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ABSTRACT 
 

Cardiovascular complications are the leading cause of morbidity and mortality in patients with end stage 
renal failure. Adiponectin is collagen-like protein possesses anti-inflammatory properties.It’s well known that 
adiponectin has cardio-protective mechanism in non-renal individuals. Although, in chronic renal failure 
patients (CRF) serum level of adiponectin increases yet, cardiovascular morbidity and inflammatory process are 
also increased.Cystatin C which is non glycated protein is produced by nucleated cellsIt has important role in 
regulation of proteolytic damage to cysteine proteases. Elevated level of Cystatin C is associated with increased 
cardiovascular morbidity and mortality. Aim of Study To find a relationship between Cystatin C and 
adiponectin cardio protective effect in CRF patients on regular hemodialysis. Patients and methods: Eighty 
individuals were included in the study, classified into two groups Group A; forty patients with CRF on regular 
hemodialysis. Group B; forty healthy individuals whose age and sex matched to the patients of group A. Both 
groups were subjected to the following: full medical history, and full clinical examination, laboratory 
investigation include serum adiponectin, Cystatin C, S.cholestrol (Chol), triglycerides(Trig), high density 
lipoproteins (HDL), low density lipoproteins (LDL), S. calcium(Ca), phosphorus(Ph), C-reactive protein (CRP), 
blood urea, serum creatinine(Cr), complete blood counts  (CBC), resting electro-cardiography (ECG), echo heart 
were also done. Results: There was significant statistical increase in serum adiponectin, cystatinC, S.Chol, 
S.Trig, S.HDL, blood urea, S.creatinine, CRP, S. Ph. In group A compared to group B, also the same significant 
increase was noticed between systolic blood pressure(S. bl.P), end diastolic diameter (EDD), end systolic 
diameter (ESD), fraction shortening (FS), posterior wall thickness (PWT). In group A compared to group B, 
there was positive correlation between cystatin C and coronary artery disease and adiponectin. There was 
significant negative correlation between each of S.adiponectin, S. cystatin C, and body mass index (BMI), 
S.Trig, CRP, systolic and diastolic blood pressure. Conclusion: Elevated level of both S-adiponectin and 
cystatin C in patients of CRF on regular hemodialysis can be used as risk markers for cardiovascular morbidity 
in these patients.   
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Introduction 
 

Atherosclerosis complications are the leading cause of the high cardiovascular mortality rates among 
patients with end stage renal disease ESRD (Zoalli, 2000). It accounts for >50% of deaths. 
 
Adiponectin: 
 

(ADPN)is a collagen-like protein that is exclusively synthesized by adipocyte, possesses anti-inflammatory 
properties. Plasma adiponectin is associated with a decreased cardiovascular risk in non-renal patients, and is 
reduced in obesity and insulin-resistant states ,metabolic syndrome,CVD, hypertension , dyslipidemia (Fitsum et 
al., 2005),and increased levels was observed in administration of thiazolidinedione's , ACEIs, ARBs,heart 
failure, weight loss, Soy proteins and oils , renal failure (Kadowaki et al.,2006). Adiponectin (ADPN) circulates 
in high concentration approximately 0.01% of total plasma protein (Atita et al., 1999).In patients with CRF, 
there is abnormal glucose, insulin and lipoprotein metabolism are common. Also well known are increased 
cardiovascular morbidity and inflammation in these patients (Zimmer et al., 1999). Plasma adiponectin has been 
reported to be increased in end-stage renal disease before dialysis and in patients on maintenance dialysis 
(Huang et al., 2004), and inversely related to incident cardiovascular events (Zocalli etal., 2002). Komura et al., 
2010 foundAdiponectin level increases in CRF with impairment of its vasculo-protective effects. 
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Cystatin C : 
 

Is a non-glycosylated protein that belong to the cysteine protease inhibitors, cystatin superfamily (Perrone 
etal., 1992). These proteins play an important role in the regulation of proteolytic damage to cysteine proteases. 
Cystatin C is produced at a constant rate by nucleated cells. (Abrahamson et al., 1990).Impaired kidney function 
increases the risk of death and cardiovascular disease (Tonell etal., 2006). In 2008 Zethelins et al.,have found 
that increased levels of cystatin C are associated with the risk of death, several types of cardio vascular disease 
including myocardial infarction, stroke, heart failure and metabolic syndrome. 
 
Aim of the work: 

 
The aim of this study is to determine the relation between high and humble vasculo-protective function of 

ADPN (in patients with end stage renal disease on hemodialysis)in the presence of cystatin C. 
 

Subjects and methods: 
 
The study was conducted on 40 patients in nephrology and dialysis unit at Al Zahra university Hospital and 

they were divided into 2 groups as follows: 
Group 1: Hemodialysis group included 40 patients with ESRD on regular hemodialysis their creatinine 

clearance <10ml/min, they were 15 female and 25 male and their mean age (44.82±7.54) years they receive 3 
session hemodialysis /week for 4 hrs/each. 

Group 2: control group included 40 apparently healthy volunteers 18 female and 22 male their mean age 
(44.9±5.40) years. Their creatinine clearance ranged from 90ml/min to 130ml/min. 

 
Exclusion criteria: 

-Both groups were non diabetic. 
-Patients exhibit clinical evidence of heartfailure (presence of circulatory congestion) :defined as dyspnea in 

addition to two of the following conditions:Increased jugular pressure, fine basal crackles, pulmonary venous 
hypertension, or interstitial edema in chest X-ray, requiring hospitalization or extra ultrafiltration (Davie et al., 
1997). 

- Major infections or because of hospitalization for treatment of intercurrent illness. 
- Unwillingness to participate in the study. 
 

All groups were subjected to the following: 
 
I- History taken including smoking history, antihypertensivedrugs, medical problems like strokes, or 

coronary heart diseases, and causes of CKD if known . 
 II- Complete clinicalexamination. 
 III- Resting 12 leads EKG. 
  IV- Radiological studies: 
1- Plain chest X-ray (P/A) 
2- Echocardiography for the following parameters ;was performed post-heamodialysis: 
a. End diastolic diameter (EDD) 
b. End systolic diameter   (ESD) 
c. Fraction shortening       (FS) 
d. Posterior wall thickness (PWT) 
e. Ejection fraction             (EF ) 
V- Laboratoryinvestigation: 
1. Renal functions (serum creatinine ,blood urea) 
2. Serum lipids ( total cholesterol, triglycerides, HDL,LDL-cholesterol) 
3. Serum proteins  
4. CBC 
5. Serum electrolytes Ca.,Ph. and other routine chemistry  
6. CRP 
7. Adiponectin 
8. Cystatin-C 

 
About 5 ml of fasting (12-14hours) venous blood samples was taken from each subjects participating in the 

study and divided into aliquots: The 1st aliquot about 1ml of venous blood was added into a tube containing 
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EDTA for hemoglobin determination on Coulter Counter T890 (Coulter Counter, Harpenden,UK). The 2nd 
aliquot about 4 ml of venous blood was left to clot and the serum was separated by centrifugation and stored at -
20°C for determination of serum cholesterol, triglyceride, low density lipoprotein-cholesterol (LDL-C),urea, 
creatinine, calcium, phosphorous, CRP, adiponectin and cystatin-C. For determination of high density 
lipoprotein- cholesterol (HDL-C), phosphotungestic acid and magnesium ions are used for precipitating all 
lipoproteins except HDL fraction that was present in the supernatant and measured by Olympus auto analyzer. 
The determination of serum cholesterol, triglyceride, LDL-C, urea, creatinine, calcium, phosphorous were 
carried out on Olympus AU 4000 analyzer (Europe GmbH, Wendenstraße, Hamburg, Germany).  The kits were 
supplied by Olympus Life and Material Science (Hamburg, Germany).LDL cholesterol was measured by 
Friedwald formula (Friedwald, 1972).Direct detection of serum CRP was carried out by rapid latex 
agglutination procedure (Saxtad et al., 1970). 

Serum adiponectin was determined by competitive enzyme immunoassay (ELISA) (Stepien et al., 2011) 
and the kit was supplied from Bio Vendor (bio Vendor GmbH, Im Neuenheimer Feld 583, D-69120 Heidelberg, 
Germany).Serum cystatin C was measured by BN 100 nephelometer (Dade Behring Inc., Deerfield, Illinois, 
U.S.A) using a particle-enhanced immunonepholemetric assay(Park et al., 2011). 

LDL= total cholesterol – HDL+Triglycerides/5   (Friedwald et al; 1972) 
VI- Body mass index 
Anthropometric measures include body weight in KG and patients height in meter, and assessment of body 

mass index (BMI) using the formula: 
 
 
        Weight in Kilograms              

         (Height in Meters)2 

 
 
 
 
 
VII-Ischemic changes in group A was approved by  
 
           1-History of chest pain (typical) & ECG changes of ischemia. 
 
2-Echocardiographic changes. 

Statistics:  
 
Statistical presentation and analysis of this study conducted, using the mean, standard deviation, student t- 

test, correlation coefficient by using Pearson test p< 0.05 is considered significant. Analysis of variance tests by 
SPSS V17 

 
Results: 

 
The results of this study were summarized in the following tables:- 

 
Table 1: Gender distribution in all groups 

Group Male Female total 
Patient group N 25 15 40 

% 62.5% 37.5% 100% 
Control 
group  

N 22 18 40 
% 55% 45% 100% 

 
Table 2: laboratory statistics for patients and control group 

  
Patient group 

 
Control group 

Levene’test for equality of variances 

Mean ± SD Mean  ± SD t Sig (2tailed) 
Age 
 

44.825  ±7.544 44.90± 5.400 -0.05 0.959 

Sex M     22.22±3.173 
 

5.822±0.530 1.654a 0.106 

ADPN F 20.426±3.574 5.811±0.62 0.317c 0.753 
Sex M 2.985±1.186 0.676±0.154 0.64a’ 0.949 
Cyst c F 2.871±0.928 

 
0.663±0.121 0.278c’ 0.782 

BMI Categories: 
   Underweight       = <18.5 
 Normal weight     = 18.5–24.9 
 Overweight          = 25–29.9 
 Obesity                = BMI of 30 or greater 
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BMI (kg/m2) 
 

26.737 ±2.41 
 

28.242 ±1.843 -3.133 0.480 

S.Chol.(mg/dl) 
 

210.72 ±30.32 180.0 ±11.34 6.002 .0001 

S.Tri  (mg/dl) 
 

150.63 ±52.7 98.65 ±2.315 6.230 .0001 

S.LDL.  (mg/dl) 
 

106.38 ±31.26 112.55 ±13.80 -1.142 .257 

S.HDL. (mg/dl) 
 

46.3 ±4.026 66.12 ±14.815 -8.167 .0001 

Hb(gm) 
 

10.37 ±0.782 12.56 ±0.726 -12.98 .0001 

UREA.  (mg/dl) 
 

144.93 ± 12.011 24.70±2.344 62.131 .0001 

CREAT. (mg/dl) 
 

7.22±0.665 0.850±0.084 60.06 .0001 

CRP   (ug/ml) 
 

1.107±0.214 0.950±0.1086 4.149 .0001 

CA    (mg/dl) 
 

9.1170±0.4835 9.092±0.210 0.3 .765 

Ph     (mg/dl) 
 

5.0450±0.2763 4.055±0.267 16.257 .0001 

ADPN(mg/L) 
 

21.55±3.40 5.817±0.565 28.86 .0001 

CAD 
 

65% with CAD 0% - - 

CYSTATIN C 
(mg/L) 

2.9425±1.0855 0.6707±0.139 13.128 .0001 

P <0.05 is considered significant         P<0.01 is considered highly significant 
a=ADNP for patients, c = cystatin c for patients a’=ADNP for cont. c’=cyst.c for cont. 
 
Table 3: Echocardiographic and measurement of systolic and diastolic bl. pressure 

Levene’test for equality of 
variances 

Patient group Control group 

Mean±SD Mean±SD t P Value Sig (2tailed) 

Sblp 129.0±12.71 122.25±9.996 2.639 0.01 
Dblp 77.50±7.33 76.00±5.453 1.03 0.303 
EDD 52.737±2.754 47.807±2.619 8.202 .0001 
ESD 38.00±3.710 27.77±2.78 12.57 .0001 
FS% 27.905±6.08 39.64±5.65 -8.94 .0001 
PWT 10.67±0.585 9.895±0.812 4.89 .0001 

P <0.05 is considered significant  
P<0.01 is considered highly significant  
 
Table 4: Correlation coefficient between ADPN and Cystatin C and other variables in patient group 

Pearson correlation 
coefficient 

ADPN (mg/L) 
Pt. group 

Cystatin C (mg/L) 
Pt. group 

r p r p 
Ag     (years  )         - 0.231 0.15 - 0.243 0.130 
BMI        (kg/m2) -0.56** 0.0001 -0.310 0.051* 

S.chol.  (mg/dl) 0.172 0.289 0.169 0.298 
S.tri.     (mg/dl) -0.363* 0.021 -0.284 0.076 
S.LDL  (mg/dl) 0.090 0.579 -0.045 0.782 
S.HDL  (mg/dl) 0.198 0.220 0.294 0.066 
Hb(gm) -0.155 0.341 -0.245 0.128 
Urea    (mg/dl) -0.026 0.874 -0.085 0.601 
Creat   (mg/dl) 0.018 0.910 -0.180 0.266 
CRP    (ug/ml) -0.503** 0.001 -0.522** 0.001 
CA       (mg/dl) 0.38* 0.016 0.592** 0.001 
Ph        (mg/dl) -0.086 0.596 -0.363* 0.021 
Sblp(mmHg -0.785** 0.001 -0.470** 0.002 
Dblp(mmHg) -0.47** 0.002 -0.398* 0.011 
EDD 0.122 0.454 0.053 0.744 
ESD -0.074 0.649 0.070 0.667 
ES% 0.147 0.366 -0.049 0.763 
PWTH -0.080 0.623 -0.205 0.204 
CAD 0.535** .0001    0.851** .0001 
ADPN 1 -    0.509** .001 

 
Correlation is significant at the 0.05 level  
* is significant, ** is highly significant  



4444 
J. Appl. Sci. Res., 8(8): 4440-4448, 2012 

 
Table 5: Correlation coefficient between ADPN and Cystatin C and other variables in control group  

Pearson correlation coefficient ADPN( mg/L) 
Control group 

Cystatin C (mg/l) 
Control group 

 r p-value r P- value 
age             (years) - 0.093 0.57 0.216 0.180 
BMI           (Kg/m2) -0.407** 0.009 0.008 0.963 
S.chol.        (mg/dl) 0.076 0.643 0.143 0 .379 
S.tri.           (mg/dl) 0.097 0.552 -0.492** 0.001 
S.LDL       (mg/dl) 0.108 0.506 0.056 0.732 
S.HDL       (mg/dl) 0.166 0.307 0.153 0.346 
Hb(gm) -0.090 0.583 0.298 0.061 
Urea           (mg/dl) 0.256 0.111 -0.016 0.923 
Creat. (mg/dl) 0.169 0.298 -0.199 0.219 
CRP (ug/ml) -0.249 0.122 0.069 0.674 
CA             (mg/dl) 0.098 0.547 0.033 0.842 
Ph              (mg/dl) -0.289 0.070 0.254 0.114 
Sblp              mmHg      0.220 0.173 -0.447** 0.004 
Dblp            mmHg 0.073 0.564 -0.399* 0.011 
EDD -0.172 0.289 0.086 0.600 
ESD 0.081 0.621 -0.076 0.641 
ES% -0.179 0.270 0.137 0.398 
PWTH -0.372* 0.018 -0.130 0.423 
CAD 0.138 0.394 0.057 0.725 
ADPN       (mg/l) 1 -- -0.175 0.279 

Correlation is significant at the 0.05 level  
* is significant, ** is highly significant  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. (1),(2) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig (3),(4) 
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Fig. (5),(6),(7) 
 

Table (1) showed the gender distribution in both groups. In table (2) there was no statistical significant 
difference in the studied groups as regards age, BMI, S.LDL,S.Ca, Dblp,  where P=0.95, 0.48, 0.257,0.765, 
0.303 respectively. There was significant statistical difference between groups in s.chol.,s.tri ,s.HDL, Hb ,urea, 
s. creat., CRP, s.ph , s.adiponectin , cystatin c. where P< 0.0001. 

Table (3) showed the Echocardiographic and systolic blood pressure (Sblp), diastolic blood pressure 
(Dblp)by using levene’test for equality of variance, there was significant statistical difference between both 
groups as regards S.blp, EDD, ESD, ES% & PWT, where P< 0.0001. 

Table (4) showed the Pearson  Correlation coefficient between ADPN and Cystatin C and other variables in 
patient group, there was significant negative correlation between the level of adiponectin and BMI, S.trig, CRP, 
Sblp, Dblp, also there was positive significant correlation between adiponectin and S.Ca, r=0.535 and p<0.0001 
. Cystatin C had significant negative correlation with BMI, r= - 0.31 & P< 0.05, there also negative correlation 
with CRP r = - 0.52 and P< 0.001, S.blp,Dblp, where r = - 0.47, - 0.398 & P < 0.002, 0.01 respectively.  

There was positive correlation between cystatin C and coronary artery diseases (CAD) and adiponectin 
where r =0.851, 0. 509 & P <0.0001, 0.001 respectively. Table (5) showed the Correlation coefficient between 
ADPN and Cystatin C and other variables in control group it showed significance if P< 0.05. Fig from 
(1,2,3,4,5,6) showed the  different correlation between adiponectin, Cystatin C and different variances . 

 
Discussion:  

 
Cardiovascular mortality is the main cause of death in hemodialysis (HD) patients and can be 20 fold higher 

than in general population with greater difference in the younger population (Adragao et al., 2004). Baye  et al., 
2006 found in addition to the classic risk factors and situations typicalto chronicrenal insufficiency that 
contribute to cardiovascular disease (hypervolemia, anemia, arteriovenous fistula and alteration in calcium- 
phosphate metabolism, also an elevated prevalence of lipoprotein a, homocysteine, oxidative stress, chronic 
inflammation, etc ). Adiponectin is an adipocytespecificplasma protein, which is abundantly present in human 
plasma. We reported previously that physiological concentrations of humanrecombinant ADPN suppress tumor 
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necrosis factor-a (TNF-a)-inducedendothelial adhesion molecule expression, transformation from 
macrophagesto foam cells, and proliferation of vascular smooth muscle cell (Ouchi et al., 2001 andArita et al., 
2002). 

Initial prospective study inhealthy population suggested that high ADPN concentration was 
associatedwithlower cardiovascular risk (Pischon et al., 2004). Menon et al., 2006showed that 
hyperadiponectinemia is associated with mortalityin patients with chronic kidney disease (CKD). These 
findingsraise the possibility of another prognostic implication of ADPNconcentration in specific populations. 
With regard to renal disease,serum ADPN levels are markedly increased in patients with end-stagerenal disease 
(ESRD) compared with healthy subjects,Cystatin C is a 13-kDa nonglycosylated basic proteinproduced by 
nucleated cells at a constant rate that is freelyfiltered at the glomerulus. Because it is produced at asteady rate, is 
freely filtered at the glomerulus, does notreturn to the bloodstream, and is eliminated by the kidneys,it has been 
proposed to be closer to an “ideal”endogenous marker of GFR (Luc et al., 2006).Cystatin C has also been 
demonstratedto better predict cardiovascular disease (CVD) (Meng et al., 2010) and death than serum creatinine 
(or serum creatinine–based estimates of GFR) (Koenig et al., 2005 andShlipak et al., 2005). 

In this study, serum ADPN and Cystatin C is elevated significantly in patient group compared with the 
control group, it was (21.55±3.40),(5.817±0.565) for ADPN  and ( 2.9425±1.085),  (0.6707±0.139) for Cystatin 
C where P<.0001 for ADPN, and Cystatin C respectively .this results in consistent with Till et al., 2009 and 
Noriyuki et al.,2010. There was no statistically significant difference in both groups as regards age, where 
P=0.959 As regard the sex there was no significant statistical difference between ADPN, Cystatin C and sex 
(table 2), on the contrary Zoccali,2002 found significant statistical difference between males and females and 
suggested this because increased amount of adipocytes in females than males .and increased central obesity in 
males which interferes with ADPN secretion and effects of androgens. There was significant negative 
correlation between both ADPN and Cystatin C, with BMI where r = - 0.56, - 0.310 P<0.0001, P< 0.051 
respectively these results are in agreement with the results of Carolin et al., 2005 and Rao, 2008). The study 
revealed that ADPN, and Cystatin C of the patients group showed significant inverse correlation with 
triglycerides, S.blp, D.blp, where P<0.05 these findings go in harmony with Forsblom, 2005, and Rao, 2008. 

The study showed statistically significant difference in EDD, ESD EFS%, and PWT between the patient 
group and control where P< 0.0001, but there was no significant correlation between ADPN and cystatin C and 
the previous parameters as P >0.05. There was strong significant positive correlations between ADPN and 
Cystatin C and CAD in patients group P<0.0001 also there was strong significant positive correlations between 
ADPN and Cystatin C in the patient group where r= 0.509, and P< 0.001. Elevated cystatin C level is a risk 
marker of cardiovascular disease.  

Shlipak et al., 2007 reported that high cystatin C concentrationis a stronger predictor of cardiovascular 
events.Sharma et al., 2008reported that ADPN plays a protective role byreducing albuminuria through a direct 
effect on podocyte functionand modulation of inflammation and oxidative stress. However, several clinical 
studies reported that hyperadiponectinemia is a predictor of renal disease progression(Kollerits et al., 2008). 
Cystatin C is freely filtered by renal glomeruli and thenmetabolized by the proximal tubules, and elevated serum 
cystatin Clevel is a marker of renal dysfunction (Fliser andRitz, 2001and Luc et al., 2006). 

Masaie et al., 2007, reported previously that ADPN is bound to cystatin Cin vitro,and confirmed the 
binding of ADPN and cystatin C in vitro, Furthermore, they found that high concentrations of cystatinC 
abrogated the suppressive effects of ADPN on TNF-a-inducedexpression of various adhesion molecules, 
including VCAM-1,ICAM-1, and E-selectin in a dose-dependent manner. Cystatin Cmay inhibit the suppressive 
effects of ADPN on TNF-ainduced endothelial inflammation through IkB-a-NF-kB pathway. Adhesion 
ofmonocytes to the endothelium is an important initial step of atherosclerogenesis.The presence of 
pathologically high systemic cystatin Clevels may accelerate atherosclerogenesis through impairment of theanti-
atherogenic function of ADPN, even though physiological concentrationsof cystatin C play an important role in 
modulating vascularcysteine protease system. 

 
In conclusion:  

 
The high serum ADPN level in the patients with renal failure on hemodialysis was due to a low clearance 

rate, which is probably associatedwith high cystatin C levels. High concentrations of cystatin C abrogatethe anti-
atherosclerotic effects of ADPN, suggesting that measurementsof both ADPN and cystatin C levels might be 
helpful in evaluating therisk of cardiovascular disease in patients with renal failure. 

. 
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