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Introduction. Adiponectin is adipocytokin with anti-inflammatory and anti-atherogenic effects. However, studies 
examining the relationship between adiponectin and cardiovascular diseases have shown inconsistent results.

Aims. The aim of this study was to evaluate the plasma levels of adiponectin in clinically asymptomatic subjects 
with various dyslipidemic phenotypes. The associations between adiponectin and risk factors for atherosclerosis, 
markers of insulin resistance, and the intima-media thickness of the common carotid artery (IMT) were also evaluated.

Methods. 234 asymptomatic subjects were divided into four dyslipidemic phenotypes (DLP) according to apoli-
poprotein B (apoB) and triglycerides (TG): DLP1 (n=58, apoB<1.2 g/l and TG<1.5 mmol/l), DLP2 (n=47, apoB<1.2 
g/l and TG≥1.5 mmol/l), DLP3 (n=31, apoB≥1.2 g/l and TG<1.5 mmol/l) and DLP4 (n=98, apoB≥1.2 g/l and TG≥1.5 
mmol/l). DLP1 (normo-apoB/normo-TG) served as a control group. 

Results. Significant differences in adiponectin levels between normolipidemic phenotype – DLP1 (16.1[10.3–20.8] 
mg/l) and hypertriglyceridemic phenotypes – DLP2 (9.5[6.8–13.0] mg/l, p<0.01) and DLP4 (10.1[7.4–16.8] mg/l, 
p<0.01) after adjustment for age, sex and body mass index were found. Adiponectin correlated positively with high-
density lipoprotein cholesterol and apolipoprotein A1 (apoA1), negatively with triglycerides, apoB/apoA1, high-
sensitivity C-reactive protein, insulin, homeostasis model assessment and waist circumference. ApoA1 and insulin 
were detected as independent predictors for adiponectin levels in multivariate regression analysis. Adiponectin did 
not correlate with IMT.

Conclusions. Individuals with hypertriglyceridemic phenotypes showed decreased adiponectin levels in comparison 
with normolipidemic subjects. Adiponectin was associated with lipid parameters, markers of insulin resistance, chronic 
inflammation and visceral obesity. But no association between adiponectin and IMT was found.

INTRODUCTION

Adiponectin is an adipocytokin produced mostly by 
mature adipocytes1,2. In the three main forms adiponec-
tin is present in plasma: trimer (low molecular weight), 
hexamer (middle molecular weight) and even multi-
meric complex (high molecular weight, HMW) (ref.3,4). 
Although some studies have proposed that the ratio of 
the HMW to other forms may serve as a better indicator 
of metabolic disorders, the majority of studies that have 
linked adiponectin to metabolic diseases have used assays 
for total adiponectin5. Adiponectin has an insulin-sensi-
tizing effect on hepatocytes – leading to hepatic glucose 
output suppression6 and on muscles – by stimulating fatty-
acid oxidation7. Adiponectin also has anti-inflammatory 
properties. By inhibiting tumor necrosis factor-alpha it 
reduces the expression of cell adhesion molecules in the 
endothelium8 and has many other anti-atherogenic effects. 
Adiponectin accumulates in the arterial wall of injured 
arteries9, suppresses lipid accumulation and inhibits mac-

rophages to foam-cell transformation10 and smooth muscle 
cell proliferation11. 

Low levels of adiponectin were found in subjects with 
obesity12,13, type 2 diabetes mellitus13,14, hypertension15,16 

and dyslipidemia5,17–19. Initially, low levels of adiponectin 
were also found in patients with coronary artery disease 
independently of other risk factors20,21. However, stud-
ies examining the relationship between adiponectin and 
cardiovascular diseases in humans have had inconsistent 
results22–24. Findings from a meta-analysis suggest that the 
magnitude of the association between adiponectin levels 
and cardiovascular disease may not be as strong as has 
been previously considered25. 

The aim of this study was to evaluate the plasma levels 
of adiponectin in clinically asymptomatic dyslipidemic 
subjects and investigate the relationship between adi-
ponectin and the intima-media thickness of the common 
carotid artery (IMT) an acknowledged morphological 
marker of early atherosclerosis and predictor of future 
cardiovascular events26. We also studied whether selected 
risk factors for atherosclerosis and markers of insulin re-
sistance are related to adiponectin levels. 
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MATERIALS AND METHODS

Study design and subjects
The study was carried out on subjects who had been 

examined at the Lipid Center of the 3rd Department of 
Internal Medicine, University Hospital Olomouc, Czech 
Republic in period October 2007 to October 2009. All 
subjects filled out a questionnaire on their medical his-
tory, especially cardiovascular status, medication and 
smoking habits. Body mass index (BMI), waist circum-
ference, systolic and diastolic blood pressure (SBP, 
DBP) were determined. All subjects were tested for an 
underlying cause of secondary hyperlipidemia: diabetes 
mellitus, hypothyroidism, hepatic or renal impairment 
and nephrotic syndrome. Subjects with these diagnoses 
were not enrolled in the study. Other exclusion criteria 
were as follows: history of clinically manifest atheroscle-
rosis (coronary artery disease, cerebrovascular ischemic 
disease and peripheral arterial disease), hypolipidemic 
treatment in the previous 8 weeks, hormone therapy with 
estrogens and clinical presence of acute infectious disease 
or trauma. The study was reviewed and approved by in-
stitutional Ethics Committee of the Medical Faculty and 
University Hospital Olomouc and informed consent was 
obtained from all participants. Individuals who met the 
above criteria (n=234), were divided into four dyslipid-
emic phenotypes (DLP) according to Sniderman clas-
sification based on apolipoprotein B and triglycerides27: 
DLP 1 (n=58, apoB<1.2 g/l and TG<1.5 mmol/l), DLP 
2 (n=47, apoB<1.2 g/l and TG≥1.5 mmol/l), DLP 3 
(n=31, apoB≥1.2 g/l and TG<1.5 mmol/l), DLP 4 (n=98, 
apoB≥1.2 g/l and TG≥1.5 mmol/l). A value 1.5 mmol/l 
for TG was chosen in this classification, because it is at 
this level that small dense LDL particles become com-
mon. A value 1.2 g/l for apoB was chosen, because at this 
level the cardiovascular risk rapidly increased. This value 
corresponds to the 75th percentile of the North American 
population, the level chosen to define an elevated LDL-C 
(ref.27). Subjects with DLP 1 – who were normolipidemic 
(normo-apoB / normo-TG mmol/l) – served as a control 
group.

Biochemical analyses
Venous blood samples were drawn in the morning after 

a 12-hour fast. Total cholesterol, triglycerides and HDL-
cholesterol were determined enzymatically on Modular 
SWA analyzer (Roche, Basel, Switzerland) using commer-
cially available kits (Cholesterol SYS 917, Triglycerides 
GPO-PAP and HDL cholesterol plus, 3rd generation kits, 
Roche, Basel, Switzerland). Determination of HDL-C was 
made by a direct method without precipitation of apo B 
containing lipoproteins. LDL-C levels were calculated ac-
cording to the Friedewald formula (for TG < 4.5 mmol/l).  
We also calculated non-HDL cholesterol (non-HDL-C = 
TC – HDL-C). Concentration of apoB and apolipoprotein 
A1 (apoA1) was determined immunoturbidimetrically on 
Modular SWA analyzer (TinaQuant Apo A1, TinaQuant 
Apo B kits, all Roche, Basel, Switzerland). High-sensitivity 
C-reactive protein (hs-CRP) was assessed by means of 
an ultra sensitive latex immunoturbidimetric method on 

Modular SWA analyzer (CRP latex TinaQuant kit, all 
Roche, Basel, Switzerland). Glycemia was determined by 
enzymatic-colorimetric method (Glucose GOD-PAP kit) 
on Modular SWA analyzer (all Roche, Basel, Switzerland). 
Insulin was determined using the commercially available 
kits – Insuline (Immunotech, Marseille, France) using 
specific antibodies by IRMA (immunoradiometric assay) 
method. The result obtained was then used for calculation 
of the parameter of insulin resistance HOMA [homeo-
stasis model assessment, described by Matthews et al.28: 
fasting glycemia (mmol/l) * fasting insulin (mU/l) / 22.5]. 
C-peptide and intact proinsulin were determined using the 
commercially available kits – C-peptide (Immunotech, 
Marseille, France) and Proinsulin (DRG Instruments 
GmbH, Marburg, Germany) using specific antibodies 
by IRMA method (for C-peptide) and RIA method (for 
proinsulin). Adiponectin was determined in the serum 
by ELISA (Biovendor Laboratory Medicine Inc., Brno, 
Czech Republic) according to manufacturer´s instruc-
tions. Both, the intra- and inter-assay coefficient of varia-
tion were below 10%. Concentrations of adiponectin, 
insulin, proinsulin, C-peptide and hs-CRP were measured 
in the serum stored at –80° C.

IMT measurement
Ultrasound scanning of IMT was performed with a 10 

MHz linear array transducer (Philips Sonos 5500, 2004). 
All measurements were performed with the subjects in a 
supine position. The head was tilted to the one side at 
an angle of 45°. The longitudinal B-mode image of the 
common carotid artery (CCA) was displayed just before 
the widening of the bulb. When an optimal longitudinal 
image of the far wall of the CCA in the region of 1 cm 
proximally from the bulb was obtained, it was frozen on 
the R wave according to a simultaneous ECG and video-
taped. Three video records were made on both CCA. IMT 
measurements were processed off-line using the software 
Image-Pro Plus (Version 4.0, Media-Cybernetics, Silver 
Spring, USA). The region under evaluation was the CCA 
wall 1–2 cm distant proximally from the mentioned bor-
der. The average of all mean IMT of three frozen images 
of both sides was chosen as the outcome variable. The 
measurement of IMT was made without knowledge of 
laboratory results.

Statistical analyses
All values are expressed as means ± SD or as median 

with 25 and 75 percentiles for variables with non-normal 
distribution. The Kolmogorov-Smirnov test was used to 
test for normal distribution. Variables with non-normal 
distribution (TG, proinsulin, insulin, C-peptide, HOMA, 
hs-CRP, adiponectin) were log transformed to normalize 
their distribution before statistical analysis. Differences in 
means between groups were analyzed using ANOVA after 
adjustment for age, sex and BMI. For statistical evaluation 
of correlations between parameters we used a univariate 
Pearson correlation analysis. Multivariate regression anal-
ysis was used for testing for an independent association 
between dependent and independent variables. Statistical 
analysis was performed using SPSS for Windows ver-
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sion 12.0 (Chicago, Illinois, USA). Probability values of 
p<0.05 were considered as statistically significant.

RESULTS

Basic characteristics and adiponectin levels 
Table 1 shows the biochemical, anthropometric char-

acteristics, IMT and adiponectin levels in individual 
DLPs. Individuals with hyper-apoB DLPs (DLP 3 and 4) 
had significantly increased total cholesterol and LDL-C, 
individuals with hyper-TG DLPs (DLP 2 and 4) had de-
creased HDL-C and apoA1 compared to normolipidemic 
subjects (DLP 1). Non-HDL-C and apoB/apoA1 signifi-
cantly rose from DLP 1 to DLP 4. Subjects with hyper-TG 
DLPs (DLP 2 and 4) showed increased markers of insulin 
resistance (HOMA, C-peptide, insulin, proinsulin), obe-
sity (BMI, waist circumference) and inflammation (hs-
CRP) compared to DLP 1. In all dyslipidemic patients 
(DLP 2, 3 and 4) higher blood pressures (SBP, DBP) were 
measured. The highest elevation of IMT was observed in 
patients with simultaneously elevated levels of TG and of 
apoB (DLP 4). Significant differences were found in levels 
of adiponectin between DLP 1 and hypertriglyceridemic 
phenotypes (DLP 2 and 4), adiponectin levels did not 
differ between DLP 1 and DLP 3 – see also Fig. 1.
Relation of adiponectin to selected metabolic 
parameters, anthropometric parameters and IMT

Levels of adiponectin correlated positively with 
HDL-C (r = 0 .39, p<0.001) and apoA1 (r=0.34, p<0.001), 
negatively with TG (r=-0.32, p<0.001), apoB/apoA1 (r=-
0.33, p<0.001), hs-CRP (r=-0.16, p<0.05), insulin (r=-0.24, 
p<0.01), HOMA (r=-0.22, p<0.01) and waist circumfer-
ence (r=-0.34, p<0.001). Adiponectin din not correlate 
with IMT for individual DLPs, nor for all subjects.

IMT correlated with age (r=0.35, p<0.001), TC 
(r=0.47, p<0.001), apoB (r=0.33, p<0.001), TG (r=0.35, 
p<0.001), non-HDL-C (r=0.39, p<0.001), proinsu-
lin (r=0.24, p<0.01), C-peptide (r=0.21, p<0.01), BMI 
(r=0.28, p<0.001), waist (r=0.39, p<0.001), SBP (r=0.39, 
p<0.001) and DBP (r=0.24, p<0.01). 

Using a multiple regression analysis (adiponectin 
as dependent variable and correlated parameters – TG, 
HDL-C, apoA1, apoA1/apoB, hs-CRP, insulin, HOMA, 
waist circumference as independent predictors), in all sub-
jects adiponectin was independently predicted by apoA1 
(beta=0.403, p<0.01), insulin (beta=0.448, p<0.001) and 
HOMA (beta=–0.160, p<0.01). When this test with the 
same variables was used only in hypertriglyceridemic sub-
jects (DLP 2 + 4), levels of adiponectin were predicted 
by apoA1 (beta=0.468, p<0.01) and insulin (beta=0.363, 
p<0.05). 

DISCUSSION

The results show significantly lower levels of adiponec-
tin in clinically asymptomatic hypertriglyceridemic sub-
jects (DLP 2 and 4) after adjustment for age, sex and body 

mass index than normolipidemic individuals (DLP 1). 
Adiponectin levels did not differ between individuals 
with separately increased levels of apoB (DLP 3) and 
subjects with DLP 1. Levels of adiponectin correlated 
positively with HDL-C and apoA1, negatively with TG, 
apoB/apoA1, hs-CRP, insulin, HOMA and waist circum-
ference. Independent predictors for adiponectin were de-
tected apoA1, insulin and HOMA

Decreased levels of adiponectin in women with dys-
lipidemia were found for the first time by Matsubara el 
al.17. In this study, adiponectin levels also positively cor-
related with HDL-C or apoA1 levels and negatively with 
TG, atherogenic index (TC – HDL-C/HDL-C), apoB and 
apoE. A large number of studies have confirmed a posi-
tive correlation between plasma adiponectin and HDL-C, 
or apo A1 and an inverse relationship with TG (ref.5,12–

14,17–19,29–31). The mechanism linking plasma adiponectin 
and apoA1 has not been fully clarified. Matsuura et al.32 
showed adiponectin increasing HDL assembly caused 
by apoA1 synthesis in the liver through enhancing the 
ATP-binding cassette transporter (ABCA 1) pathway. The 
same author’s group described adiponectin up-regulated 
the expression of ABCA1 in human macrophages and 
increased cholesterol efflux to apoA1 (ref.33). Moreover, 
a strong negative correlation between adiponectin and 
apoA1 catabolism independent of obesity, insulin resist-
ance and the content of TG within HDL particle was 
found by Verges et al.34. These authors suggested that 
adiponectin could be an important link between insulin 
resistance and increased apoA1 catabolism. 

The insulin resistance was also acknowledged as an 
independent predictor for adiponectin. The close negative 
relationship between insulin resistance and adiponectin 
was found in type 2 diabetes5,13,14 and in insulin-resistant 
state5,13,35,36. Although epidemiological and experimental 
studies have found an association between insulin resist-
ance and low plasma adiponectin levels, it has not been 
established whether decreased adiponectin levels are the 
cause or the effect of this dysregulated metabolic state. 
Development of hyperinsulinemia may be one possible 
mechanism for the suppression of adiponectin levels seen 
in these states. Some studies found acute suppressive 
effects of insulin on adiponectin37,38. However, hyperin-
sulinemia per se seems unlikely to be a mediator of low 
adiponectin levels since levels of adiponectin remained 
low in the later stages of type 2 diabetes in association 
with decreased circulating insulin levels39. Moreover, a few 
studies of insulin treatment have indicated no significant 
change in blood levels of adiponectin with chronic insu-
lin administration40,41. Adipocyte insulin action or signal 
transduction rather than absolute levels of insulin may 
regulate adiponectin secretion. Bogan and Lodish showed 
that secretion of adiponectin by adipocytes requires phos-
phatidylinositol 3-kinase (PI-3K), a major intermediate 
of insulin signaling activity42. Insulin-stimulated insulin 
receptor substrate 1 (IRS-1)-associated with PI-3K activity 
was found to be reduced in adipocytes of type 2 diabetic 
subjects43. Thus lower adipocyte PI-3K activity may con-
tribute to the decreased adiponectin levels. 
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Table 1. Basic characteristics in dyslipidemic phenotypes.

DLP 1 DLP 2 DLP 3 DLP 4

n/men 58/16 47/27 31/11 98/45

Age 
(years)

42.0±10.4 47.3±10.2 47.5±12.3 50.8±10.9

TCH 
(mmol/l)

5.18±1.01b,c,d 5.76±0.90a,c,d 7.31±1.12a,b 7.40±1.18a,b

TG ¶

(mmol/l)
0.98[0.76–1.22]b,d 2.28[1.45–4.66]a,c 1.21[0.95–1.43]b,d 2.44[1.9–3.45]a,c

HDL-CH
(mmol/l)

1.68±0.47b,d 1.27±0.35a,c 1.80±0.36b,d 1.38±0.38a,c

LDL-CH
(mmol/l)

3.04±0.82c,d 3.26±0.70c,d 4.98±1.03a,b 4.74±1.06a,b

non-HDL
-CH (mmol/l)

3.41±0.76b,c,d 4.54±1.02a,c,d 5.36±1.05a,b,d 6.06±1.22a,b,c

apoB
(g/l)

0.90±0.19c,d 1.03±0.13c,d 1.41±0.23a,b 1.47±0.25a,b

apo A1
(g/l)

1.65±0.31b,d 1.48±0.32a,c 1.67±0.24b,d 1.54±0.30a,c

apoB/apoA1 0.56±0.16b,c,d 0.73±0.18a,c,d 0.86±0.18a,b,d 0.99±0.27a,b,c

HOMA ¶ 
(mIU*mmol/l2)

1.3[0.8–1.8]b,d 1.8[1.1–3.0]a,c 1.1[0.8–1.6]b,d 1.7[1.2–2.5]a,c

C-peptide ¶

(mg/l)
1.6[1.3–2.0]b,d 2.5[1.9–3.4]a,c 1.5[1.3–2.5]b,d 2.4[1.8–3.1]a,c

Insulin ¶

(mIU/l)
5.9[4.0–8.3]b,d 8.8[5.3–13.2]a,c 5.5[3.4–7.7] b,d 7.5[5.6–10.5]a,c

Proinsulin ¶

(mIU/l)
8.8[6.8–11.2]b,d 13.8[10.5–21.7]a,c 10.7[8.5–14.4]b,d 11.7[9.7–17.4]a,c

hs-CRP ¶ 
(mg/l)

1.0[0.6–2.1]b,d 1.4[0.9–4.2]a 1.2[0.6–2.9]d 1.8[1.0–3.1]a,c

SBP
(mm Hg)

122.2±11.6b,c,d 132.2±18.5a 133.2±17.6a 133.1±14.6a

DBP
(mm Hg)

76.6±8.6b,c,d 81.9±11.2a 81.7±7.3a 83.7±8.6a

BMI
(kg/m2)

24.0±3.2b,d 27.9±3.3a,c 25.0±3.2b 26.7±3.1a

Waist
(cm)

79.0 9.8b,d 92.2±12.0a,c 83.8±9.9b,d 90.7±9.3a,c

Smoking
(%)

5d 14 11 22a

IMT
(mm)

0.62±0.10d 0.70±0.12 0.69±0.09 0.73±0.12a

Adiponectin 
(mg/l) ¶ 

16.1[10.3–20.8]b,d 9.5[6.8–13.0]a 13.7[11.0–19.4] 10.1[7.4–16.8]a

DLP = dyslipidemic phenotype; DLP 1: apoB < 1.2 g/l + TG < 1.5 mmol/l, DLP 2: apoB < 1.2 g/l + TG ≥ 1.5 mmol/l, DLP 3: apoB ≥ 1.2 g/l + 
TG < 1.5 mmol/l, DLP 4: apoB ≥ 1.2 g/l + TG ≥ 1.5 mmol/l
TC = to t al cholesterol, TG = triglycerides, HDL–C = HDL cholesterol, LDL–C = LDL cholesterol, non-HDL-C = non-HDL cholesterol (TC – 
HDL-C), apoB = apolipoprotein B, apoA1 = apolipoprotein A 1, HOMA = homeostasis model assessment [fasting glycemia (mmol/l) * fasting 
insulin (mU/l) / 22.5], hs-CRP = high sensitivity C reactive protein, SBP = systolic blood pressure, DBP = diastolic blood pressure, BMI = body 
mass index, IMT = intima-media thickness
Values are expressed as mean ± S.D., for ¶ (parameters with skewed distribution) median [25 and 75 percentiles]. 
Differences in variables between subgroups were analyzed with ANOVA after adjustment for age, sex and BMI. Significant difference p<0.05 at 
least – a vs. DLP 1; b vs. DLP 2; c vs. DLP 3; d vs. DLP 4. 
Parameters with skewed distribution (TG, proinsulin, insulin, C-peptide, HOMA, hs-CRP) were log transformed to normalize their distribution 
before statistical analysis.
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Surprisingly, we found no association between se-
rum adiponectin levels and subclinical atherosclerosis. 
Adiponectin did not correlate with IMT for any of the 
DLPs, or in all subjects of the present study. The signifi-
cant increase in IMT was observed only in patients with 
hyper-apoB / hyper-TG phenotype. Publications on the 
relationship between these parameters are not entirely 
consistent. Some authors report a negative association 
between adiponectin and IMT (ref.44–49), but no relation-
ship has been found in other studies19,50–54. Two papers 
pointed to a significant correlation between adiponectin 
and IMT in men but not in women55,56. Mangge et al.47 
found the HMW subfraction of adiponectin correlated 
better with IMT than total adiponectin level. We did not 
assed adiponectin subfractions, but for instance Koenen 
et al.57 did not show correlation between IMT and total 
adiponectin, nor its multimers (including HMW adipo-
nectin) in patients with familial combined hyperlipidemia. 
Recently moreover, Holewijn et al.53 found no indepen-
dent association between total adiponectin levels and sev-

en noninvasive measurements of atherosclerosis (NIMA) 
– IMT, presence of plaque, plaque thickness, pulse wave 
velocity, augmentation index, ankle-brachial index at 
rest, and ankle-brachial index after exercise. Participants 
with low adiponectin levels showed an increased IMT, 
but the association of low adiponectin level with subclini-
cal atherosclerosis was not independent of other major 
cardiovascular risk factors. On the basis of absence of 
independent association between adiponectin level and 
NIMA, the authors suggested a non-causal role of adipo-
nectin in the deterioration of NIMA. In the present study, 
IMT proved to correlate with age, lipid parameters, mark-
ers of insulin resistance and that of visceral obesity and 
blood pressure. These parameters seem to be risk factors 
for IMT instead of adiponectin. Low adiponectin levels 
in hypertriglyceridemic subjects may reflect presenting 
insulin resistance. However, lack of correlation between 
adiponectin and IMT does not argue for adiponectin as 
an independent predictor for next cardiovascular events in 
clinically asymptomatic, dyslipidemic individuals. 

Fig. 1.  Adiponectin in individual dyslipidemic phenotypes.
 DLP = dyslipidemic phenotype; 
 DLP 1: apoB < 1.2 g/l + TG < 1.5 mmol/l,  DLP 2: apoB < 1.2 g/l + TG ≥ 1.5 mmol/l, 
 DLP 3: apoB ≥ 1.2g/l + TG < 1.5 mmol/l,  DLP 4: apoB ≥ 1.2 g/l + TG ≥ 1.5 mmol/l
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CONCLUSION

Clinically  a symptomatic individuals with hypertrig-
lyceridemic phenotypes showed lower adiponectin levels 
than normolipidemic subjects. Adiponectin was associ-
ated with lipid parameters, markers of insulin resistance, 
chronic inflammation and visceral obesity. Decreased 
adiponectin levels were predicted by apo-A1 and insulin, 
independently of other lipid parameters, inflammation 
or visceral obesity. No association between adiponectin 
and IMT was found. In the place of adiponectin, IMT 
was associated with age, lipid parameters, markers of in-
sulin resistance and visceral obesity and, blood pressure 
in these dyslipidemic individuals.
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