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Abstract
Introduction: This study was designed to investigate the relationship between serum adiponectin and testosterone in patients with type 2 diabetes.
Materials and methods: Serum level of adiponectin and testosterone were prospectively measured in 65 patients with type 2 diabetes and in 20
healthy subjects. Testosterone was determined by the radio-immunoassay, whereas adiponectin levels were determined by enzyme-linked immunosorbent assay (ELISA).
Results: The average serum testosterone did not differ between the diabetes and the control group, but the average adiponectin in the diabetes
group was lower (14.6 (14.2-15.0) vs. 24.3 (24.05-24.55) ng/mL, P = 0.001). In the diabetes group, the serum adiponectin level in patients with renal
dysfunction (22.3 (21.5-23.1) ng/mL) was higher than in patients with no complications (12.1 (11.45-12.75) ng/mL) and than in patients with coronary artery disease (11.2 (10.25-12.15) ng/mL) (P = 0.009). Univariate correlation analysis showed an inverse weak correlation between adiponectin
and testosterone concentrations in male diabetic patients (r = -0.27, P = 0.009). There was no significant correlation between adiponectin and testosterone in female patients (r = -0.05, P = 0.167).
Conclusions: We conclude that patients with type 2 diabetes have lower serum adiponectin concentration than healthy individuals, and that there
is a weak inverse correlation between adiponectin and testosterone serum concentrations in male diabetics.
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Introduction
Adiponectin is a protein exclusively secreted by
mature adipocytes, which circulates in high concentrations in the blood (1,2). The circulating concentrations of adiponectin are inversely proportional to adiposity, and low adiponectin concentrations predict the development of type 2 diabetes
and cardiovascular disease (2). Serum adiponectin
levels are influenced by several factors, such as
age, sex, body mass index and diabetes (2-5) and
are decreased in patients with type 2 diabetes mellitus or metabolic syndrome (5,6). In obese men,
serum and interstitial total adiponectin levels are
lower than in lean subjects (7). After hyperinsuline-

mia, serum and interstitial total adiponectin is reduced in both obese and lean men. Current biochemical and physiological evidence suggest that
low adiponectin levels may be a consequence of
insulin resistance with compensatory hyperinsulinemia (1).

Testosterone is another factor that influences
concentration of circulating adiponectin. In healthy subjects, adiponectin production is inhibited
by testosterone (2). However, whether testosterone is also associated with circulating adiponectin
in patients with diabetes is not very well understood.
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In school-aged girls with type 1 diabetes, the decrease in adiponectin concentrations was correlated with increasing levels of testosterone (8). In
middle-aged patients with metabolic syndrome,
blood concentrations of testosterone were positively correlated witj adiponectin (9). In addition,
testosterone therapy in combination with diet and
exercise in type 2 diabetic men resulted in an increase of adiponectin (10). To date, there is little
information about the association between circulating testosterone and adiponectin in adult
diabetic patients. Therefore, we performed this
prospective study to investigate the relationship
between plasma testosterone and adiponectin in
a group of adult patients with type 2 diabetes.

Materials and methods
Patient selection
This study was approved by the institution review
board of Liaocheng People’s Hospital. Written informed consent was obtained from all participants. Between January and July 2008, 65 patients with type 2 diabetes were recruited to this study.
There were 39 males and 26 females, with an average age of 58 years (range 37-84 years). Twenty
one (32.3%) of these patients had concurrent coronary artery disease (CAD), and 22 (33.8%) had renal
dysfunction. CAD was confirmed by coronary angiogram and electrocardiogram (ECG) as well as
clinical symptoms. Renal dysfunction was established by assessing glomerular filtration rate (GFR <
90 mL/min), which was calculated from serum
creatinine (Cr) concentration as follows:
Cockcroft-Gault GFR = (140-age) x (Weight in kg)
x (0.85 if female) / (72 x Cr).
Twenty healthy subjects (Table 1) were also recruited as the control group. These subjects were recruited from the health-check clinics of our hospital. They had no previous medical history of diabetes, cardiovascular or renal disease. Physical examination, chest X-ray, electrocardiogram and laboratory tests for blood glucose, lipids, renal and liver
function revealed no abnormalities.
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Biochemical analyses
Five milliliters of blood was collected from the median cubital vein in a sitting position with avacuum
tube by the investigators in the mornings between
7-8 am, after overnight fasting. Serum was stored
in a freezer at -20°C for up to four weeks until testosterone and adiponectin were analyzed. Biochemical data were assayed as follows: fasting blood
glucose (glucose-oxidase electrode method); total
cholesterol (cholesterol oxidase enzymatic assay
method); triglyceride (enzymatic colorimetric method); serum creatinine (Jaffe reaction method).
The above analyses were conducted by using a
fully automated Olympus AU2700 chemistry analyzer (Olympus CO Ltd., Tokyo, Japan). Olympus Life and Material Science Europa GmbH reagents
(Hamburg, Germany) were used.
Serum testosterone was determined by the radioimmunoassay (Northern Biotech Inc, Beijing, China). Our laboratory intra- and inter-assay coefficients of variation were less than 6.0% based on 10
measurements using control samples at level of
2.8 ng/L. Total serum adiponectin levels were determined by an enzyme-linked immunosorbent
assay kit (ELISA) (Shiruike Inc, Shanghai, China) as
according to the manufacturer’s instructions. The
sensitivity of the assay was calculated to be 1 ng/
mL. Our laboratory intra- and inter-assay coefficients of variation were less than 8% based on 10
measurements using control samples at level of
24.5 ng/L.

Statistical analysis
Data are presented as median and interquartile
range (Q1-Q3), except age which was presented as
median and range (maximum-minimum). Comparison of variables between groups was performed
by Mann-Whitney test. Kruskal-Wallis one-way
analysis of variance was used for three group comparisons. Post hoc analysis was performed by Dunn’s post test. Correlation analysis was done by
Spearman’s rank correlation. SPSS software (version 11.5) was used for the statistical analysis. P values less than 0.05 were considered statistically
significant.
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Results
As shown in Table 1, there were no significant differences in the age and sex between the study and
control groups. The mean testosterone concentration did not differ significantly between two groups. However, patients with type 2 diabetes had significantly lower adiponectin concentration than
patients in the control group (14.6 (14.2-15.0) vs.
24.3 (24.05-24.55) ng/mL, P = 0.001).
Levels of adiponectin and testosterone according
to gender in diabetes and control patient groups
are presented in table 2. In both, patient and control group, serum adiponectin concentration was
lower in males (P = 0.019 and 0.026, respectively),
whereas the average testosterone concentration
was higher in males (P = 0.012 and 0.009, respectively) than in females. Adiponectin concentration

in males and females of the diabetes group was
lower than in males and females of the control
group (P = 0.008 and 0.009, respectively).
Table 3 shows adiponectin and testosterone levels
in patients with and without CAD or renal dysfunction. There were no significant differences in age,
gender, blood glucose, BMI or serum testosterone
concentration across three groups. However, the
serum adiponectin level in the renal dysfunction
group differed from the other groups (P = 0.016).
Post hoc analysis showed that the median level of
adiponectin in the renal dysfunction group was
higher than the CAD and non-complication group
(P = 0.009).
Univariate correlation analysis showed an inverse
weak correlation between adiponectin and testos-

TABLE 1. Baseline characteristics and serum levels of adiponectin and testosterone of the study and control group.
Indices

Diabetes group
(N = 65)

Control group
(N = 20)

P

Age (years)

56 (37-84)

55 (37-82)

0.946

Male (N, propor tion)

39 (0.60)

11 (0.55)

0.720

24.6 (24.0-25.2)

23.6 (22.95-24.25)

0.644

Fasting blood glucose (mmol/L)

12.7 (12.2-13.2)

5.0 (4.8-5.2)

0.001

Adiponectin (ng/mL)

14.6 (14.2-15.0)

24.3 (24.05-24.55)

0.001

Testosterone (ng/mL)

2.7 (2.4-3.0)

2.8 (2.6-3.0)

0.669

BMI

(kg/m2)

TABLE 2. Serum levels of adiponectin and testosterone of the diabetes and control group.
Diabetes group

Control group

P*

Adiponectin (ng/mL)
Male
Female
P**

N = 39
10.3 (9.75-10.85)

N = 11
19.6 (18.85-20.35)

0.006

N = 26
16.1 (15.5-17.7)

N=9
26.2 (25.3-27.1)

0.009

0.019

0.016

N = 39
4.3 (3.7-4.9)

N = 11
4.6 (3.95-5.25)

0.522

N = 26
0.32 (0.285-0.355)

N=9
0.36 (0.315-0.405)

0.788

0.012

0.009

Testosterone (ng/mL)
Male
Female
P**

* Compared with the diabetes group. ** Compared with male in the same group.

Biochemia Medica 2011;21(1):65–70

67

Bai J. et al.

Adiponectin and testosterone in patients with type 2 diabetes

TABLE 3. Comparison of adiponectin levels between diabetic patients with and without cardiovascular complications.
CAD
(N = 21)

Renal dysfunction
(N = 22)

No complications
(N = 22)

P

53 (42-67)

52 (39-66)

54 (33-64)

0.868

12 (0.57)

13 (0.59)

14 (0.64)

0.462

12.6 (11.9-13.3)

12.5 (11.65-13.35)

12.2 (11.45-12.95)

0.742

9.1 (8.8-9.4)

9.3 (8.95-9.65)

9.0 (8.55-9.45)

0.866

24.4 (23.5-25.3)

24.0 (23.05-24.95)

24.6 (23.8-25.4)

0.894

Adiponectin (ng/mL)

11.2 (10.25-12.15)

22.3 (21.5-23.1)

12.1 (11.45-12,75)

0.010

Testosterone (ng/mL)

3.2 (2.8-3.6)

2.6 (2.2-3.0)

2.8 (2.5-3.1)

0.098

Age (years)
Male (N, proportion)
FBG (mmol/L)
HbA1c (%)
BMI (kg/m2)

CAD - coronary ar tery disease; FBG - fasting blood glucose

terone levels in male diabetic patients (r = -0.27, P
= 0.009). There was no significant correlation between adiponectin and testosterone in female patients (r = -0.05, P = 0.167). Also, no significant correlation between serum adiponectin and testosterone was found in the healthy subjects, when male (r = -0.06, P = 0.412) and female (r = -0.09, P =
0.225) subjects were analyzed either separately or
as a unique group (r = -0.06, P = 0.165). An inverse
weak correlation between BMI and adiponectin
was also found in the diabetes group (r = -0.33, P =
0.02).

Discussion
The major findings of this study are: 1) serum adiponectin concentration in patients with type 2
diabetes was significantly higher than in controls;
2) serum level of adiponectin in patients with renal
dysfunction was higher than in those with normal
renal function; 3) there was an inverse weak correlation between serum adiponectin level and BMI
or serum testosterone.
The results of our study were consistent with the
previous studies where a lower serum adiponectin
in diabetics than in healthy subjects was revealed
(6,8). A recent population study showed that high
serum adiponectin levels were associated with a
lower incidence of type 2 diabetes (11). This relationship was more significant in female subjects
than in males. The authors of this study concluded
that the baseline adiponectin levels play a protecBiochemia Medica 2011;21(1):65–70
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tive role in the pathogenesis of diabetes and are
independent predictors for diabetes. The level of
adiponectin seems to be closely associated with
gender of the healthy subjects. The median serum
levels of adiponectin in women was found to be
50% higher than in men (12). In addition, serum levels of adiponectin are also related to age. Older
age is associated with a higher adiponectin level in
both men and women (12). In our study we also
found that in the healthy subjects the adiponectin
level in women was higher than in men. Perhaps
more importantly, the serum adiponectin levels in
male diabetic patients were lower than in the female patients. These results suggest that adiponectin as a cardiovascular protector has diminished more in male diabetic patients.
The lower level of adiponectin in male diabetic patients may be due to a number of factors but a higher concentration of serum testosterone is likely
one of them. An inverse weak correlation was found
between adiponectin and testosterone concentration in the male patients. Iniguez and colleagues (8)
recently measured the serum adiponectin and testosterone in 56 pubertal girls with type 1 diabetes.
They found that decreasing adiponectin levels observed in these adolescents with type 1 diabetes
correlate with increasing testosterone levels. However, the mechanisms by which testosterone affected the adiponectin levels were unclear (8).
From numerous studies it was suggested that adiponectin constitutes an important protective factor in the pathogenesis of the metabolic syndrome
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and cardiovascular disease by exerting antidiabetic and antiatherogenic actions (13). Diminished serum adiponectin concentrations, on the other hand, are predictive for the development of diabetes
and cardiovascular disease (14). Testosterone also
plays a role in the pathogenesis of type 2 diabetes.
Serum testosterone was reduced in male patients
with type 2 diabetes, whereas it was increased in
the female patients (15). It was believed that testosterone reduces the risk of type 2 diabetes in
men but increases the risk in women (15). Given
the antidiabetic and antiatherogenic actions of
adiponectin and the potential antidiabetic actions
of testosterone in men, reduced adiponectin and
testosterone concentrations in males may at least
in part account for the higher incidence of cardiovascular disease in men due to a diminished protective effect of these endogenous hormones.
In this study, the serum adiponectin level in patients with CAD did not differ from those without
CAD (Table 3). This may be due to the fact that the
pathogenesis of CAD in our patients may be multifactorial, involving other risk factors, such as blood
plasma lipoproteins, high blood pressure etc., which were not explored in detail in this study. The
adiponectin level in patients with renal dysfunction, however, was significantly higher than in
those without renal dysfunction. Previous studies
have suggested that a decrease in adiponectin
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clearance in the kidney may increase levels of adiponectin, and adiponectin seems to be influenced
more strongly by renal function than by sex hormones (12). In diabetic patients, the adiponectin
levels were increased and were closely associated
with the glomerular filtration rate, or with the stages of renal insufficiency (16-18). Although correlation analysis between adiponectin and renal function was not performed in our study, the reduced
renal clearance was probably the main cause of increased serum adiponectin.
A potential limitation of this study is that the number of patients (N = 65) is relatively small. Whether
a larger patient population would yield a stronger
correlation between plasma testosterone and adiponectin in male and female patients remains to
be seen. In addition, majority of studies have
shown that testosterone is significantly lower in
men with type 2 diabetes than in women (19). In
our study, the mean value of plasma testosterone
in men was higher than in women. Whether this is
due to the small number of patients needs further
investigation.
In summary, this study has confirmed that the levels of serum adiponectin in adult patients with type
2 diabetes are lower than in the healthy subjects.
An inverse correlation between serum adiponectin
and testosterone has also been demonstrated in
male diabetic patients.
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Odnos između koncentracija adiponektina i testosterona kod bolesnika sa
šećernom bolesti tipa 2
Sažetak
Uvod: Ovo je istraživanje načinjeno kako bi se istražio odnos između koncentracija adiponektina i testosterona u serumu kod bolesnika kod bolesnika sa šećernom bolesti tipa 2.
Materijali i metode: U ovom prospektivnom istraživanju mjerene su koncentracije adiponektina i testosterona kod 65 bolesnika oboljelih od
šećerne bolesti tipa 2 i kod 20 zdravih ispitanika. Koncentracija testosterona određena je radiološkim imunotestom, dok je koncentracija adiponektina određena enzimskim imunotestom (engl. enzyme-linked immunosorbent assay, ELISA).
Rezultati: Koncentracija testosterona u serumu nije se razlikovala između skupina bolesnika s šećernom bolesti tipa 2 i zdravih ispitanika,
no prosječna koncentracija adiponektina je u skupini dijabetičara bila niža (14,6 (14,2-15,0) vs. 24,3 (24,05-24,55) ng/mL, P = 0,001) nego kod
zdravih ispitanika. U skupini dijabetičara koncentracija adiponektina u serumu bila viša kod bolesnika s poremećajem bubrežne funkcije (22,3
(21,5-23,1) ng/mL) nego kod bolesnika koji nisu imali komplikacije (12,1 (11,45-12,75) ng/mL) i bolesnika s koronarnom arterijskom bolešću (11,2
(10,25-12,15) ng/mL) (P = 0,009). Univarijatnom analizom korelacije utvrđena je slaba obrnuta korelacija između koncentracije adiponektina i
testosterona kod muškaraca dijabetičara (r = -0,27, P = 0,009). Nije bilo značajne korelacije (r = -0,05, P = 0,167) između koncentracije testosterona i adiponektina kod žena sa šećernom bolesti.
Zaključak: Zaključujemo da su kod skupine bolesnika sa šećernom bolesti tipa 2 koncentracije adiponektina i testosterona u serumu niže nego
kod kontrolne skupine te da postoji slaba obrnuta korelacija između koncentracija adiponektina i testosterona kod muškaraca s šećernom bolesti.
Ključne riječi: šećerna bolest; adiponektin; testosteron; bubrežna funkcija; koronarna arterijska bolest
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