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Abstract
Adiponectin is reduced in obesity, and has been suggested to play an important role in modulation
of atherosclerosis. We studied the relationship between visceral (VAT) and subcutaneous (SAT)
adipose tissue and serum adiponectin concentrations in Japanese men. Participants were 304
randomly selected community-based Japanese men aged 40 to 49 without a prior history of
cardiovascular disease. Participants were grouped according to tertiles of serum adiponectin. In
multiple linear regression analysis including age, pack years of smoking, and alcohol intake as
covariates, log-transformed adiponectin was inversely associated with both VAT and SAT when
these two obesity measures were included separately in the models. However, log-transformed
adiponectin was inversely associated with VAT (standardized β estimate= −0.465, P< 0.0001) and
positively associated with SAT (standardized β estimate = 0.166, P=0.03), when these were included
concomitantly in the model. In conclusion, VAT and SAT had differential associations with serum
adiponectin concentrations.

INTRODUCTION
An adipose-specific protein, adiponectin, is reduced in obesity, insulin resistance and type 2
diabetes; plasma concentrations are inversely related to body weight, especially visceral
adiposity [1-4]. Adiponectin has been suggested to play an important role in modulating
atherosclerosis [5-7].

Although body mass index (BMI) is an indicator of overall adiposity, different fat
compartments have been proposed to be associated with differential metabolic risk [8].
Recently, evidence indicating visceral adipose tissue (VAT) is more strongly associated with
an adverse metabolic risk profile than subcutaneous adipose tissue (SAT) is accumulating
[9-13].

We studied the relationship between VAT and SAT and serum adiponectin concentrations in
community-based middle-aged Japanese men. On the basis of previous studies [9-13], we
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hypothesized that the association of VAT with serum adiponectin concentration would be
different from that of SAT.

METHODS
Participants

Participants were randomly selected men aged 40-49 from Kusatsu City, Shiga Prefecture,
Japan, using information from the Basic Residents’ Register. Exclusion criteria included: 1)
clinical cardiovascular disease, 2) type 1 diabetes or other severe diseases [14]. From May
2001 to February 2004, randomly selected men from the Register were contacted consecutively
via phone. The rate of participation was about 49%. Informed consent was obtained from all
304 eligible participants [14]. The Institutional Review Board of Shiga University Medical
Science approved this study.

Baseline Examinations and Lifestyle Assessments
Blood pressure was measured in the right arm of the seated participants after they were seated
quietly for five minutes using an automated sphygmomanometer (BP-8800, Colin Medical
Technology, Komaki, Japan). The average of two measurements was used. Body weight and
height were measured while the participants were wearing light clothing and in stocking feet.
Waist circumference (WC) was measured with a tape measure at the level of the umbilicus
while the participants were standing and at the end of exhalation.

A lifestyle survey was carried out using a self-administered questionnaire. Current smoking
was defined as smoking cigarettes over the last month. Pack-years were calculated as years of
smoking multiplied by the number of cigarettes per day divided by 20. Alcohol drinkers were
defined as drinking alcohol two days per week or more. Ethanol consumption per day was
estimated assuming that concentrations of alcohol were 5% for beer, 12% for wine, 40% for
liquor, 16% for sake (Japanese rice wine) and 25% for shochu (Japanese spirits made from
barley, sweet potato, or rice or any combination of these) [16].

Biochemical measurements
Venipuncture was performed early in the clinic visit after a 12-hour fast. Plasma or serum
samples were prepared and frozen at –80 °C. The samples were shipped on dry ice to the Heinz
Laboratory, University of Pittsburgh. Serum low-density-lipoprotein cholesterol (LDLc), high-
density-lipoprotein cholesterol (HDLc), triglycerides, glucose and C-reactive protein (CRP)
were measured as previously described [15]. Serum adiponectin was measured with a
radioimmunoassay procedure (Linco Research, Inc, St Charles, MO). An insulin resistance
index, the homeostasis model assessment of insulin resistance (HOMA-R), was obtained using
insulin (μU/ml) × fasting blood glucose (mg/dl)/405 [17].

Abdominal Adipose Tissue Measurements
Electron-beam tomography (EBCT) scanning was done using a GE Imatron C150 scanner (GE
Medical System, South San Francisco, CA). Each participant was positioned supine on a table
with the head toward the gantry and a bolster pillow was placed under the knees for comfort.
The scanner was set in continuous volume scanning (CVS) mode so that gating was not
required. For VAT and SAT, a slice between L4/L5 was used. Scan data were saved to optical
disc. All EBCT studies were read centrally at the University of Pittsburgh. The VAT area was
determined on an Imatron workstation using software obtained from Accuimage Diagnostic
Corporation. Using a pixel range of −190 to −30 Housfield Unit (HU) as the range for fat, the
area of adipose tissue within the region of interest was determined using image analysis. The
fat within this circle was considered to be VAT. The fat area for the entire image was then
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determined and the difference in fat area between the whole image and VAT was equal to the
SAT. The intraclass correlation coefficients were 0.99 for SAT and 0.99 for VAT.

Statistical Analysis
SAS version 9.1 for Windows (SAS Institute, Cary, NC) was used. Because the distributions
of serum adiponectin, triglycerides and CRP were positively skewed, a logarithmic
transformation was used to normalize the distribution. The Mantel-Haenszel chi-square
statistical test was used to detect deviation from linearity in the association between nominal
variables and the three groups according to tertiles of serum adiponectin concentration. The
“contrast” option for analysis of variance was used to detect deviation from linearity in the
association between continuous variables and the three groups.

Spearman's partial correlation coefficients were calculated for log-transformed adiponectin,
BMI, WC, VAT, SAT and log-transformed CRP, HDLc, LDLc, log-transformed triglycerides,
HOMA-R, smoking (pack-years of smoking) and alcohol consumption per day, after
adjustment for age.

Multiple linear regression analysis was used to examine the relationship between log-
transformed adiponectin and VAT or SAT adjusting for confounders. Basic covariates used
for adjustment were age, smoking (pack year) and alcohol (g/day). Model 1 included basic
covariates + VAT; Model 2, basic covariates + SAT; Model 3, basic covariates + VAT,SAT;
Model 4, basic covariates + VAT, BMI; Model 5, basic covariates + VAT, WC; Model 6, basic
covariates + VAT, BMI, WC; Model 7, basic covariates + SAT, BMI; Model 8, basic covariates
+ SAT, WC; Model 9, basic covariates + SAT, BMI, WC. Similar analyses were performed
with log-transformed CRP and HOMA-R in associations with VAT and SAT.

All P values were two-tailed and P<0.05 was considered significant. Data are presented as the
mean ± standard deviation (SD) unless stated otherwise.

RESULTS
Characteristics of Participants According to Tertiles of Serum Adiponectin Concentration

Characteristics of participants according to tertiles of serum adiponectin concentration are
shown in Table 1. The mean age, systolic blood pressure, diastolic blood pressure, current
smoker status, alcohol intake and LDLc were not statistically different among the groups. As
expected, the four obesity measures (BMI, WC, VAT, and SAT) decreased in the higher
adiponectin concentration groups. The mean HDLc increased in the higher adiponectin
concentration groups. The mean triglycerides, CRP (both log-transformed in the analysis) and
HOMA-R fell significantly in the higher adiponectin concentration groups.

Correlation Between the Obesity Measures and Log-Transformed Adiopnectin, and Other
Variables

All four obesity measures, BMI, WC, VAT and SAT were highly correlated with each other
(R: 0.700 to 0.899, all P<0.0001). All four obesity measures were significantly positively
correlated with log-transformed CRP, log-transformed triglycerides, and HOMA-R and
significantly inversely correlated with log-transformed adiponectin and HDLc. Except for
VAT, the three other obesity measures were significantly positively correlated with LDLc
(Table 2). Except for asignificant positive correlation between VAT and alcohol intake,
smoking and alcohol intake were not consistently correlated with the obesity measures.
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Multivariate-Adjusted Linear Regression Models of the Relationship of VAT or SAT to Log-
Transformed Adiopnectin (Table 3)

In multivariate models, log-transformed adiponectin was significantly inversely associated
with both VAT and SAT when these two obesity measures were included separately in the
models (Model 1 and 2). However, when these were included together in the model, log-
transformed adiponectin was significantly inversely associated with VAT, but significantly
positively associated with SAT (Model 3). Differential associations of VAT and SAT with
log-transformed adiponectin were also seen when these two obesity measures were included
separately, but concomitantly with BMI or WC in some models (Model 4 through 8) and
concomitantly with both BMI and WC in another model (Model 9). Furthermore, in Model 7,
the statistical significance of the SAT association with log-transformed adiponectin was lost.

Similar analyses were performed with log-transformed CRP and HOMA-R in association with
VAT and SAT. Both variables were significantly positively associated with VAT and SAT.
However, no differential associations as seen for log-transformed adiponectin were noted with
these two variables (data not shown).

DISCUSSION
Our study in a population-based sample of Japanese middle-aged men showed differential
associations of VAT and SAT with adiponectin when VAT and SAT were included
concomitantly in a regression model; VAT had a significant inverse and SAT a significant
positive, association. The differential associations were also seen when these two obesity
measures were included separately, but concomitantly, with BMI and WC in the models.
However, VAT or SAT had a significant inverse association with adiponectin when each was
entered into the model without BMI or WC. Previous studies on the associations of VAT and
SAT with inflammation markers or metabolic risk factors found significant associations of
these two obesity measures with those variables [11,12]. Concomitant inclusion of the two
obesity measures, or a combination with BMI and WC, showed either of these two remained
significant or one of the two became insignificant. No previous study has reported any
differential associations with these variables. Pou et al. studied the relations of VAT and SAT
with circulating inflammatory and oxidative stress biomarkers in Framingham Heart Study
participants and found that SAT ad VAT were positively and similarly related to CRP,
fibrinogen, intercellular adhesion molecule-1, interleukin, P-selectin and tumor necrosis factor
receptor-2. On the other hand, VAT was more strongly associated with urinary isoprostanes
and monocyte chemoattractant protein-1 than with SAT. When BMI and WC were added to
the models, VAT remained significantly associated with only CRP, interleukin-6, isoprostanes
and monocytes chemoattractant protein-1; SAT only remained associated with fibrinogen
[13]. Fox et al. studied the association of VAT and SAT with metabolic risk factors in
Framingham Heart Study participants and found that VAT was more strongly correlated with
most metabolic factors than SAT [12].

Because all four obesity measures were highly correlated with each other, it is understandable
that each had inverse associations with serum adiponectin concentrations when analyzed
separately. Differential associations of VAT and SAT with adiponectin were found when these
were included concomitantly in the model, indicating SAT may be positively associated with
serum adiponectin independently. In a previous study on the relationship between serum
adiponectin and leptin concentrations and body fat distribution, it was found that adiponectin
was more strongly influenced by VAT, whereas leptin was more strongly influenced by SAT
[18]. The differential associations of VAT and SAT with adiponectin were not examined. It
has been considered that VAT is a pathogenic adipose tissue compartment rather than SAT.
One of the mechanisms for this is thought to be that sustained exposure of the liver to an
increased flux of free fatty acid via the portal circulation from VAT is antecedent to
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disturbances in glucose and lipid metabolism [19,20]. The other mechanism is related to the
fact that most adipocytokines are secreted to a different extent in different adipose tissue depots,
and for the most part, VAT is a more active producer of adipocytokines than SAT [21-23].
However, more leptin is secreted by SAT than VAT [24,25].

Body fat distribution differs across ethnic groups and some studies suggested Asians had more
VAT than expected for a given BMI [26]. In a study by Lear et al., the mean BMI, VAT and
SAT for European and Chinese participants were 27.7 kg/m2, 100.8 cm2, 265.9 cm2, and 25.7
kg/m2, 100.0 cm2, 221.2 cm2, respectively [27].

Strengths and Limitations
The main strengths of the present study were: (1) a population-based random sample; and (2)
the age of our participants, 40-49 years, was narrow, so we could minimize the confounding
effects generated from participant age. The study was limited by (1) its cross-sectional design,
thereby precluding any inference of a causal relation between VAT, SAT and serum
adiponectin concentrations; (2) the results may not be easy to generalize to other sex, ethnic
or age groups because our sample was limited to middle-aged Japanese men living in Japan;
(3) a relatively small sample size with a participation rate of about 50%. For a study that
includes relatively new markers of continuous variables, adiponectin, VAT and SAT, the
sample size appears adequate. The mean BMI in the present study was 23.7 kg/m2, which was
comparable with that of previous studies with a larger number of Japanese participants [28,
29]. The participation rate in the present study was about 50%, which is also comparable to
current epidemiological studies [30,31]. For instance, the participation rate of the Multi-Ethnic
Study of Atherosclerosis (MESA) was reported to be about 30% [30].

Conclusion
VAT and SAT had differential associations with serum adiponectin concentrations. This may
be related to some of the mechanisms for VAT's stronger association with an adverse metabolic
risk profile than SAT.

Acknowledgments
This research was supported by a grant-in-aid ((A):13307016) from the Japanese Ministry of Education, Culture,
Sports, Science and Technology and the National Institutes of Health in the US (R01 HL68200).

References
1. Yamauchi T, Kamon J, Waki H, et al. The fat-derived hormone adiponectin reverses insulin resistance

associated with both lipoatrophy and obesity. Nat Med 2001;7:941–6. [PubMed: 11479627]
2. Berg AH, Combs TP, Du X, Brownlee M, Scherer PE. The adipocyte - secreted protein Acrp30

enhances hepatic insulin action. Nat Med 2001;7:947–53. [PubMed: 11479628]
3. Maeda N, Shimomura I, Kishida K, et al. Diet-induced insulin resistance in mice lacking adiponectin/

ACRP30. Nat Med 2002;8:731–7. [PubMed: 12068289]
4. Matsuzawa Y, Funahashi T, Kihara S, Shimomura I. Adiponectin and metabolic syndrome. Arterioscler

Thromb Vasc Biol 2004;24:29–33. [PubMed: 14551151]
5. Spranger J, Kroke A, Mohlig M, et al. Adiponectin and protection against type 2 diabetes mellitus.

Lancet 2003;361:226–8. [PubMed: 12547549]
6. Kubota N, Terauchi Y, Yamauchi T, et al. Disruption of adiponectin causes insulin resistance and

neointimal formation. J Biol Chem 2002;277:25863–6. [PubMed: 12032136]
7. Kumada M, Kihara S, Sumitsuji S, et al. Coronary artery disease. Association of hypoadiponectinemia

with coronary artery disease in men. Arterioscler Thromb Vasc Biol 2003;23:85–9. [PubMed:
12524229]

Nakamura et al. Page 5

Obesity (Silver Spring). Author manuscript; available in PMC 2010 April 5.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



8. Poirier P, Despres JP. Waist circumference, visceral obesity, and cardiovascular risk. J Cardiopulm
Rehabil 2003;23:161–169. [PubMed: 12782898]

9. Klein S. The case of visceral fat: argument for the defense. J Clin Invest 2004;113:1530–1532.
[PubMed: 15173878]

10. Goodpaster BH, Krishnaswami S, Resnick H, et al. Association between regional adipose tissue
distribution and both type 2 diabetes and impaired glucose tolerance in elderly men and women.
Diabetes Care 2003;26:372–379. [PubMed: 12547865]

11. Kanaya AM, Harris T, Goodpaster BH, Tylavsky F, Cummings SR. Adipocytokines attenuate the
association between visceral adiposity and diabetes in older adults. Diabetes Care 2004;27:1375–
1380. [PubMed: 15161791]

12. Fox CS, Massaro JM, Hoffmann U, et al. Abdominal visceral and subcutaneous adipose tissue
compartments: association with metabolic risk factors in the Framingham Heart Study. Circulation
2007;116:39–48. [PubMed: 17576866]

13. Pou KM, Massaro JM, Hoffmann U, et al. Visceral and subcutaneous adipose tissue volumes are
cross-sectionally related to markers of inflammation and oxidative stress: the Framingham Heart
Study. Circulation 2007;116:1234–41. [PubMed: 17709633]

14. Sekikawa A, Ueshima H, Kadowaki T, et al. Less subclinical atherosclerosis in Japanese men in Japan
than in White men in the United States in the post-World War II birth cohort. Am J Epidemiol
2007;165:617–24. [PubMed: 17244636]

15. Okamura T, Tanaka T, Yoshita K, et al. Specific alcoholic beverage and blood pressure in a middle-
aged Japanese population: the High-risk and Population Strategy for Occupational Health Promotion
(HIPOP-OHP) Study. J Hum Hypertens 2004;18:9–16. [PubMed: 14688805]

16. Sekikawa A, Ueshima H, Zaky WR, et al. Much lower prevalence of coronary calcium detected by
electron-beam computed tomography among men aged 40-49 in Japan than in the US, despite a less
favorable profile of major risk factors. Int J Epidemiol 2005;34:173–9. [PubMed: 15563587]

17. Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner RC. Homeostasis model
assessment: insulin resistance and beta-cell function from fasting plasma glucose and insulin
concentrations in man. Diabetologia 1985;28:412–419. [PubMed: 3899825]

18. Park KG, Park KS, Kim MJ, et al. Relationship between serum adiponectin and leptin concentrations
and body fat distribution. Diabetes Res Clin Pract 2004;63:135–42. [PubMed: 14739054]

19. Björntorp P. Metabolic implications of body fat distribution. Diabetes Care 1991;14:1132–43.
[PubMed: 1773700]

20. Björntorp P. “Portal” adipose tissue as a generator of risk factors for cardiovascular disease and
diabetes. Arteriosclerosis 1990;10:493–6. [PubMed: 2196039]

21. Bastelica D, Morange P, Berthet B, et al. Stromal cells are the main plasminogen activator inhibitor-1-
producing cells in human fat: evidence of differences between visceral and subcutaneous deposits.
Arterioscler Thromb Vasc Biol 2002;22:173–8. [PubMed: 11788479]

22. Kanaya AM, Harris T, Goodpaster BH, Tylavsky F, Cummings SR. Adipocytokines attenuate the
association between visceral adiposity and diabetes in older adults. Diabetes Care 2004;27:1375–80.
[PubMed: 15161791]

23. Yatagai T, Nagasaka S, Taniguchi A, et al. Hypoadiponectinemia is associated with visceral fat
accumulation and insulin resistance in Japanese men with type 2 diabetes mellitus. Metabolism
2003;52:1274–8. [PubMed: 14564678]

24. Zhang HH, Kumar S, Barnett AH, Eggo MC. Intrinsic site-specific differences in the expression of
leptin in human adipocytes and its autocrine effects on glucose uptake. J Clin Endocrinol Metab
1999;84:2550–6. [PubMed: 10404835]

25. Van Harmelen V, Reynisdottir S, Eriksson P, et al. Leptin secretion from subcutaneous and visceral
adipose tissue in women. Diabetes 1998;47:913–7. [PubMed: 9604868]

26. Park YW, Allison DB, Heymsfield SB, Gallagher D. Larger amounts of visceral adipose tissue in
Asian Americans. Obes Res 2001;9:381–7. [PubMed: 11445659]

27. Lear SA, Humphries KH, Kohli S, Chockalingam A, Frohlich JJ, Birmingham CL. Visceral adipose
tissue accumulation differs according to ethnic background: results of the Multicultural Community
Health Assessment Trial (M-CHAT). Am J Clin Nutr 2007;86:353–9. [PubMed: 17684205]

Nakamura et al. Page 6

Obesity (Silver Spring). Author manuscript; available in PMC 2010 April 5.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



28. Yoshiike N, Matsumura Y, Zaman MM, Yamaguchi M. Descriptive epidemiology of body mass
index in Japanese adults in a representative sample from the National Nutrition Survey 1990-1994.
Int J Obes Relat Metab Disord 1998;22:684–7. [PubMed: 9705030]

29. Okamura T, Tanaka T, Yoshita K, et al. Specific alcoholic beverage and blood pressure in a middle-
aged Japanese population: the High-risk and Population Strategy for Occupational Health Promotion
(HIPOP-OHP) Study. J Hum Hypertens 2004;18:9–16. [PubMed: 14688805]

30. Bild DE, Detrano R, Peterson D, et al. Ethnic differences in coronary calcification: the Multi-Ethnic
Study of Atherosclerosis (MESA). Circulation 2005;111:1313–20. [PubMed: 15769774]

31. Friedman GD, Cutter GR, Donahue RP, et al. CARDIA: study design, recruitment, and some
characteristics of the examined subjects. J Clin Epidemiol 1988;41:1105–16. [PubMed: 3204420]

Nakamura et al. Page 7

Obesity (Silver Spring). Author manuscript; available in PMC 2010 April 5.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Nakamura et al. Page 8

Table 1

Characteristics of the Participants According to Tertiles of Serum Adiponectin Concentration, 304 Japanese men,
2001-04.

Tertile 1 Tertile 2 Tertile 3 Trend P

Adiponectin range (μg/ml) 1.625-4.945 4.95-7.73 7.76-40.94

Number 101 102 101

Age (years) 44.7±2.7 45.4±2.7 45.2±3.0 0.269

SBP (mmHg) 124±13 127±18.6 124±16 0.858

DBP (mmHg) 76±11 78±13 75±11 0.364

BMI (kg/m2) 24.7±2.8 23.8±3.1 22.7±3.0 <0.0001

WC (cm) 87.7±7.1 86.0±8.5 82.2±7.7 <0.0001

VAT (cm2) 90.7±25.9 83.6±31.4 65.8±28.7 <0.0001

SAT (cm2) 89.7±34.4 85.1±35.4 72.0±35.0 0.0004

Current smoker (%) 46.5 48.0 52.5 0.399

Smoking (pack years) 19.6±17.8 19.4±17.2 20.3±16.3 0.763

Alcohol intake (g/day) 24.7±27.2 29.0±30.1 26.3±28.6 0.701

LDLc (mg/dl) 132.7±33.0 134.1±33.9 130.4±41.3 0.772

HDLc (mg/dl) 49.0±13.4 53.8±11.0 59.5±14.4 <0.0001

Triglycerides* (mg/dl) 155 (127, 206) 138 (110, 184) 118 (87, 150) <0.0001

HOMA-R 3.4±2.0 2.6±1.2 2.3±1.1 <0.0001

CRP* (mg/l) 0.44 (0.19, 0.83) 0.27 (0.15, 0.51) 0.26 (0.15, 0.53) 0.025

Values are mean±SD, percent, or median* (25th, and 75th percentile). SBP=systolic blood pressure, DBP= diastolic blood pressure, BMI=body mass
index, WC=waist circumference, VAT= visceral adipose tissue area, SAT= subcutaneous adipose tissue area, LDLc=low-density lipoprotein
cholesterol, HDLc= high-density lipoprotein cholesterol, HOMA-R= homeostasis model assessment insulin resistance index, CRP=C-reactive protein

Obesity (Silver Spring). Author manuscript; available in PMC 2010 April 5.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Nakamura et al. Page 9

Ta
bl

e 
2

Pa
rti

al
 C

or
re

la
tio

n 
C

oe
ff

ic
ie

nt
s B

et
w

ee
n 

th
e 

O
be

si
ty

 M
ea

su
re

s a
nd

 L
og

-T
ra

ns
fo

rm
ed

 A
di

op
ne

ct
in

 a
nd

 O
th

er
 V

ar
ia

bl
es

 (A
ge

-A
dj

us
te

d)
, 3

04
 Ja

pa
ne

se
 m

en
,

20
01

-0
4.

lo
gA

di
po

B
M

I
W

C
V

A
T

SA
T

lo
gA

di
po

1.
00

0
−0

.2
37

(<
0.

00
01

)
−0

.2
51

(<
0.

00
01

)
−0

.3
35

(<
0.

00
01

)
−0

.1
55

(0
.0

07
)

lo
gC

R
P

−0
.1

11
(0

.0
55

)
0.

26
2

(<
0.

00
01

)
0.

29
0

(<
0.

00
01

)
0.

28
6

(<
0.

00
01

)
0.

28
2

(<
0.

00
01

)

H
D

Lc
0.

29
2

(<
0.

00
01

)
−0

.3
80

(<
0.

00
01

)
−0

.3
97

(<
0.

00
01

)
−0

.3
63

(<
0.

00
01

)
−0

.3
54

(<
0.

00
01

)

LD
Lc

−0
.0

06
(0

.9
17

)
0.

13
7

(0
.0

18
)

0.
14

7
(0

.0
11

)
0.

07
8

(0
.1

79
)

0.
18

8
(0

.0
01

)

lo
gT

G
−0

.2
49

(<
0.

00
01

)
0.

29
5

(<
0.

00
01

)
0.

34
6

(<
0.

00
01

)
0.

45
1

(<
0.

00
01

)
0.

26
4

(<
0.

00
01

)

H
O

M
A

-R
−0

.2
35

(<
0.

00
01

)
0.

46
7

(<
0.

00
01

)
0.

40
4

(<
0.

00
01

)
0.

37
2

(<
0.

00
01

)
0.

37
7

(<
0.

00
01

)

Sm
ok

in
g

(p
ac

k 
ye

ar
s)

−0
.0

32
(0

.5
87

)
−0

.0
37

(0
.5

25
)

−0
.0

15
(0

.7
92

)
−0

.0
05

(0
.9

38
)

−0
.0

62
(0

.2
85

)

A
lc

oh
ol

 in
ta

ke
(g

/d
ay

)
0.

01
8

(0
.7

62
)

0.
06

4
(0

.2
69

)
0.

10
1

(0
.0

80
)

0.
14

8
(0

.0
10

)
0.

01
7

(0
.7

70
)

Pa
rti

al
 c

or
re

la
tio

n 
co

ef
fic

ie
nt

s a
nd

 (P
 v

al
ue

s)
. l

og
A

di
po

=l
og

-tr
an

sf
or

m
ed

 a
di

po
ne

ct
in

 c
on

ce
nt

ra
tio

n,
 B

M
I=

bo
dy

 m
as

s i
nd

ex
, W

C
=w

ai
st

 c
irc

um
fe

re
nc

e,
 V

A
T=

 v
is

ce
ra

l a
di

po
se

 ti
ss

ue
 a

re
a,

 S
A

T=
 su

bc
ut

an
eo

us
ad

ip
os

e 
tis

su
e 

ar
ea

, H
D

Lc
= 

hi
gh

-d
en

si
ty

 li
po

pr
ot

ei
n 

ch
ol

es
te

ro
l, 

LD
Lc

=l
ow

-d
en

si
ty

 li
po

pr
ot

ei
n 

ch
ol

es
te

ro
l, 

TG
=t

rig
ly

ce
rid

es
, H

O
M

A
-R

= 
ho

m
eo

st
as

is
 m

od
el

 a
ss

es
sm

en
t i

ns
ul

in
 re

si
st

an
ce

 in
de

x,
 C

R
P=

C
-

re
ac

tiv
e 

pr
ot

ei
n

Obesity (Silver Spring). Author manuscript; available in PMC 2010 April 5.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Nakamura et al. Page 10

Ta
bl

e 
3

M
ul

tiv
ar

ia
te

s-
A

dj
us

te
d 

Li
ne

ar
 R

eg
re

ss
io

n 
M

od
el

s o
f R

el
at

io
ns

hi
p 

of
 V

A
T 

or
 S

A
T 

to
 L

og
-T

ra
ns

fo
rm

ed
 A

di
op

ne
ct

in
, 3

04
 Ja

pa
ne

se
 m

en
, 2

00
1-

04
.

M
od

el
C

ov
ar

ia
te

s
V

A
T

 S
ta

nd
ar

di
ze

d 
β

P
SA

T
 S

ta
nd

ar
di

ze
d 
β

P

M
od

el
 1

B
as

ic
 +

 V
A

T
–0

.3
47

<0
.0

00
1

-
-

M
od

el
 2

B
as

ic
 +

 S
A

T
-

-
–0

.1
57

0.
00

7

M
od

el
 3

B
as

ic
 +

 V
A

T,
SA

T
–0

.4
65

<0
.0

00
1

0.
16

6
0.

03
0

M
od

el
 4

B
as

ic
 +

 V
A

T,
 B

M
I

–0
.3

62
<0

.0
00

1
-

-

M
od

el
 5

B
as

ic
 +

 V
A

T,
 W

C
–0

.3
76

<0
.0

00
1

-
-

M
od

el
 6

B
as

ic
 +

 V
A

T,
 B

M
I, 

W
C

–0
.3

75
<0

.0
00

1
-

-

M
od

el
 7

B
as

ic
 +

 S
A

T,
 B

M
I

-
-

0.
16

8
0.

11
7

M
od

el
 8

B
as

ic
 +

 S
A

T,
 W

C
-

-
0.

36
6

0.
00

4

M
od

el
 9

B
as

ic
 +

 S
A

T,
 B

M
I, 

W
C

-
-

0.
39

7
0.

00
2

B
as

ic
: b

as
ic

 c
ov

ar
ia

te
s u

se
d 

fo
r a

dj
us

tm
en

t w
er

e 
ag

e,
 sm

ok
in

g 
(p

ac
k 

ye
ar

) a
nd

 a
lc

oh
ol

 in
ta

ke
 (g

/d
ay

).

B
M

I=
bo

dy
 m

as
s i

nd
ex

, W
C

=w
ai

st
 c

irc
um

fe
re

nc
e,

 V
A

T=
 v

is
ce

ra
l a

di
po

se
 ti

ss
ue

 a
re

a,
 S

A
T=

 su
bc

ut
an

eo
us

 a
di

po
se

 ti
ss

ue
 a

re
a.

Obesity (Silver Spring). Author manuscript; available in PMC 2010 April 5.


