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AbstrAct

ObJeCTIVe: Adiponectin is the major product of adipose tissue. The aim of this study was to 
associate adiponectin levels with adipose tissue and metabolic indices. DeSIGN: plasma samples 
of 274 non-diabetic volunteers were collected to evaluate for adiponectin, inflammatory mark-
ers, insulin and lipid parameters. body fat composition was measured by DeXA. reSUlTS: 
As expected, adiponectin levels correlated with body mass index (bMI) and gender but a wide 
scattering was evident. when the population was divided into two groups per median levels of 
adiponectin (11.94 μg/mL), adiponectin was correlated with various metabolic indices. Persons 
displaying relatively high adiponectin levels [17.7(CI:14.8-21.0]μg/mL; MEDIAN (25%-75%)] 
exhibited lower levels of inflammatory markers (hs-Crp, plasminogen, erythrocyte sedimentation 
rate), circulating lipids and markers of insulin sensitivity (fasting blood glucose, insulin, HbA1c 
and HOMA-Ir) compared to those individuals displaying low-adiponectin levels [8.9(CI:6.9-
10.6)μg/mL]. The percentage of high-adiponectin individuals decreased from 69.6% in the 
normal-BMI group to 36.5% in the obese-BMI group. Average adiponectin levels in the high-
adiponectin normal-bMI group were significantly higher compared to the high-adiponectin 
obese-bMI group (p=0.014). regarding body fat, only the individuals with high adiponectin 
levels in either the combined population or within the obese-bMI group displayed low levels 
of waist-to-hip ratio. Interestingly, high-adiponectin levels within the obese-bMI group were 
associated with higher legs fat than trunk fat as compared to the low-adiponectin obese-bMI 
group. CONClUSIONS: Our data suggest that the distribution of adiponectin above or below 
a cutoff level may offer additional clinical information over and above that of bMI grouping 
regarding inflammatory profile, insulin-sensitivity and adiposity.
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INTrODUCTION

Adiponectin, the most abundant product of ad-
ipocytes, exerts multiple anti-inflammatory, anti-
atherogenic and anti-diabetic effects.1-5 The levels 
of adiponectin decrease in obesity, the so-called obe-
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sity paradox, its expression suppressed by the pro-
inflammatory cytokines and chemokines produced 
by the large adipocytes and activated macrophages 
of visceral adipose tissue in obesity.6–11 lower levels 
of circulating adiponectin correlate inversely with 
insulin resistance and markers of inflammation.1–5

The main problem with adiponectin levels is their 
wide scattering. Indeed, individual adiponectin lev-
els fluctuate markedly between individuals within 
the same body mass index (BMI) and total body fat 
group. The reason for these differences in adiponec-
tin may be attributed to other factors modulating 
the expression of the adiponectin gene in addition 
to BMI and quantity of fat. Indeed, it is known that 
gender, age, physical activity, quality and quantity of 
food intake, smoking, alcohol drinking and several 
others parameters affect its levels.6 Thus, adiponectin 
levels are higher in women compared to men and in 
younger age groups compared to the elderly. Fur-
thermore, in lifestyle intervention studies the levels 
of adiponectin increased before any change in BMI 
could be detected.7 It has been estimated that daily 
intake of carbohydrates, smoking frequency and lev-
els of circulating cytokines, such as tumor necrosis 
factor alpha (TNFa), may account for as much as 
50% of individual variability in adiponectinemia 
among normal-weight women as compared to only 
10% of variance accounted for by abdominal fat.8 
likewise, the glycemic index (GI) of each meal can 
influence plasma adiponectin levels in patients with 
type 2 Diabetes Mellitus (T2DM) irrespective of their 
BMI.9 Thus, diets with high GI suppress adiponectin 
while those of low GI boost it.10 Another interesting 
observation is that adiponectin levels are lower in 
non-obese, non-diabetic first-degree relatives of pa-
tients with T2DM, as compared to weight-matched 
persons with no diabetic relatives, highlighting the 
role of life-style choices and patterns within each 
family.11 Furthermore, it has repeatedly been shown 
that BMI or waist circumference partly explains the 
association of adiponectin levels with insulin sen-
sitivity.12 In addition, while the chronic low-grade 
inflammation of obesity has been associated with low 
adiponectin levels, higher levels of inflammation like 
those encountered in inflammatory or autoimmune 
diseases or even sepsis enhance rather than suppress 
adiponectin levels.13

The aim of the current study was to examine the 
significance of adiponectin scattering within our 
combined population as well as within each BMI 
group and associate it with metabolic indices including 
quantity and distribution of body fat, insulin resistance, 
lipid profile, inflammation markers and gender. Our 
data showed a wide scattering of adiponectin levels 
across our combined population and within each BMI 
group. Gender played a significant role in adiponectin 
irrespective of BMI or total body fat. Parsing the total 
population into high and low adiponectin subgroups, 
based on the population adiponectin median, was 
found to offer additional clinical information over 
and above that of BMI grouping.

MATerIAlS AND MeTHODS

Ethics approval and consent to participate
The protocol was approved by the ethics Committee 

of the University Hospital of Heraklion, Crete (protocol 
number 16901) and all participating subjects signed 
informed consent forms. The study was conducted 
in accordance with the principles for the conduct of 
human research of the Declaration of Helsinki.

Characteristics of the population studied
The study cohort consisted of 274 subjects (221 

women and 53 men) with no clinically evident health 
problems, on no medications or weight reducing diet 
[39.6 ± 12.9 years (MeAN ± SD)]. The participants 
were recruited through direct contact during regularly 
scheduled appointments for routine clinical evaluations 
(e.g. complete blood count checkup or other more 
specific tests appropriate for their health condition) 
at the primary care facilities. Participants were free 
of major and chronic autoimmune or inflammatory 
diseases. In the first part of the study, the population 
was divided into three groups as per BMI: normal-
weight (BMI <25 kg/m2), overweight (BMI: 25–30 
kg/m2) and obese groups (BMI >30 kg/m2). In the 
second part of the study, either the entire popula-
tion or each BMI group was subdivided as per the 
median adiponectin level (11.94 μg/mL) into a high 
adiponectin and a low adiponectin group.

Body fat assessment
Waist and hip circumference were measured at 

the level of the umbilicus and gluteus, respectively. 
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Height and weight were also measured to calculate 
BMI. Total body fat mass was determined by the body 
fat monitor BF306 (OMRON Healthcare Co. ltd., 
Japan) based on the Bioelectrical Impedance Analy-
sis (BIA) technique. In a subgroup of participants 
(n=108; n=19/13/74 for normal-weight/overweight/
obese) body fat composition was determined using 
the dual energy X-ray absorptiometry (DeXA) by 
lunar DPX (Ge Healthcare, Madison, WI).14 The 
method distinguishes lean tissue mass (organs, muscle 
and fluids) from fat tissue mass and provides both 
total body and regional fat estimates (trunk, arms, 
peripheral-legs, pelvis and android/gynoid regions). 
The fat percentage was calculated using the electric 
resistance adjusted for anthropometric characteristics 
(height, weight) and gender.

Biochemical measurements
Blood samples were collected in the fasting state. 

Total, lDl, HDl–cholesterol, triglycerides and fasting 
glucose were measured by enzyme-colorimetric method 
using a Cobas 6000 analyzer (Roche Diagnostics, 
Indianapolis, IN, USA). Glycosylated haemoglobin 
(HbA1c) was measured by HPlC. Insulin was meas-
ured using a chemiluminescence assay by Access 2 
Beckman Coulter (Beckman Coulter Foundation, 
Brea, CA, USA). High sensitivity CRP (hs-CRP) 
was measured by a turbidimetric assay. erythrocyte 
sedimentation rate (eSR) was measured by the West-
ergren method and the coagulation of Plasminogen 
by BFT II (Dade Behring Holdings Inc., Deerfield, 
Il, USA). The turbidimetric assay (OQMP115) for 
the quantification of Serum Amyloid A (SAA) was 
purchased from Siemens (Siemens Healthcare Di-
agnostics GmbH, eschborn, Germany). Interleukin 
(Il)6, Il8 and TNFa levels were measured by chemi-
luminescence on the Immulite analyzer (Siemens). 
Homeostasis model assessment of insulin resistance 
(HOMA-IR) was calculated using the formula: [(insulin 
(μU/mL)×glucose|(mg/dL)]/405.15 Adiponectin was 
measured by an elISA assay; KHP0041 (Invitrogen 
Corporation, Camarillo, CA, USA). The sensitivity 
of the assay is 100 pg/ml, the intra-assay (%CV) is 
3.4 and the inter-assay (%CV) is 4.3. Adiponectin in 
randomly selected participants was also checked by the 
elISA assay (DRP300, R & D systems, Minneapolis, 
MN, USA) and found to be nearly the same as when 
measured by Invitrogen kit. The sensitivity of the R 

& D assay is 891 pg/ml, the intra-assay (%CV) is 
4.7 and the inter-assay (%CV) is 6.9.

Statistical analyses
Statistical analyses were performed using the Statis-

tical Package for the Social Sciences (SPSS) software 
(version 19.0; SPSS, IBM Corporation, Chicago, Il, 
USA). As often seen in biological data, distribution 
of many parameters analysed was found to be non-
normal and highly skewed. Thus, where necessary, 
logarithmic transformations were applied to correct 
for significant positive skewness and transformed 
data were used in the analyses. Differences between 
BMI groups (normal-weight, overweight, obese) 
were examined through one way ANCOVAs on each 
parameter of interest controlling for age and gender. 

Gender differences in adiponectin levels were as-
sessed through a one-way ANCOVA controlling for 
age and BMI. To examine whether differences between 
BMI on adiponectin levels were dose-dependent we 
performed planned one-way ANCOVAs on adiponectin 
with the BMI group as the between-subjects variable, 
separately for participants in the high-adiponectin and 
the low-adiponectin groups. Age and gender served 
as covariates. The adiponectin and BMI subgroups 
were compared to the percentage of persons display-
ing high levels of adiponectin as per the population 
median value.

Systematic variability in fat distribution [total body 
and regional fat estimates (trunk, arms, peripheral-
legs, pelvis and android/gynoid regions)] as a func-
tion of adiponectin and BMI groups (normal-weight, 
overweight, obese) was examined through two-way 
ANCOVAs controlling for age and gender. Significant 
two-way interactions were assessed through pairwise 
comparisons (low-adiponectin vs. high-adiponectin 
groups within each BMI group) which were evaluated 
by Bonferroni-corrected at p=0.017.

Multiple linear regression analyses were performed 
with adiponectin as the dependent variable and bio-
chemical and anthropometric indices as the independent 
variables. Separate sets of models were tested in the 
entire population, in the high adiponectin and in the 
low adiponectin subgroup. Variables were entered in 
each model if their partial correlation coefficient with 
adiponectin was >0.1 (controlling for demographics).
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reSUlTS

Characteristics of the population studied

Pairwise group comparisons between the three BMI 
groups on anthropometric and biochemical indices 
are presented in Table 1. In agreement with previous 

reports, levels of adiponectin were significantly lower 
in the obese-BMI group [11.48±0.47; (MeAN±Se) 
μg/mL adiponectin] as compared to both the normal-
BMI group (16.28±0.71μg/mL adiponectin; p<0.001) 
and the overweight-BMI group (14.25±0.73 μg/mL 
adiponectin, p=0.002). In addition there was a progres-

Table 1. Age- and gender-adjusted anthropometric and biochemical characteristics of the three BMI groups
Normal weight

n 79
Overweight 

n 69
Obese
n 126

Normal weight 
vs. overweight

Normal weight 
vs. obese

Overweight 

vs. obese
Adiponectin (μg/ml) 16.28 ± 0.71 14.25 ± 0.73 11.48 ± 0.47 >0.1 <0.001 0.002

Acute phase proteins
 hs-CRP (mg/l) 1.72 ± 0.55 1.99 ± 0.24 5.61 ± 0.52 >0.1 <0.001 <0.001
 SAA (mg/l) 4.26 ± 0.60 6.21 ± 0.97 8.63 ± 1.04 >0.1 0.011 >0.1
 PlASM (mg/dl) 276.66 ± 7.52 288.91 ± 9.30 335.93 ± 7.62 >0.1 <0.001 <0.001
 eSR (mm/hr) 9.87 ± 0.84 12.97 ± 1.18 19.52 ± 1.11 >0.1 <0.001 <0.001

Blood cell type
 WBC 6,491.27 ± 158.01 6,847.29 ± 179.10 7,424.69 ± 124.19 >0.1 <0.001 0.021

lipid parameters
 TG (mg/dl) 79.69 ± 4.37 100.54 ± 6.28 137.14 ± 7.30 0.005 <0.001 <0.001
 CHOl (mg/dl) 193.24 ± 3.93 204.61 ± 5.30 210.42 ± 3.28 >0.1 0.006 >0.1
 lDl (mg/dl) 115.85 ± 3.37 130.29 ± 4.60 131.34 ± 2.69 0.022 0.003 >0.1
 HDl (mg/dl) 61.97 ± 1.51 53.37 ± 1.51 50.69 ± 1.05 <0.001 <0.001 >0.1

Insulin parameters
 GlU (mg/dl) 89.62 ± 0.94 92.44 ± 1.37 101.40 ± 2.93 >0.1 0.002 0.036
 Insulin (μU/ml) 6.08 ± 0.39 8.35 ± 0.49 15.63 ± 1.64 0.003 <0.001 <0.001
 HbA1c (%) 5.35 ± 0.05 5.51 ± 0.06 5.78 ± 0.07 >0.1 <0.001 0.029
 HOMA-IR 1.31 ± 0.09 1.95 ± 0.15 3.61 ± 0.34 0.001 <0.001 <0.001

Obesity indexes
 BMI (Kg/m2) 22.40 ± 0.20 27.48 ± 0.18 35.86 ± 0.41 <0.001 <0.001 <0.001
 Total fat (%) 27.70 ± 0.70 33.64 ± 0.86 41.21 ± 0.50 <0.001 <0.001 <0.001
 Trunk fat (%) 37.31 ± 1.44 47.69 ± 1.33 52.74 ± 0.68 <0.001 <0.001 0.006
 legs fat (%) 37.68 ± 1.90 51.64 ± 1.22 52.87 ± 1.09 <0.001 <0.001 0.9
 Waist (cm) 78.84 ± 1.14 93.66 ± 0.98 110.28 ± 1.05 <0.001 <0.001 <0.001
 Hip (cm) 98.51 ± 0.85 108.14 ± 0.84 124.15 ± 1.10 <0.001 <0.001 <0.001
 Neck (cm) 33.56 ± 0.57 37.91 ± 0.56 38.62 ± 0.56 <0.001 <0.001 >0.1
 Android% 39.13 ± 2.01 50.56 ± 1.58 54.70 ± 0.85 <0.001 <0.001 >0.1
 Gynoid% 46.13 ± 1.55 55.13 ± 2.40 53.53 ± 1.28 0.021 0.010 >0.1

Demographics
 Age (years) 36.23 ± 1.40 40.31 ± 1.57 41.22 ± 1.13 >0.1 0.020 >0.1
 Gender (Females; n/%) 71 (89.9%) 46 (67.0%) 106 (84.1%) 0.05 >0.1 0.05

Values are MeAN+Se. Significant pairwise comparisons were made by Bonferonni-corrected at p=0.017. Total fat was measured by 
BIA. hs-CRP: High sensitivity CRP; SAA: Serum amyloid A; PlASM: Plasminogen; eSR: erythrocyte sedimentation rate; WBC: 
White blood cells; TG: Triglycerides; CHOl: Cholesterol; GlU: Glucose; HbA1c: Glycosylated hemoglobin; HOMA-IR: Homeostasis 
model assessment of insulin resistance.



Variation of adiponectin levels  275    

sive increase of the following biochemical markers 
with BMI as indicated by significant differences 
between normal-BMI and overweight-BMI groups 
(e.g. triglycerides; p<0.005, insulin; p<0.003, and 
insulin-resistance as indexed by HOMA-IR; p<0.001) 
and between the latter and the obese group (Table 
1). Significantly decreasing levels of HDl across 
the three groups were also noted (p<0.001) as well 
as an increase in the percentage of total body fat as 
measured by BIA (p<0.001) and the percentage of 
fat in the trunk (p<0.006). In addition, higher levels 
of the following inflammatory markers were found 
between the normal-BMI and obese groups: hsCRP 
(p<0.001), Plasminogen (p<0.001), eSR (p<0.001) 
and SAA (p=0.011) combined with an increase in the 
white blood cell count (p<0.001). Significant differ-
ences in virtually all biochemical markers measured 
in the present study (as well as in percentage of fat 
in the extremities) were noted between the normal-
weight and the obese group (Table 1).

Adiponectin levels and gender
In agreement with the majority of published reports, 

females exhibited significantly higher adiponectin 
plasma levels compared to males F (1,274) = 9.15, 
p=0.003 [14.08±6.15 vs. 11.38±5.50 (MeAN±SD) 
μg/mL], respectively.

The distribution of adiponectin levels  
in the population

In preliminary analyses we confirmed that the 
two different elISA assays employed resulted in 
similar levels of individual variability in adiponectin 
measurements within each BMI group, which was 
considerable as shown in Figure 1.

Next, each BMI group was split into high-adi-
ponectin and low-adiponectin subgroups using the 
population median as cutoff (11.94 μg/mL). Planned 
one-way ANCOVAs on adiponectin levels by the BMI 
group within each adiponectin subgroup (controlling 
for age and gender) revealed a significant main effect 
of the BMI group on the high-adiponectin group, 
F (1,132) = 4.32, p=0.015, which failed to reach 
significance in the low-adiponectin group (p=0.3). 
Follow-up pairwise comparisons revealed signifi-
cantly higher adiponectin levels in the normal-BMI 
as compared to the obese group (p=0.014; Figure 2, 

upper graph). The overweight and obese groups did 
not differ significantly (p=0.1) and neither did the 
normal-BMI and overweight groups (p >0.9). How-
ever, the percentage of persons in the low adiponectin 
group was significantly higher in the obese (64.8%) 
as compared to both the normal-BMI (31.6%; X2[1] 
= 21.57, p<0.001) and overweight groups (43.3%; 
X2[1] = 8.36, p=0.003) (Figure 2, lower graph). These 
differences were present in both genders (p<0.01). 

The inflammatory, lipid, insulin-resistance 
and obesity profiles of the low- adiponectin 
and high-adiponectin groups  
in the combined population

Participants in the low-adiponectin and high-ad-
iponectin groups were comparable as to age (p>0.5) 
and gender distribution (p>0.1) but differed in several 
inflammatory, lipid and obesity parameters (Table 2). 
Specifically, the high-adiponectin group had lower lev-
els of inflammatory indices (hs-CRP, p=0.006; PlASM, 
p<0.001; eSR, p=0.003), triglycerides (p<0.001), glu-
cose (p=0.003), insulin (p=0.001), HbA1c (p=0.011), 
HOMA-IR (p<0.001), BMI (p<0.001), waist-to-hip 
ratio (p<0.001) and proportion of total body fat (p = 
0.005) and higher HDl levels (p<0.001). The effects of 
the adiponectin group on triglycerides (p=0.01), HDl 

Figure 1. Scattering of adiponectin levels in the population. In-
dividual levels of adiponectin (μg/mL) in relation to body mass 
index (BMI).
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Table 2. Age- and gender-adjusted biochemical and anthropometric characteristics of the low-adiponectin and the high-adiponectin groups

low-adiponectin (n = 137) High-adiponectin (n = 137) p value
Adiponectin (μg/ml) 8.89 [6.94-10.59] 17.68 [14.79-21.03] <0.001
Acute phase proteins
 hs-CRP (mg/l) 2.50 [1.00-6.15] 1.40 [0.50-2.90] 0.006
 SAA (mg/l) 5.30 [2.18-8.75] 4.72 [2.30-8.47] >0.1
 PlASM (mg/dl) 320.00 [278.00-357.00] 278.00 [231.75-339.50] <0.001
 eSR (mm/hr) 15.00 [8.00-24.50] 10.00 [5.00-19.25] 0.003

Blood cell type
 WBC 7200 [6100-8200] 6800 [5930-7920] 0.070

lipid parameters
 TG (mg/dl) 113.00 [78.00-160.00] 87.00 [61.00-116.75] <0.001
 CHOl (mg/dl) 206.00 [170.25-229.50] 205.00 [176.00-230.50] >0.1
 lDl (mg/dl) 126.00 [99.75-150.80] 120.80 [102.00-150.60] >0.1
 HDl (mg/dl) 48.00 [44.00-58.00] 56.00 [49.00-66.00] <0.001

Insulin parameters
 GlU (mg/dl) 94.00 [87.00-103.00] 90.00 [86.00-95.00] 0.003
 Insulin (μU/ml) 8.95 [6.33-12.80] 7.00 [4.50-11.00] 0.001
 HbA1c (%) 5.50 [5.30-5.90] 5.40 [5.20-5.60] 0.011
 HOMA-IR 2.18 [1.41-3.11] 1.57 [0.96-2.53] <0.001

Obesity indexes
 BMI (Kg/m2) 31.50 [26.00-36.10] 27.18 [22.79-31.80] <0.001
 WHR 0.88 [0.81-0.94] 0.84 [0.76-0.90] <0.001
 Total Fat (%) 50.20 [43.00-54.00] 50.10 [38.90-54.60] 0.005

Values are median [lower-upper quartile]. The population was divided into low-adiponectin group (mean age = 40.03, SD = 12.49 
years; 105 women) and high-adiponectin group (mean age = 39.11, SD = 13.43 years; 116 women) as per median levels of adiponectin 
(11.94 μg/ml). The two groups were comparable as to age (p >0.5) and gender distribution (p >0.1). Significant pairwise comparisons 
were made by Bonferonni-corrected at p = 0.017 between the low-adiponectin and the high-adiponectin groups.
hs-CRP: High sensitivity CRP; SAA: Serum amyloid A; PlASM: Plasminogen; eSR: erythrocyte sedimentation rate; WBC: White 
blood cells; TG: Triglycerides; CHOl: Cholesterol; GlU: Glucose; HbA1c: Glycosylated hemoglobin; HOMA-IR: Homeostasis 
model assessment of insulin resistance; WHR: Waist-to-hip ratio.

Figure 2. Distribution of adiponectin levels within each BMI group. (A) Schematic presentation of adiponectin groups divided as per 
their BMI and median adiponectin levels. (B) Percentage (%) of persons within each BMI group having low- or high-adiponectin lev-
els. Statistically significant differences between normal-weight high-adiponectin and obese high-adiponectin subgroups (Bonferroni 
adjusted p <0.017) are indicated by asterisks.
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(p=0.001), glucose (p=0.030), HOMA-IR (p=0.030), 
and plasminogen (p=0.024) remained significant 
after controlling for BMI.

Relative adiponectin levels were also associated 
with region-specific fat accumulation (n=108). High 
levels of adiponectin were associated with lower 
ratio of trunk/total fat [0.51 (0.45–0.55), n=47] 
compared to the same ratio in the low-adiponectin 
group [0.53 (0.49–0.57), n=61, p=0.040]. The re-
verse trend was evident for the ratio of legs/total 
fat [high-adiponectin group; 0.38 (0.33–0.43), low-
adiponectin group; 0.35 (0.31–0.40), p=0.028] and the 
ratio of arms and legs to trunk fat [high-adiponectin 
group; 0.90 (0.75–1.15), low-adiponectin group; 
0.80 (0.66–1.00), p=0.020].

Within the obese-BMI group,  
the adiponectin subgroups varied  
in body fat distribution

The classification of obese participants as per the 
median levels of adiponectin revealed an association 
of adiponectin with the distribution of body fat. Thus, 
obese individuals displaying high-adiponectin levels 
(n=24) had significantly higher percentages of trunk 
fat (54.44% ± 1.37%; MeAN ± Se, p=0.036) and 
legs fat (57.32% ± 0.89%, p=0.019) compared to 
obese individuals displaying low-adiponectin levels 
(52.08% ± 0.76% and 50.87% ± 1.50%, respectively; 
n=47). However, the average group difference in 
the percentage of peripheral fat was three times 
higher (6.5%) than the corresponding difference in 
the percentage of trunk fat (2.4%). Consistent with 
this finding, obese individuals with high adiponectin 
levels displayed smaller waist-to-hip ratio than the 

obese individuals displaying lowadiponectin levels 
(p=0.048) (Figure 3).

Factors associated with adiponectin levels
Due to the strong collinearity between anthropo-

metric measures (BMI, waist circumference, propor-
tion of total body fat, WHR) they were entered into 
each multiple linear regression model separately 
(Table 3). In the entire sample, higher adiponectin 
levels were associated with smaller waist-to-hip ratio 
(p=0.020) and higher HDl values (p=0.030). In the 
high-adiponectin group, higher levels of adiponec-
tin were associated with lower HOMA-IR values 
(p=0.027) whereas in the low-adiponectin group, 
higher levels of adiponectin were associated with 
lower levels of triglycerides (p=0.030) (Table 3).

Table 3. Regression results for adiponectin
Model IVs N r2 Significant predictors
1 (entire sample) Age, gender, hs-CRP, GlU,  

HOMA-IR, TG, HDl, WHR
231 0.212, p<0.001 WHR (β=-0.164, p=0.020)

HDL (β=0.154, p=0.030)
2 (High) Age, gender, hs-CRP, GlU,  

HOMA-IR, TG, HDl, WHR
107 0.149, p= 0.05 HOMA-IR (β=0-0.250, p=0.027)

3 (low) Age, gender, GlU,  
HOMA-IR, TG, WHR

119 0.144, p=0.012 TG (β=-0.225, p=0.030)

hs-CRP: High sensitivity CRP; GlU: Glucose; HOMA-IR: Homeostasis model assessment of insulin resistance; TG: Triglycerides; 
WHR: Waist-to-hip ratio.

Figure 3. Waist-to-hip ratios according to BMI and adiponec-
tin levels. High-adiponectin and low-adiponectin subgroups 
were defined according to the population median adiponectin 
value (11.94 μg/mL). Statistically significant differences be-
tween high- and low-adiponectin obese subgroups (p<0.05) 
are indicated by a # sign.
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DISCUSSION

The aim of the current study was to examine the 
clinical relevance of adiponectin scattering in the 
population and associate it with several metabolic 
indices including quantity and distribution of body 
fat, lipid profile, inflammation markers and insulin 
resistance.

Adiponectin is the sole adipokine that diminishes 
in obesity. However, there are no established physi-
ological levels, most probably because they vary 
widely between individuals of the same BMI. In 
this report, we have assessed the percentage of high 
and low adiponectin individuals judged as per the 
population median of adiponectin (11.94 μg/mL). In 
spite of the notable scattering of adiponectin levels 
within each BMI group, there was a progressive 
reduction in the percentage of persons with high 
adiponectin levels between normal-weight (69.6%), 
overweight-BMI (59.7%) and obese-BMI groups 
(36.5%). Furthermore, average adiponectin levels 
were significantly higher in the high-adiponectin/
normal-BMI subgroup as compared to the high-
adiponectin/obese-BMI subgroup. The fact that there 
were individuals with high adiponectin levels even in 
the obese group was not due to higher concentrations 
of adiponectin in females since it was observable not 
only in our combined population but also in the male 
and female subgroups. Thus, obesity appears to be an 
important factor that explains the decreasing prob-
ability of finding individuals with high adiponectin 
levels among normal-weight to obese individuals. 
Importantly, average adiponectin levels did not vary 
significantly across the three low-adiponectin BMI 
subgroups. These findings may account for the con-
siderable scattering of adiponectin levels in the entire 
population and the lack of a significant association 
between adiponectin and BMI in the present sample. 
So far, it seems that BMI and gender may account 
for the differences in adiponectin, though obviously 
other factors may also play a significant role in the 
wide scattering of adiponectin levels.

Another interesting observation in this study was 
that in both the combined population as well as within 
each BMI group, adiponectin levels were strongly 
associated with the quantity and distribution of body 

fat. In general, the higher the adiponectin level the 
lower the trunk fat and the higher the peripheral / 
subcutaneous fat as indicated by the measurements 
of region-specific fat accumulation and the waist-to-
hip ratio. Our data regarding adiponectin levels and 
fat distribution are comparable with those reported 
for animals, where mice over-expressing the adipo-
nectin gene had lower accumulation of fat in their 
liver compared to the wild mice, suggesting a lower 
accumulation of fat in the central/visceral depot.16 

We also found that even in the obese-BMI group 
the scattering of adiponectin is considerable, with 
a percentage of individuals displaying relatively 
high levels. Obese individuals with higher adipo-
nectin levels had a higher percentage of peripheral 
fat compared to visceral fat, indicating a possible 
better prognosis compared to the obese individuals 
with lower adiponectin levels. The association of 
adiponectin with peripheral fat distribution is also 
documented in a study of mice over-expressing 
adiponectin where the enhanced adiponectin levels 
were associated with increased expansion of subcu-
taneous adipose tissue.16 Our data also agree with 
previous reports, where metabolically healthy obese 
displayed elevated adiponectin levels compared 
to those obese with metabolic complications.17,18 
Although the definition of metabolic health was 
based on a range of cardiometabolic abnormalities, 
these studies suggested that obese individuals with 
adiponectin levels above the median (2.6 to 4 times) 
have an increased probability of being metabolically 
healthy.19–21

Although measurement of waist circumference 
remains clinically helpful, it does not distinguish ac-
curately between those with subcutaneous fat versus 
those with visceral fat. In these cases, adiponectin 
may serve as a complementary serum marker. In 
our study, we used either the measurement of the 
anthropometric parameters (BMI, waist and hip 
circumferences) or more advanced methodologies 
(including DeXA or BIA) for fat composition and 
distribution. All these methods exhibited the same 
association with adiponectin levels.

Obesity is a clinical condition characterized by 
progressively diminishing adiponectin levels and is 
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in turn associated with the development of a pro-
inflammatory profile resulting in insulin resistance and 
arteriosclerosis. Several pro-inflammatory substances 
are produced by the obese adipose tissue (by both 
adipocytes and activated monocytes/macrophages) 
and this pro-inflammatory reaction is eventually 
spread throughout the body, a phenomenon known 
as the systemic low-grade inflammation of obesity.  
Adiponectin is almost exclusively produced by adi-
pocytes with numerous studies demonstrating the 
direct in vitro effects of adiponectin on the reduction 
of inflammatory substances and vice versa.4,5,22-24 In 
population studies, correlational analyses typically 
demonstrate an indirect and weak link between adi-
ponectin and inflammatory factors.25 In the present 
study, median-split subgrouping revealed a strong 
and inverse correlation between adiponectin and well-
known inflammatory markers regardless of obesity 
status. Indeed, hs-CRP, plasminogen and eSR were 
both decreased in people with high adiponectin levels 
irrespective of their BMI. The close relationship be-
tween adiponectin levels and inflammatory markers 
suggests that other factors beyond body weight play 
a crucial role in augmenting adiponectin production, 
such as exercise and dietary habits. Thus, the levels 
of adiponectin may serve as an index of the inflam-
matory status of a given person, lean or obese.

The development of hyperlipidemia is one of the 
chief metabolic complications of obesity. In our study, 
high adiponectin was a strong indicator of a healthier 
lipid profile in the combined population regardless 
of BMI levels. Our findings are in agreement with 
the existing literature showing a favorable effect of 
adiponectin on lipid profile, as recently reported 
in humans.26,27 Supplementary regression analysis 
results suggest that the direct association between 
lipid markers (triglycerides) and adiponectin levels is 
stronger among persons displaying relatively lower 
levels of adiponectin. A possible mechanism for this 
association was proposed in mice over-expressing 
adiponectin where the enhanced adiponectin levels 
were associated with a higher clearance of circulat-
ing fatty acids and an improved sensitivity to the 
lipolytic effects of adrenergic agonists.16

Our data also show that those individuals with 

high adiponectin levels irrespective of BMI were 
more insulin-sensitive compared to those exhibit-
ing low adiponectin levels and regression analyses 
confirmed the direct association between individual 
adiponectin levels and HOMA-IR values. The protec-
tive role of adiponectin in insulin sensitivity has been 
documented in several studies.28,29 A direct associa-
tion between insulin-sensitivity and peripheral fat 
distribution was reported in an urban female sample 
where normal-weight and obese persons exhibiting 
insulin-resistance had higher total and visceral adi-
posity irrespective of their BMI.30 Moreover, fasting 
plasma glucose levels were comparable between 
normal-weight and obese women but visceral fat 
mass was an important determinant of the insulin-
resistance phenotype. In a different ethnic group 
large hip circumference (indicating large amounts 
of subcutaneous fat) was directly associated with 
lower glucose levels.31 Although the sample size in 
the present study did not permit separate regression 
analyses within each BMI and adiponectin level 
subgroup, group-level comparisons may suggest 
that the protective role of adiponectin in insulin 
sensitivity was shown to extend to and even may 
encompass individuals without severe adiposity 
because it can link the levels of adiponectin with 
changes in visceral versus peripheral/subcutane-
ous fat distribution with crucial repercussions in 
insulin-sensitivity.

Finally, a few comments regarding the differences 
between the available assays for measuring adipo-
nectin. Although the more biologically active form of 
adiponectin appears to be the high molecular weight 
form rather than the total form or the low molecular 
weight form, it has been shown that total adiponectin 
appears to be a superior marker of insulin resistance 
and correlates better with HDl-cholesterol, TG, 
insulin levels and circulating inflammatory markers 
compared to the HMW form of adiponectin.32,33 In 
our study, we used two different kits to measure total 
adiponectin levels in order to evaluate if limitations 
or biases of each elISA assay (e.g., their sensitivity) 
may be responsible for the observed wide scattering 
of adiponectin levels even within each BMI group. 
We found that the observed scattering was not af-
fected by the type of assay used.
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CONClUSIONS

Our data suggest that the measurement of adipo-
nectin could serve as a sensitive and earlier marker 
to identify those individuals that could be at risk of 
developing hyperlipidemia, central adiposity, low-
grade systemic inflammation and insulin resistance 
irrespective of their BMI. Thus, the subgrouping of 
the population as per the median levels of adiponec-
tin may offer clinically relevant information for the 
metabolic profile of each individual patient.
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