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IntrOductIOn
Cardiovascular Disease (CVD) is the most common reported 
cause of death even though the Haemodialysis (HD) patients 
have an affinity toward better survival. There are various factors 
involved in etio-pathogenesis of CVD in chronic kidney disease, 
which include oxidative stress, endothelial dysfunction, vascular 
inflammation, worsening HD and dyslipidemia [1-5]. As a primary 
step of plaque formation the monocyte adhesion and macrophage 
differentiation in to foam cells happen [6,7]. This above process is 
further worsened by uraemic dyslipidemia which is characterized 
by reduction in Apo A containing lipoproteins in HDL and increased 
concentration of either intact or partially metabolized triglyceride 
rich Apo B in Very Low-Density Lipoprotein (VLDL),  Intermediate-
Density Lipoprotein (IDL), and LDL [8,9]. 

Hyperhomocysteinemia is the main non-traditional risk factor 
thought to affect the development of CVD in CKD. Several clinical 
studies have shown elevated homocysteine levels in the HD patient 
group and that hyperhomocysteinemia increases cardiovascular 
mortality [10,11].

 

Inflammation [a rise in High-Sensitivity C-Reactive Protein (hs-
CRP)] has also been shown to be correlated with cardiovascular 
events [12]. The hs-CRP has been found to be a more sensitive 
marker for inflammation when compared to CRP.

Testosterone deficiency is known to have an adverse effect on 
several key cardiovascular risk factors which include central 
obesity, insulin resistance, hyperglycaemia, dyslipidemia, 
inflammation and hypertension [13]. Evidence shows that the 
degree of atherosclerosis as assessed by the degree of Carotid 
Intimal Media Thickness (CIMT) is inversely associated with 
testosterone levels [14,15]. In our study, we wished to compare 
these cardiovascular risk biomarkers in patients undergoing HD 
and healthy individuals.

MAterIAl And MethOds
This cross-sectional, comparative study was done at Mahatma 
Gandhi Medical College and Research Institute Puducherry, India, 
on 80 subjects. It included both males and females in the age 
group of 30-60 years. The mean and Standard Deviation (SD) 
of Lipoprotein A in HD patients was taken as 61.98±36.36 mg/
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ABstrAct
Introduction: Lipid abnormalities and increase in inflammatory 
markers are common among patients with End Stage Renal 
Disease  (ESRD) and it tends to persist/worsen even after 
initiating Intermittent Haemodialysis (IHD). The cardiovascular 
mortality and morbidity remains significantly high in this 
population. 

Aim: The present study was carried out to assess the pattern 
of lipid abnormality in our population and to find its association 
with inflammatory markers.

Materials and Methods: It  was  a  cross-sectional,  observational 
study on ESRD patients undergoing Haemodialysis (HD) in 
comparison with age and sex matched healthy individuals in a 
tertiary care hospital. About 40 adult male and female patients 
aged >18 years, undergoing chronic HD for more than 6 months 
were enrolled in Group A. Patients who were alcoholics, 
tobacco consumers and those on steroids and hypolipidemic 
drugs were excluded. Group B consisted of healthy, age 
and sex matched controls. Serum lipid profile, lipoprotein A, 
apolipoprotein A1, apolipoprotein B and apo B/A1 ratio, serum 
uric acid, homocysteine, hs-cRP and testosterone levels were 
estimated among patients undergoing intermittent HD and 
healthy individuals. 

chi-square/Fisher’s-exact test was used for comparing ratios. 
A p-value of <0.05 was considered statistically significant.

results: The mean Total cholesterol (Tc), Low  Density 
Lipoprotein (LDL) and Non-HDL High Density Lipoprotein 
cholesterol was significantly lower in HD patients as compared 
to control group with all the three parameters attaining 
statistical significance (p<0.005). The mean lipoprotein A level 
was significantly higher (p=0.037), while Apo A1 was found 
to be significantly lower (p=0.001) in patients receiving HD. 
Inflammatory markers like uric acid was high (p<0.005) and 
serum testotsterone level in male HD patient was significantly 
low (p<0.005).

conclusion: The mean values of traditional serum lipid 
profile remained lower in HD patients than the control group. 
The abnormalities in lipoprotein A and apolipoproteins were 
more pronounced in patients undergoing HD. The mean level 
of testosterone also was found to be lower in male patients 
receiving HD. Hence, estimation of lipoprotein A, apolipoproteins 
and inflammatory markers may serve as a potential tool in 
cardiovascular risk stratification.
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dl from the review of literature and the same for normal healthy 
individual was 31±27.42mg/dl. With α = 0.01 and a power of 
90%, the minimum sample size was calculated as 33 for each 
arm. Hence, the sample size was rounded to 40 for cases and 40 
for controls.

Group A (Cases) included 40 patients with established ESRD 
undergoing chronic HD for more than 6 months at the Institute. 
All patients were undergoing three sessions of HD in a week with 
each lasting for 4 hours using bicarbonate buffer with a blood flow 
of 250ml/min and dialysate flow of 500ml/min, with 1.6m2 surface 
area hollow fiber polysulfone membrane dialyser. All these patients 
were randomly selected.

Group B (Controls) included 40 apparently healthy age and sex 
matched male and female volunteers with normal renal function 
who were employees of SBV University, Puducherry, India and 
individuals who attended health check-ups.

This study was done in conformity with the Declaration of Helsinki 
and it was approved by Institutional Human Ethics Committee 
of Mahatma Gandhi Medical College and Research Institute, 
Puducherry, India.

All the participants were interviewed and a full medical, substance 
abuse and occupational history were taken by the principal 
investigator. Patients in Group A were interviewed and examined 
in the dialysis unit of the institute prior to the commencement of 
dialysis session. The duration of maintenance HD, presence of any 
co-morbidities, dietary history and current medication history was 
taken from participants of Group A. 

Participants of Group B were interviewed and examined in General 
Medicine outpatient department after obtaining a valid consent. 
Participants in this group had a normal urine routine, Blood Urea 
Nitrogen (BUN), serum creatinine and the estimated Glomerular 
Filtration Rate (GFR) by Modification of Diet in Renal Disease 
(MDRD) formula was normal. Further, they were subjected for 
ultrasonography to rule out structural abnormalities.

The blood samples were analyzed for apolipoprotein A1, B and 
lipoprotein A, by fully automated Nephelometry BN II (Siemens 
Dade Behring BN II Nephelometer GMI SKU≠: 8100-30-1002). TC 
was estimated by Cholesterol Oxidase-Peroxidase (CHOD POD)
method [16,17], HDL by enzyme selective protection method, 
LDL by homogenous enzymatic colorimetric assay and TG by 
enzymatic colorimetric method (GPO) [18]. Testosterone was 
estimated by fully automated bi-directionally interfaced chemi 
luminescent immune assay, homocysteine by competitive chemi 
luminescent immune assay and uric acid by uricase/peroxidase 
method.

stAtIstIcAl AnAlysIs
The SPSS, version 19.0 software tool was used for the data 
processing. All the values were expressed as mean±SD unless 
otherwise indicated. The differences in the mean values between 
the groups were analyzed by using the independent Student’s 
t-test. A p-value of <0.05 was considered statistically significant.

results
A total of 40 subjects were enrolled in both the groups. There were 
33 males and 07 females in Group A as compared to 32 males 
and 08 females in Group B. The average age of subjects in Group 
A was 48.30±10.95 years as compared to 48.18±9.732 years in 
Group B. The BMI in Group A was 20.76±4.249 as compared to 
24.33±4.465 in Group B [Table/Fig-1].

There was a significant difference in Body Mass Index (BMI) 
(p=0.001), Blood Urea Nitrogen (BUN) (p=0.001), Serum Creatinine 
(p=0.001), Systolic Blood Pressure (SBP) (p=0.001) and Diastolic 
Blood Pressure (DBP) (p=0.001) among Group A and Group B 
[Table/Fig-1].

In the present study, the mean TC, LDL and Non-HDL among 
Group A were 131.45±33.878mg/dl, 71.42±21.98mg/dl and 
99.78±29.473mg/dl which was significantly lower (p<0.005) when 
compared to Group B whose levels were 167.25±32.306mg/
dl, 102.5±28.807mg/dl and 131.94±30.601mg/dl, respectively 
[Table/Fig-2].

In the present study, the mean HDL, TG and VLDL among Group 
A and Group B was 31.82±9.735mg/dl vs 35.48±7.43mg/dl 
(p=0.063), 120.65±72.09 mg/dl vs 137.48±62.418mg/dl (p=0.268) 
and 24.02±14.42mg/dl vs 26.98±12.384mg/dl (p=0.328) 
respectively which did not achieve statistical significance [Table/
Fig-2].

The mean TC/HDL and LDL/HDL ratio was 4.34±1.135 and 
2.35±0.675 which was significantly lower among Group A as 
compared to Group B with a value of 4.99±1.172 (p=0.013) and 
3.03±0. 905 (p<0.005) which was statistically significant [Table/
Fig-2]. In our study, the mean lipoprotein A level in Group A was 
38.16±32.753mg/dl as compared to 24.91±21.478mg/dl in Group 
B which was significantly higher (p=0.037) [Table/Fig-3].

The mean value of cardioprotective apolipoprotein A1 level in Group 
A was 98.02±20.310mg/dl as compared to 111.92±15.034mg/dl 
in Group B which was significantly lower (p<0.001) [Table/Fig-3].

The mean atherogenic apolipoprotein-B was found to be 
68.38±20.799mg/dl in Group A as compared to 89.18±20.489 
mg/dl in Group B which was found to be significantly lower 
(p<0.005) [Table/Fig-3].

We also observed that the mean levels of ApoB/A1 ratio among 
Group A was 0.72±0.224 mg/dl as compared to 0.87±0.307 
mg/dl in Group B which was significantly lower (p=0.013) [Table/
Fig-3].

Parameters Group A - 
Cases

Group B 
Controls

p-value

Total Number (N) 40 40

Sex;
Male
Female

33
07

32
08

0.775

Age 48.30±10.95 48.18±9.732 0.957

BMI 20.76±4.249 24.33±4.465 0.001

Addictions Nil Nil

Systolic Blood Pressure (SBP) mmHg 156.25±22.152 121.38±7.970 0.001

Diastolic Blood Pressure (DBP) mmHg 93.75±13.90 75.06±5.768 0.001

Blood Urea Nitrogen (BUN) mg/dl 53.75±17.75 12.12±3.33 0.001

Serum Creatinine mg/dl 10.07±2.774 0.79±0.134 0.001

[table/Fig-1]: Baseline characters.

Parameters Group A-Cases Group B-Controls p-value

Total Cholesterol (mg/dl) 131.45±33.878 167.25±32.306 <0.005*

Triglycerides (mg/dl) 120.65±72.097 137.48±62.418 0.268

HDL (mg/dl) 31.82±9.735 35.48±7.435 0.063

LDL (mg/dl) 71.42±21.987 102.50±28.807 <0.005*

VLDL (mg/dl) 24.02±14.429 26.98±12.384 0.328

Non-HDL (mg/dl) 99.78±29.473 131.94±30.601 <0.005*

TC/HDL ratio 4.34±1.135 4.99±1.172 0.013*

LDL/HDL ratio 2.35±0.675 3.03±0. 905 <0.005*

[table/Fig-2]: Serum lipid profile. 

Parameters Group A-Cases Group B-Controls p-value

Lipoprotein-A (mg/dl) 38.16±32.753 24.81±21.478 0.037*

Apolipoprotein-A1 (mg/dl) 98.02±20.310 111.92±15.034 0.001*

Apolipoprotein-B (mg/dl) 68.38±20.799 89.18±20.489 <0.005*

Apo B/A1 ratio 0.72±0.224 0.87±0.307 0.013*

[table/Fig-3]: Serum apolipoprotein levels.
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The mean value of serum testosterone was found to be 
212.97±155.197 ng/dl in Group A as compared to 331.53±187.279 
ng/dl in Group B which was found to be significantly lower 
(p<0.005) [Table/Fig-4]. After age and sex adjustment of serum 
testosterone, 15 (45.45%) participants in Group A and 01(3.125%) 
participant in Group B had low testosterone levels. Whereas 18 
(54.54%) participants in Group A had normal levels of serum 
testosterone as compared to 31 (96.87%) in Group B which was 
statistically significant (p=0.002) [Table/Fig-5]. The mean HsCRP 
level in Group A was 4.12±3.342mg/dl as compared to 4.16±3.619 
among Group B which was not found to be statistically significant 
(p=0.966) [Table/Fig-4]. 

When hs-CRP level was compared with that of serum testosterone 
level in Group A, 5 (33.3%) participants had hs-CRP of 1-3mg/
dl carrying  intermediate risk and 10 (66.6%) participants had a 
value of >3mg/dl carrying a high risk among patients with low 
testosterone levels. Among patients with normal testosterone 
levels, 8 (44.4%), 3 (16.6%) and 7 (38.8%) participants had HsCRP 
levels of <1, 1-3 and >3mg/dl [Table/Fig-6].

Of the 40 patients in Group A, 26 (65%) had serum homocysteine 
levels of <30µmol/L as compared to 31(77.5%) in Group B. Only 
14(35%) patients in Group A had serum homocysteine levels of 
>30µmol/L as compared to 09 (22.5%) in Group B. The values did 
not vary significantly (p=0.216) [Table/Fig-5].

The mean serum uric acid level among Group A was 7.25±1.386 
mg/dl as compared to Group B with 4.61±1.278mg/dl which was 
found to be statistically significant (p<0.005) [Table/Fig-4]. Of 40 
patients in Group A, 17(42.5%) had serum uric acid level of >7mg/
dl as compared to only 02(5%) among Group B which was found 
to be statistically significant (p<0.0001) [Table/Fig-5].

by Maheshwari N et al., [19] the BMI among patients undergoing 
HD was 19.83±4.05 as compared to 22.21±3.8 among control 
group with 48% of patients undergoing HD having malnutrition. 
This observation suggests a higher prevalence of malnutrition 
among our patients as compared to the western counterparts.

Diabetes  mellitus  and hypertension were found in 36 and 35 
patients respectively in group a, while none of participants in group 
b had any co-morbidities like diabetes mellitus, hypertension, 
coronary artery disease, peripheral vascular disease and 
cerebrovascular disease.

Maheshwari N et al., observed that there was no statistically 
significant difference in TC, TG and LDL cholesterol among patients 
receiving HD and control group [19]. A similar observation was 
noticed by Dipika Baria et al., where the TC and LDL levels did not 
vary significantly. Our study is peculiar in this regards that the TC, 
LDL and Non-HDL levels were lower among Group A (Cases) as 
compared to Group B which is suggestive of higher prevalence of 
malnutrition [20].

The level of HDL cholesterol was lower in Group A as compared to 
Group B. A low level of HDL cholesterol was observed in various 
previous studies [19-21]. Similarly, the level of TG and VLDL was 
also lower in Group A as compared to Group B. Our study is in 
contradiction with various other studies where they observed an 
elevated levels of TGs among HD patients [19,20,22].

The mean TC/HDL and LDL/HDL ratio was found to be lower in 
Group A as compared to Group B. This observation is again in 
contradiction with findings of Jamal Q Abumwais et al., where 
these ratios were found to be higher among dialysis patients when 
compared to healthy controls [23].

Our study revealed low levels of TC, TG, HDL, VLDL, Non-HDL, 
TC/HDL ratio and LDL/HDL ratio among patients undergoing HD 
when compared to controls. Malnutrition probably is the reason 
explaining the above findings.

ESRD also is characterized by an elevated level of pro-atherogenic 
and pro-thrombogenic effects of elevated lipoprotein A. In the 
present study, the mean lipoprotein A level was significantly higher 
in Group A when compared to Group B. Schwaiger et al., observed 
an elevated level of serum lipoprotein A and an unaltered TC, HDL, 
LDL and TG levels [24]. Our study is in conformity with that of 
Koch et al., and Neela Mannangi et al., [21,22]. 

Uraemic dyslipidemia is characterized by a low level of 
apolipoprotein-A1, a similar finding was noted in our study where 
the mean apo A1 was lesser in Group A as compared to Group 
B. AM Rao et al., in their study involving CKD patients at different 
stages also noted a lower value of apolipoprotein A in ESRD which 
was found to be statistically significant when compared to control 
group [25].

The level of pro atherogenic apolipoprotein-B was found to be low 
in Group A. This finding is in contradiction with observations of AM 
Rao et al., where they found a significantly higher level of Apo B 
among ESRD patients as compared to controls [25].

The above observations reflect that ESRD patients have significantly 
lower levels of cardioprotective apo A1, while the atherogenic apo 
B levels tend to remain low.

The principal abnormality detected in our population with ESRD 
undergoing HD was a low levels of HDL cholesterol, low levels of 
apolipoprotein A1 and higher levels of lipoprotein A. The traditional 
total cholesterol, Triglycerides, LDL, VLDL and Non-HDL tends to 
be significantly lower in ESRD patients when compared to controls 
reflecting-

1. That the traditional Serum Lipid profile has limited role in 
assessing lipid abnormalities in ESRD patients.

2. Statins have limited/no role in correcting lipid abnormalities in 
ESRD patients [26].

Parameters Group A-Cases Group B-Controls p-value

hs-CRP (mg/dl) 4.12±3.342 4.16±3.619 0.966

Homocysteine (µmol/L) 25.57±13.712 22.10±11.279 0.231

Uric Acid (mg/dl) 7.25±1.386 4.61±1.278 <0.005*

Testosterone (mg/dl) 212.97±155.197 331.53±187.279 <0.005*

[table/Fig-4]: Serum levels of hs-CRP, homocysteine, uric acid and testosterone.

hs-CRP <1 mg/dl 1-3mg/dl >3mg/dl

Cases (n=40) 09 (22.5%) 09 (22.5%) 22 (55%)

Controls (n=40) 12 (30%) 10 (25%) 18 (45%)

Homocysteine <30µmol/L >30µmol/L

Cases (n=40) 26 (65%) 14 (35%)

Controls (n=40) 31 (77.5%) 09 (22.5)

Serum Uric acid <7.0mg/dl >7.0mg/dl

Cases (n=40) 23 (57.5%) 17 (42.5%)

Controls (n=40) 38 (95%) 02 (5%)

Serum Testosterone Low Normal

Cases (n=33) 15 (45.45%) 18 (54.54%)

Controls (n=32) 01 (3.125%) 31 (96.87%)

[table/Fig-5]: Normal and abnormal levels of hs-CRP, homocysteine, uric acid and
testosterone in both the groups.

hs-CRP Serum Testosterone (Group A)

Low Normal

<1 - 8 (44.4%)

1-3 5 (33.3%) 3 (16.6%)

>3 10 (66.6%) 7 (38.8%)

Total 15 18

[table/Fig-6]: Association of serum testosterone with hs-CRP levels in Group A.

dIscussIOn
In the present study, out of 40 patients in Group A, 15 (37.5%) 
Patients had malnutrition (BMI<18.5Kg/m2). In a study conducted 
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3. Higher prevalence of malnutrition probably leading to the above 
situation.

As the serum testosterone concentration decline with age, the 
reference range should be age-specific, hence considering 2.5th 
percentile of total testosterone to be 348ng/dl in a sample of 
young men as per Bhasin et al., and value of less than 184ng/
dl for elderly men as per Yeap et al., the results were analyzed 
[27,28]. The mean serum testosterone level in male HD patients 
was significantly lower when compared to healthy controls.

Juan Jesus Carrero et al., in their study observed that low serum 
testosterone was inversely correlating with all cause and CVD related 
mortality, they also observed that only 23% of their patients had 
truly normal testosterone levels [29]. Bello AK et al., in their study 
found that the mean serum testosterone was 234.1±146.1ng/dl, 
a higher serum testosterone level was associated with significantly 
low unadjusted risk of death as compared to those with low 
serum testosterone levels [30]. F Albaaj et al., concluded that 
more than half of their male renal failure patients had biochemical 
hypogonadism, which was considered to be a potentially reversible 
risk factor for osteoporosis and sexual dysfunction [31].

When hs-CRP was compared with serum testosterone levels, 
10 (66.6%) of patients in Group A had hs-CRP level of >3mg/
dl as compared to 7 (38.8%) in Group B. A similar observation of 
low testosterone with a high CRP was observed by Jaun Jesus 
Carrero et al., [29]. The above observations suggest that low 
testosterone levels are associated with significant inflammation 
which may accelerate endothelial dysfunction and increase the 
risk of cardiovascular events in HD patients.

In the present study, the mean homocysteine levels did not vary 
significantly between the groups. N Nand et al., in their study on 
CKD patients found that there was a significant elevation in serum 
Homocysteine levels among CKD patients (94.4%) as compared 
to healthy controls [32]. Though folic acid, vitamin B12 and Vitamin 
B6 supplementation significantly reduced homocysteine, there was 
no significant difference on the total number of all-cause mortality 
and deaths due to CVD, as observed in HOPE-2 and other trials 
[33,34], none of these trials enrolled HD patients.

The mean serum uric acid level was significantly higher in Group 
A as compared to Group B. In the LIFE trial, the losartan group 
was associated with regression of LVH and a lower incidence of 
Coronary events and stroke in those patients with low serum uric 
acid levels (p<0.001) [35].

Madero et al., on subset analysis of MDRD trial found that 
higher uric acid level was associated with higher all-cause and 
cardiovascular related mortality [36].

Walead latif et al., in their study found a mean serum uric acid 
level of 6.97mg/dl, where they included patients undergoing HD 
which is in contradiction to the MDRD and LIFE trial which was 
focused on CKD patients not receiving HD [35]. It was observed 
in their study that there was no upward trend in mortality risk even 
when patients had a uric acid level of >8.2 mg/dl, concluding 
that a relative normal values of uric acid was associated with 
higher risk of death from all-causes and CVD. They suggested a 
cardioprotective role of uric acid in patients undergoing HD.

The above paradoxical phenomenon represents example of the 
so called “Reverse Epidemiology” in the dialysis population. The 
conventional risk factors of CVD and mortality in the general 
population like BMI, serum cholesterol, blood pressure and uric 
acid level are found to relate to outcome in an opposite direction 
in haemodialysis patients [36].

The concept of Reverse epidemiology is likely explained 
by Protein-Energy Malnutrition (PEM), inflammation or the 
combination are more common in dialysis patients than in the 
general population and many such elements of Malnutrition 
Inflammation and Atherosclerosis (MIA) syndrome such as low BMI, 

hypocholesterolaemia, hypocreatininemia, hypouricaemia and a 
lower Blood pressure are known risk factors of poor outcome in 
dialysis patients [37].

lIMItAtIOn
The smaller sample size and a single centric study was the 
limitation of this study.

cOnclusIOn
The present study population displays a peculiar abnormality 
where the traditional lipid profile tends to remain normal, indicating 
their limited values. All patients undergoing haemodialysis need to 
be assessed for lipoprotein A and apolipoproteins. Hypogonadism 
in male HD patients showed a higher level of inflammation. 
Testosterone replacement to be considered on an individual basis 
in symptomatic patients. Frequent reassessment of the patients 
on replacement therapy should be done.

Our observation does not favor use of statins in HD patients. A 
good nutrition support aiming at increasing HDL cholesterol, 
regular physical activity, smoking cessation and maintaining 
healthy weight for height remains important in HD patients.

cOnFlIct OF Interest
Authors have no conflict of interest.

AcKnOwledgeMent
We are thankful to Shri M.K. Rajagopalan, Chairman Sri 
Balaji Vidyapeeth University for his help and support. We also 
acknowledge the support and cooperation from the patients and 
healthy controls enrolled in the study.

reFerences
 Noori N, Caulfield MP, Salameh WA, Reitz RE, Nicholas SB, Molnar MZ, et al. [1]

Novel lipoprotein subfraction and size measurements in prediction of mortality in 
maintenance haemodialysis patients. Clin J Am Soc Nephrol. 2011;6:2861-70.

 Aminzadeh MA, Nicholas SB, Norris KC, Vaziri ND. Role of impaired Nrf2 [2]
activation in the pathogenesis of oxidative stress and inflammation in chronic 
tubulo-interstitial nephropathy. Nephrol Dial Transplant. 2013;28:2038-45.

 Kovesdy CP, Kopple JD, Kalantar-Zadeh K. Management of protein-energy [3]
wasting in non-dialysis-dependent chronic kidney disease: reconciling low 
protein intake with nutritional therapy. Am J Clin Nutr. 2013;97:1163-77.

 Zoccali C, Mallamaci F, Tripepi G. Inflammatory proteins as predictors of [4]
cardiovascular disease in patients with end-stage renal disease. Nephrol Dial 
Transplant. 2004;Suppl 5:V67-V72.

 Moradi H, Sica DA, Kalantar-Zadeh K. Cardiovascular burden associated [5]
with uremic toxins in patients with chronic kidney disease. Am J Nephrol. 
2013;38:136-48.

 Wilensky RL, Hamamdzic D. The molecular basis of vulnerable plaque: potential [6]
therapeutic role for immunomodulation. Curr Opin Cardiol. 2007;22:545-51.

 Shashkin P, Dragulev B, Ley K. Macrophage differentiation to foam cells. [7] Curr 
Pharm Des. 2005;11:3061-72.

 Tsimihodimos V, Dounousi E, Siamopoulos KC. Dyslipidemia in chronic [8]
kidney disease: an approach to pathogenesis and treatment. Am J Nephrol. 
2008;28:958-73.

 Vaziri ND, Moradi H. Mechanisms of dyslipidemia of chronic renal failure. [9]
Haemodial Int. 2006;10:1-7.

 Mallamaci F, Zoccali C, Tripepi G, Fermo I, Benedetto FA, Cataliotti A, et al. [10]
CREED Investigators. Hyperhomocysteinemia predicts cardiovascular outcomes 
in haemodialysis patients. Kidney Int. 2002;61:609-14.

 [11] Manns BJ, Burgess ED, Hyndman ME, Parsons HG, Schaefer JP, Scott-Douglas 
NW. Hyperhomocysteinemia and the prevalence of atherosclerotic vascular disease 
in patients with end-stage renal disease. Am J Kidney Dis. 1999;34:669-77.

 Zimmermann J, Herrlinger S, Pruy A, Metzger T, Wanner C. Inflammation [12]
enhances cardiovascular risk and mortality in haemodialysis patients. Kidney Int. 
1999;55:648-58.

 Jones TH. Testosterone deficiency: a risk factor for cardiovasculardisease? [13]
Trends in Endocrinology and Metabolism. 2010;21:496–503.

 Svartberg J, Von Muhlen D, Mathiesen E, Joakimsen O, Bonaa KH, Stensland-[14]
Bugge E. Low testosterone levels are associated withcarotid atherosclerosis in 
men. Journal of Internal Medicine. 2006;259:576–82.

 Nettleship JE, Pugh PJ, Channer KS, Jones T, Jones RD. Inverse relationship [15]
between serum levels of interleukin-1b and testosterone in men with stable 
coronary artery disease. Hormone and Metabolic Research. 2007;39:366–71.

 Norbert W. Tietz. Clinical Chemistry. Third edition. Saunders Co:427-429.[16]
 Tietz NW, Textbook of Clinincal Chemistry, W.B. Saunders Co., Philadelphia, [17]

1986,p.588.



www.jcdr.net Shanmugam Lokesh et al., Lipid Profile and cardiovascular Risk Biomarkers Among chronic Haemodialysis Patients and Healthy Individuals

Journal of Clinical and Diagnostic Research. 2016 Sep, Vol-10(9): OC15-OC19 1919

  PARTICULARS OF CONTRIBUTORS:
1. Associate Professor, Department of General Medicine, Mahatma Gandhi Medical College & Research Institute, SBV University, Puducherry, India.
2. Assistant Professor, Department of General Medicine, Mahatma Gandhi Medical College & Research Institute, SBV University, Puducherry, India.
3. Assistant Professor, Department of General Medicine, Mahatma Gandhi Medical College & Research Institute, SBV University, Puducherry, India.
4. Professor, Department of General Medicine, Mahatma Gandhi Medical College & Research Institute, SBV University, Puducherry, India.
5. Associate Professor, Department of Nephrology, Mahatma Gandhi Medical College & Research Institute, SBV University, Puducherry, India.
6. Assistant Professor, Department of General Medicine, Mahatma Gandhi Medical College & Research Institute, SBV University, Puducherry, India.
7. Resident, Department of General Medicine, Mahatma Gandhi Medical College & Research Institute,  SBV University, Puducherry, India.
8. Senior Statistician and Research Consultant, Department of Statistics, Mahatma Gandhi Medical College & Research Institute, SBV University, Puducherry, India.

NAME, ADDRESS, E-MAIL ID OF THE CORRESPONDING AUTHOR:
Dr. Shanmugam Lokesh,
No.11, Veeramamunivar Street, Radhakrishnan Nagar, Puducherry-605 009, India.
E-mail: lokeshsdr@gmail.com, lokeshs@mgmcri.ac.in

FINANCIAL OR OTHER COMPETING INTERESTS: None.

Date of Submission: Jun 06, 2016
Date of Peer Review: Jun 24, 2016
 Date of Acceptance: Jul 07, 2016

Date of Publishing: Sep 01, 2016

 Jacobs NJ, Van Denmark PJ. Enzymatic determination of serum triglyceride. [18]
Arch Biochem Biophys. 1960;88:250-55.

 Maheshwari N, Ansari MR, Laghari MS, Darshana, Lal K, Ahmed K. Pattern [19]
of lipid profile in patients on maintenance haemodialysis. Saudi J Kidney Dis 
Transpl. 2010;21:565-70.

  Baria D, Joshi V, Shah T, Gandha K, Modi N. Impact of haemodialysis on lipid [20]
profile among chronic renal failure patients-A Case control study. International 
Journal of Scientific and Research Publications. 2013;3(7):1-3.

  Koch A, Shan B, Nair S, Sirsat R, Ashavoid T, Nair K. Dyslipidemia in patients with [21]
chronic renal failure and in renal transplant. Journal of Postgraduate Medicine. 
1994;40:57-60.

  Mannangi N, Jayasree S. Lipoprotein (a) & lipid profile in chronic kidney disease. [22]
Case control study. Webmed Central BIOCHEMISTRY. 2014;5(2):WMC004568.

 Abumwais JQ, Idris OF. Lipid profiles of haemodialysis patients in the Jenin [23]
District of Palestine. Ibnosina Journal of Medicine and Biomedical Sciences. 
2014;6(5):199-207.

 Schwaiger J, Lamina C, Neyer U, Konig P, Katherin H Starm W, et al., Carotid [24]
plaques and their predictive value of cardiovascular disease and all. Am J Kidney 
Dis. 2006;47:888-97.

 Rao AM, Bitla AR, Reddy EP, Sivakumar V, Srinivasa rao PVLN. Lipid abnormalities, [25]
lipoprotein(a) and apoprotein pattern in non-dialysed patients with chronic kidney 
disease. Indian Journal of Clinical Biochemistry. 2010;25(1):47-50.

 Palmer SC, Navaneethan SD, Craig JC, Johnson DW, Perkovic V, Nigwekar SU, [26]
et al. HMG Co A reductase inhibitors (Statins) for dialysis patients. Cochrane 
Database Syst Review. 2013;11(9):CD004289. 

 Bhasin S, Cunningham GR, Hayes FJ, Matsumoto AM, Snyder PJ, Swerdloff R. [27]
Testosterone therapy in men with androgen deficiency syndromes; an Endocrine 
society clinical practice guideline. J Clin Endocrinol Metab. 2010;95(6):2536-59.

 Yeap BB, Alfonso H, Chubb SA, Handelsman DJ, Hankey GJ, Almeida OP, et [28]
al. In older men an optimal plasma testosterone is associated with reduced all-
cause mortality and higher dihydrotestosterone with reduced ischemic heart 

disease mortality, while estradiol levels do not predict mortality. J Clin Endocrinol 
Metab. 2014;99(1):E9-18.

 Carrero JJ, Qureshi AR, Parini P, Arver S, Lindholm B, Barany P, et al. Low serum [29]
testosterone increases mortality risk among male dialysis patients. J Am Soc 
Nephrol. 2009;20:613-20.

 Bello AK, Stenvinkel P, Lin M, Hemmelgarn B, Thadhani R, Klarenbach S, et al. [30]
Serum testosterone levels and clinical outcomes in male haemodialysis patients. 
Am J Kidney Dis. 2014;63(2):268-75.

 Albaaj F, Sivalingham M, Haynes P, McKinnon G, Foley RN, Waldek S, et al. [31]
Prevalence of hypogonadism in male patients with renal failure. Postgrad Med J. 
2006;82:693-96.

 Nand N, Sharma M, Mittal N. Prevalence of hyperhomocysteinemia in chronic [32]
kidney disease and effect of supplementation of folic acid and vitamin B12 
on cardiovascular mortality. Journal, Indian Academy of Clinical Medicine. 
2013;14:33-36.

 Mann JF, Sheridan P, McQueen MJ, Held C, Arnold JM, Fodor G, et al. [33]
Homocysteine lowering with folic acid and vitamin in people with chronic kidney 
disease-results of the renal HOPE-2 study. Nephrol Dial Transplant. 2008;23:645-
43.

 Jamison RL, Hartigan P, Kaufman JS, Goldfarb DS, Warren SR, Guarino PD, et al. [34]
Effect of homocysteine lowering on mortality and vascular disease in advanced 
chronic kidney disease and end stage renal disease: a randomized controlled 
trial. JAMA. 2007;298:1163-70.

 Latif W, Karaboyas A, Tong L, Winchester JF, Arrington CJ, Pisoni RL, et al. [35]
Uric acid levels and all cause and cardiovascular mortality in Haemodialysis 
population. Clin J Am Soc Nephrol. 2011;6:2470-77.

 Madero M. High levels of uric acid linked to CKD death risk. [36] Renal Urol News. 
July 11, 2008.

 Kalantar-Zadeh K, Block G, Humphreys MH, Kopple JD. Reverse epidemiology of [37]
cardiovascular risk factors in maintenance dialysis patients. Kidney International. 
2003;63:793-808.


