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Evaluation of serum adiponectin levels in patients with heart failure and
relationship with functional capacity
Kalp yetersizli¤i olan hastalarda serum adiponektin düzeylerinin
de¤erlendirilmesi ve fonksiyonel kapasite ile iliﬂkisi
Mehmet Ozturk, M.D., Dursun Dursunoglu, M.D., Hidayet Goksoy, M.D., Simin Rota, M.D.,1 Sukru Gur, M.D.
Pamukkale University, Faculty of Medicine, Department of Cardiology, 1Department of Biochemistry, Denizli

Objectives: We aimed to evaluate serum adiponectin levels
in relation to the NYHA functional capacity class in patients
with heart failure (HF).
Study design: The study included 49 patients (40 males, 9
females; mean age 63 years) with HF, whose functional capacity was NYHA class II to IV. Echocardiographic examination was performed and serum adiponectin levels were measured. The results were compared in relation to the NYHA
classes and with those of 41 control subjects (24 males, 17
females; mean age 54.2 years) without HF.
Results: Functional capacity was NYHA class II in 13 patients (26.5%), class III in 23 patients (46.9%), and class IV in
13 patients (26.5%). Compared to the control group, the HF
group exhibited a significantly higher mean age (p=0.001), lower body mass index (p=0.004), decreased left ventricular
ejection fraction (EF) (33.2±7.7% vs. 64.9±4.3%; p=0.0001),
and increased serum adiponectin level (4.0±3.2 μmg/dl vs.
2.4±2.3 μmg/dl; p=0.009). Both EF (p=0.001) and adiponectin level (p=0.004) showed significant differences between the
NYHA groups, with the latter showing a sharp increase from
2.6±2.6 μmg/dl in class II to 6.8±3.7 μmg/dl in class IV. In all
paired comparisons among the three NYHA groups, EF and
serum adiponectin level exhibited significant differences except for the serum adiponectin level for NYHA class II and III
(for NYHA class II and IV, p=0.003; for class III and IV,
p=0.008). In correlation analysis, serum adiponectin level was
in a significant inverse correlation with EF (r=-0.380,
p=0.0001), and a positive correlation with the NYHA class
(r=0.423, p=0.0001).
Conclusion: Serum adiponectin levels significantly increase
in patients with HF, in parallel with deterioration in functional
capacity and with significant decreases in EF.

Amaç: Kalp yetersizli¤i (KY) olan hastalarda serum adiponektin düzeyleri NYHA fonksiyonel kapasite s›n›flar›na göre de¤erlendirildi.
Çal›ﬂma plan›: Fonksiyonel kapasitesi NYHA s›n›f II-IV olan,
KY’li 49 hasta (40 erkek, 9 kad›n; ort. yaﬂ 63) çal›ﬂmaya al›nd›. Tüm hastalarda ekokardiyografik inceleme yap›ld› ve serum adiponektin düzeyleri ölçüldü. Sonuçlar NYHA s›n›flar›
aras›nda ve klinik ve ekokardiyografik olarak KY saptanmayan
41 kiﬂilik (24 erkek, 17 kad›n; ort. yaﬂ 54.2) kontrol grubuyla
karﬂ›laﬂt›r›ld›.
Bulgular: Fonksiyonel kapasite 13 hastada (%26.5) NYHA s›n›f
II, 23 hastada (%46.9) s›n›f III, 13 hastada (%26.5) s›n›f IV idi.
Kontrol grubu ile karﬂ›laﬂt›r›ld›¤›nda, KY hastalar›nda ortalama
yaﬂ anlaml› derecede daha yüksek (p=0.001), beden kütle indeksi daha düﬂük (p=0.004), sol ventrikül ejeksiyon fraksiyonu (EF)
daha düﬂük (%33.2±7.7 ve %64.9±4.3; p=0.0001), serum adiponektin düzeyi daha yüksek (4.0±3.2 Ìmgr/dl ve 2.4±2.3 μmgr/dl;
p=0.009) bulundu. Sol ventrikül EF ve serum adiponektin düzeyi
NYHA gruplar› aras›nda anlaml› farkl›l›k gösterdi (p=0.001 ve
p=0.004). NYHA s›n›f II’de ortalama 2.6±2.6 Ìmgr/dl olan serum
adiponektin düzeyi s›n›f IV’de 6.8±3.7 μmgr/ dl’ye yükseldi.
NYHA s›n›flar›n›n ikili karﬂ›laﬂt›rmas›nda, EF ikili tüm gruplar aras›nda anlaml› farkl›l›k gösterirken, serum adiponektin düzeyi,
NYHA II-III gruplar› d›ﬂ›nda, di¤er gruplar aras›nda anlaml› derecede farkl›yd› (NYHA II-IV, p=0.003; NYHA III-IV, p=0.008). Korelasyon analizinde, serum adiponektin düzeyi EF ile anlaml› negatif iliﬂki (r=-0.380, p=0.0001), NYHA s›n›f› ile anlaml› pozitif iliﬂki gösterdi (r=0.423, p=0.0001).
Sonuç: Kalp yetersizli¤i olan hastalarda serum adiponektin
düzeyi anlaml› art›ﬂ göstermekte ve bu art›ﬂ fonksiyonel kapasite kötüleﬂtikçe, EF’deki azalma ile birlikte, daha belirgin
olmaktad›r.
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In recent years, adipocytokines such as interleukin6 (IL-6), interleukin-10 (IL-10), tumor necrosis factoralpha (TNF-·) are also thought to be responsible for the
pathogeneses of heart failure (HF) and its possible causes such as coronary artery disease (CAD), hypertension, diabetes mellitus, and obesity.[1,2] Although the
physiological role of adiponectin which is released
from adipose tissue has not been yet established, its anti-atherogenic and anti-inflammatory effects on endothelial cells and macrophages have been reported.[3-5] Serum adiponectin level has also been reported to decrease in the presence of diabetes mellitus, metabolic
syndrome, obesity and CAD.[6-8] Normal or high serum
adiponectin levels have been suggested to prevent the
development of cardiovascular diseases and complications in healthy individuals.[9] Some recent studies have
also demonstrated that serum adiponectin levels are paradoxically higher in patients with chronic heart failure, and that they were an independent predictor of mortality.[10,11]
In this study, we evaluated serum adiponectin levels
according to the functional capacity classification in
patients with HF.
PATIENTS AND METHODS

The study included 49 patients (40 males, 9 females; mean age 63.0±10.6 years) with ischemic or hypertensive HF, idiopathic cardiomyopathy or heart valve
disease whose functional capacity was NYHA class II
to IV, and 41 control subjects without HF as shown
through clinical and electrocardiographic evaluation
(24 males, 17 females; mean age 54.2±11.3). Of the 49
patients with HF, 16 had hypertension and 25 had diabetes mellitus, whereas 14 developed both.
Physical examination was performed and history
obtained from both the patient group and controls. Patients with functional capacity of NYHA class I, chronic renal failure, and those with a known pulmonary disease such as chronic obstructive pulmonary disease
were excluded from the study. All patients were receiving treatment for HF including diuretics, angiotensin
converting enzyme (ACE) inhibitor or angiotensin receptor blockers (ARB), and beta-blockers.
The 12-lead ECG of the patients was performed at
rest and transthoracic echocardiographic assessment
was obtained in the left lateral decubitus position in accordance with recommendations of the American Society of Echocardiography.[12] A 2.5 mHz probe and Vivid
7 echocardiography device (General Electric, Horton,
Norway) was used during assessment. Two-dimensional echocardiography was used to estimate left ventricular ejection fraction (EF) by the Simpson’s rule.
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Routine biochemical analyses of all subjects were
performed using 12-hour fasting venous blood samples. The collected samples for adiponectin were centrifuged at 4000 rpm for 7 minutes, and the supernatant
obtained was stored at -20oC under laboratory conditions. Levels of serum total adiponectin were measured
by ELISA method (Adiponectin ELISA, BioVendor
Laboratory Medicine Inc., Czech Republic).
All patients were informed about the purpose of the
study and informed consents were obtained from all
patients. The study was approved by the local ethical
committee of our hospital.
Statistical analysis. The SPSS program (Statistical
Package for Social Sciences, v. 11.0 for Windows) was
used for statistical analysis and the results were expressed as mean ± standard deviation. The Student t-test
was used for comparison of quantitative data and in the
assessment of subjects with/without HF, while Kruskal-Wallis test was used in the comparison of subgroups of HF patients according to their functional capacity (NYHA class II, III, IV). The Mann-Whitney Utest was used in paired comparison of control group
and patient subgroups according to their functional capacity. Pearson correlation test was also used in the assessment of the correlation between serum adiponectin
levels and certain parameters. P<0.05 was considered
to be statistically significant.
RESULTS

CAD in 39 patients (79.6%), idiopathic cardiomyopathy in six (12.2%), hypertensive heart disease in two
(4.1%), and other factors in two (12.2%) were responsible for heart failure. On the other hand, 13 patients
(26.5%) were in NYHA class II, 23 patients (46.9%)
were in NYHA class III, and 13 patients (26.5%) were
in NYHA class IV.
The main characteristics of the patients and controls
are summarized in Table 1. Compared to the control
group, the HF group exhibited a significantly higher
mean age (p=0.001) and a lower body mass index
(p=0.004). On the other hand, no significant difference
was found between the groups in terms of hypertension, diabetes mellitus and smoking history.
Left ventricular ejection fraction was within normal
range in the controls, while it was significantly lower in
the patient group (p=0.0001). The serum adiponectin
levels were significantly higher in patients with HF
(4.0±3.2 μmg/dL) compared to the controls (2.4±2.3
μmg/dL) (p=0.009). Fasting blood glucose level was
significantly higher, while the total and HDL-cholesterol
levels were significantly lower in the patient group,
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Table 1. Comparison of clinical and laboratory findings and left ventricular ejection fraction of patients
Patient Group (n=49)

Control Group (n=41)

Number Percentage Mean±SD

Number Percentage Mean±SD

63.0±10.6

54.2±11.3

0.001
NS

29.8±4.8

0.004
NS
NS
NS

64.9±4.3
2.4±2.3
110.4±44.0
185.3±28.7
44.5±10.0
104.4±22.5
159.7±93.0
0.8±0.12
14.01±1.8

0.0001
0.009
0.009
0.019
0.045
NS
0.05
NS
NS

Age
Sex
Male
Female
Body mass index (kg/m2)
Hypertension
Diabetes Mellitus
Cigarette smoking history
Previous myocardial infarction
Coronary artery bypass grafting
Percutaneous coronary intervention
Left ventricular ejection fraction (%)
Adiponectin (μmg/dL)
Glucose (mg/dL)
Total cholesterol (mg/dL)
HDL-cholesterol (mg/dL)
LDL-cholesterol (mg/dL)
Triglyceride (mg/dL)
Creatinine (mg/dL)
Hemoglobin (g/dL)

40
9

81.6
18.4

16
25
15
39
18
10

32.7
51.0
30.6
79.6
36.7
20.4

24
17

58.5
41.5

17
14
18
-

41.5
34.2
43.9

26.9±4.3

33.2±7.7
4.0±3.2
138.4±53.1
169.0±.35.0
40.2±9.8
102.2±28.0
126.4±60.6
1.0±0.3
13.3±1.9

p

NS: non-significant

compared to the control group. Plasma LDL-cholesterol
level was not significantly different between the groups,
whereas triglyceride level was significantly lower in patients with HF (Table 1).
Table 2 shows comparison of the left ventricular EF
and serum adiponectin level based on NYHA classes.
The EF (p=0.001) and adiponectin (p=0.004) level
showed significant differences between the NYHA
groups. The increase in adiponectin levels was also
more apparent as the functional capacity worsened.
In all paired comparisons between the left ventricular EF and serum adiponectin level according to the
NYHA groups, a significant difference was found

between the groups in terms of left ventricular EF
(p=0.04, p=0.001 and p=0.01 for NYHA II-III, II-IV
and III-IV, respectively). On the other hand, no significant difference was found between the NYHA II and
III groups in terms of serum adiponectin level, whereas there was a significant difference between the
NYHA II-IV and III-IV groups (p=0.003 and
p=0.008).
In all paired comparisons between the controls and
each NYHA group in terms of age, left ventricular EF
and serum adiponectin level, a significant difference
was found in respect of all three parameters, apart
from the age and serum adiponectin level in the
NYHA II group (Table 2).

Table 2. Evaluation of left ventricular ejection fraction and serum
adiponectin levels in patients with HF according to the NYHA classes and
paired comparison analysis of NYHA classes and the control group

Ejection fraction (%)
Adiponectin (μmg/dL)
Compared to controls
Age
Ejection fraction
Adiponectin

NYHA II
(n=13)

NYHA III
(n=23)

NYHA IV
(n=13)

p

38.4±4.3
2.6±2.6
p
NS
0.0001
NS

33.9±7.4
3.2±2.1
p
0.0001
0.0001
0.03

27.0±7.1
6.8±3.7
p
0.005
0.0001
0.001

0.001
0.004

NS: non-significant
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Figure 1. The relationship of serum adiponectin level with (A) left ventricular ejection fraction and (B) NYHA class.

In correlation analysis, serum adiponectin level was
found to have a significant negative relationship with EF
(r=-0.380, p=0.0001), and a positive correlation with the
NYHA class (r=0.423, p=0.0001) (Figure 1). No significant difference was found between serum adiponectin
level with age and BMI (r=0.204, p=0.06 and r=0.167,
p>0.05, respectively)
DISCUSSION

Heart failure is currently the major cause of morbidity and mortality in adults. Several studies have demonstrated that neurohormonal activity resulting from
a compensatory mechanism and increased cytokine at
the beginning may have an adverse effect on prognosis
of the disease in the later stage.[13-16] For instance, increased plasma catecholamine has been shown to be
associated with increased morbidity and mortality in
patients with HF.[13,14]
In our study, serum adiponectin levels were higher in
patients with HF predominantly (79%) in those with a
histology of ischemic disease compared to the controls
(4.0±3.2 μmg/dL vs. 2.4±2.3 μmg/dL; p=0.009). In addition, serum adiponectin levels were significantly different in the patient groups based on their functional capacity (NYHA II-III-IV). The increase in adiponectin level
was more apparent as functional capacity worsened. On
the other hand, paired comparisons showed no signifi-

cant difference but in the serum adiponectin levels between the NYHA II and NYHA III groups. Therefore, serum adiponectin levels can be suggested to increase significantly in patients with a poor functional capacity
(NYHA III and IV), whereas no significant change was
observed in patients with a better functional capacity
(NYHA II). A recent study showed that serum adiponectin levels increased in 175 consecutive patients with
chronic HF and that this increase was more apparent as
the functional capacity worsened (NYHA). During 2-year-follow-up, serum adiponectin level was also shown to
be an independent predictor of morbidity and mortality
in the same study.[11]
Given that no significant difference was observed
between the patient groups and controls in terms of the
incidence of hypertension and diabetes mellitus and that
there was no significant relation of serum adiponectin
levels with age and BMI, serum adiponectin levels can
be suggested to increase only due to HF. In other words,
the increase in serum adiponectin level is not relative in
patients with HF. On the other hand, several studies have also shown that serum adiponectin the level is not
elevated, but is rather lower under such conditions.[6-9]
According to the results obtained from several studies
suggesting that serum adiponectin levels decreased in
patients with CAD,[1,4,6] it is obvious that HF accounted
for the increased adiponectin levels in patients with HF
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of predominantly ischemic origin. Although mean BMI
was significantly lower in patients with HF compared to
the controls in our study, subjects in both groups were
overweight. Therefore, although serum adiponectin level was reported to decrease in obese patients and to
increase in the event of losing weight,[17] it was suggested that adiponectin levels were not significantly influenced by BMI in our study. The absence of a significant relationship between BMI and serum adiponectin
levels also supports our conclusion. However, the objective and method of our study is insufficient to explain the reason for increased serum adiponectin level
in HF patients. On the other hand, it can be suggested
that increased serum adiponectin levels have protective effects to provide adequate hemodynamic in patients with HF as seen with the compensatory increased
in plasma catecholamine. Whether the increase in serum adiponectin level in patients with HF is hazardous (toxic) similar to the increased plasma catecholamine is still not known. Although increased serum adiponectin levels did not predict the development HF in a
study including 946 male adults without HF at baseline,[18] several studies showed that serum adiponectin
levels increased in patients with chronic HF and that
increased levels were independent predictor of mortality.[10,11] In another study including 449 consecutive
patients with chronic HF having various BMI (<21,
21-25 and >25 kg/m2) groups evaluated serum total
and high molecular weight (HMW) adiponectin levels,
atrial (ANP), brain (BNP) natriuretic peptides and NTproBNP levels, and total adiponectin levels were found to be independent prognostic predictor in all groups.[19] In addition, subgroup analysis found serum NTproBNP (p=0.017) and plasma total adiponectin levels
(p=0.003) to be prognostic predictor in only subjects
with normal BMI. Authors concluded that measurement of total adiponectin level was more useful than
of HMW adiponectin level in establishing the mortality risk and that plasma total adiponectin level was an
independent prognostic predictor in HF patients with
particularly normal BMI.[19]
[20]

Similar to our study, Nakamura et al. also showed
that serum adiponectin levels increased as the functional
capacity worsened in HF patients. In another study including 138 patients with HF, Takano et al.[21] investigated adiponectin levels through sampling blood from the
aorta, coronary sinus and peripheral vein and found that
adiponectin levels significantly increased from aorta towards the coronary sinus. The authors also reported that
the difference of adiponectin levels in coronary sinus
and aorta was positively associated with adiponectin
levels in blood samples obtained from peripheral vein. In

this study, authors investigated whether adiponectin level affected cardiac tissue in HF patients. Another study
including patients with dilated cardiomyopathy investigated cardiac adiponectin system through endomyocardial biopsy.[22] The authors found intact adiponectin receptors in the cardiac tissue, and decreased adiponectin
mRNA and protein regulation. In the study, adiponectin
injected into neonatal rats in vitro was shown to led to
activation of pro-survival kinase and nitric oxide
synthase, thereby preventing stress-induced apoptosis
of cardiomyocytes.[22] In this study, adiponectin was
suggested to be useful in the treatment of dilated cardiomyopathy in the future.
Decreased left ventricular EF is well known as one of
the markers of poor prognosis of CAD.[23] In our study,
we found significant difference between the groups in
terms of left ventricular EF and the EF decreased as the
functional capacity worsened. In addition, a significantly
negative relation was found between serum adiponectin
level and left ventricular EF (r=0.380, P=0.0001). On the
other hand, George et al.[11] did not find any significant
relationship between serum adiponectin level and left
ventricular EF, but however found a significant association with the functional capacity (NYHA) and serum
adiponectin level, similar to our study. Analyses performed to identify the possible relation between serum adiponectin level and left ventricular EF among the patient
groups including those with functional capacity (NYHA
classes) and controls found no significant difference in
the serum adiponectin level only in patients with NYHA
II class and controls, whereas serum adiponectin levels
significantly increased in the other patient groups compared to the controls. However, we observed a significantly decreased left ventricular EF among all patient
groups compared to the controls. In conclusion, it can be
suggested that there is no significant difference between
the HF patients with functional capacity of NYHA II and
the controls in terms of serum adiponectin level, whereas serum adiponectin levels markedly increased in HF
patients with NYHA III and IV.
A recent study showed that serum adiponectin levels
increased in the elderly (>70 years) with a significant increase particularly in patients with HF of non ischemic
origin. The study also found increased serum adiponectin levels to be increased mortality.[24] Another experimental study on animals models suggested that adiponectin improved systolic dysfunction following myocardial infarction, suppressed cardiac hypertrophy and interstitial fibrosis, and that it protect the myocardium against myocyte and capillary loss.[25]
In conclusion, serum adiponectin levels significantly
increase in patients with HF compared to the controls
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and the levels are associated with functional capacity of
the patients. Serum adiponectin levels increase as the
functional capacity worsens in this patient population. It
can be concluded that there is no significant difference
between the HF group with NYHA II of functional capacity and controls in terms of serum adiponectin levels,
whereas levels significantly increased in HF patients
with NYHA III and IV, compared to controls. Serum
adiponectin level is also reported to be associated with
the left ventricular EF and there is a marked increase in
the levels as EF decreases.
Despite of all studies on adiponectin, whether its increase should be prevented and adiponectin receptor
blockers should be developed and used in the treatment
of HF patients is still unknown. Further studies are needed to elaborate on this subject.
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