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Effect of Longitudinal Changes in Visceral
Fat Area on Incidence of Metabolic Risk
Factors: the Hitachi Health Study

Yumi Matsushita’, Toru Nakagawa®, Shuichiro Yamamoto®, Yoshihiko Takahashi®,
Mitsuhiko Noda®’

Objective: To examine the incidences of metabolic risk factors according to changes in visceral fat area
(VFA) in a large Japanese population.

Design and Methods: The subjects were 973 men who received a computed tomography (CT)
examination in health checkups twice (2004-2005 and 2007-2008), and not having two or more of
metabolic risk factors (except for the waist circumference) in 2004-2005. VFA was measured using CT. To
assess the potential influence of changes in VFA for the 3-year incidences of each metabolic risk factor
and clustering metabolic risk factors, logistic regression analyses were used.

Results: A significant association was observed between the change in VFA and the components of the
metabolic risk factors. Incidences of the components of the metabolic risk factors were significantly
higher among subjects with a larger increase in VFA and were significantly lower among subjects with a
larger decrease in VFA (trend P < 0.001). Significant increases in the odds ratios for the incidences of
high triglycerides and low high-density lipoprotein cholesterol level were observed among subjects with
>50 cm? VFA increase.

Conclusions: The adoption of a lifestyle that does not increase the VFA is important for preventing

Tetsuji Yokoyama®, Tetsuya Mizoue® and

metabolic syndrome.

Obesity (2013) €0, 0000-0000. doi:10.1002/cby.20347

Introduction

Cardiovascular disease (CVD) is one of the leading causes of mor-
bidity and mortality in the world (1). Previous reports have shown
that obesity plays a significant role in increasing cardiovascular
risk (2). Some indicators of obesity, such as the visceral fat area
(VFA), or visceral adipose tissue, are more strongly associated
with the risk of CVD than other indicators of obesity, such as
waist circumference, body mass index (BMI) (3,4), or subcutaneous
fat area (SFA) (2,3). A larger VFA is strongly related to a higher
prevalence of impaired fasting glucose levels (5), diabetes (5), insu-
lin resistance (5), hypertension (6), abnormality of lipid metabolism
(7), and metabolic risk factors (7,8). Several cross sectional and
other types of studies have examined the association between VFA
and metabolic risk factors. For instance, in some prospective stud-
ies, VFA was measured at baseline and its correlation between risk

factors for diabetes (plasma insulin level, homeostasis model
assessment for insulin resistance, etc.) was evaluated (9-11). How-
ever, no study has measured the longitudinal change in VFA
among the same subjects twice, at baseline and at follow-up, to
examine its relation to the incidences of metabolic risk factors in a
large cohort study. Thus, whether an increase in VFA leads to an
increase in the risk of CVD or whether a decrease in VFA leads to
a decrease in the risk of CVD remain uncertain. Clarifying this
point could be useful for preventing CVD in clinical settings.

Therefore, we examined the incidences of the clustering of meta-
bolic risk factors and its components among subjects who did not
have each of the risk factors or the clustering of metabolic risk
factors at baseline according to the aforementioned changes in
VFA.
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Methods and Procedures

Overall, a total of 13,965 male employees and their spouses who,
after more than 12 h of fasting, underwent health checkups during
the baseline survey performed in 2004 and 2005 at the Hitachi
Health Care Center in Ibaraki Prefecture. Of them, 3,119 men
received a computed tomography (CT) scan. We studied 1,106 men
who also participated in a 3-year follow-up survey performed in
2007 and 2008 (aged 30-72 years in 2004 and 2005) in the final
analysis. Subjects without each metabolic risk factor (except for the
waist circumference) or clustering of risk factors were included into
the analysis of the incidence. Numbers of subjects in each group are
shown in Table 1. Informed consent was obtained from each exam-
inee regarding the use of his or her data for research purposes. The
present study was approved by the ethics review committee of the
National Center for Global Health and Medicine.

In this study, subjects with two or more of the four risk factors
(high blood pressure, high triglyceride, low high-density lipoprotein
(HDL) cholesterol, and hyperglycemia) defined in the criteria of the
National Cholesterol Education Program’s Adult Treatment Panel III
guidelines in 2005 (12), except for waist circumference, were
defined as having the clustering of metabolic risk factors. Subjects
currently receiving treatment for hyperlipidemia, hypertension, or di-
abetes were deemed as having the respective risk factors, regardless
of the biochemical values. Subjects with metabolic risk factor and/or
who were screened for diabetes, hypertension, hyperlipidemia, and
obesity at the health check received brief recommendation on life
style modification verbally and/or were advised to consult a doctor,
if necessary.

TABLE 1 Characteristics of subjects at baseline

Changes in VFA on Incidence of CVD Risk Matsushita et al.

The 3-year change in the participants’ VFA (designated as AVFA)
was categorized into seven groups (Group 1, < —50 em?; Group 2,
> —50 cm® and < —30 cm? Group 3, > —30 cm” and < ~10 cm®;
Group 4, > —10 cm? and <10 cm?; Group 5, > 10 cm? and < 30
cm?; Group 6, > 30 cm? and < 50 ¢cm® Group 7, > 50 cm®). Odds
ratios (95% confidence intervals (CI)) of the 3-year incidence of
each metabolic risk factor and/or clustering of metabolic risk factors
according to the seven groups of AVFA were estimated with the use
of a multiple logistic regression analysis, where adjustments were
made for the following potential confounders: age, VFA, and each
parameter of the metabolic risk factors (high blood pressure, hyper-
glycemia, high triglycerides, or low HDL cholesterol) at baseline.
P value for trend across the seven groups was calculated by apply-
ing consecutive integers to the categories in the logistic regression
model. Similarly, odds ratios for incidences of four risk factors for
metabolic syndrome were calculated. All analyses were performed
using SPSS (Version 15.0, SPSS, IL).

Results

Characteristics of subjects at baseline are shown in Table 1. The
mean values of age, the waist circumference, VFA, SFA, and BMI
of the subjects who were without clustering of metabolic risk factors
at baseline were 52.7 = 8.4 years, 84.6 = 7.8 cm, 1132 =+
52.1 cm? 118.2 * 51.9 cm®, and 23.3 * 2.6 kg/m’, respectively.
The incidences of the metabolic risk factors at the 3-year follow-up
survey are shown in Figure 1. The odds ratios for the incidences of
the clustering of metabolic risk factors according to the AVFA
groups were 0.45, 0.63, 0.74, 1.00 (ref.), 0.70, 1.04, and 3.91,
respectively (trend P < 0.001). These results did not change after
further adjustments for lifestyle factors (smoking and alcohol drink-
ing) or lifestyle factors and ASFA. The odds ratios (95% CI) of the
incidences of hyperglycemia, high triglycerides, and low HDL cho-
lesterol for the group with the largest increase in AVFA (50 cm® or
more) were 2.98 (1.33-6.68), 4.88 (2.51-9.47), and 3.36 (1.26-8.91),
respectively. The odds ratios (95% CI) of the incidences of high
blood pressure, hyperglycemia, high triglycerides, and low HDL
cholesterol for the group with the largest decrease in AVFA
(=50 cm® or less) were 0.83 (0.34-2.04), 1.16 (0.42-3.15), 0.19
(0.06-0.59), and 0.42 (0.13-1.39), respectively. In subjects with a
decrease in AVFA, the incidences were low for high triglycerides
and low HDL cholesterol, but did not change for high blood pres-
sure and hyperglycemia. Of the components of the metabolic
syndrome, especially the incidences of high triglycerides and low
HDL-cholesterol paralleled with AVFA (trend P < 0.05).

Discussion

This study investigated the change in metabolic risk factors between
a baseline examination and a 3-year follow-up examination among
subject groups divided according to the change in VFA, as measured
using CT. We calculated the odds ratios for the incidences of meta-
bolic risk factors and found that the risks of hyperglycemia, high tri-
glycerides, low HDL cholesterol, and clustering of metabolic risk
factors were significantly greater for the AVFA > 50 cm?® group,
compared with the stable AVFA groups. For subjects with a
decrease in AVFA, the incidences of high triglycerides and low
HDL cholesterol levels were low, but the incidences of high blood
pressure and hyperglycemia did not change.

Subjects with Subjects with
0-1 metabolic >2 metabolic
risk factor risk factors

n 973 659
Age (years) 52.7% (8.4) 55.1% (7.8)
Height (cm) 168.9% (6.2) 168.2% (5.9)
Weight (kg) 66.7¢ (8.1) 70.4°% (9.2)
BMI (kg/m?) 23.3% (2.6) 24.8% (2.7)
VFA cm?) 113.2% (52.1) 149,12 (50.5)
SFA (cm?) 118.2% (51.9) 136.8% (50.4)
VFA/SFA 1.0 (0.4) 1.2% (0.6)
Waist circumference (cm) 84.6° (7.8) 89.2% (8.3)
SBP {mmHg) 120.1% (11.7) 130.6% (10.0)
DBP (mmHg) 76.1? (8.3) 82.7° (7.2)
Triglycerides (mg/dL) 113.4° (62.3) 193.6% (133.5)
HDL-cholesterol (mg/dL) 59.12 (13.6) 51.8% (14.7)
Fasting glucose (mg/dL) 103.2% (16.1) 121.2% (27.9)
High blood pressure 261° (26.8) 520° (78.9)
Hyperglycemia 132° (13.6) 458" (69.5)
High triglycerides 154 (15, 8) 451" (68.4)
Low HDL cholesterol 17° (1.7 142° (21.5)
VFA > 100cm? 584P (60.0 549 (83.3)
Values are mean (SD)
“Values are number (percentage)
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FIGURE 1 Odds ratio of metabolic risk factors (defined by NCEP-ATPII) at the 3-year follow-up survey. Values are odds ratio (85% Cl)
adjusted for age, visceral fat area at baseline in 2004 and 2005, and the baseline value of each risk factor, i.e., (@) mean blood pressure
((systolic blood pressure + diastolic blood pressure x 2)/3), (b) glucose levels, (e) triglyceride levels, (d) HDL-cholesterol levels, and (e) mean
blood pressure, glucose, triglyceride, and HDL-cholesterol in 2004 and 2005. [Color figure can be viewed in the online issue, which is avail-

able at wileyonlinelibrary.com.]

In previous cross-sectional studies, significant and positive correlations
between VFA measured using CT and systolic blood pressure, serum
triglycerides were shown (7). In previous longitudinal studies, the
effects of changes in VFA (13), BMI (14), weight (15), and waist cir-
cumference (16-18) on the metabolic risk factors have been examined.
One of those reports studied 1,106 men and showed that changes in
the VFA were associated with changes in metabolic risk factors (13).
Another report showed a strong linear trend between increasing BMI
and a worsening of various variables of metabolic risk factors, includ-
ing blood pressure and lipid profiles (14). Similarly, another report
showed that weight changes were linearly related to all measurements
of each component of metabolic risk factors (15). Other studies have
shown that a reduction in waist circumference achieved through life-
style modifications is closely linked to an improvement in metabolic
risk factors (17,18). These studies suggest that the changes in VFA,
BMI, weight, and waist circumference are related to risk factors for
CVD. However, the impact of the change in VFA (measured twice in
the same person), which is regarded as the strongest indicator of a risk
of CVD, has remained uncertain. To our knowledge, this is the first
study to analyze the relationship between the incidences of metabolic
risk factors and changes in VFA by measuring VFA twice.

Our findings clearly showed that changes in VFA were significantly
associated with the incidences of metabolic risk factors.

When the odds ratios of the incidences of the metabolic risk factors
for the AVFA > 50 cm® were compared with those for the stable
AVFA group (AVFA > —10 cm?, < 10 cm?) as a reference group,
the highest odds ratio was seen for a high triglycerides level. The
odds ratios for the incidences of high triglycerides and low HDL
cholesterol levels, which are indicators of hyperlipidemia, were sig-
nificantly higher among subjects with a larger increase in VFA and
were significantly lower among subjects with a larger decrease in
VFA (trend P < 0.05). In previous studies (14), the mean value of
each component of metabolic risk factors or the prevalence of meta-
bolic risk factors and its components were compared according to
changes in BMI, body weight, and waist circumference. To our
knowledge, however, no other studies have compared the strength of
the association among metabolic risk factors to the change in VFA.
Our study is the first to clarify the risk of each disease by calculat-
ing comparable odds ratios.

In conclusion, this study of Japanese men showed that changes in
VFA were associated with the incidences of metabolic risk factors,
with a significant increase in the odds ratios observed with a AVFA
> 50 cm?. This association was most pronounced for the risk of
high triglycerides and low HDL cholesterol levels. The adoption of
a lifestyle that does not result in an increase in VFA is important
for preventing metabolic syndrome.Q

www.obesityjournal.org
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Adiponectin and Visceral Fat Associate
with Cardiovascular Risk Factors

Yumi Matsushita’, Toru Nakagawaz , Shuichiro Yamamoto®, Takanori Kato®, Takanori Ouchi’, Nobuko Kikuchi®,
Yoshihiko Takahashi®, Tetsuji Yokoyama®, Tetsuya Mizoue® and Mitsuhiko Noda®

Objective: To examine the combined effect of CT-measured visceral fat area (VFA) and adiponectin level
against the clustering of metabolic risk factors.

Design and Methods: The subjects were 6,996 Japanese. The subjects were divided according to the
combinations of VFA and adiponectin level quartiles and the odds ratio for multiple risk factors of
metabolic syndrome were calculated (adjusted for age and lifestyle factors using logistic regression
analyses). Group with the lowest VFA and the highest adiponectin level was used as a reference. The
correlation between adiponectin level and each metabolic risk factor was evaluated.

Resuilts: The strongest correlation was observed between adiponectin level and high-density lipoprotein
cholesterol levels (r = 0.369 and 0.439 for men and women). Both VFA and adiponectin level were
independently associated with the clustering of metabolic risk factors (interaction P = 0.58 and 0.11 for
men and women). The odds ratio for the clustering of metabolic risk factors in the group with the highest
VFA and the lowest adiponectin level, compared with the group with the lowest VFA and the highest
adiponectin level, was 12.7 (9.7-16.6) for men and 13.5 (6.0-30.2) for women.

Conclusion: The ability to detect metabolic syndrome could be improved by examining adiponectin level

in conjunction with VFA.

Obesity (2013) 00, 0000-0000. doi:10.1002/0by.20425

Introduction

The prevalence of metabolic syndrome has been growing globally
with clusters of obesity, high blood pressure, impaired lipid metabo-
lism, and hyperglycemia. Individuals with metabolic syndrome have
a higher risk of cardiovascular disease and a subsequent increase in
disease mortality or morbidity (1-3). Several criteria for the diagno-
sis of metabolic syndrome are used worldwide. The visceral adipose
tissue is regarded as an endocrine organ, partly because it secretes
adipocytokines and other vasoactive substances that can influence
the risk of developing traits of metabolic syndrome (4). We recently
demonstrated that measuring the visceral fat area (VFA) is superior
in predicting the accumulation of multiple risk factors, compared
with the subcutaneous fat area (SFA), BMI, and waist circumference
(WC) measurements (5). Regarding the multiple risk factors of met-
abolic syndrome, the odds ratios for the VFA quintiles were 1.0
(ref.), 2.4, 3.4, 5.0, and 9.7 for men and 1.0 (ref.), 1.5, 2.6, 4.6, and
10.0 for women (P < 0.001 for trends in both sexes) (5).

Adiponectin is predominantly secreted by adipocytes, and the adipo-
nectin level is reduced in individuals with obesity, insulin resistance,
and type 2 diabetes (6-10). Low plasma adiponectin levels have

recently been shown to predict the risk of developing type 2 diabe-
tes in humans (9,11). The adiponectin level is also inversely associ-
ated with other traditional cardiovascular risk factors, such as blood
pressure, total and low-density lipoprotein (LDL) cholesterol, and
triglyceride (TG) levels (12,13), and is positively related to high-
density lipoprotein (HDL) cholesterol levels (12,14).

Some previous studies reported the impact of adiponectin levels on
metabolic syndrome and its components (15); however, the sample
sizes were insufficient. In addition, the combined effect of the VFA
and adiponectin level has not been examined in an epidemiological
study. Thus, we have examined the combined effect of the VFA and
adiponectin level on the clustering of metabolic risk factors.

Methods and Procedures

Survey

Among the 17,606 employees of the same company and their
spouses who underwent a health examination in Japan between 2008
and 2009, we analyzed 6,996 subjects ranging in age from 25 to 75
years (6,221 men and 775 women) who had undergone a computed
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TABLE 1 Characteristics of the subjecis

Men Women

Mean (SD) Mean (SD)
N 6,221 775
Age, years 52.8 (10.2) 57.4 ©9.7)
Body mass index, kg/m? 24.1 (3.0 23.0 (3.4)
Visceral fat area, cm? 121.7 (53.4) 81.6 46.3)
Subcutaneous fat area, cm? 133.6 (56.4) 182.8 (76.9)
Adiponectin, log pg/mL 0.83 (0.20) 1.05 (0.21)
High blood pressure, % 38.9 344
High triglyceride, % 35.4 23.7
Low HDL cholesterol, % 1.0 17.8
Hyperglycemia, % 57.8 40.8
Multiple risk factors of 455 34.2

metabolic syndrome, %

tomography (CT) examination and answered a questionnaire on
lifestyle factors and current treatments for metabolic conditions (hy-
perlipidemia, -hypertension, or diabetes). The VFA was measured
using a CT scanner and was calculated using a software application
(fatPointer; Hitachi Medico, Tokyo, Japan) according to a protocol
described elsewhere (11). Briefly, single slice imaging at the umbili-
cal level was performed using a CT machine (Redix turbo; Hitachi
Medico) while the subject was in a supine position. The imaging
conditions were 120 kV, 50 mA, using a 5 mm thick slice. Height,
weight, and body fat were measured using an automated scale (BF-
220; Tanita, Tokyo, Japan) with the patient wearing a light gown.
The BMI was defined as the weight (kg) divided by the square of
the height (m?®). A blood sample was collected from each subject
after more than 12 hours of fasting. The glucose level was measured
using the glucose oxidase enzyme-electrode method (A&T, Tokyo,
Japan). TG and HDL cholesterol levels were measured using an
enzymatic colorimetric method (Cholestest TG; Sekisui Medical,
Tokyo, Japan) and a nonsettling enzymatic method (Cholestest
NHDL; Sekisui Medical), respectively. Adiponectin levels were
measured using an immunoturbidimetric method (Adiponectin Latex
Kit for humans; Otsuka Pharmaceutical Co., Ltd., Tokyo, Japan).
Blood pressure was measured using an automated sphygmomanome-
ter (Kentaro ADVANCE BP-203RV III A/B; Colin, Tokyo, Japan).
This study was approved by the ethics review committee of the
National Center for Global Health and Medicine. Written informed
consent was obtained from all the subjects.

Definition of the state of risk factor clustering

In this study, subjects were defined using the criteria of the National
Cholesterol Education Program Adult Treatment Panel III (NCEP-
ATP III) guidelines (6) published in 2005: [1] high TG (TG > 150
mg/dL), [2] low HDL cholesterol (HDL cholesterol <40 mg/dL in
men and <50 mg/dL in women), [3] high blood pressure (systolic
blood pressure >130 mm Hg or diastolic blood pressure >85 mm
Hg), [4] hyperglycemia (fasting glucose >100 mg/dL), and [5] mul-
tiple risk factors (having two or more of components [1-4] listed
above). Subjects currently receiving treatment for hyperlipidemia,

Adiponectin Level and Cardiovascular Risk Factors Matsushita et al.

hypertension, or diabetes were deemed as having the respective risk
factor, regardless of the biochemical value.

Statistical analyses

We calculated the Pearson’s correlation coefficients between the
adiponectin level and each metabolic risk factor. We divided the
subjects according to quartiles of the adiponectin level and calcu-
lated the odds ratio for multiple risk factors of metabolic syndrome.
We adjusted for age, smoking habits (never, past, current), alcohol
consumption (nondrinker, drinker consuming less than 2 go per day
[the go is a conventional unit of alcohol intake in Japan and con-
tains approximately 23 g of ethanol], or drinker consuming more
than 2 go per day), and regular fitness habit (based on a single yes/
no question in the questionnaire) using a logistic regression analysis,
with the highest adiponectin level group used as a reference. We
calculated the odds ratio for the multiple risk factors of metabolic
syndrome for a +1 SD increment in the quintile categories of VFA
and a +1 SD increment in the quintile categories of adiponectin
levels. Furthermore, we divided the subjects according to combina-
tions of VFA and adiponectin level quartiles and calculated the odds
ratio for multiple risk factors of metabolic syndrome adjusted for
the above-mentioned variables, using the category with the lowest
VFA and the highest adiponectin level as the reference. VFA, adipo-
nectin levels, and their interaction term (VFA X adiponectin levels)
were included as independent variables in the logistic regression
model to examine the interaction effect between VFA and adiponec-
tin levels on the risk of clustering of metabolic risk factors. The
stepwise procedure was used to select variables in the multiple
logistic regression model with P < 0.1 for entry and P < 0.05 for
removal. All the analyses were performed using SPSS for Windows,
Version 15.0 (SPSS Inc., Chicago. IL, USA).

Results

The characteristics of the subjects are shown in Table 1. The mean
(SD) age of the subjects was 52.8 *+ 10.2 years for men and 57.4 =
9.7 years for women. The mean VFA was 121.7 * 53.4 cm? in men
and 81.6 + 46.3 cm” in women. The mean BMI was 24.1 * 3.0 kg/
m® in men and 23.0 * 34 kg/m® in women. The mean log
adiponectin level was 0.83 % 0.20 ug/mL in men and 1.05 %= 0.21
pug/mL in women. The prevalence of multiple risk factors of meta-
bolic syndrome was 45.5% in men and 34.2% in women.

Table 2 shows the partial correlations between adiponectin level and
each metabolic risk factor. The HDL cholesterol level positively cor-
related with adiponectin level (P < 0.001). Other metabolic risk fac-
tors negatively correlated with the adiponectin level (P < 0.001).

The odds ratios for each component of metabolic syndrome accord-
ing to the adiponectin level are shown in Figure 1. The odds ratios
for a high TG level, a low HDL cholesterol level, high blood
pressure, and hyperglycemia decreased with increasing quartile
categories of adiponectin levels. For the multiple risk factors of met-
abolic syndrome, the odds ratios (95% confidence intervals [CI])
of the Q1, Q2, Q3, and Q4 adiponectin level categories were 3.4
(3.0-4.0), 2.1 (1.8-2.5), 1.5 (1.3-1.7), and 1.0 (ref.) for men and 4.3
2.7-6.9), 2.5 (1.6-4.1), 1.5 (0.9-2.4), and 1.0 (ref.) for women. The
odds ratio (95% CI) of the lowest (Q1) adiponectin level category
for a high TG level was 3.9 (3.4-4.6) in men and that for a low
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TABLE 2 Partial correlation between adiponectin level and
each metabolic risk factor

Men Women

VFA —0.364 —0.428
SFA -0.220 -0.234
BMI —0.281 —0.237
log TG —0.340 —0.342
HT —0.104 —0.153
HDL cholesterol 0.369 0.439

FG -0.103 0177

VFA, visceral fat area; SFA, subcutaneous fat area; BMI, body mass index; TG, tri-
glyceride; HT, hypertension; FG, fasting glucose.

P-values are all less than 0.001.

Values are partial correlation coefficients adjusted for age, smoking habits (never,
current, past), alcohol consumption (nondrinker, drinker consuming 2 go or less per
day [a go is a conventional unit of alcohol intake in Japan and contains ~23 g of
ethanol], or consuming more than 2 go per day), and regular fitness habit (yes/no).

HDL cholesterol level was 5.8 (4.4-7.8) in men and 9.9 (4.8-20.1) in
women.

In Table 3, the odds ratios of adiponectin and VFA levels for the
clustering of multiple risk factors of metabolic syndrome are shown
according to the VFA and adiponectin quartiles, respectively. For
men, the increased adiponectin levels were significantly related to
reduced clustering of metabolic risk factors, regardless of the VFA
category (P = 0.58 for interaction VFA x adiponectin). For women,
however, the odds ratio for a +1 SD in the VFA slightly weakened
according to the increment of adiponectin level category (P = 0.11
for interaction of VFA x adiponectin). The odds ratio for multiple
risk factors of metabolic syndrome according to combined groups of
VFA and adiponectin are depicted in Figure 2. The odds ratio for
the multiple risk factors of metabolic syndrome in the category with
the highest VFA and the lowest adiponectin levels were 12.7 (9.7-
16.6) for men and 13.5 (6.0-30.2) for women. We conducted step-
wise logistic regression analyses among the largest quartile group of
VFA, with hypoadiponectinemia (lowest vs. highest quartile group)
as the independent variable. The result revealed that smoking, high
TG, low HDL cholesterol, and older age were associated with hypo-
adiponectinemia in men. Low HDL cholesterol and age were associ-
ated with hypoadiponectinemia in women (data not shown).

Discussion

We observed a strong association between the combined effect of an
increasing VFA and a decreasing adiponectin level and the preva-
lence of multiple risk factors of metabolic syndrome. Both the VFA
and the adiponectin level were independently associated with the
clustering of metabolic risk factors. Among the components of meta-
bolic syndrome, the adiponectin level had a particularly strong
impact on a high TG level in men and a low HDL cholesterol level
in both men and women.

Only one previous report, studying 68 obese Korean subjects, dem-
onstrated an association between the adiponectin level and VFA.
The adiponectin level was inversely correlated with the VFA (r =
—0.691, P = 0.009 in men, r = —0.319, P = 0.002 in women).

Levels of a high molecular weight adiponectin also negatively corre-
lated with the VFA (r = —0.650, P = 0.016 in men, r = —0.370, P
= 0.005 in women) but not with the BMI or SFA, suggesting hypoa-
diponectinemia may represent a dysfunction of adipose tissue during
obesity (16).

It was unknown whether adiponectin levels were correlated with dis-
ease, even when the VFAs were the same. Therefore, we compared
the prevalence of multiple risk factors of metabolic syndrome with
combinations of the VFA and adiponectin level. We found a mark-
edly increased risk of clustering of metabolic syndrome among indi-
viduals who had a low adiponectin level and a high VFA. It was
revealed that even when VFAs were the same, hypoadiponectinemia
was associated with older age, smoking, and lipid metabolism (high
TG and low HDL cholesterol) in men. In women, hypoadiponectine-
mia was associated with older age and low HDL cholesterol. Thus,
it was confirmed that adiponectin correlated with lipid metabolism
independent of VFA; from this, we concluded that adiponectin cor-
related with the clustering of metabolic risk factors. However, even
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FIGURE 1 Odds ratios for clustering of metabolic risk factors according to the quar-
tiles of adiponectin. The definition of metabolic risk factors is based on the criteria
of the National Cholesterol Education Program Adult Treatment Panel Il (NCEP-
ATP 1ll) guidelines published in 2005. Subjects with two or more of the metabolic
risk factors (except for waist circumference) were defined as having multiple risk
factors. Odds ratios for clustering of metabolic risk factors according to the quar-
tiles (Q1-Q4) of adiponectin adjusted for age, smoking habits (never, current, past),
alcohol consumption (nondrinker, drinker consuming 2 go or less per day [a go is a
conventional unit of alcohol intake in Japan and contains ~23 g of ethanol], or con-
suming more than 2 go per day), and regular fitness habit (yes/no). Values in the
case arcs are odds ratios for +1 SD increments of adiponectin. (Multiple risk fac-
tors; multiple risk factors of metabolic syndrome.) [Color figure can be viewed in
the online issue, which is available at wileyonlinelibrary.com.]
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TABLE 3 Odds ratios for clustering of metabolic risk factors

Odds ratios of +1 SD

n increment of adiponectin

Men

VFA (cm?) <84.80 1,557 Qt 0.8 (0.7-0.9)
84.81-120.10 1,559 Q2 0.8 0.7-0.9)
120.11-156.90 1,553 Q3 0.8 0.7-0.9
156.91< 1,552 Q4 0.8 0.7-0.9)

Women

VFA (cm?) <44.30 194 Q1 0.7 (0.4-1.2)
44,31-77.90 195 Q2 0.5 0.3-0.9
77.91-113.10 193 Q3 0.8 0.6-1.2)
113.11< 193 Q4 0.6 0.4-0.9

n Odds ratios of +1 SD increment of VFA

Men

Adiponectin (log pg/mL) <0.70 1,620 a1 2.1
0.71-0.82 1,556 02 2.2 (1.8-2.3)
0.83-0.95 1,518 Q3 1.9 (1.9-2.5)
<0.96 1,527 Q4 2.1 (1.7-2.2)

Women (1.9-2.4)

Adiponectin (flog pg/mL) <0.91 198 Qt 2.6 (1.7-3.9)
0.92-1.06 191 Q2 2.5 (1.6-3.8)
1.07-1.20 193 Q3 2.1 (1.3-3.3)
1.21< 193 Q4 1.7 (1.1-2.5)

VFA, visceral fat area.

QOdds ratios of multiple risk factors of metabolic syndrome according to 1 SD increment of VFA or adiponectin adjusted for age, smoking habits (never, current, past), alco-
hol consumption (nondrinker, drinker consuming 2 go or less per day [a go is a conventional unit of alcohol intake in Japan and contains ~23 g of ethanol], or consuming

more than 2 go per day), and regular fitness habit (yes/no).

if the adiponectin levels were the same, weight gain led to a worsen-
ing of metabolic risk factors, including lipid. In the largest VFA
group, adiponectin itself was related to lipid metabolism and smok-
ing status. Therefore, it was shown that the ability to detect meta-
bolic syndrome would be improved by examining the adiponectin
level in conjunction with the VFA, as adiponectin correlated with
metabolic risk factors independent of VFA and the correlation was
most pronounced between lipid metabolism.

In a case—control study, high plasma adiponectin levels were associ-
ated with a lower risk of myocardial infarction (MI) over a follow-
up period of 6 years among men without previous cardiovascular
disease. After adjustment for matched variables, participants in the
highest quintile, compared with the lowest quintile, of adiponectin
levels had a significantly decreased risk of MI (relative risk [RR],
0.39; 95% confidence interval [CI], 0.23-0.64; P for trend <0.001).
Further adjustment for the hemoglobin Alc or C-reactive protein
levels had little impact, but additional adjustment for LDL and HDL
cholesterol levels modestly attenuated this association (RR, 0.56;
95% CI, 0.32-0.99; P for trend =0.02) (17). A multiple logistic
regression analysis revealed that hypoadiponectinemia was signifi-
cantly and independently correlated with coronary artery disease
(CAD) (P < 0.0088) among 450 Japanese men. The multivariate-
adjusted odds ratios for CAD in the first, second, third, and fourth
quartiles (95% confidence) were 2.051 (1.288-4.951), 1.221 (0.684-
2.186), 0.749 (0.392-1.418), and 1.000, respectively (18). Further-

more, another study showed that BMI, serum TG concentration, and
the presence of diabetes or CAD remained significantly related to
the plasma adiponectin concentration. Weight reduction significantly
elevated the plasma adiponectin levels in diabetic obese Japanese
subjects (six men and seven women) and nondiabetic obese Japanese
subjects (six men and three women). However, the sample size was
very small in this study (6).

This study has several strengths and limitations. As one of its
strengths, we directly assessed abdominal fat accumulation using CT
scanning. This allowed the role of fat deposition in the development
of metabolic syndrome and its components to be examined more
closely. Secondly, the sample size of our study was sufficiently
large (almost 7,000 subjects), and both sexes were included. Thirdly,
we adjusted for alcohol consumption and physical activity, which
may confound the association between abdominal fat accumulation
and metabolic risk factors. However, the study was limited because
of its cross-sectional design, and changes in the metabolic risk pro-
file were not monitored.

In this study, we demonstrated a strong association between the
combined effect of an increasing VFA and a decreasing adiponectin
level with multiple risk factors of metabolic syndrome. Both the
VFA and the adiponectin level were independently associated with
the clustering of metabolic risk factors in a large Japanese popula-
tion, which has a relatively low BMI compared with other
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FIGURE 2 Odds ratios for multiple risk factors of metabolic syndrome according to combined groups of VFA and adiponectin. The definition of meta-
bolic risk factors is based on the criteria of the National Cholesterol Education Program Adult Treatment Panel IIl (NCEP-ATP Ill) guidelines published
in 2005. Subjects with two or more of the metabolic risk factors (except for waist circumference) were defined as having multiple risk factors. Odds
ratios for multiple risk factors of metabolic syndrome are shown according to combined groups of VFA and adiponectin adjusted for age, smoking
habits (never, current, past), alcohol consumption (nondrinker, drinker consuming 2 go or less per day [a go is a conventional unit of alcohol intake in
Japan and contains ~23 g of ethanol], or consuming more than 2 go per day), and regular fithess habit (yes/no). [Color figure can be viewed in the

online issue, which is available at wileyonlinelibrary.com.]

ethnicities. The present findings have important implications for the
prevention of metabolic syndrome. Further prospective studies are
needed to assess the impact of the VFA and adiponectin level on
the incidence of metabolic syndrome or cardiovascular diseases.O
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