting Glc BMI
0.064 0.088 0.054 0.041
1.000 1.000 0.108 0812
0.124 0.084 0.394 0.108
0.058 0.166 1.000 0.037

major Ile/Ile homozygotes both in men and women. These results
are consistent with the report by Kondo et al.” The heterozygotes
had higher total cholesterol (P=0.015) and LDL-cholesterol
(P=0.040) than the major Ile/Ile homozygotes in man, although
in woman, these association were insignificant. Besides, C-
reactive protein (CRP) showed higher trend in the heterozygotes
than another genotype (P<0.001). The results coincided with the
report by Mita et al. '”; higher CRP is the marker of early-stage
type 2 diabetes mellitus in Japanese patients.

Imbalance between the adiponectin and leptin would
influence and lead to insulin resistance, which cause type 2
diabetes mellitus. '*" Accordingly, adipocytokines, such as leptin
and adiponectin, may play an important role in the development
of diabetes mellitus. Here, we showed that SNPs of leptin
receptor and adiponectin genes are remarkable for the
development of metabolic syndromes as well as UCP or §2,
P3AR genes.
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APPENDIX 2
Apendix Table 1 Basic characteristics of subjects by group*

Intervention Control group
group (n=119) (n=116) P-valuewx
Age (years) 53.7 +6.7 53.3 +6.4 0.687
Sex (% women) 50. 4 50.9 0. 946
Body height (cm) 161.6 =8.5 162.0 +8.8 0. 757
Body weight (kg) 79.7 +£9.9 81.7 +13.9 0.194
Body mass index (kg/m?) 30.5 +2.9 31.1 +3.8 0.196
Change of body weight from
20 years old (ke)d 17.4 x£8.17 203 +8.8 0.013
Intentional of dietary change (%)
No 60. 2 60.9
Yes (within 1y) 18. 6 20.0 0.979
Yes (within 3y) 9.3 8.7 )
Yes (more than 3y ago) 11.9 10.4
Current dietary couseling (%)
No 83.2 82.8
Yes 16. 8 17.2 0.929
Rate of eating (%)
Very fast 26.9 26.7
Relatively fast 454 48. 3
Medium 21.0 18.1 0. 957
Relatively slow 5.0 4.3
Very slow 1. & 2.6
Fat prefarence (%)
Pork fat and beef fat
|ike and usually eat 23.5 15.5
Neither like nor dislike 41.2 48. 3 0.272
dislike and don’ t eat 35.3 36. 2
Poultry skin
like and usually eat 18.5 19.0
Neither |ike nor dislike 37.0 44. 8 0. 386
dislike and don” t eat 44.5 36. 2

*Values are mean=standard deviation or percent.
** Present body weight minus body weight at 20 years old (n=232: 118 intervention group
sk Significant difference between randomized groups.
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Appendix Table 4 Mean = standard eviation (SD) of energy and nutrient intakes estimated by a
self-administered diet history questionnaire (DHQ) among 235 subjects’

Crude mode| Density model

Energy kcal /day 2456 =+ 839

Protein g/day 90.4 +30.7 % energy 14.9 £2.5
Fat g/day T3.2 +3b.2 % energy 26.4 +6.6
Total fatty acid g/day 63.9 +31.4 % energy 23.0 x£6.0
Saturated fatty acid g/day 203 £9.5 % energy 7.4 £1.9
Monounsaturated fatty acid g/day 26.2 £14.1 % energy 8.3 2.9
Polyunsaturated fatty acid g/day 1.t 8.5 % energy 6:2 1.7
Cholesterol mg/day 393 +181 mg/1000 kcal 159 +54
Alcohol g/day 1.2 335, 1 % energy 4.2 £7.6
Sodium mg/day 5473 + 2150 mg/1000 kcal 2271 +622
Potassium mg/day 3276 +1087 mg/1000 kcal 1371 +305
Calcium mg/day 924 + 288 mg/1000 kcal 395 £118
Magnesium mg/day 345 =110 mg/1000 kcal 144 £30
Phosphorus mg/day 1460 =460 mg/1000 kcal 607 =109
lron mg/day 8.7 3.1 mg/1000 kcal 3.6 =0.9
Zinc mg/day 10.2 +£3.4 mg/1000 kcal 42 £0.6
Copper mg/day 1.4 0.5 mg/1000 kcal 0.6 0.1
Retinol 1 g/day 424 =+ 495 ¢ g/1000 kcal 169 + 166
Carotene pg/day 3494 =+ 2397 1 g/1000 keal 1480 + 962
Vitamin D pg/day 115 £6.8 1 g/1000 keal 4.7 %2.3
Thiamin mg/day 1.1 %=0.5 mg/1000 kcal 0.5 +=0.1
Riboflavin mg/day 2.1 +0.6 mg/1000 kcal 0.9 +0.2
Niacin mg/day 209 £9.2 mg/1000 kecal 8.5 2.2
Vitamin C mg/day 122 71 mg/1000 kcal 51 +28
Soluble dietary fiber g/day 3.6 =L 1. g/1000 kcal 1.5 +£0.6
Insoluble dietary fiber g/day 10.8 4.4 g/1000 keal 4.5 £1.5
Total dietary fiber g/day 15.0 +=6.2 g/1000 kcal 6.3 +2.1

* Values are expresssed as mean*standard deviation.



