1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Author manuscript
Obesity (Slver Spring). Author manuscript; available in PMC 2014 September 01.

-, HHS Public Access
«

Published in final edited form as:
Obesity (Slver Spring). 2014 March ; 22(3): 691-697. doi:10.1002/0by.20528.

Fat cell size and adipokine expression in relation to gender,
depot and metabolic risk factors in morbidly obese adolescents

Yiying Zhangl4#, Jeffrey L. Zitsman2, Jue Hou?, llene Fennoy?3, Kaiying Guo?, Joshua
Feinberg?!, and Rudolph L. Leibell4

1Division of Molecular Genetics, Columbia University, College of Physicians and Surgeons, New
York, United States

2Division of Surgery, Columbia University, College of Physicians and Surgeons, New York, United
States

3Division of Pediatric Endocrinology, Department of Pediatrics, Columbia University, College of
Physicians and Surgeons, New York, United States

4Naomi Berrie Diabetes Center, Columbia University, College of Physicians and Surgeons, New
York, United States

Abstract

Objective—To understand the regulation of adipocyte size and adipokine expression in relation
to gender, anatomic location, adiposity, and metabolic risk factors in adolescents with morbid
obesity.

Design and Methods—Adipocyte size and adipokine expression in paired abdominal
subcutaneous (SAT) and omental (VAT) surgical adipose tissues were related to gender, anatomic
location, adiposity, and metabolic risk factors in a group of morbidly obese adolescents.

Results—Significant depot- and/or gender-related differences in adipocyte size and adipokine
expression were detected. Adjusted for BMI, adipocyte size in both depots was larger in males
than in females and was a major predictor of mMRNA levels of leptin, PAI-1, and adiponectin.
Gender, but not adipocyte size, was significantly correlated with pro-inflammatory cytokine
expression. BMI and waist circumference were correlated positively with VAT adipocyte size and
negatively with SAT adipocyte size. VAT adiponectin and IL-6 expression levels were major
predictors of HDL cholesterol concentrations, independent of gender, adiposity, and insulin
sensitivity.

Conclusions—Adipose tissue morphology and function in obese adolescents are influenced by
gender and anatomic location; the pattern of gender- and depot-related differences in adipocyte
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size and adipokine expression suggests that adolescent males, relative to the females, are at
increased risk for obesity-related metabolic co-morbidities.

Introduction

Obesity is a leading cause of diabetes, hypertension, dyslipidemia, and coronary heart
diseases. Abdominal obesity is associated with increased risks of developing obesity-related
co-morbidities (1). Gender significantly influences body fat distribution and the risk of
developing these co-morbidities (2,3). However, the molecular mechanisms that link male
gender and abdominal obesity to increased metabolic risk are not fully understood (2-5).

As an active endocrine organ and the largest store of chemical energy, adipose tissue plays
an important role in regulating energy homeostasis and metabolism. Obesity is associated
with increased fat cell size and/or number (adipocyte hypertrophy and/or hyperplasia).
Adipocyte hypertrophy is associated with insulin resistance and metabolic abnormalities,
while adipocyte hyperplasia appears to be less harmful and may even provide protection
against obesity-related co-morbidities (6). Adipose tissue secretes many bioactive
molecules, known collectively as adipokines. Leptin and adiponectin, two hormones
produced specifically in adipocytes, are crucial in the regulation of energy homeostasis and
insulin sensitivity (7,8). Adipose tissues of obese individuals are characterized by increased
macrophage infiltration and relative over-expression of pro-inflammatory cytokines,
thromboembolic proteins, and proteins of the renin-angiotensin system (9), many of which
have been linked to increased risk of metabolic and cardiovascular disorders (10). Although
gender- and depot-related differences in adipocyte size, lipid metabolism, and expression
levels of adipokines have been reported (4,5,11-17), there is limited understanding of the
changes in adipocyte size in different fat depots in response to changes in general adiposity
and the relationships among adipokine gene expression, gender, anatomic location,
adipocyte size, and metabolic risk in obese individuals.

In this study, we systematically determined adipocyte size and expression levels of selected
adipokine genes and the macrophage marker CD68 in paired abdominal subcutaneous and
omental adipose tissue from morbidly obese adolescents. We asked the following specific
questions: 1. Are gender- and depot-related differences in adipocyte size and adipokine gene
expression in obese adolescents similar to those of obese adults? 2. How are expression
levels of adipokines related to adipocyte size, anatomic site of origin, and gender? 3. Are
there correlations of adipocyte size and expression levels of adipokines across depots? 4.
How are BMI and waist circumference related to adipocyte size in these two depots? 5. How
are adipokine expression levels in these fat depots related to metabolic risk factors after
adjustment for adiposity? Because the subjects are young, adipose tissue function is less
likely to be confounded by chronic metabolic phenotypes often present in similarly obese
adults.
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Methods and Procedures

Adipose tissue biopsy

Subjects were the participants of an FDA-approved study of the efficacy of laparoscopic
adjustable gastric banding (LAGB) surgery for weight loss. Both the teens and their parents
had given consents to this ancillary study of adipose tissue biology, including the biopsy of
abdominal subcutaneous (SAT) and omental fat (VAT) and the release of biopsy specimen
and the relevant medical information. Pre-surgical evaluation procedures, inclusion and
exclusion criteria used to assign subjects to LAGB, and post-surgical follow up procedures
have been described in the reports of the LAGB study (18,19). About two weeks prior to the
LAGB surgery, the subjects underwent full pre-surgical evaluations that included
assessment of developmental and pubertal status as well as height, weight, waist
circumference (WC), blood lipids, oral glucose tolerance tests and plasma insulin levels.
SAT samples were taken from the anterior abdominal wall, and VAT samples from omental
tissue along the greater curvature of the stomach. The technique of sampling was identical
for all patients. Samples placed in sterile containers were immediately transferred to the
laboratory. After visible blood vessels and connective tissues were cleaned away, a portion
of the sample was fixed in Z-fix for adipocyte sizing and the remainder was stored at —80°C
for RNA analysis. The study protocol and the use of the relevant patient information were
reviewed and approved by the Institutional Review Board of Columbia University Medical
Center.

Determination of adipocyte size

Adipocyte size of fat samples was determined using the Image-Pro-Plus Program (IPP,
Media Cybernetics, Inc. Bethesda, MD) as previously described (20). The mean adipocyte
size of each sample was calculated based on the values of at least 500 adipocytes from 5
tissue sections, and was expressed as the mean cross-sectional area per cell, micrometer2/
cell.

Quantification of adipose tissue gene expression

Quantitative RT-PCR (qRT-PCR) was used to determine mRNA levels as previously
described (15). Briefly, total RNA was converted into single-stranded cDNA by reverse
transcription. Quantitative amplification of cDNAs of interest by PCR was carried out using
gene-specific primers (see Supplemental Table 1) and iQ SYBR Green Supermix (Bio-Rad
Laboratories, CA). To prevent the amplification of any contaminating genomic DNA, the
forward and reverse PCR primers were derived from two different exons that are separated
by at least 1 kb intron. The size of the amplicon was confirmed by agarose gel
electrophoresis. Cyclophilin A mRNA level was used to normalize total RNA input. The
difference in PCR cycle numbers at the specified fluorescence thresholds (within the linear
amplification range) for the gene of interest and cyclophilin A (delta Ct) was used to
calculate the mRNA level of the gene of interest. All gRT-PCR were performed in triplicate
and the arithmetic mean of the triplicate used in subsequent calculations.
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Statistical analysis

Results

Statistical analyses were performed using Statistica V6 (StatSoft, Tulsa OK). Adipocyte size
and gene expression data were expressed as mean + SEM. Two-way ANOVA was used to
assess gender- and depot-related difference in adipocyte size and adipokine expression level.
Factorial ANOVA was used to examine potential interactions between gender and depot
origin. Simple correlation analysis was used to assess cross-depot correlations in adipocyte
size and adipokine gene expression. Multiple regression analysis was used to determine the
independent effects on adipokine gene expression of adipocyte size, and gender (coded as
female=1 and male=2) and depot origin (coded as SAT=1 and VAT=2), which were
included in the analysis as dichotomous variables. Forward stepwise multiple regression
analysis was used to assess the size of the effect of independent variables (gender, depot
origin, and adipocyte size) on the dependent variables (e.g., expression levels of adipokine
genes). Independent variable(s) with F<1 were excluded from forward stepwise regression
analysis. Multiple regression analysis and forward stepwise multiple linear regression
analysis were also used to assess the relationships/effect sizes of gender, and SAT and VAT
adipocyte size and adipokine expression levels with/on adiposity, plasma lipid
concentrations, hemoglobin Alc (HbA1c), homeostatic model assessment-insulin resistance
(HOMA-IR) and blood pressure.

Anthropometric and metabolic characteristics of the study subjects

A total of 28 obese adolescents, 14 males and 14 females were included in this analysis.
Ethnicities of the subjects were 39% Caucasian, 17% African American (AA); 28%
Hispanic and 14% mixed (1 AA/Hispanic, 2 Caucasian/Hispanic, and 1 AA/Caucasian). The
relevant anthopometric/clinical and metabolic data from the subjects, collected during the
pre-surgical evaluation about two weeks prior to LAGB surgery and adipose tissue biopsy
are shown in Table 1. All subjects were at Tanner stages IV-V. Males were taller and
heavier than the females. BMI z-scores were higher in males than in females. HDL-
cholesterol concentrations were lower in males than in females (Table 1).

Depot- and gender-related differences in adipocyte size and adipokine gene expression

Adipocyte size and mRNA levels of leptin, adiponectin, plasminogen activator inhibitor-1
(PAI-1), angiotensinogen, tumor necrosis factor-alpha (TNF-a), interleukin-6 (IL-6),
monocyte attractant protein-1 (MCP-1), visfatin (pre-B cell colony-enhancing factor),
resistin, and the macrophage marker CD68 were determined in the paired SAT and VAT
samples from obese adolescents. The mean adipocyte size and adipokine mRNA levels in
SAT and VAT of males and females (normalized to the respective values of female SAT for
easy comparisons) are shown in Figure 1. The original data are shown in Supplemental
Table 2. Two-way ANOVA showed that adipocyte size was significantly larger in males
than in females in both fat depots (Table 2). Multiple regression analysis confirmed that
male gender was associated with significantly larger adipocyte size in both SAT ($=0.52,
p<0.01) and VAT (B=0.42, p<0.05) even when differences in adiposity (using BMI as a
surrogate) were controlled for. Substituting BMI with BMI z-score or WC led to similar
results (data not shown). Leptin, PAI-1, IL-6, and visfatin mMRNA levels were higher in
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males than in females, whereas adiponectin and TNF-a mRNA levels were lower in males
than in females. Adipocyte size was significantly larger in SAT than VAT, and leptin,
PAI-1, CD68, and MCP-1 expression levels were higher in SAT than in VAT in both males
and females (Table 2). No significant gender- or depot-related differences in the expression
of resistin and angiotensinogen were observed (data not shown).

Independent effects of adipocyte size, gender, and depot-of-origin on adipokine

expression

We used multiple regression analysis to evaluate independent influences of adipocyte size,
gender and depot origin on mRNA levels of the adipokines. Both adipocyte size and depot-
of-origin were significant independent predictors of leptin mRNA levels in these obese
adolescents (Table 3), accounting for 46% and 10% of the variation in leptin mMRNA levels,
respectively. Gender was not a significant independent predictor of leptin mMRNA level once
differences in adipocyte size and depot origin were accounted for. Like leptin, PAI-1 mRNA
levels were positively correlated with adipocyte size. However, gender, but not depot-of-
origin, was also a significant independent predictor of PAI-1 expression (Table 3).
Adipocyte size and gender accounted, respectively, for 40% and 5% of variation in PAI-1
gene expression. In contrast to leptin and PAI-1, adiponectin mRNA level was negatively
correlated with adipocyte size, which accounted for 26% of the variation in adiponectin
expression (Table 3). Once variation in adipocyte size was controlled, neither gender nor
depot was a significant predictor of adiponectin expression. Adipocyte size was not a
significant predictor of mMRNA levels of the other adipokines examined. Gender had modest
effects on the expression levels of IL-6 and TNF-a, accounting for 15% and 19% of their
variations, respectively (Table 3). Neither depot nor gender was a significant independent
predictor of CD68, MCP-1, or visfatin expression levels once variation in adipocyte size was
controlled for (Table 3).

Cross-depot correlations in adipocyte size and adipokine gene expression

To further understand the influences of local versus systemic factors on adipocyte size and
adipokine expression, we examined cross-depot correlations of these parameters. Significant
cross-depot correlations in adipocyte size and expression levels of resistin, IL-6, TNF-a,
PAI, and adiponectin were observed (Table 4). Among these, the expression levels of IL-6,
TNF-a, PAI-1, and adiponectin also showed significant gender-related differences (Table 2),
suggesting that gender and other systemic factors have significant influences on the
expression of these adipokines. In contrast, no statistically significant cross-depot
correlations in the mRNA levels of visfatin, MCP-1, angiotensinogen-1, leptin, and CD68
were observed (Table 4), suggesting that local or depot-specific factors, compared to
systemic factors, may play more important roles in regulating the expression of these genes.

Distinct relationships of VAT adipocyte size and SAT adipocyte size with BMI and waist
circumference

Adipocyte size in different fat depots may be independently or differentially regulated
during the development of obesity. We examined the relationships of BMI and WC with
adipocyte size in SAT and VAT. In males, both BMI (R2=0.47, p<0.05) and WC (R2=0.36,
p=0.11) were positively correlated with VAT adipocyte size and negatively correlated with
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SAT adipocyte size (Table 5), suggesting that mechanisms underlying adipose tissue
expansion may be different in these fat depots: for example, by adipocyte hypertrophy in
VAT and by adipocyte hyperplasia in SAT. In females, WC (R?=0.30, p=0.14) displayed
similar relationships with SAT and VAT adipocyte size as in males, but BMI (R2=0.09,
p=0.59) showed no correlation with either SAT or VAT adipocyte size (Table 5), which may
be explained by the predominantly lower body fat distribution pattern in females.

Influences of VAT IL-6 and adiponectin expression levels on cholesterol metabolism

One of the goals of the study was to assess possible relationships between SAT and VAT
adipokine expression and metabolic risk factors. Simple correlation analyses revealed that
IL-6 levels, particularly VAT IL-6 levels, were negatively correlated with total, HDL- and
LDL-cholesterol levels (r=—0.51, —0.49, and —0.47, respectively, all p<0.05). The negative
correlation between the cholesterol parameters and VAT IL-6 expression levels persisted
even when adiposity (using WC or BMI as a surrogate) was controlled for. HDL
concentrations were also strongly correlated with VAT adiponectin levels (r=0.68, p<0.001),
and to a lesser degree with SAT adiponectin levels (r=0.37, p<0.06). Multiple regression
analysis indicated that both VAT adiponectin levels and IL-6 levels were significant
independent predictors of HDL concentration in this cohort, accounting for 46% and 11% of
variation in HDL, respectively (Table 6). Inclusion of BMI, WC, HOMA-IR, VAT and SAT
adipocyte size or SAT adiponectin and IL-6 mRNA levels in the regression analyses had no
significant effect on the results. Moreover, gender was no longer a significant predictor of
circulating HDL cholesterol when VAT adiponectin and IL-6 expression levels were
included as independent variables (Table 6). No significant correlation of blood pressures,
HbAlc, HOMA-IR, TG, or CRP levels, to SAT and/or VAT adipokine expression was
observed when variation in adiposity (using WC as surrogate) was controlled for, although
there was a trend of correlation between plasma CRP levels and VAT CD68 levels ($=0.33,
p=0.08).

Discussion

The four main findings of this study of obese adolescents are: 1. Depot- and gender- related
differences in adipocyte size, leptin, adiponectin and PAI-ImRNA levels in the obese
adolescents are similar to those observed in obese adults (12,13,16,17). However, in contrast
to the obese adults, pro-inflammatory cytokine expression levels are not elevated in VAT
relative to SAT in the obese adolescents (4,5,21,22). 2. Adipocyte size is a major predictor
of expression levels of leptin, PAI-1 and adiponectin, but not of pro-inflammatory cytokines
such as IL-6 and TNF-a. Variation in adipocyte size appears to mediate some of the gender-
and/or depot-related differences in leptin, PAI-1 and adiponectin expression levels. 3. BMI
and WC in males, and WC but not BMI in females, are correlated positively with VAT
adipocyte size and negatively with SAT adipocyte size, suggesting that mechanisms
regulating adipose tissue expansion may differ significantly by depots and gender. 4. VAT
adiponectin and IL-6 expression levels are strong predictors HDL-cholesterol
concentrations, independent of gender, adiposity and insulin sensitivity, consistent with the
“portal theory” which suggests that substrates and adipokines released directly into the
portal circulation have important effects on hepatic glucose and lipid metabolism (5,23). It is
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important to note that only mRNA levels of the adipokines were measured in this study,
which could potentially be distinct from protein secretion although results in the literature
suggest that mRNA levels and protein secretion rates of leptin, adiponectin, PAI-1, IL-6, and
TNF-alpha are well correlated (14,16,24-28).

Gender-related differences in adipocyte size and adipokine gene expression and their
relationships with metabolic risk factors

Males are at a higher risk for obesity-related metabolic disorders, compared to pre-
menopausal women; differences in body fat distribution and adipose tissue function may
contribute to these gender-related differences (2,3). Obese adult males have larger omental
fat cells than women whereas women have larger femoral and gluteal adipocytes than men
(11,29). Differences in adipocyte size and function among three main subcutaneous fat
depots - abdominal, gluteal and femoral - are also well recognized (11,29). In Tanner stage
IV-V obese adolescents, we find that males, independent of the degree of adiposity, have
larger adipocytes in both SAT and VAT than females. Similar to the findings in obese adults
(16,17), PAI-1 expression is higher in male than female adolescents, even when adipocyte
size is controlled for. Adiponectin expression is lower in males than in females whereas
leptin is higher in males than in females, both of which appears to be mainly due to the
difference in adipocyte size in these obese adolescents because once adipocyte size is
controlled for, gender no longer has a significant effect on either adiponectin or leptin
MRNA levels. Direct effects of gonadal steroids on leptin gene expression and plasma leptin
level remain controversial (30,31). Plasma leptin concentrations are higher in female than
male Tanner stage 1\VV-V adolescents (32), which may be due in part to the greater
proportion of subcutaneous fat in females than males. Gender also exerts significant though
small effects on IL-6 and TNF-a expression in the obese adolescents. It has been shown in
mice that HF diet exposure elicits a much greater inflammatory response, i.e., up-regulation
of genes involved in cytokine-cytokine receptor interactions and acute-phase protein
synthesis, in males than in females, and that this sexual dimorphism is partially reversed
after ovariectomy (33).

Low HDL-cholesterol is a risk factor for cardiovascular disease. HDL-cholesterol was 23%
lower in males than females in this group of obese adolescents, similar to the effect size
observed in lean and obese adults (34). We found that VAT adiponectin and IL-6 mRNA
levels were strong predictors of HDL-cholesterol concentrations. Visceral adipose tissues
are major determinants of plasma IL-6 concentration in the portal vein, which is ~50%
higher than that of the radial artery in morbidly obese subjects (35). Adiponectin has been
shown to regulate HDL assembly (36), and affects plasma HDL-cholesterol levels
independent of body fat mass (37). Taken together, our finding suggests that VAT
adiponectin and IL-6 may influence hepatic cholesterol metabolism directly via the portal
circulation. Gender differences in HDL-cholesterol are no longer significant once
adiponectin and IL-6 gene expression levels in VAT are controlled for, suggesting that the
differences in the expression levels of adiponectin and IL-6 may contribute to some of the
gender-related differences in HDL-cholesterol concentration.
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Depot specific regulation of adipocyte size and adipokine gene expression

Anatomically distinct fat depots may have distinct developmental origins and are subjected
to independent regulation in adipogenesis and function (38). We found that adipocyte size
was significantly greater in abdominal subcutaneous than in omental fat in both male and
female obese adolescents, similar to the differences observed in obese adults (11,12).
Interestingly, VAT and SAT adipocyte sizes also display distinct relationships with the
degree of adiposity (BMI and WC as surrogates). In the linear regression model, BMI and
WC in males, and WC in females, all display a positive correlation with VAT adipocyte size
and a negative correlation with SAT adipocyte size. Although the mass of these two fat
depots was not measured here, an inference from these divergent correlations of adipocyte
size with adiposity is that adipogenesis/adipose tissue expansion in these fat depots may be
differentially regulated during the development of obesity — VAT being more likely to
expand by increases in adipocyte size while SAT preferentially increases in adipocyte
number. Spalding et al report that in adults adiposity is mainly correlated with the total
number of adipocytes, which appears to be determined in early puberty and remains
relatively consistent throughout of life despite ongoing turnover of adipocytes (39). The
fractional rates of adipocyte turnover are not significantly different between lean and obese
subjects (39). In the context of this model, our observations in obese adolescents suggest
that the expansion of adipocyte number in the development of obesity during early
adolescence occurs preferentially in subcutaneous fat depots.

As in obese adults, both leptin and PAI-1 mRNA levels are higher in SAT than in VAT in
obese adolescents (12,16). However, we found that depot-related differences in leptin and
PAI-1 expression in the obese adolescents are correlated mainly with adipocyte size,
although depot per se remains a significant predictor of leptin mMRNA level (SAT >VAT),
consistent with the findings of our earlier studies in lean and obese mice (14,15). The lack of
significant cross-depot correlation in leptin gene expression further suggests that local
factors, e.g., adipocyte size, levels of glucocorticoid receptor and adrenergic receptors
(14,40), play important roles in determining leptin mRNA levels in specific fat depots. We
did not find a consistent pattern of depot-related differences in the expression levels of
CD68 and pro-inflammatory cytokines. Previous studies in obese adults found that visceral
adipose tissues exhibit elevated levels of IL-6 and MCP-1 expression compared to
subcutaneous adipose tissues (21,22). Differences in obese adolescents may relate to age,
duration of obesity, metabolic status of the study cohorts and molecules assayed.
Additionally, macrophage marker CD68 levels showed little correlation between depots or
with adipocyte size in our subjects, suggesting that the degree of macrophage infiltration in
different fat depots may be regulated locally but is not necessarily related to the degree of
adipocyte hypertrophy.

In summary, despite the evidence that many adipose tissue functions are co-regulated to
various degrees by gender and other systemic factors, depot-related differences in adipocyte
size and leptin gene expression observed in this group of obese adolescents support the
contention that fat depots are in some ways independent mini organs and that their functions
are substantially influenced by developmental origins and local environmental factors. The
finding that morbidly obese adolescent males are more likely to develop adipocyte
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hypertrophy, express lower adiponectin and higher PAI-1 levels, and have lower circulating
HDL-cholesterol than females suggests that obese adolescent males are at higher risk to
develop obesity-related metabolic co-morbidities. Early nutritional and medical
interventions, such as weight loss, exercise, and cholesterol control, may prevent or delay
the onset of metabolic complications and improve their long term health.

Supplementary Material
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What isalready known about this subject?

1. Gender and body fat distribution affect the risk for obesity-related co-
morbidities

2. Adipose tissue secretes peptides and metabolites influencing energy
homeostasis, inflammation, coagulation, and other phenotypes.

3. The production of these molecules is influenced by gender and anatomic
location of adipose tissue.

What doesthis study add?

1. Demonstration of independent effects of adipocyte size, gender, and anatomic
location on expression of multiple adipokines in obese adolescents.

2. Adiposity in morbidly obese adolescents is positively correlated with visceral fat
cell size, and negatively correlated with subcutaneous fat cell size.

3. Observation of strong association between expression levels of adiponectin and
IL-6 in omental fat with circulating concentrations of HDL.
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The average adipocyte size and mRNA levels of selected adipokines (mean+SE) in
abdominal subcutaneous fat tissue (SAT) and omental fat tissue (VAT) from male (M) and
female (F) obese adolescents. The values are expressed relative to the respective values in

female SAT.

Obesity (Slver Spring). Author manuscript; available in PMC 2014 September 01.



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Zhang et al.

Anthropometric and metabolic characteristics of ATS subjects

Female Male
n 14 14
age (yr) 16.6+0.26 17.1+0.29
Tanner stage 4.86+0.10 4.75+0.17
height (cm) 162.0+1.79 1738 +2.75""
weight (Ib) 26854142 397 44175
BMI (kg/m?) 46.4%2.3 49.242.2
BMI z-score 2.5310.04  302+0.09"*"
waist circumference (cm)  130.6+3.8 140.745.4
SBP (mmHg) 119.3+3.2 126.0+3.2
DBP (mmHg) 72.943.2 76.8+2.4
HbAlc 5.36+0.11 5.56+0.10
HOMA-IR 2.32+0.44 3.30+0.56
TG (mg/dl) 116.3+13.6 111.549.2
Cholesterol (mg/dl) 173.5+8.1 164.7+14.9
HDL-C (mg/dl) 47.242.7 36.342.2"*
LDL-C (mg/dI) 102.945.9 104.5+11.7
CRP (mg/dl) 10.8+2.9 9.0+2.8

* k% *kk
,**, and
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indicate p<0.05, 0.01 and 0.001, respectively, female vs. male.
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Depot- and gender-related differences in adipocyte size and adipokine gene expression by two-way ANOVA

typeof difference variables direction of difference p

gender adipocyte size M>F <0.001
leptin M>F <0.05
PAI-1 M>F <0.001
IL-6 M>F <0.01
visfatin M>F <0.01
TNF-a F>M <0.01
adiponectin F>M <0.01

depot adipocyte size SAT > VAT <0.001
leptin SAT > VAT <0.001
PAI-1 SAT > VAT <0.01
cD6s* SAT > VAT <0.05
MCP-1 SAT > VAT =0.057

*

indicates significant interaction between gender and depot (p=0.05)
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Cross-depot correlations in adipocyte size and adipokine gene expression

Parameter r p
adipocyte size 0.68 <0.001
resistin 0.87 <0.001
IL-6 0.75 <0.001
PAI-1 0.73 <0.001
TNF-a 0.65 <0.001
adiponectin 0.60 <0.01
visfatin 0.36 ns
MCP-1 0.33 ns

angiotensinogen-1  0.38
leptin 0.25
CD68 -0.07

ns

ns

ns

ns, not significant (p>0.05)
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VAT adiponectin and IL-6 expression levels are major independent predictors of plasma HDL-cholesterol

concentration

variables delta R? B p
VAT adiponectin 0.46 0.52 <0.01
VAT IL-6 0.11 -0.30 <0.05
gender 0.03 -0.20 NS
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