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ABSTRACT 

Background: Although heat shock protein 60 (Hsp60) is implicated in the pathogenesis of atherosclerosis, its role in cardiovascular disease is 
uncertain. The objective of this study was investigate the level of Hsp60 in Egyptian patients with type 2 diabetes mellitus with / without 
cardiovascular risk factors and compare its level in these patients with some tradational biochemical parameters of cardiovascular complications to 
elucidate the potential value of Hsp60 in the development of T2DM cardiovascular complications.  

Methods and Results: 62 diabetic patients with different risks to cardiovascular disease (CVD) and 18 diabetic control patients were included. All 
groups were age and sex matched. Serum Hsp60 level was determined by Enzyme-linked immunoassay. 

Results: Hsp60 levels were higher in diabetic patients with diferent risks to CVD complications compared to diabetic group, this increase was 
independent from other common diagnostic marker for CVD. Hsp60 showed the highest sensitivity compared to other traditional cardiac markers.  

Conclusion: Presence of Hsp60 with hypertension, dyslipidemia and/or microalbuminuria in diabetic patients was cumulatively associated with 
greater risk of developing CVD complications. Hsp60 showed the superiority in sensitivity of compared to other traditional biochemical parameters 
so could serve as an early marker for diagnosis of CVD complications in diabetic patients before it becomes evident.  
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INTRODUCTION 

Diabetes mellitus (DM) is a clinically and genetically heterogeneous 
group of metabolic disorders manifested by abnormally high levels 
of glucose in the blood. The hyperglycemia is the result of a 
deficiency of insulin secretion or of resistance to the action of insulin 
in liver and muscle, or a combination of these. The chronic 
hyperglycemia produced due to diabetes leads to long-term damage 
to different organs including the heart, eyes, kidneys, nerves, and 
vascular system [1]. Diabetes is the eleventh most important cause 
of premature mortality in Egypt, and is responsible for 2.4% of all 
years of life lost. Similarly, diabetes is the sixth most important 
cause of disability burden in Egypt. [2]. 

In the year 2010 the total number of Egyptian diabetic patients is 4, 
787000 patients and expected to be 8, 615000 patients by the year 
2030 with annual increase 191, 000 [3]. 

Diabetes increases the risk that an individual will develop (CVD). 
Although the precise mechanisms through which diabetes increases 
the likelihood of atherosclerotic plaque formation are not 
completely defined, the association between the two is profound. 
CVD is the primary cause of death in people with either type 1 or 
type 2 diabetes [4, 5]. 

In fact, CVD accounts for the greatest component of health care 
expenditures in people with diabetes [5, 6]. 

Cardiac biomarkers may be defined as biological analytes that are 
detectable in the bloodstream at elevated levels during the 
continuum of cardiovascular diseases or immediately after 
myocardial damage [7]. 

Biomarkers for acute coronary syndrome are; biomarkers of 
atherosclerotic platelet activity for example Cytokines 
(Interleukins;IL1, IL6, IL8, IL10, IL18), myeloperoxidase(also 
marker of inflammation), acute phase reactants Fibrinogen, (AAS), 
C-reactive protein (CRP), Cystatin C, heat shock proteins and others 
[8]. 

There is a link between increased Cystatin C concentrations and 
impaired cardiovascular outcome, as reported in most of the studies, 
the important question is whether pathogenetic mechanisms other 

than renal dysfunction could account for a high Cystatin C 
concentration and explain predictive value for future cardiovascular 
risk? Inflammation, associated with atherogenic changes, may be 
one mechanism associated with Cystatin C and cardiovascular risk 
[9, 10]. It has been suggested that high Cystatin C concentrations are 
directly related to both inflammation and atherosclerosis [11]. 

Heat Shock Proteins (Hsps) are “cellular lifeguards” that have 
antioxidant effects and anti-inflammatory action [12]. 

Hsps are also involved in the degradation of aged or damaged 
proteins. Under cellular stress, however, the expression of these 
stress proteins can be induced to prevent cellular damage. Hsps can 
be classified into six families, the small HSPs (sHsp), Hsp40, 60, 70, 
90 and Hsp110, based on their molecular mass [13].  

Members in the Hsp60 and Hsp70 families have been widely studied 
for their ability to stimulate innate and adaptive immunity as well as 
their abundance in cancer cells. The occurrence of these proteins is 
particularly important in diseases such as diabetes and CVD as, cells in 
the diabetic state are in stress due to hyperglycaemia, and endothelial 
inflammation is involved in the pathogenesis of cardiovascular 
diseases, a major complication in type 2 diabetes mellitus [14]. 

The aim of this wark is to explore the circulating level of Hsp60 in 
Egyptian patients with type 2 diabetes mellitus with and without 
cardiovascular complications risk factors and compare its level in 
these patients with some tradational biochemical parameters of 
cardiovascular complications to clarify the potential value of Hsp60 
in the development of T2DM cardiovascular complications.  

SUBJECTS AND METHODS 

Subjects 

The study comprised 80 Egyptian subjects (39 males and 41 females), 
recruited from the clinical pathology department at National institute 
for Diabetes and Endocrinology (NIDE). Patients were enrolled into 
the study after giving written informed consent. Before inclusion all 
the study subjects underwent careful physical examination, detailed 
history, and laboratory investigations to exclude any condition that 
may interfere with the studied parameters. Patients were divided into 
two main groups: 18 diabetic patients with no evidence of 
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microalbuminuria or cardiovascular complications act as control (D) 
and 62 diabetic patients with a with one or more risk factors for CVD 
which divided as: 8 diabetic with microalbuminuria (M), 9 
hypertensive diabetic group (H), 12 Diabetic with dyslipidemia (L), 9 
diabetic with hypertention and dyslipidemia (H+L), 8 diabetic with 
microalbuminuria and dyslipidemia (M+L), 9 diabetic with 
microalbuminuria and hypertention (M+H) and 7 diabetic with 
microalbuminuria, dyslipidemia and hypertention (M+H+L). Definition 
and selection of type 2 diabetes were done according to American 
Diabetes Association criteria [15].  

All groups are age - and sex - matched. The study was approved by 
the research ethics committee of the General Organization for 
Teaching Hospitals and Institutes and the National Research Center 
(1/2012). Cairo, Egypt.  

The characteristics of the patients are listed in table 1. Standing 
height and body weight were measured in light clothing 
without shoes.  

A blood samples were drawn from all subjects after overnight 
fasting for the estimation of the investigated parameters. Samples 
handling, storage and preparation was done according to 
manufacturers’ instructions.  

Laboratory analyses 

Fasting plasma glucose was measured using Dimension RxL analyzer 
(Dade Behring, Newark, DE) automated biochemistry analyzer and 
other serum biochemical parameters including triglycerides (TG), 
total cholesterol (TC), Serum high-density lipoprotein cholesterol 
(HDL-C), serum low-density lipoprotein cholesterol (LDL-C), serum 
creatinine and urea levels was measured using Spectrophotometer 
1200 (UNICO Instruments.inc.USA). The A1c % was measured in 
whole blood with ion-exchange high-performance liquid 
chromatography using Bio-Rad D-10 system (Bio-Rad Laboratories, 
Hercules, CA). Serum Cystatin C and serum Hsp 60 levels were 

determined by enzyme-linked immunosorbent assay (ELISA) using 
commercially available kits: Human Cystatin C ELISA kit (DRG ®, 
Germany) and Hsp 60 ELISA kit (AssayPro ®, USA). ELISA 
procedures were done by Automated ELISA system (The DiaSorin 
ETI-Max 3000 system, Italy) according to the manufacturer’s 
instructions. The atherogenic ratios (TC/ HDL-C and LDL-C / HDL-C) 
were calculated. Microalbuminuria (expressed as A/C ratio mg/g 
creatinine) was measured in random urine samples taken from the 
patients using - ADVIA® 1650 clinical chemistry system. Also the 
BMI was calculated as weight divided by squared height (in 
kilograms per square meter).  

Statistics: 

Statistics were done using GraphPad Instat tm (Graph software Inc., 
V 3.05, Ralf Stahlman, Purdue Univ.), to test significance of 
differences between groups. Appropriate graphs were plotted using 
GraphPad Prism 6 (Graphpad software Inc., V 6.00, USA). Correlation 
co-efficient was done using least square method. The accuracy 
indices were calculated according to Reed et al. [16]. P value less 
than 0.05 was considered statistically significant. Spearman's 
correlation analysis was used to analyze interrelationship between 
serum HSP60 levels and other clinical parameters. PSAW 18 
formerly SPSS software (Statistical Package for the Social Sciences, 
version 18, SPSS Inc, Chicago, Ill, USA) was used to make ROC curve.  

RESULTS 

Clinical data of all subjects are shown in Table (1). Concerning age, 
sex and body mass index (BMI) (kg/m2) and using Tukey-Kramer 
multiple tests, no significant variation was verified between all the 
studied groups. Fasting blood level (FBGL) and glycated hemoglobin 
(A1c) showed no significance difference between the different 
studied groups.  

Both serum TC and serum TG was significantly higher in L, H+L, M+L 
and M+H+L groups compared to D group (P< 0.05). 

 

Table 1: Clinical and laboratory characteristics of the studied groups. 

M+H+L 
(n=7) 

M+H 
(n=9) 

M+L 
(n=8) 

H+L 
(n=9) 

L 
(n=12) 

H 
(n=9) 

M 
(n=8) 

D 
(n=18) 

 Markers 

4F/3M 4F/5M 5F/3M 5F/4M 5F/7M 5F/4M 5F/3M 8 F/10M Gender 
32.057± 
1.996 

33.167±2.889 30.9±1.664 33.122±1.886 28.908±1.228 
 

34.556± 
1.486 

33.22± 2.27 28.717± 
0.939 

BMI (kg/m2) 

49.424± 
3.637 

49.333±3.424 46.125±1.563 48.667±2.703 50.222±2.715 50.222± 
1.913 

48.375± 
1.614 

47.667 
±2.016 

Age (years) 

226.29± 
37.8 

241±35.26 259.13±33.83 233.1±25.03 205.25±21.63 229.4± 23.65 212.5± 
19.82 

176.44± 
12.25 

FBG (mg/dl) 

8.9± 1.04 9.467±1.055 10±0.694 9.544±0.67 9.067±0.746 9.711± 0.815 8.813± 
0.693 

8.5± 
0.513 

Glycated 
Hb(%) 

92.571± 
23.4 
a, c, d, e 

46.556±2.887 
g 

105.13±22.46 
a, c, d, e 

16.044±2.336 
b 

13.392±2.092 
b 

14.522± 
2.229 b 

73.5± 23.38 
a 

17.056± 
1.74 

A/C ratio 

1.34± 0.086 
a 

1.361±0.11 
a, c, e 

1.619±0.109 
a, c, d, e 

0.9889±0.0658 1.043±0.058 0.9744± 
0.056 b 

1.358± 
0.132 a 

0.9888± 
0.0359 

Creatinine 
(mg/dl) 

39.796± 
3.688 
a, b, d.g 

27.287±3.055 26.595±4.179 27.118±1.046 24.426±2.245 28.238± 
3.187 

24.733± 
1.541 

25.606± 
1.758 

Urea 
(mgldl) 

243.86± 
11.6 
a, b, c, f 

159.78±6.264 
d, e 

221.88±4.97 
a, b, c, f 

225.33±6.02 
a, b, c 

225.33±5.8 
a, b, c 

165± 8.16 169.63± 
6.25 

172.94± 
4.39 

Total 
cholesterol 
(mg/dl) 

270.14± 
45.4 
a, b, c, f 

178.67±5.55 227.5±11.86 
a, b 

224.67±10.86 
a, b 

220.17±10.74 
a, b 

162.22± 5.95 136.25± 
10.21 

166.29± 
5.12 

Triglycerides 
(mg/dl) 

F: Female, M: Male, FBG: Fasting blood glucose, BMI: Body mass index D: Diabetic group, M: Diabetic with microalbuminuria group, H: Diabetic 
hypertensive group L: Diabetic dyslipidemic group, H+L: Diabetic hypertensive & dyslipidemic group, M+L: Diabetic dyslipidemic with 
microalbuminuria group, M+H: Diabetic dyslipidemic with microalbuminuria group, M+H+L: Diabetic hypertensive & dyslipidemic with 
microalbuminuria group 

The values are expressed as mean ± SEM.  

a: compared to D group, b: compared to M group, c:compared to H group, d: compared to L group, f: compared to M+H group and g: compared to 
M+L group. 

All results are considered significant at P<0.05 

Using parametric ANOVA test followed by Tukey-Kramer multiple comparisons test.  
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Serum HDL-C was significantly lower and serum LDL-C was 
significantly higher in L, H+L, M+L and M+H+L groups compared to 
D group (P˂0.001). 

Regarding Kidney Function our results showed that M, M+L, 
M+H and M+H+L groups were significantly higher compared 
with D group (P˂0.05, P˂0.001, P˂0.05 and P˂0.05 respectively). 
M+L and M+H groups were significantly higher compared to H 
and H+L groups (P˂0.001and P˂0.05 respectively), while, M+L 
group alone was significantly higher compared to L group 
(P˂0.001), but H group was significantly lower compared to M 

group (P˂0.05). The level of serum urea in M+H+L group was 
significantly higher compared to D, M, L and M+L group 
(P˂0.05). 

Diagnostic tool for diabetic cardiovascular complications (Table 2) 

Cardiovascular risk ratios (1&2) both were significantly higher in L, 
H+L, M+L and M+H+L groups compared D, M and H groups 
(P˂0.001), and significantly higher in M+L and M+H+L groups 
compared to M+H group (P˂0.001) but significantly lower in M+H 
compared with L and H+L groups (P˂0.001).  

 

Table 2: Diagnostic tools for diabetic cardiovascular complications 

M+H+L 
(n=7) 

M+H 
(n=9) 

M+L 
(n=8) 

H+L 
(n=9) 

L 
(n=12) 

H 
(n=9) 

M 
(n=8) 

D 
(n=18) 

Markers 

1630.9±261.1 
a, b, c, d, f, g 

1229.7±109.9 1020.3±51.8 1133.7±93.6 983.58±43.36 1115.6±123.5 1071.8±84.4 998.89± 
35.76 

Cystatin C 
(ng/ml) 

1.2257±0.2685 
 

3.697±0.585 
a 

2.1685±0.5985 
a 

2.2066±0.3108 
a 

2.939±0.5655 
a 

3.18888± 
0.487 a 

3.8728±0.499 
a 

0.6557± 
0.0791 

HSP 60 
(ng/ml) 

11.241±0.6948 
a, b, c, f 

3.222±0.221 
d, e 

11.844±0.481 
a, b, c, f 

10.478±1.179 
a, b, c 

11.229±0.543 
a, b, c 

3.244±0.291 2.973±0.157 3.444± 
0.215 

TC/HDL 
(Ratio 1) 

7.743±0.598 
a, b, c, f 

1.471±0.168 
d, e 

8.363±0.61 
a, b, c, f 

7.322±0.992 
a, b, c 

7.638±0.346 
a, b, c 

1.62±0.251 1.49±0.122 
 

1.857± 
0.138 

LDL/HDL 
(Ratio 2) 

F: Female, M:Male, FBG: Fasting blood glucose, BMI: Body mass index 

D:Diabetic group, M:Diabetic with microalbuminuria group, H: Diabetic hypertensive group L: Diabetic dyslipidemic group, H+L:Diabetic 
hypertensive &dyslipidemic group, M+L:Diabetic dyslipidemic with microalbuminuria group, M+H: Diabetic dyslipidemic with microalbuminuria 
group, M+H+L: Diabetic hypertensive & dyslipidemic with microalbuminuria group 

The values are expressed as mean±SEM.  

a: compared to D group, b: compared to M group, c:compared to H group, d: compared to L group, f: compared to M+H group and g: compared to M+L group. 

All results are considered significant at P<0.05  

Using parametric ANOVA test followed by Tukey-Kramer multiple comparisons test.  

The mean serum value of ACR in M, M+L and M+H+L groups were 
significantly higher compared to diabetic group (P˂0.01, 
P˂0.001and P˂0.001 respectively). M+L and M+H+L groups were 
significantly higher compared to H, L and H+L groups (P˂0.001).In 
contrast H, L and H+L groups were significantly lower compared to 
M group (P˂0.05, P˂0.01and P˂0.05 respectively) and H group is 
significantly lower compared to M+L (P˂0.05).  

The mean serum value of Cystatin C showed significant elevation in 
M+H+L group only compared to D, M, H, L, M+H and M+L groups 

(P˂0.001, P˂0.05, P˂0.05, P˂0.001, P˂0.01 and P˂0.05 
respectively).(figure 1)  

Serum Hsp 60 showed significant increases in M, H, L, H+L, M+L and 
M+H groups compared to D group (P˂0.01, P˂0.05, P˂0.01, P˂0.01, 
P˂0.05, P˂0.05 and P˂0.05 respectively).(figure 2)  

Regarding gender effect; Serum level of both Cystatin C and Hsp 60 
showed no significant difference between males and females of the 
same group or between different studied groups. 

 

 

Fig. 1: Cystatin C (ng/ml) of D:Diabetic group, M:Diabetic with microalbuminuria group, H: Diabetic hypertensive group L: Diabetic 
dyslipidemic group, H+L:Diabetic hypertensive &dyslipidemic group, M+L:Diabetic dyslipidemic with microalbuminuria group, M+H: 

Diabetic dyslipidemic with microalbuminuria group, M+H+L: Diabetic hypertensive & dyslipidemic with microalbuminuria group 

The values are expressed as mean±SEM.  

a: compared to D group, b: compared to M group, c:compared to H group, d: compared to L group, f: compared to M+H group and g: compared to M+L group. 

Results are considered significant at P<0.05 using parametric ANOVA test followed by Tukey-Kramer multiple comparisons test.  
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Fig. 2: HSP 60 (ng/ml) of D:Diabetic group, M:Diabetic with microalbuminuria group, H: Diabetic hypertensive group L: Diabetic 
dyslipidemic group, H+L:Diabetic hypertensive &dyslipidemic group, M+L:Diabetic dyslipidemic with microalbuminuria group, M+H: 

Diabetic dyslipidemic with microalbuminuria group, M+H+L: Diabetic hypertensive & dyslipidemic with microalbuminuria group 

The values are expressed as mean±SEM.  

a: compared to D group. 

Results are considered significant at P<0.05 using parametric ANOVA test followed by Tukey-Kramer multiple comparisons test.  

 

Correlations among investigated parameters 

Simple linear regression analysis using Hsp 60 as dependent 
variable showed that, Hsp 60 showed a statistically significant direct 

correlation with BMI (figure 3) and ACR (figure 4), while serum 
Cystatin C showed a statistically significant direct correlation with 
age and urea.  
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Fig. 3: Linear regression between Hsp 60 (ng/dl) and BMI (kg/m2) Fig. 4: Linear regression between Hsp 60 (ng/dl) and ACR (mg/g) 

r =0.3085, p=0.0054, no=80 r =0.397 p=0.0003 no=80 

[[ 

Diagnostic accuracy of CVD risk assessment indices 

The diagnostic accuracy, sensitivity and specificity of Hsp60, 
Cystatin C, Ratio 1 and Ratio 2 were 93.6%, 62.7%, 64.5% and 65.5% 
respectively, and 53.3%, 66.7%, 76.4% and 72.2% respectively 

(Table:3). Receiver operating characteristics (ROC) (figure:5) 
analysis for investigated parameters in studied patients (Table: 4), 
where quantitatively, area under the curve “AUC” is an overall 
measurement of accuracy, Hsp 60 Showed the biggest AUC ± SEM 
(0.716±0.08) than other traditional markers of CVD  

 

Table 3: CV risk assessment accuracy indices 

Markers %Sn %Sp %PPV %NPV %A 
Hsp 60 93.6 53.3 89.23 66.7 82.5 
Cystatin C 62.7 66.7 86.1 35.3 61.25 
Ratio 1 64.5 76.4 91 37.14 66.25 
Ratio 2 65.5 72.2 88.8 38.23 66.25 

Sn: Sensitivity, Sp: Specificity, PPV: Positive Predictive Value, NPV: Negative Predictive Value, A: Accuracy, Ratio 1: TC/HDL, Ratio 2: LDL/HDL. 

Reference values (M ± SEM of control group): HSP 60= 0.6557± 0.07909 ng/ml, Cystatin C=998.89± 35.763 ng/ml, Ratio 1=3.444 ± 0.2152 and Ratio 
2= 1.857±0.1376.  

Data represented as percent. 
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Table 4: AUC of Hsp 60 and Cystatin C, Ratio 1 and 2 

Variable AUC± SEM Asymptotic 95% CI 
Lower bound Upper bound 

Hsp 60 0.716±0.08 0.56 0.873 
Cystatin C 0.523±0.121 0.286 0.76 
Ratio 1 0.151±0.053 0.48 0.254 
Ratio 2 0.177±0.056 0.067 0.287 

AUC: Area under the curve, SE: Standard error of means, 95% CI: 95% Confidence Interval. Ratio 1: TC/HDL, Ratio 2: LDL/HDL. 

 

Fig. 5: ROC curve of diabetic cardiovascular markers 
 

DISCUSSION 

Four non-communicable diseases (NCDs) including: CVD, cancer, 
chronic respiratory disease, and diabetes were announced by World 
Health Organization (WHO) as the major causes of mortality in the 
world in 2008[17]. According to WHO prediction, in the next 10 
years, mortality rate caused by NCDs will increase by 17 % with the 
highest mortality rate in the regions of Africa (27 %) and Eastern 
Mediterranean (EMRO, 25%). Fortunately more than 80 % of heart 
disease, stroke, and type 2 diabetes mellitus incidence and almost 
one third of cancers could be prevented with appropriate 
interventions to reduce the effect of risk factors [17]. 

The chronic hyperglycemia of diabetes caused by partial or complete 
insulin deficiency produces inadequate glucose control and is 
associated with long-term damage, dysfunction, and failure of 
different organs, and blood vessels [18].  

Many patients with type 2 diabetes have hypertension, 
hyperinsulinemia and hyperlipidemia. All of these factors contribute 
to the long-term complications of diabetes, which include: Vascular 
disease (diabetic angiopathy), atherosclerosis, heart conditions and 
stroke: These cardiovascular disorders are the leading cause of 
death in people with diabetes [19]. 

Up to half of the events associated with cardiovascular diseases 

occur in asymptomatic individuals [20], emphasizing the need for 

true ‘early’ biomarkers. Microalbuminuria is considered the first 

sign and the best predictor of progression to renal failure and 

cardiovascular events. However, albuminuria has several 

limitations. Therefore, earlier, more sensitive and specific 

biomarkers with greater predictability are needed [21]. 

Cystatin C levels an important risk factor for cardiovascular events 
[22]. High cystatin C levels reflect the duration and severity of other 
established risk factors. Reduced kidney function itself may be a risk 
factor for cardiovascular events so cystatin C as good marker for 
kidney dysfunction also is a link to cardiovascular complications. 
Cystatin C may have direct toxic effects that contribute to its 
association with risk of stroke and other cardiovascular events. 

The stress protein Hsp60 is a nuclear-encoded protein that is found 
primarily in mitochondria. Although more commonly considered to be 
an intracellular molecule, it is now known that Hsp60 can be released 
from cells and that it is present in the peripheral blood of normal 
individuals [23, 24]. Furthermore, circulating Hsp60 has also been 
associated with the pathogenesis of atherosclerosis, diabetes, and 
cardiovascular disease [13, 25, 26]. And it has been reported that Hsp 60 
levels were elevated in subjects suffering these diseases [24, 27, 28]. 

In the current study, Serum Hsp 60 was estimated in the samples of 
diabetic group with no evidence of microalbuminuria or 
cardiovascular complications, diabetic with various cardiovascular 
risk factors groups, and its biochemical effect was compared to other 
traditional markers and their correlation with cardiovascular 
complications in Egyptian diabetic patients with type 2 diabetes. 

Measurement of FBGL and A1C is an integral part of the standard 
care for persons with DM and for research involved in assessment of 
glycemic control [29].  
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In the present study, serum Hsp60 level showed that individuals 
with microalbuminuria, hypertension, dyslipidemia, hypertension & 
dyslipidemia, microalbuminuria & dyslipidemia and 
microalbuminuria & hypertension groups was significantly higher 
compared to diabetic control group and this came in agreement with 
the results of Shamaei-Tousi et al who stated that a significantly 
higher proportion of patients with CVD had detectable circulating 
levels of Hsp60 compared with those without CVD [13]. 

Many researchers reported that there is an increasing body of data 
indicating that strict control of arterial pressure to levels, 140/90 
mm Hg markedly reduces CVD morbidity and mortality and the 
development of end-stage renal disease in persons with type 2 
diabetes [30, 31, 32]. In the Systolic Hypertension in the Elderly 
Program (SHEP) study, persons with type 2 diabetes derived more 
benefit from aggressive systolic blood pressure lowering in 
reduction of CVD than did those without diabetes [33]. Our results 
came also in agreement with Pockley et al, they have reported that 
Hsp60 levels are associated with early cardiovascular disease in 
individuals with borderline hypertension [24]. Regarding 
dyslipidemia, reports showed that dyslipidaemia is associated with 
elevated total cholesterol, triglycerides and low level of high density 
lipoprotein (HDL), therefore, estimation of total cholesterol, 
triglycerides, and HDL has been used as the marker of 
dyslipidaemia, and dyslipidemia among the main risk factors for 
CVD, especially increase in LDL levels and decrease in HDL 
concentrations. [34, 35, 36].  

Freedman et al showed that patients with advanced renal disease 
not only have a high incidence of cardiovascular disease (CVD), but 
CV morbidity and mortality is the leading cause of death in these 
subjects, particularly in those with diabetes. Also, albuminuria is 
associated with atherosclerosis even in subjects with relatively 
normal renal function [37]. 

The result of ACR in our study showed that mean serum ACR 
increased significantly in microalbuminuria, microalbuminuria with 
dyslipidemia and microalbuminuria with hypertension with 
dyslipidemia groups compared to diabetic control group, which 
came in agreement with Wachtell et al who mentioned that ACR 
levels below the cut point for microalbuminuria increased the risk 
for major cardiovascular events in individuals with or without 
diabetes [38]. 

Furthermore, in our study it was found that Ratio 1 and Ratio 2 were 
increased in dyslipidemia, hypertension with dyslipidemia, 
microalbuminuria with dyslipidemia and microalbuminuria with 
hypertension with dyslipidemia groups compared to diabetic control 
group. These results came in accordance with VinodMahato et al 
who reported that patients with HbA1c value >7.0% had 
significantly higher value of TC/HDL-C and LDL-C/HDL-C ratio as 
compared to the patients with HbA1c value ≤ 7.0% [39]. 

Our results showed that serum Cystatin C levels were elevated in 
microalbuminuria with hypertension with dyslipidemia group only 
compared to diabetic control group, and this come in agreement 
with Rafat et al who demonstrated that Serum cystatin C was 
significantly lower in the control group than in the nephropathy and 
CVD group [40]. 

In this study, studying the correlation between serum Hsp 60 and 
other CVD risk parameters showed that Hsp 60 was increased 
significantly in the serum of patients with risk to CVD and this 
increase was not correlated to age, sex or other biochemical risk 
factors (serum TC, TG, HDL-C, LDL-C and creatinine and Cystatin C) 
and this came in accordance with Mandal et al who showed that 
extracellular serum HSP60 is present in the blood of patients with 
CAD and that its concentration correlates with the severity of 
prevalent coronary atherosclerosis. Furthermore, they found this 
association to be independent of age, sex, CRP, and other established 
risk factors [41], and also Novo et al who reported that Hsp 60 levels 
are not correlated with sex [42], while serum HSP 60 in our study 
was found to be significantly correlated with body mass index (BMI) 
and this agreed with the results of Märker et al who proved that HSP 
60 levels were higher in obese subjects than lean ones [43]. 

Comparing sensitivity and specificity of Hsp60 with other 
biochemical risk parameters of CVD, our data showed that 
sensitivity of HSP 60 as marker for prediction diabetic 
cardiovascular complications exceeding that of Ratio 1, Ratio 2 and 
Cystatin C of and with comparable specificity to other markers, also 
Hsp60 showed higher areas under the ROC curve (AUC) compared 
to cystatin C, Ratio 1 and Ratio 2 indicates that it's superior in 
detection of early diabetic cardiovascular complications.  

CONCLUSIONS 

In summary, the present study showed increased serum level of 
Hsp60 in Egyptian diabetic patients with risk of CVD which may 
suggest the relationship between Hsp60 and development of CVD 
independently from any other common diagnostic marker for CVD 
and thus could serve as an early marker for diagnosis of CVD 
complications in diabetic patients before it becomes evident and 
also showed that the superiority of Hsp 60 compared to other 
traditional biochemical risk parameters. This need further studies 
on a more large scale for more confirmation and standardization to 
Hsp60.  
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