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Abstract

Thirty percent of obese individuals are metabolically healthy and were noted have increased 

peripheral obesity. Adipose tissue is the primary source of adiponectin, an adipokine with insulin-

sensitizing and anti-inflammatory properties. Lower adiponectin levels are observed in individuals 

with obesity and those at risk for cardiovascular disease. Conversely, higher levels are noted in 

some obese individuals who are metabolically healthy. Our objective was to determine whether 

abdominal adiposity distribution, rather than BMI status, influences plasma adiponectin level. 

Four-hundred and twenty-four subjects (female: 255) of Northern European ancestry were 

recruited from “Take Off Pounds Sensibly” (TOPS) weight loss club members. Demographics, 

anthropometrics, and dual X-ray absorptiometry of the whole body and CT scan of the abdomen 

were performed to obtain total body fat content and to quantify subcutaneous adipose tissue and 

visceral adipose tissue respectively. Laboratory measurements included fasting plasma glucose, 

insulin, lipid panel, and adiponectin. Age- and gender-adjusted correlation analyses showed that 

adiponectin levels were negatively correlated with body mass index, waist circumference, 

triglycerides, total fat mass, and visceral adipose tissue. A positive correlation was noted with 

HDL-cholesterol and fat free mass (p<0.05). Subcutaneous adipose tissue -to-visceral adipose 

tissue ratios were also significantly associated with adiponectin (r=0.13, p = 0.001). Further, the 

best positive predictors for plasma adiponectin were found to be subcutaneous adipose tissue -to-

visceral adipose tissue ratios and gender by regression analyses (P<0.01). Abdominal adiposity 

distribution is an important predictor of plasma adiponectin and obese individuals with higher 

subcutaneous adipose tissue -to-visceral adipose tissue ratios may have higher adiponectin levels.
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Introduction

Obesity is associated with insulin resistance, metabolic syndrome, and type 2 diabetes 

mellitus, and thus many obese individuals are at increased cardiovascular disease risk(1, 2). 

However, not all obese individuals are at increased risk for metabolic abnormalities noted 

above(3). Individuals with centripetal distribution of adiposity (visceral adiposity) are at a 

higher cardiovascular disease risk compared to individuals with peripheral adiposity 

distribution(3).

Adipose tissue, a dynamic endocrine organ, is a source of a number of adipocytokines and is 

responsible for a myriad of actions that may explain the metabolic risks attributed to 

adiposity(4). Adiponectin is one such adipokine derived exclusively from white adipose 

tissue and has been shown to have insulin-sensitizing, anti-inflammatory, and anti-apoptotic 

effects on a number of different cell types(5, 6). It is largely considered to have protective 

actions against obesity-related metabolic risks and lower adiponectin levels are considered a 

risk factor for type 2 diabetes mellitus and cardiovascular disease(7-9). Even though adipose 

tissue is the sole source of adiponectin, adiponectin levels are lower in individuals with 

higher body mass index, particularly visceral adiposity, suggesting a non-linear relationship 

with adipose tissue mass(10, 11).

Several studies have shown that females have higher levels of adiponectin than males(6, 8, 

12), which may be the result of differences in body fat distribution between genders(8, 12). 

In addition, newly described metabolically healthy obese phenotype individuals were 

recently shown to have paradoxical hyperadiponectinemia(12, 13) with favorable metabolic 

risk profiles, suggesting that adiposity distribution may contribute to adiponectin levels and 

hence the cardiovascular risk of obesity. In the current study, we explore the relationship of 

plasma adiponectin level with total adiposity and abdominal adiposity distribution 

(subcutaneous vs. visceral).

Methods

Subjects

Four-hundred and twenty-four Caucasian subjects (male: 169, female: 255) were recruited 

from “Take Off Pounds Sensibly” (TOPS) weight loss club membership as has been 

previously described(14, 15). These subjects were part of a family-based study and 

recruitment criteria consisted of having at least 2 obese siblings (body mass index ≥ 30 

kg/m2) and at least one non-obese sibling and/or parent (body mass index ≤ 27 kg/m2)(14, 

15). Subjects with a history of type 1 diabetes mellitus, cancer, renal or hepatic disease, 

active coronary artery disease, substance abuse, corticosteroids, thyroid medications above 

the replacement dose, or history of weight loss of more than 10% of body weight in the 

preceding 12 months were excluded from the study. All procedures were approved by the 

Medical College of Wisconsin's Institutional Review Board and conform to the relevant 

ethical guidelines for human research.
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Measurements

Weight, height, and blood pressure were measured using standardized methods. Waist 

circumference was measured at the level of the navel, and hip circumference was measured 

at the widest point of the buttock region. BMI and waist-to-hip ratio were calculated. 

Subjects were fasting at the time of laboratory measurements. Plasma glucose was measured 

in triplicate using a Glucose Analyzer II (Beckman Instruments, Brea, CA) with a glucose 

oxidase method. Plasma insulin was measured using a double-antibody, equilibrium RIA 

(Linco Research, St. Louis) specific to human insulin. The homeostasis model assessment 

(HOMA) method was used for calculation of insulin resistance (HOMA-IR)(16) in patients 

without type 2 diabetes mellitus (n=387). Plasma triglycerides were measured using a 

glycerylphosphate oxidase method (Stanbio Laboratory, Inc., San Antonio, TX). High-

density lipoprotein-cholesterol (HDL-C) was measured using phosphotungstic acid/MgC12 

precipitation (Roche-Boehringer, Indianapolis, IN). Low-density lipoprotein-cholesterol 

(LDL-C) was directly measured with an enzymatic selective protection method (Sigma 

Diagnostics, St. Louis, MO). Plasma adiponectin and leptin were determined using a double 

antibody equilibrium radioimmunoassay (Millipore Corporation, Billerica, MA)(17). Tumor 

necrosis factor-alpha (TNF-α), interleukin-1 beta (IL-1β), and interleukin-6 (IL-6) were 

measured using Quantikine human ELISA kits from R&D systems (Minneapolis, MN)(18).

In addition, biological phenotypes were measured following standard published protocol to 

obtain total fat mass as well as lean mass in kilograms and percentage using dual-emission 

X-ray Absorptiometry (DXA)(19). Total abdominal, visceral adipose tissue (VAT), and 

subcutaneous adipose tissue (SAT) depot sizes were estimated using the average of three 

computerized tomography (CT) sections at the fourth lumbar vertebra(20). CT data are 

expressed as cross-sectional areas of tissue in grams or cm2. The total adipose tissue area, 

total soft tissue area, and the mean attenuation of soft tissue on each cross-sectional image 

are determined. The subcutaneous and intra-abdominal adipose tissue areas are 

differentiated by encircling the abdominal muscular wall. The number of volume elements 

in the scan containing fat is determined by thresholding techniques(21, 22). Computer 

software delineated tissue areas, from which quantitative estimates of the amounts of 

adipose tissue, muscle, or bone can be estimated(23). The reproducibility of CT 

measurements was high; the coefficient of variation for our laboratory with a single observer 

over consecutive days is 1.75%. Although CT scanning requires a relatively high radiation 

dose, this has been minimized by limiting the scanning to three slices of 3.0 mm thickness.

Statistical analyses

In the univariate analysis, descriptive statistics (mean ± standard deviation) were calculated 

and a two-sample t-test was performed to compare female and male subjects on the overall 

basic characteristics. For the multivariate analysis, SAT to VAT ratio was transformed using 

a base-2 logarithmic transformation. Changes in these transformed values should be 

interpreted as multiplicative effects: for example, an increase of one in the transformed 

value corresponds to a two-fold change in the original scale. Partial correlation analysis was 

performed to investigate the relationship between adiponectin and each anthropometric 

characteristics controlling for age and gender in the overall data and adjusting for age in the 

gender separated data. Regression analysis with step-wise model selection method was 
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performed to identify the significant predictors of adiponectin using the overall sample and 

gender separated samples. The significance level was set at 0.05 for all the analyses. All data 

analyses were carried out using the Statistical Analysis System, version 9.2 (SAS institute, 

Cary, NC, USA).

Results

The baseline anthropometric and metabolic characteristics are summarized in Table 1. 

Females had higher body mass index, percent fat mass, SAT, and higher SAT-to-VAT ratios 

compared to males. Males had a higher waist circumference, waist-to-hip ratio, and percent 

fat free mass. However, VAT area was similar between males and females. Males also had 

higher systolic blood pressure, diastolic blood pressure, LDL-C, and lower HDL–C levels. 

Insulin resistance, indicated by HOMA-IR, was not different between males and females 

(1.8 vs. 1.7) without diabetes mellitus. Females had higher plasma adiponectin levels.

Overall adiponectin correlated positively with age (r=0.106, p = 0.03). When adjusted for 

age and gender, adiponectin was negatively correlated with body mass index, waist 

circumference, waist-to-hip ratio, percent total fat, total abdominal fat area, and unadjusted 

SAT and VAT areas, while a higher percentage of fat free mass was associated with higher 

adiponectin levels (Table 2). When SAT was adjusted for VAT (SAT-to-VAT ratio), it was 

positively correlated with adiponectin (Figure 1). Additionally, in the overall sample 

adiponectin was inversely related to total and LDL-C and triglycerides, and positively 

related to HDL-C, however, there was no relationship with any of the inflammatory 

markers, HOMA-IR, or blood pressure (Table 2).

When a sub-group analysis was performed by gender, adiponectin showed similar 

relationships with adiposity measurements and metabolic parameters in females as the 

overall sample, including a positive association with SAT-to-VAT ratios (Figure 1). 

Similarly, in males adiponectin was negatively associated with waist circumference, waist-

to-hip ratio, total abdominal fat, and VAT area. In contrast to females, males did not show 

any correlation between adiponectin and body mass index, percent body fat mass and SAT-

to-VAT ratios (Table 2). Adiponectin in males was also not significantly related to HDL-C 

or triglycerides.

In a step-wise regression analyses to determine significant predictors of adiponectin in the 

overall sample (Table 3), age, gender, waist circumference, and SAT-to-VAT ratios were 

significant in predicting adiponectin levels. Twenty-one percent of the variability in 

adiponectin levels was explained by the model. SAT-to-VAT ratios, age, and gender were 

the two strongest positive predictors of adiponectin in the overall sample. SAT-to-VAT ratio 

remained significant even after adjustment for age, gender, and waist circumference. In 

gender-specific analyses, age, waist circumference, and SAT-to-VAT ratios were significant 

adiponectin predictors for both males and females (Table 3).

Discussion

The association of adiponectin levels with adiposity in various body compartments and 

waist to hip ratio has been previously proposed(11, 24). However, this is the first study that 
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demonstrates a clear association between higher abdominal SAT (after adjustment for VAT) 

as measured unambiguously by the CT scan and plasma adiponectin levels, after adjustment 

for body mass index, waist circumference, and VAT. In addition, regression analyses 

showed that gender and SAT-to-VAT ratios were best positive determinants of plasma 

adiponectin levels. These findings highlight the potential role of abdominal adiposity 

distribution, rather than visceral adiposity, in regulating adiponectin levels. Furthermore, we 

confirm findings from previous studies showing that females have higher overall adiposity, 

higher SAT, and adiponectin levels(24)

There is a large inter-individual variation in the size and expandability of various adipose 

tissue depots, such as subcutaneous (e.g. abdominal, thigh, and gluteal regions) and visceral 

(e.g. omental, mesenteric, and perinephric) depots in humans. It has been suggested that the 

association of VAT with inflammatory cytokines (e.g. interleukins and TNF-α) contributes 

to the development of insulin resistance and cardiovascular disease(25). In contrast, 

individuals with peripheral adiposity have a predominantly subcutaneous accumulation of 

adipose tissue in the femoral-gluteal region and seem to be less susceptible to metabolic 

complications(26-28). Each standard deviation (SD) increase in SAT mass decreases the 

odds of insulin resistance by 48%, whereas a SD increase in VAT mass increases the odds of 

insulin resistance by 80%(29). These data suggest that SAT may be protective against the 

development of metabolic abnormalities and cardiovascular disease.

Adiponectin is a pleiotropic hormone that has emerged as a unique marker of metabolic 

protection offered by adipose tissue(30), with lower levels seen in individuals with 

unfavorable metabolic conditions such as insulin resistance and visceral obesity(10, 31, 32). 

However, Turer et al. showed that adiponectin levels were higher with increasing lower 

extremity adiposity and decreasing truncal adiposity(11), thus raising a possibility of 

independent association with SAT. Matoshima et al. studied secretion of adiponectin invitro 

from paired samples of isolated human omental and subcutaneous adipocytes(33). They 

noted that secretion of adiponectin from omental cells was generally higher than 

subcutaneous adipocytes, however showed a strong negative correlation with body mass 

index. They concluded that reduced secretion of adiponectin from omental adipose tissue 

depot might account for the decline in plasma adiponectin levels observed in obesity. In 

contrast, secretion from the subcutaneous adipocytes was unrelated to body mass index, 

which may explain the positive correlation of adiponectin levels with SAT.

The current study also highlights the role of gender in determining adiponectin levels. 

Female subjects not only had higher adiponectin levels, they also showed a more robust 

relationship to SAT. In addition, gender was one of best predictors of adiponectin levels in 

multiple regression analyses. Adiponectin has been shown to negatively correlate with 

testosterone levels in both males and females(34, 35). Testosterone therapy in aging men has 

been reported to decrease SAT and adiponectin levels(36, 37). It is possible that whatever 

protective effect might be offered by adiposity distribution is obtunded by high levels of 

androgens in males. It is unclear whether testosterone exerts it effects by changing adiposity 

distribution or via direct effects on adiponectin secretion(38-41).
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Since adipose tissue depots differ in the strength of their association with the adverse 

metabolic consequences of obesity, and the secretion of adiponectin seems to differ based on 

the location of the adipose tissue, it is plausible that adiponectin levels can partly explain the 

relative metabolic protection offered by SAT. Accordingly, Doumatey et al. showed that 

metabolically healthy obese African Americans had higher adiponectin levels compared to 

their unhealthy counterparts. Our study sample size was inadequate to perform this 

evaluation.

Our study has several important limitations. The cross-sectional nature of our study design 

precludes establishing a causal relationship between SAT area and adiponectin levels. We 

also acknowledge that we did not control for exercise, menopausal/hormone replacement 

therapy status of the individuals. In addition, the time from enrollment into TOPS weight 

loss program was not recorded, hence the lifestyle changes that subjects may have made 

may have influenced the adiponectin levels, and those were not accounted for. However, the 

data were collected in a fasting state when subjects were at a stable weight for 6 months. 

Our study population is entirely Caucasian; hence, the results should be interpreted with 

caution when considering other ethnicities and races. In addition, it is not known whether 

the protective effect of peripheral fat distribution can be extrapolated to relatively higher 

adiponectin levels in these individuals. We were unable to show the connection between the 

higher subcutaneous adiposity, adiponectin levels, and metabolic protection due to 

inadequate sample size. Larger studies are necessary to clarify this relationship. Our study 

focuses on abdominal adiposity distribution, and hence may not be generalizable to total 

body subcutaneous adipose tissue area. However, WHR, a crude measure of central versus 

peripheral obesity, was negatively correlated with adiponectin (Table 2), giving credence to 

our conclusion that higher peripheral adiposity (higher hip circumference) is associated with 

higher adiponectin levels. In addition, SAT-to-VAT ratios correlated positively with hip 

circumference (r= 0.20, p <0.0001 respectively) and negatively with WHR (r= −0.425, p 

<0.0001), suggesting higher abdominal SAT also means higher general peripheral adiposity.

Apart from its association with obesity and metabolic syndrome, lower levels of adiponectin 

have been associated with atherosclerosis, liver steatosis, and some malignancies(42, 43). 

Despite a number of studies showing these associations, it is not known how adiponectin 

exerts its protective effects. Adiponectin activates 2 seven-transmembrane receptors, 

adiponectin receptor 1 (adipoR1) and adiponectin receptor 2 (adipoR2), and stimulation of 

either receptor leads to regulation of metabolic effects through activation of metabolic 

effects through a number of pathways including AMPK and MAPK(44, 45). Knockout (KO) 

of each receptor resulted in negative effects on metabolism. AdipoR1 KO had specifically 

increased adiposity and decreased glucose tolerance and adipoR2 KO mice were resistant to 

diet-induced obesity(46, 47). Adiponectin has been shown to reduce mRNA levels of 

VCAM-1 and other adhesion molecules, class A scavenger receptor, suppress several of 

TNF-alpha mediated pro-inflammatory actions, and inhibit transformation of macrophages 

to foam cells(42, 48-52). Hyperadiponectinemia was shown to exert cardioprotective effects 

via AMPK- and cyclooxygenase-2 (COX-2) dependent mechanisms(53, 54). Since the 

molecular targets of adiponectin are not fully known, it is not clear whether adiponectin is a 

direct regulator or a marker of another parameter that varies with adiposity compartments. It 

is not known why and at which point VAT production of adiponectin is reduced in obese 
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subjects, while SAT production of adiponectin remains unchanged. We believe that retained 

adiponectin secretion from SAT leads to higher adiponectin levels in individuals with higher 

SAT-to-VAT ratio, perhaps resulting better metabolic effects in these individuals. Moreover, 

recent studies have questioned the previous associations of adiponectin with metabolic 

abnormalities and cardiovascular disease(55, 56).

In summary, we have shown that higher SAT is, when controlled for VAT and total 

adiposity, associated with increased adiponectin levels. This higher SAT-to-VAT ratio may 

mediate relative protection from type 2 diabetes mellitus and cardiovascular disease 

experienced by some obese individuals. Larger prospective studies with clearly defined 

metabolic parameters are necessary to further explore the protective effects of SAT and 

adiponectin.
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Background

Thirty percent of obese individuals are metabolically healthy. Studies have suggested that 

these obese individuals have predominantly peripheral obesity. Adiponectin, an 

adipokine, has insulin-sensitizing and anti-inflammatory properties. Adiponectin levels 

are lower in obese individuals with central adiposity. However, obese individuals who 

are metabolically healthy have been shown to have paradoxically higher adiponectin 

levels.
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Translational significance

In this study, we show that higher subcutaneous adipose tissue volume (as seen in 

individuals with peripheral obesity) may be associated with higher plasma adiponectin 

levels. This suggests higher subcutaneous adipose tissue volume may be protective by 

translating into higher circulating adiponectin levels.
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Figure 1. 
Regression plots showing the relationship between adiponectin and adiposity measurements

Trend lines depicting relationship of adiposity measurements with adiponectin ....... All 

subjects trend line ○ Females + Males ------ Male trend line — Female trend line
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Table 1

Distributions of basic characteristics in Caucasian subjects (mean ± standard deviation)

Variable Total (n=424) Females (n=255) Males (n=169)

Age (years) 42.6 ± 15.9 43.1 ± 15.6 41.8 ± 6.4

Systolic blood pressure (mmHg) 125.1 ± 17.7 123.0 ± 19.0
128.2 ± 15.1

**

Diastolic blood pressure (mmHg) 76.5 ± 11.9 75.3 ± 11.1
78.3 ± 12.8

**

Anthropometric measurements

BMI (kg/m2) 32.5 ± 8.9 33.7 ± 9.4
30.8 ± 7.8

*

Waist circumference (cm) 98.3 ± 18.4 96.6 ± 19.3
101.0 ± 16.6

*

Waist to hip ratio (WHR) 0.9 ± 0.1 0.8 ± 0.1
0.9 ± 0.1

***

Total fat (%) 38.1 ± 11.0 43.9 ± 7.9
29.4 ± 9.1

***

Total fat free mass (%) 62.1 ± 11.2 56.4 ± 8.4
70.7 ± 9.2

***

Abdominal adipose tissue area

Subcutaneous adipose tissue area (cm2) 84.4 ± 48.2 92.9 ± 49.1
71.6 ± 44.1

***

Visceral adipose tissue area (cm2) 48.1 ± 30.4 42.4 ± 29.1 56.8 ± 30.5

Total abdominal adipose tissue area (cm2) 486.5 ± 250.0 496.6 ± 255.3 471.1 ± 241.7

SAT-to-VAT ratio 2.2 ± 1.4 2.7 ± 1.5
1.4 ± 0.7

***

Laboratory measurements

Total cholesterol (mmol/L) 4.94 ± 1.07 4.90 ± 1.02 5.00 ± 1.13

HDL-cholesterol (mmol/L) 1.06 ± 0.40 1.12 ± 0.45
0.98 ± 0.27

***

Triglycerides (mmol/L) 1.31 ± 1.67 1.19 ± 0.79 1.50 ± 2.46

LDL-cholesterol (mmol/L) 3.36 ± 1.15 3.06 ± 0.95
3.51 ± 1.38

*

Adiponectin (μg/mL)
† 8.5 ± 4.5 9.6 ± 4.9

6.8 ± 3.0
***

Interleukin-1β (pg/mL)
† 0.5 ± 1.0 0.5 ± 1.0 0.4 ± 1.0

Interleukin -6 (pg/mL)
† 4.8 ± 9.0 5.8 ± 10.0

3.4 ± 7.1
**

Tumor Necrosis Factor-α (pg/mL)
† 3.9 ± 2.7 3.8 ± 2.6 4.2 ± 2.8

Among subjects without diabetes mellitus

Insulin resistance index (HOMA-IR) 1.8 ± 1.1 1.8 ± 1.2 1.7 ± 1.0

*
P ≤ 0.05

**
p ≤ 0.01

***
p ≤ 0.001

†
SI units not available
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Table 2

Age and gender-adjusted partial correlation coefficients of adiponectin with anthropometric and biochemical 

characteristics

Variable Overall Females Males

BMI (kg/m2) −0.23
***

−0.27
*** −0.12

Waist circumference (cm)
−0.29

***
−0.33

***
−0.21

**

Waist to hip ratio
−0.20

***
−0.20

***
−0.22

***

Total fat (%)
−0.20

***
−0.24

** −0.14

Total fat free mass (%)
0.24

***
0.29

***
0.17

*

Subcutaneous adipose tissue area (cm2) −0.20
***

−0.23
*** −0.13

Visceral adipose tissue area (cm2) −0.22
***

−0.22
***

−0.25
***

Total abdominal adipose tissue area (cm2) −0.23
***

−0.25
***

−0.19
*

SAT-to-VAT ratio
0.13

***
0.15

* 0.047

SBP (mm Hg) −0.04 −0.03 −0.06

DBP (mm Hg)
−0.09

* −0.098 −0.098

Total cholesterol (mmol/L)
−0.12

** −0.10
−0.18

*

HDL-cholesterol (mmol/L)
0.21

***
0.23

*** 0.13

LDL-cholesterol (mmol/L)
−0.11

* −0.07
−0.19

*

Triglycerides (mmol/L)
−0.11

**
−0.21

*** −0.092

Interleukin-1β (pg/mL) −0.05 −0.06 −0.03

Interleukin -6 −0.002 −0.005
0.16

*

Tumor Necrosis Factor-α (pg/mL) 0.027 0.056 −0.033

*
P ≤ 0.05

**
p ≤ 0.01

***
p ≤ 0.001
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Table 3

Stepwise Regression Analysis for Predictors of Adiponectin

Variable Estimate ± SE P value Estimate ± SE P value Estimate ± SE P value

Total Overall sample Females Males

Gender (female vs. male) 1.30 ± 0.52 0.01

Age (years) 0.08 ± 0.02 <0.0001 0.098 ± 0.02 <0.0001 0.06 ± 0.02 0.0008

Waist Circumference −0.08 ± 0.01 <0.0001 −0.09 ± 0.02 <0.0001 −0.053 ± 0.015 0.0008

Log SAT-to-VAT ratio 1.00 ± 0.32 0.0015 1.00 ± 0.48 0.04 0.850 ± 0.39 0.03
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