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Abstract 

Purpose: To investigate the role of adiponectin in the pathogenesis of diabetes-induced coronary heart 
disease (CHD) in Chinese type 2 diabetes mellitus (T2DM) patients. 
Methods: Serum ADpN levels were measured every 3 months in T2DM patients in early stage of heart 
disease who were followed up for 5 years. Adiponectin (ADpN) was measured using a turbidimetric 
immunoassay method. At the same time, ADpN was measured every 3 months for up to 5 years in 
T2DM patients with no sign of heart diseases (control). Hazard ratios (HR) for analysis of progression-
free survival outcomes were assessed using appropriate statistical tools. 
Results: At baseline, ADpN levels in male and female patients were similar (p < 0.05). However, male 
and female T2DM patients who developed heart disease had history of uncontrolled diabetes, 
dyslipidemia and hypertension. Patients (males and females) who had significantly lower levels of HDL 
developed heart disease (p < 0.05). The hazard ratio (HR) for low ADpN was favorable in male and 
female patients with early heart disease who experienced heart disease after baseline demography 
covariates such as age, BMI and gender. 
Conclusion: These results suggest that low ADpN level is a significant independent potential risk factor 
for CHD in Chinese T2DM patients with early stage of cardiac disease who were taking biguanide- and 
thiazolidinedione-based drugs. Intervention strategies that raise ADpN levels > 7.0 μg/ml could be 
helpful in preventing CHD in these T2DM patients. 
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INTRODUCTION 
 
Adiponectin (ADpN), one of the key proteins 
produced by adipocytes, has been found to 
possess anti-inflammatory and anti-
atherosclerotic properties [1-3]. The role of 
ADpN in cardiovascular diseases has already 

been investigated in western countries, mainly 
amongst Caucasians [4-10]. It has been 
reported that ADpN levels are associated with 
poor cardiovascular outcomes, and that they 
increase the risk of atherosclerosis in healthy 
patients [4-10]. In a TIMI trial, clinical outcomes 
and ADpN levels were measured in patients with 
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acute coronary disorder (ACS), and the results 
showed that patients with ACS who had 
increased ADpN levels had poor prognosis 
(assessed by number of death and 
cardiovascular events) [11].  
In contrast, it was found that patients with ACS 
who had low ADpN levels had better survival 
outcomes. In other studies,  ADpN was 
measured in patients who were undergoing 
angioplasty with myocardial infraction. Lower 
ADpN level was found to exert protective effect 
against acute myocardial infarction in white 
patients with ACS [10,11]. Although the role of 
ADpN has been investigated in white/Caucasian 
patients with acute cardiac diseases [5-11], it is 
not clear whether ADpN level is also a predictor 
of pathology of diabetes-induced coronary heart 
disease in Chinese patients in early stages of 
heart disease. Thus, the present preliminary 
investigation was designed to investigate the 
role of ADpN in pathology of early stages of 
coronary heart disease in Chinese T2DM 
patients. 
 
EXPERIMENTAL 
 
Patients and ethics 
 
Chronic diabetes mellitus patients of Chinese 
origin aged between 30 to 65 years, with 
confirmed diagnosis of early stage of heart 
diseases (atherosclerosis) were enrolled at 
Shenzhen Nanshan District Shekou People’s 
Hospital after obtaining their written informed 
consent forms. All study-related documents 
including protocol, ICFs and CRFs were 
submitted to institutional ethical committee of 
Shenzhen Nanshan District Shekou People’s 
Hospital for review and subsequent approval. 
The study was commenced only after receiving 
written approval from the ethics committee, vide 
IEC approval no. IEC/SNDSP/20-2983/04-19. 
This study was conducted in accordance with 
the Declaration of Helsinki, Good Clinical 
Practice and applicable laws and regulations 
[12].  
To assess the eligibility criteria, patients were 
subjected to screening visit where blood 
samples for cholesterol tests were collected. 
Moreover, the patients were instructed to 
undergo coronary angiography, chest x-ray, and 
electrocardiogram. Patients who were addicted 
to drug/alcohol, and those with severe heart 
diseases, renal impairment, liver diseases, lung 
diseases and thyroid diseases were excluded 
from the study. Other excluded patients were 
those with cognitive impairment due to 
Huntington’s disease, and patients with other 
pathologies that may affect the outcome of the 
study (based on the discretion of consulting 

physician), or patients who received prohibited 
concomitant medications.  
Fasting blood samples collected from the 
patients were frozen at – 80o Celsius. Blood 
glucose, insulin and lipid profiles were estimated 
in order to confirm eligibility criteria. Moreover, 
serum ADpN was measured using 
immunoassay (turbidometric method) with a 
computerized analyzer. In this assay, antigen-
antibody reaction (agglutination) occurs between 
ADpN and bunny rabbit anti-humanoid ADpN 
antibody immobilized on gutta-percha globules. 
Serum ADpN levels were measured every 3 
months in T2DM patients in early stages of heart 
disease who were followed up for 5 years. At the 
same time, ADpN was measured every 3 
months for up to 5 years in T2DM patients with 
no sign of heart disease (control). Risk ratios for 
the analysis of free survival outcome were 
assessed using appropriate statistical tool. 
Baseline covariate variables such as 
demography (age, BMI and gender) and clinical 
characteristics (BP, smoking, DM status, 
cholesterol level, HDL level, LDL level; and use 
of anti-hypertensive medication) were compared 
at baseline as covariates. The data were 
stratified by gender: male and female. 
 
Statistical analysis 
The present pilot study was designed to 
evaluate the effect of ADpN in the pathology of 
diabetes-induced coronary heart diseases at the 
early stages in Chinese T2DM patients. Hence, 
there was no formal calculation of sample size. 
At least 100 Chinese patients with early stage of 
heart disease in each treatment group were 
enrolled. Mann Whitney test was used to 
analyze non-normal data (numerical data), 
where unpaired test was used to analyze normal 
data (numerical data). Fisher exact test or chi-
square test was used to analyze categorical 
data. Hazards ratio for adiponectin after 
adjustments of baseline was calculated using 
log rank test. 
 
RESULTS 
 
The demographic and baseline characteristics of 
male and female Chinese DM patients with early 
stage of heart disease are presented in Table 1. 
It was observed that women had significantly 
higher levels of ADpN than male patients. Other 
demographic and baseline characteristics were 
similar in both genders. Moreover, glucose and 
lipid levels were comparable in male and female 
groups. Based on the menopausal status of the 
female patients, the data were divided into two 
groups: pre- and post-menopausal. 
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Table 1: Demographic and baseline characteristics of male and female Chinese DM patients with early stage of 
heart disease 
 

Outcome variable Male Female P 
Age     53.34±4.2 55.14±5.3 >0.05 
BMI    26.2±2.3 27.6±1.2 >0.05 

Waist (cm) 101.3±12.2 109.1±10.3 >0.05 
SBP 132.12±13.2 128.2±4.2 >0.05 
DBP 78.2±6.1 82.3±4.3 >0.05 
Hypertension (% of pts) 41.2 45.7 >0.05 
DM (% of pts) 100 100 >0.05 
Glucose, fasting 
(mg/dL) 

130.3±3.5 134.5±4.2 
>0.05 

Insulin 7.3±2.1 8.5±4.4 >0.05 
TC 210.34±32.1 200.14±21.3 >0.05 
HDL 32.3±2.3 30.2±1.1 >0.05 
LDL 135.2±21.2 131.1±21.2 >0.05 
TG 123.2±2.6 113.4±2.6 >0.05 
ADpN 7.2±3.1 7.7±2.3 >0.05 

Values are mean (SD) for all variables except hypertension and DM (categorical variables) 
 
The demographic and baseline characteristics of 
pre- and post-menopausal female Chinese 
patients in early stage of heart disease were 
comparable. These results are presented in 
Table 2. 
 
Table 3 shows the fasting blood glucose, insulin 
and ADpN levels in Chinese patients with early 
stage of heart disease, in terms of gender (male 
vs female) and menopausal status (pre- and 
post-menopausal women). For glucose 
measurement, the mean fasting blood glucose 
level was comparable in both male and female 
groups. In the female sub-group, post-
menopausal women had slightly higher mean 
blood glucose level than pre-menopausal 
women, but the difference was not statistically 
significant. 
 

Table 3: Mean fasting blood glucose, insulin and 
ADpN levels of Chinese patients with early stage of 
heart disease, in terms of gender and menopausal 
status 
 

Variable Mean (SD) 
Insulin 
Male 13.2±1.8 
Female 12.1±1.3 

PreMW 17.2±1.3 
PostMW 19.1±1.8 

Glucose 
Male 123.3±8.8 
Female 121.1±9.3 

PreMW 117.2±12.3 
PostMW 129.3±2.8 

ADpN 
Male 9.1±1.1 
Female 8.2±1.2 

PreMW 10.1±1.4 
PostMW 11.3 1.5 

PreMW: pre-menopausal; PostMW: post-menopausal 
 
Table 2: Demographic and baseline characteristics of pre- and post-menopausal female Chinese patients with 
early stage of heart disease 
 

Variables Premenopausal     Postmenopausal               P-value 

  52.14±3.1 51.24±3.3 >0.05 
BMI 25.2±1.3 24.2±1.2 >0.05 
Waist (cm) 96.1±8.1 97.2±9.3 >0.05 
SBP 112.2±8.2 122.1±7.2 >0.05 
DBP 78.2±6.1) 82.3±4.3 >0.05 
Hypertension (% of pts) 39.2 40.1 >0.05 
DM (% of pts) Glucose, 100 100 >0.05 
fasting (mg/dL) 120.1±2.5 124.2±3.2 >0.05 
Insulin 6.8±2.1 7.3±3.1 >0.05 
TC 201.14±8.1 210.14±7.3 >0.05 
HDL 31.1±1.3 28.2±2.1 >0.05 
LDL 112.1±18.2 118.1±17.2 >0.05 
TG 113.1±1.6 103.4±1.3 >0.05 
ADpN 7.1±2.1 7.2±2.3 >0.05 

Values are as mean ± SD for all variables except hypertension and diabetes mellitus (categorical variables) 
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Similarly, insulin level was comparable in both 
male and female groups. Post-menopausal 
women had slightly higher mean blood insulin 
level than pre-menopausal women, although the 
difference was not statistically significant. In 
contrast, ADpN level was significantly higher in 
females than in males. Post-menopausal 
women had slightly higher mean ADpN level 
than pre-menopausal women. Overall, gender 
had no significant impact on glucose and insulin 
levels. However, gender had a slight impact on 
ADpN level. 
 
Data on the hazards ratio (HR) for ADpN after 
adjustments of baseline are shown in Table 4. 
The HR for low ADpN was 0.48 (p < 0.005) in 
male patients with early stage of heart disease. 
The HR for low ADpN in male patients with early 
stage of heart disease was statistically 
significant at 0.52 (p < 0.005) after adjustment 
for all clinical risk factors such as BP, smoking, 
DM status, cholesterol level, HDL level, LDL 
level, and use of anti-hypertensives medication 
(Table 4). In female patients with early heart 
disease, the HR for low ADpN was 0.52 (p < 
0.005) after baseline demography covariates 
such as age, BMI and gender. 
 
The HR for low ADpN in female patients with 
early heart disease who experienced disease 
progression was statistically significant at 0.39 
(p < 0.005), after adjustment for all clinical risk 
factors such as BP, smoking, DM status, 
cholesterol level, HDL level, LDL level, and use 
of anti-hypertensive medication (Table 4). 
 
Table 4: Hazards ratio for ADpN after adjustments of 
baseline 
 
Variable Male Female 

HR P HR P 
Model 
(M) 1 

0.423 0.001 0.54 <0.002 

M 2 0.49 <0.002 0.59 >0.05
M 3 0.52 0.0005 0.49 >0.05 
M 4 0.59 <0.001 0.48 >0.05
M 1: Adjusted for covariates of age, BMI, waist 
circumference (cm); M2: adjusted for covariates of 
SBP and DBP; M3: adjusted for covariates of 
hypertension and DM; M4: adjusted for covariates of 
glucose, insulin, TC, HDL, LDL, TG, and ADpN 
 
Kaplan-Meyer curves on the relationship 
between ADpN level and cardiac diseases in 
males and females are shown in Figure 1 and 
Figure 2, respectively. The trend in these results 
shows association of increased risk of cardiac 
diseases with low levels of ADpN in male 
patients with early heart disease. 
 
Moreover, the trend in Figures 1 and 2 shows 
association of increased risk of cardiac diseases 

with low levels of ADpN in female patients with 
early heart diseases. These results indicate that 
low ADpN level irrespective of gender, is a 
potential risk factor for pathogenesis of cardiac 
diseases in Chinese patients with T2DM. 
 

 
 
Figure 1: KM curve in Chinese male patients with 
early stage of heart diseases 
 

 
 
Figure 2: KM curve for Chinese female patients with 
early stage of heart diseases  
 
DISCUSSION 
 
This is the first study to investigate the role of 
ADpN in the pathology of diabetes-induced 
coronary heart disease in Chinese DM patients 
with early stage of heart diseases. The results of 
the present study showed that low ADpN level is 
a significant independent and potential risk 
factor for CHD in T2DM patients at the early 
stages of cardiac disease, irrespective of gender 
 
These results are consistent with previous 
findings in the Framingham Offspring Study 
which reported that low ADpN is a significant 
independent risk factor for CHD in white patients 
[5]. The Framingham Offspring Study showed 
that ADpN level less than 7.0 μg/mL is a strong 
independent predictor of CHD in men in the 
United States. This is consistent with the results 
of the present Chinese study which revealed 
that ADpN level less than 7.0 μg/mL is a potent 
independent predictor of heart disease in male 
and female patients. 
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The Framingham Offspring Study analyzed data 
after adjusting for all potential confounding 
variables such as age, BMI, smoking status, 
blood pressure, treatment status of 
hypertension, status of DM, usage of anti-
hyperlipidemic class of drugs, and lipid profile. 
The results of the present study showed that the 
HR did not significantly change after adjusting 
for all the potential confounding variables such 
as age, BMI, smoking status, blood pressure, 
hypertension treatment status, diabetes status of 
DM, usage of anti-hyperlipidemia class of drugs, 
and lipid profile. This indicates that demography 
and baseline characteristics had no impact on 
the association between ADpN levels and heart 
disease. 
 
High plasma ADpN level may not be 
problematic. However, a low ADpN level is 
problematic in male and female Chinese DM 
patients with early stage of cardiac disease. It 
was also observed in published articles that 
exercise and weight loss may increase plasma 
ADpN levels. Furthermore, some medications 
such as antidiabetics and statins were found to 
increase plasma ADpN levels in patients taking 
biguanide, thiazolidinedione and other statin 
classes of medications [13-17]. 
 
The present study revealed that low level of 
ADpN is a significant independent potential risk 
factor for CHD in T2DM patients with early 
stages of cardiac diseases who are taking 
biguanide and thiazolidinedione classes of 
drugs. Plasma ADpN levels were assayed using 
automated analyzer (with assay kits). This 
automated analyzer has outstanding coefficient 
of variation (CV). There are other available 
assay kits for ADpN, but apart from not being 
automated, these assay methods are laborious, 
and are associated with higher level of CV. 
 
Limitations of the study 
 
Since the present trial was conducted at a single 
hospital in China, the findings cannot to be 
generalized to the Chinese population. Due to 
low sample size, there is need for a larger 
clinical trial with appropriate sample size so as 
to confirm the present findings. 
 
CONCLUSION 
 
The results obtained in this study show that low 
ADpN is a significant independent potential risk 
factor for CHD in Chinese T2DM patients who 
take biguanide and thiazolidinedione classes of 
drugs. Intervention strategies for raising ADpN 
levels below 7.0 μg/ml may be helpful in 
preventing CHD in these T2DM patients. 
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