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ABSTRACT

Background/aims: Cytokine gene polymorphisms have been implicated as potential genetic risk factors for
cardiovascular diseases (CVDs). Atherosclerosis and left ventricular hypertrophy (LVH) are surrogate markers
for CVDs in uremic patients. The aim of this study was to assess the role of cytokine gene polymorphisms in
carotid intima–media thickness (CIMT) and left ventricular mass index (LVMI) progression in nondiabetic
hemodialysis (HD) patients.

Methods: About 102 nondiabetic patients on maintenance HD were included in this study. Patients
were followed up for 2 years. Genetic polymorphisms of TNF-alpha (−308 G/A, −238A/G) and IL-10 (−1082 A/G,
−819 C/T, −592 A/C) were determined by polymerase chain reaction. Biochemical parameters and inflamma-
tory markers and ambulatory blood pressure (BP) measurements were determined during the study period.
CIMT and LVMI were also determined at baseline and after the first and second year. Results: Cardiovascular
risk factors did not differ between TNF-alpha −308 high-/low-producer genotype groups. However, CIMT and
LVMI progression were detected at higher levels in patients with high-producer genotypes (AA+AG) than in
patients with the low-producer genotype (GG) during the study period. The TNF-alpha −308 G/A polymor-
phism was closely associated with C-reactive protein (CRP), a marker of systemic inflammation in the study
population. Analysis also showed that the combination of high production of TNF-alpha and low production of
IL-10 was associated with higher average IMT and LVMI progression and elevated average CRP levels
compared with a combination of low production of TNF-alpha and high production of IL-10. Conclusion:
Polymorphisms in inflammatory genes may represent an additional factor affecting inflammation and CVD
progression in nondiabetic HD patients.
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INTRODUCTION

High prevalence of cardiovascular disease (CVD) in
uremic patients cannot be fully explained by tradi-
tional risk factors, and alternative mechanisms, spe-
cific to uremia or dialytic treatment, have been
suggested. On the basis of experimental and clinical
data, C-reactive protein (CRP), the prototype marker
of inflammation, is strongly associated with CVD in
end-stage renal disease (ESRD).1 Atherosclerosis
and left ventricular hypertrophy (LVH) are well-
known risk factors for cardiovascular morbidity and
mortality in CVD patients,2,3 and the major contri-
bution of inflammatory mechanisms to atherosclero-
sis and LVH in uremic patients has recently been
emphasized.4,5

The inflammatory cascade which ultimately leads to
elevated levels of CRP is triggered by the activation of
circulating monocytes and of macrophages at the site
of tissue injury. Autocrine and paracrine activation of
monocytes plays a key role in this process. Cytokines
are regulatory mediators of monocyte and macrophage
activation. Two cytokines, tumor necrosis factor alpha
(TNF-alpha) and interleukin-10 (IL-10), have com-
plex and predominantly opposing roles in inflamma-
tion.6,7 TNF-alpha is one of the most potent autocrine
activators of monocytes and also upregulates the syn-
thesis of cytokines. IL-10, on the other hand, inhibits
macrophage function, including cytotoxic activity and
cytokine synthesis. An autoregulatory loop appears to
exist in which TNF-alpha stimulates IL-10 produc-
tion, which in turn reduces TNF-alpha synthesis.8
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The pattern and magnitude of cytokine release are
considered critical determinants of severity and dura-
tion of response. Interindividual differences in the reg-
ulation of IL-10 and TNF-alpha production may be
critical in a variety of healthy and abnormal inflamma-
tory responses. A number of polymorphisms located
close to or within the IL-10 and TNF-alpha genes are
potentially associated with transcription levels.9,10 The
best documented of these polymorphisms are the IL-10
promoter polymorphisms −1082G/A, −819C/T, and
−592C/A and the TNF-alpha promoter polymor-
phisms −238 G/A and −308G/A. Polymorphisms at
the position −308 G→A and −238 G→A in the pro-
moter region of the TNF-alpha gene are associated with
higher rates of transcription.9 The best-documented
IL-10 gene promoter polymorphisms, also associated
with higher transcription levels, are −1082 A→G, −819
T→C, and −592 A→C.10 Recently, cytokine gene
mutations were implicated in the pathogenesis of
CVD. Findings from clinical studies showed that the
TNF-alpha gene polymorphism is associated with cor-
onary artery disease and myocardial infarction.11–13

The IL-10 −1082 A allele, associated with low produc-
tion of IL-10, is also predictive of higher cardiovascular
morbidity in dialysis patients.14

We aimed to evaluate the interrelationships between
inflammatory and/or anti-inflammatory cytokine gene
polymorphisms and CRP, changes in left ventricular
mass index (LVMI), and changes in carotid intima–
media thickness (CIMT) in nondiabetic hemodialysis
(HD) patients.

METHODS

Study population and study design
The study enrolled all dialysis patients (n = 102) who
fulfilled the inclusion criteria in our dialysis unit.
Exclusion criteria for the trial were as follows: diagnosis
of chronic infectious disease, coronary artery disease,
myocardial infarction, or cerebrovascular accident in
the past 12 months; evidence for severe hepatic
disease; use of immunosuppressant or nonsteroidal
anti-inflammatory drugs (NSAIDs); congestive heart
failure; the presence of a malignant disease or non-
compliance of the subjects; valvular heart disease;
other vascular diseases; and diabetic nephropathy
(diabetes mellitus is a major independent promoter of
atherosclerosis). They were followed up for 2 years.

All patients’ treatment was regular bicarbonate
standard dialysis that lasted 4–5 hours, three times per
week (mean ± SD duration, 42.8 ± 8.1 months), with
dialyzer surface area ranging from 1.3 to 1.8 m2. All of
the patients were treated using synthetic membranes
(mainly polyamide and polysulfone). Dialysis period

and dialyzer type were prescribed individually based
on a urea-kinetic model to maintain Kt/V >1.2. Dry
body weight was evaluated on a clinical basis with the
aid of chest radiographs performed every 3 months to
assess cardiothoracic index. Vascular access was via
arteriovenous fistula in 98 patients. A permanent
intravenous catheter was used in the others.

All patients were administered intermittent subcu-
taneous individually adjusted doses of recombinant
human erythropoietin to keep hemoglobin levels between
10 and 12 g/dL. Most patients were treated with oral
or intravenous calcitriol supplements and calcium car-
bonate or acetate and sevelamer (n = 4) tablets, if
required. Patients with hypertension (n = 16) (24 h
ambulatory blood pressure (BP), systolic and diastolic
BP > 135/85 mmHg) were also treated with anti-
hypertensive medication.

The study was carried out in accordance with the
Declaration of Helsinki (1989) and informed consent
was obtained for all patients. Study protocol has been
approved by Hacettepe University Ethic Committee
on Human Research.

The duration of the study was 24 months. Follow-up
visits were scheduled at 3 monthly intervals. Follow-
up visits included clinical assessment and measurement
of 24 h ambulatory BP and routine laboratory tests.
All patients underwent a 2D guided M-mode echocar-
diography and B-mode carotid ultrasonography at
baseline and 6 monthly intervals of follow-up. All
patients in the study were evaluated for serious adverse
events that were defined as death and any abnormal
laboratory value associated with signs or symptoms or
necessitates treatment during 24 months. All alter-
ations in medications were recorded.

Blood pressure measurements
Ambulatory BP was measured over a 24 h period by
the oscillometric method using an automatic noninva-
sive recorder (Spacelab Inc., Redmond, WA, USA) on
the following day after dialysis. The monitor was pro-
grammed to measure BP at 15 min intervals between
8:00 a.m. and 10:00 p.m. and at 30 min intervals
between 10:00 p.m. and 8:00 a.m. During measure-
ment, patients performed their usual regular daily
activities. Measurements were only included if more
than 85% of the readings were successful. Mean 24 h
systolic BP, diastolic BP, and mean arterial pressure
(MAP) were recorded at baseline and following visits
in all patients.

Echocardiography
A Vingmed CFM 750 ultrasonographic device system
(GE Vingmed Sound, Horten, Norway) with a duplex
mechanical annular array probe was used. Signals
from the last 10 s are stored in an internal replay memory
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where they can be recalled or transferred to external
computers. The patients were examined in the lateral
recumbent position after 30 min of rest. Dimensions
were measured by M-mode echocardiography. The
same examiner performed recordings at baseline and
on every follow-up at 6-month intervals. In our labora-
tory, the intra-observer variability is below 10% for
LVMI (4.6 ± 1%). Recordings from each patient were
analyzed at the same time to ensure consistent mea-
surement technique using a devoted analysis program
(Echopac, GE Vingmed Sound). Dimensions and
chamber function assessed by ejection fraction (EF) of
the left ventricle were measured using the recommen-
dations of the American Society of Echocardiography15.
The two-dimensional left ventricular endocardium
was traced at end diastole and peak systole in cine
loops of apical four-chamber and two-chamber views,
and the correct positions of the tracings were con-
trolled by running the cine loops.

Left ventricular mass (LVM) was calculated7 as

where LVIDd is the left ventricular diastolic dimen-
sion; PWTd the diastolic dimension of posterior wall;
and SWTd the diastolic dimension of interventricular
septum, in centimeters. LVM was normalized for body
surface area for calculation of LVMI.

LV hypertrophy was identified by validated gender-
specific partition values of LV mass index, ≥116 g/m2

in men and 96 g/m2 in women.15

Carotid ultrasonography
The CIMT was measured by one trained radiologist
without knowledge of the clinical data. CIMT, defined
as the distance between the media–adventitia interface
and the lumen–intima interface, was measured using a
duplex ultrasound system with a 7.5 MHz scanning
frequency in the B-mode, pulsed Doppler mode, and
color mode (Siemens Elegra Ultrasonography Systems,
Erlangen, Germany). The far-wall IMT was measured
at three different locations on both sides: one measure-
ment from internal carotid artery (ICA), one measure-
ment from bifurcation enlargement (BIF), and three
measurements from common carotid artery (CCA)
(proximal, middle, and distal from the bifurcation) as
reported previously.16,17 The mean CIMT was defined
as the mean of right and left ICA, BIF, and the three
highest CCA measurements. The reproducibility of
the CIMT measurements was examined by conducting
another scan 1 week later on eight subjects. In our lab-
oratory, the intra-observer variability is below 10% for

CIMT (4.5 ± 3.1%) demonstrating good reproducibility
of repeated measurements. The common, internal, and
external carotid arteries were also scanned longitudi-
nally and transversely to assess occurrence of plaques.
We defined the presence of carotid plaque as intima–
media thickening that exceeded more than 1.0 mm.
CIMT was always performed at plaque-free regions.

Laboratory measurements
Biochemical parameters (creatinine, blood urea nitro-
gen, glucose, sodium, potassium, calcium, phosphate,
albumin, hemoglobin), total cholesterol, triglyceride,
low-density lipoprotein cholesterol (LDL-C), high-
density lipoprotein cholesterol (HDL-C), and inflam-
matory markers (CRP, erythrocyte sedimentation rate,
white cell count) were determined at the initiation and
at 3-month intervals during the 2-year study period.
CRP was detected during the first week of the month
regardless of whether the patient had intercurrent
complications. Annual mean values of biochemical
parameters were calculated for each patient. Biochem-
ical parameters were measured by means of a com-
puterized auto-analyzer (Hitachi 717; Boehringer,
Mannheim, Germany). Total cholesterol (enzymatic cho-
lesterol oxidase peroxidase (CHOP) – the peroxidase-
antiperoxidase (PAP) method, Boehringer-Mannheim,
Mannheim, Germany) and triglycerides (TG) were
quantified by commercial colorimetric assay method
(peridochrom alpha glycerol phosphate oxidase GPO-
PAP method; Boehringer-Mannheim). HDL-C was
quantified by the phosphotungstic acid precipitation
method. LDL-C was calculated by Friedewald formula
(LDL-C = CHO – TG/5 – HDL-C).18 Serum i-PTH
concentrations were determined by dual antibody radio-
immunoassay (Nichols Institute, San Juan Capistrano,
CA, USA). Erythrocyte sedimentation rate was deter-
mined by the Sedi-system (Becton Dickinson, Paris,
France) and CRP was detected by rate nephelometry
(IMAGE, Beckman, Brea, CA, USA).

Genotypes
Venous blood (10 mL) was collected into tubes con-
taining 50-mmol disodium EDTA and genomic DNA
was isolated with a DNA extraction kit (Protrans,
Quest Biomedical, Solihull, UK). All donors were
genotyped for IL-10 and TNF-alpha using a PCR
sequence-specific assay (Cyclerplate System Cytokine,
Protrans, Ketsch, Germany). The assay consists of
ready-to-use primer mixes prepipetted into thin-walled
wells and includes eight IL-10-specific primers and
four TNF-alpha-specific primers. Thermocycling con-
ditions were as follows: initial denaturation at 94°C for
2 min, 10 cycles of denaturation at 94°C for 10 s with
a single step of annealing and extension at 65°C for
1 min, followed by 20 cycles of denaturation at 94°C
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for 10 s, annealing at 61°C for 50 s, and extension at
72°C for 30 s. PCR products were analyzed by 1%
agarose gel electrophoresis and visualized with ethid-
ium bromide. The expected sizes of 20 different spe-
cific amplification products for each primer pair were
evaluated in accordance with the instructions in the
kit. Genotypes corresponding to each of the five polymor-
phisms being investigated (IL-10 promoter –1082 G→A,
–819 C→T and –592 C→A, and TNF-alpha −308 A→G
and –238 G→A) were determined.

Statistical analysis
The data are presented as means ± standard deviation.
All statistical tests were two sided. Genotypes of single
nucleotide polymorphisms (SNPs) were classified into
two categories by three ways, including the major
allele’s homozygotic model, minor allele’s homozy-
gotic model, and major and minor alleles’ heterozy-
gotic model. The Mann–Whitney or Kruskal–Wallis
test was applied to compare the average mean CIMT
and LVMI progression for subjects with and without
the SNP genotype or the SNP combination and c2 or
Fisher exact test statistics to evaluate differences in
proportion. Genotypes of SNPs were also compared
using analysis of covariance with baseline as the cova-
riate for the change in echocardiography and ultra-
sonography findings. The data of age, sex, BMI, lipid
profiles, hypertension, and smoking status were con-
trolled for as covariates.

We performed multiple comparisons for five differ-
ent polymorphisms and three different outcomes. A
conservative approach would be to pull the level of sta-
tistical significance down to 0.0033 [0.05/(5 × 3)] to
keep the overall type I error of the study within 5% for
the 15 comparisons (if all the comparisons were inde-
pendent). The analyses were also performed on the
nine models of SNP combinations; correction for mul-
tiple testing is required. Bonferroni’s multiple compar-
ison procedure was utilized for the correction and gave
the corrected level of significance, 5.5 × 10−4 [0.05/
(5C2 × 9)] in the SNP combination analyses. Statistical
analysis was performed using the Statistical Package
for the Social Sciences (SPSS for Windows Software
Package; 15.0, SPSS Inc., Chicago, IL, USA).

RESULTS

Demographic and laboratory baseline characteristics
of study population are presented in Table 1. All patients
were followed up prospectively after the baseline
assessments. Of 102 patients, 92 completed the study
through the entire 2 years. Among the 10 patients who
did not complete the study, 4 discontinued because
of death, 2 discontinued because of transplantation,

3 discontinued because of failure of laboratory mea-
surements, and 1 discontinued because of transfer to
chronic ambulatory peritoneal dialysis treatment. 

Genotyping IL-10 and TNF-alpha promoter 
polymorphisms
The allele frequency and genotype distribution of
IL-10 −1082 G/A, −819 C/T, and −592 C/A and TNF-
alpha −308 A/G and −238 G/A are shown in Table 2.
A set of Hardy–Weinberg analyses on the genotype fre-
quencies revealed that the study group is representative

TABLE 1. Baseline characteristics of the study population
(102 chronic HD patients).

Age (years) 47.0 ± 13.9

Male gender % 62

Duration of dialysis (months) 62 ± 22

Body mass index (kg/m2) 22.6 ± 3.8

Smoking (%) 22.1

Interdialytic weight gain (kg) 3.0 ± 1.2

Primary diseases (n)

Chronic glomerulonephritis 55

Nephrosclerosis 18

Pyelonephritis 8

Amyloidosis 6

Polycystic kidney disease 4

Other disease/unknown 11

Anti-hypertensive agent (n)

ACE inhibitor 4

Angiotensin receptor blocker 3

Ca channel blocker 6

b-Blocker 2

Patients treated with statin (n) 4

Ambulatory systolic BP (mmHg) 127 ± 21

Ambulatory diastolic BP (mmHg) 80 ± 15

Albumin (g/dL) 3.6 ± 0.4

Hemoglobulin (g/L) 10.3 ± 1.6

Total cholesterol (mg/dL) 155 ± 40

LDL cholesterol (mg/dL) 88 ± 30

HDL cholesterol (mg/dL) 38 ± 11

Triglycerides (mg/dL) 146 ± 67

Equilibrated Kt/V 1,4 ± 0.2

Erythrocyte sedimentation rate (mm/h) 13 ± 12

PTH level (pg/L) 237

Ca (mg/dL) 8.1 ± 2.4

P (mg/dL) 5.2 ± 2.1

C-reactive protein (mg/dL) 0.49 ± 0.51
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of a population with random matching for the IL-10
−1082, IL-10 −819, and IL-10 −592 loci, and the TNF-
alpha −308 and TNF-alpha −238 loci (all p-values >
0.1). We observed the frequencies of alleles and allele
combinations and genotype distributions to be in
good correlation with the results of previous studies
with Caucasian populations.10–14 A total of 34% of
the patients were homozygous for the base G at posi-
tion −1082 (−1082 GG), a high-producer genotype for
the coding sequence of the IL-10 gene. Similarly,
33% of the patients carried the base A (−308
AA+AG) at position −308 upstream of the coding
sequence of the TNF-alpha gene, a high-producer
genotype for TNF-alpha gene. Table 3 indicates the
characteristics of these patients, comparing high-
producer and low-producer genotypes. There were
no differences in terms of age, sex, body mass index,
duration of HD, habitual smoking, medications, 24
h ambulatory BP levels, interdialytic weight gain,
Kt/V, hemoglobin levels, serum albumin, and serum
total cholesterol, LDL-C, HDL-C, and triglyceride
levels at the study entry and during follow-up
(Table 4). Furthermore, there were no differences
in the distribution of underlying diseases between
the genotype groups.

CIMT and genotypes
In the study population, 102 participants had CIMT
scans at 0 months, 98 participants at 12 months, and
92 participants at 24 months. Measurements are pre-
sented in Table 5. After the 2-year follow-up, the
mean CIMT of the study population had progressed
by 8.2 ± 4.9% (p = 0.00024) suggesting an association
with somewhat independent aspects of genotype
effect. However, although baseline measurements did
not differ between genotype groups, in the single SNP
analyses, high-producer genotypes [TNF-alpha −308
(AA+AG)] were found to be associated with signifi-
cantly higher annual average CIMT progression com-
pared with low-producer (GG) genotypes (5.6 ± 2.5%
vs. 3.5 ± 2.1%, respectively, p = 0.00068) (Figure 1).
Next, investigation of the association between annual
average CIMT progression and the combinations of
potential susceptible genes showed that the genotype
combination of high producers of TNF-alpha [−308
(AA+AG)] and low producers of IL-10 (−1082 AA)
was associated with higher average CIMT progression
than the genotype combination of low producers of
TNF-alpha (−308 GG) and high producers of IL-10
(−1082 GG) (6.2 ± 2.3% vs. 3.0 ± 1.8%, respectively,
p = 3.3 × 10−4) (Figure 2). The associations of CIMT
measurements with genotype combinations are listed
in Table 6. No significant genotype–subgroup interac-
tions between mean CIMT and metabolic parameters
such as hemoglobin level, erythrocyte sedimentation
rate, and lipid levels were found for any subgroup con-
sidered. We could not find any significant association
between the TNF-alpha −238 and the other IL-10
genotype groups and CIMT progression.

LVMI and genotypes
Correlations of genotype and echocardiographic data
obtained from the 92 participants who completed the
study are summarized in Tables 5 and 6. The study
patients showed a significant progression in mean
LVMI at the end of follow-up as compared with base-
line measurements (6.6% ± 3.2%) (p = 0.00074) dem-
onstrating the existence of risk factors for LVMI
progression in the HD population that are indepen-
dent of genotype. However, though this significant
progression in mean LVMI was common to all partici-
pants, there were differences in the rate of progression
between different genotype groups. A trend toward
higher annual mean LVMI progression was observed
in the high-producer group (TNF-alpha −308 geno-
type AA + AG) versus the low-producer group (GG)
(4.4 ± 2.0 vs. 2.8 ± 1.5%, respectively, p = 7.5 × 10−4)
(Figure 1). Analyses of SNP combinations also
revealed differences in LVMI progression. The combi-
nation genotypes giving rise to high production of
TNF-alpha (−308 AA + AG) and low production of

TABLE 2. Genotype distribution of the study population.

Number Genotype
Phenotype/cytokine

production

IL-10 –1082 102 AA 28 (27%) High (GG) 34 (33%)

AG 40 (40%) Low (AA + AG) 
68(67%)

GG 34 (33%)

IL-10 –819 102 CC 52 (51%) High (CC) 52 (51%)

CT 36 (36%) Low (CT + TT) 48 
(49%)

TT 12 (13%)

IL-10 –592 102 AA 26 (26%) High (CC) 44 (43%)

AC 32 (31%)

CC 44 (43%) Low (AA + AC) 58 
(57%)

TNF-a −308 101 AA 5 (5%) High (AA + AG) 33 
(33%)

Low (GG) 68 (67%)

TNF-a −238 101 AA 2 (1%) High (AA + AG) 18 
(17%)

AG 16 (16%)

GG 84 (83%) Low (GG) 84 (83%)

AG 28 (28%)

GG 68 (67%)
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IL-10 (−1082 AA) were associated with greater LVMI
progression than those giving rise to low production of
TNF-alpha (−308 GG) and high production of IL-10
(−1082 GG) (4.6 ± 2.1 vs. 2.5 ± 1.5%, respectively,
p = 4.2 × 10−4) (Figure 2). Covariance analysis dem-
onstrated that these genotype effects on LVMI pro-
gression were independent of age, sex, body mass
index, duration of HD, habitual smoking, medica-
tions, 24 h ambulatory BP levels, interdialytic weight
gain, hemoglobin, serum albumin, and serum lipid
levels.

C-reactive protein and genotypes, CIMT, 
and LVMI
The TNF-alpha −308 G/A genotype was closely asso-
ciated with CRP, a marker of systemic inflammation in
the study population. CRP levels were higher in the
TNF-alpha −308 AA + AG group compared with

the −308 GG group at study entry (p = 0.00017).
This association continued throughout the 2-year
longitudinal observation. Figure 3 shows CRP levels
of patients with high- and low-producer genotypes for
TNF-alpha −308 during the study period. The TNF-
alpha −308 high-producer genotype was associated
with more frequent elevations of the acute protein
compared with the TNF-alpha −308 low-producer
genotype. This finding suggested that the TNF-alpha
−308 high-producer genotype may trigger subclinical
inflammation. The TNF-alpha −238 and IL-10 geno-
type groups did not show a significant association with
CRP levels. In the combination genotype analyses,
high producers of TNF-alpha (−308 AA + AG) and
low producers of IL-10 (−1082 AA) had significantly
higher average CRP levels compared with low producers
of TNF-alpha (−308 GG) and high producers of IL-10
(−1082 GG) at the beginning of the study (p = 2.1 × 10−4).

TABLE 3. Baseline demographic and laboratory parameters (mean ± SD) according to cytokine genotype in study population.

Parameters

IL-10 –1082 A/G TNF-alpha –308 A/G

High producer 
(n = 34)

Low producer 
(n = 68)

High producer 
(n = 33)

Low producer 
(n = 68)

Age (years) 47.8 ± 14.6 48.0 ± 13.7 48.5 ± 13.8 45.5 ± 17.6

Male/female (n) 24/16 47/34 28/12 56/24

BMI (kg/m2) 22.6 ± 2.6 22.3 ± 3.8 22.6 ± 3.6 21.4 ± 3.8

Smoking (%) 22.9 22.2 23.5 26.4

Hemodialysis duration (months) 72.0 ± 39.3 72.7 ± 58.6 72.5 ± 64.2 76.0 ± 54.2

Antihypertensive (n)

ACE inhibitor 2 2 2 2

ARB 2 1 1 2

Ca channel antagonist 2 4 3 3

b-Blocker 1 1 1 1

Statin medication (n) 2 2 1 3

Hemoglobin (g/dL) (Baseline) 10.5 ± 1.6 10.9 ± 1.7 10.2 ± 1.6 10.9 ± 1.8

SBP (mmHg) (Baseline) 130 ± 6 127 ± 22 131 ± 23 134 ± 22

DBP (mmHg) (Baseline) 79 ± 14.3 82 ± 16 81 ± 16 82 ± 11

Total cholesterol (mg/dL) (Baseline) 148 ± 42 159 ± 36 162 ± 39 143 ± 39

LDL cholesterol (mg/dL) (Baseline) 81 ± 33 91 ± 29 93 ± 31 85 ± 34

Triglycerides (mg/dL) 153 ± 88 149 ± 85 158 ± 105 144 ± 83

HDL cholesterol (mg/dL) 37 ± 14 38 ± 13 37 ± 14 38 ± 13

Albumin (g/dL) 3.8 ± 0.3 3.7 ± 0.4 3.8 ± 0.5 3.9 ± 0.4

ESR (mm/h) 11 ± 9 11 ± 8 11 ± 10 11 ± 8

iPTH (pg/L) 221 ± 293 207 ± 223 297 ± 378 297 ± 378

Ca (mg/dL) 8.7 ± 2.7 8.4 ± 2.6 8.1 ± 2.3 8.8 ± 1.6

P (mg/dL) 4.9 ± 2.4 5.2 ± 2.1 5.0 ± 2.1 4.9 ± 2.2

Kt/V 1.4 ± 0.3 1.3 ± 0.2 1.3 ± 0.3 1.4 ± 0.4

Interdialytic weight gain (kg) 2.7 ± 1.2 2.9 ± 1.3 3.0 ± 1.2 2.8 ± 1.2
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This difference also sustained during the study period
(Figure 4). 

At baseline, CIMT and LVMI did not correlate
with inflammatory markers. However, mean CRP was
positively correlated with the rate of progression of
CIMT and LVMI measured during the 2-year trial
period (r = 0.25, p = 0.023 and r = 0.65, p = 0.01,
respectively).

DISCUSSION

This study investigated the association between func-
tional variants in the TNF-alpha and IL-10 genes,

encoding cytokines involved in the inflammatory axis
implicated in LVH and atherosclerosis progression in
patients on HD. A combination of two polymorphisms
was found to be associated with increased progression
of LVMI and CIMT and increased serum CRP levels
in patients on HD. These two polymorphisms were
the TNF-alpha gene −308 A/G polymorphism, leading
to high production of TNF-alpha, and the IL-10 gene
−1082 polymorphism, leading to low production of
IL-10. These effects seem unrelated to the other car-
diovascular risk factors. The IL-10 −819C/T, −592 C/A,
and TNF-alpha −238 A/G gene polymorphisms had
no measurable influence on the progression of CIMT
or LVMI.

TABLE 4. Average parameters (mean ± SD) according to cytokine genotype during study period.

Parameters

IL-10 –1082 A/G TNF-alpha –308 A/G

High producer 
(n = 31)

Low producer 
(n = 61)

High producer 
(n = 30)

Low producer 
(n = 6)2

Hemoglobin (g/dL) 10.3 ± 1.6 10.6 ± 1.5 10.2 ± 1.7 10.8 ± 1.7

Mean EPO doses (unit/month)

EPO alpha 15,480 15,737 16,000 15,483

EPO beta 19,350 24,590 20,000 21,290

SBP (mmHg) 132 ± 27 133 ± 23 129 ± 22 130 ± 16

DBP (mmHg) 81 ± 21 81 ± 13 82 ± 16 79 ± 14

Total cholesterol (mg/dL) 151 ± 42 158 ± 41 158 ± 43 153 ± 41

LDL cholesterol (mg/dL) 89 ± 34 90 ± 31 95 ± 32 89 ± 35

Triglycerides (mg/dL) 158 ± 84 159 ± 86 160 ± 105 148 ± 105

HDL cholesterol (mg/dL) 36 ± 11 37 ± 14 39 ± 15 37 ± 12

Albumin (g/dL) 3.8 ± 0.4 3.6 ± 0.4 3.6 ± 0.5 3.7 ± 0.4

ESR (mm/h) 13 ± 7 12 ± 9 13 ± 9 11 ± 9

iPTH (pg/L) 241 ± 244 237 ± 256 260 ± 352 218 ± 360

Ca (mg/dL) 8.7 ± 1.9 8.4 ± 2.0 8.1 ± 2.2 8.1 ± 2.3

P (mg/dL) 5.1 ± 2.4 5.3 ± 2.2 4.9 ± 2.2 5.0 ± 2.2

Kt/V 1.3 ± 0.2 1.4 ± 0.2 1.3 ± 0.4 1.4 ± 0.2

Interdialytic weight gain (kg) 2.9 ± 1.3 2.8 ± 1.2 2.9 ± 1.3 2.9 ± 1.4

TABLE 5. LVMI and CIMT measurements in cytokine genotype groups.

Parameters All patients

IL-10 –1082 A/G TNF-alpha –308 A/G

High producer 
(n = 31)

Low producer 
(n = 61)

High producer 
(n = 30)

Low producer 
(n = 62)

LVMI (g/m2) (Baseline) 106 ± 32 99 ± 32 109 ± 32 107 ± 30 105 ± 33

LVMI (g/m2) (1 year) 109 ± 34 103 ± 33 112 ± 35 113 ± 33 108 ± 34

LVMI (g/m2) (2 year) 113 ± 34 107 ± 33 117 ± 35 118 ± 33 111 ± 35

CIMT (mm) (Baseline) 0.67 ± 0.15 0.63 ± 0.14 0.69 ± 0.18 0.67 ± 0.14 0.66 ± 0.15

CIMT m(m) (1 year) 0.69 ± 0.16 0.66 ± 0.14 0.72 ± 0.16 0.72 ± 0.16 0.68 ± 0.16

CIMT (mm) (2 year) 0.72 ± 0.16 0.68 ± 0.15 0.76 ± 0.16 0.75 ± 0.17 0.71 ± 0.17
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It has been previously reported that CRP, the pro-
totype marker of inflammation, is strongly associated
with LVH and atherosclerosis in both ESRD5,19 and
non-ESRD patients.20–22 In the general population,
absolute values usually stayed within the normal
range; in contrast, dialysis patients showed chronically

elevated CRP levels even in the absence of infectious
complications. However, there were interindividual
differences in the extent of inflammation that cannot
be fully explained by uremia or HD. Studies have
shown that the extent of chronic inflammation in dial-
ysis patients is related to the individual’s production of
regulatory cytokines.23 Individual genetic differences
determining the amount of inflammatory or anti-
inflammatory cytokines produced may explain the
large interindividual differences in the inflammatory
activation seen in these patients. Furthermore, due to
inflammatory activation, genetic variation in cytokine
levels may influence cardiovascular markers in HD
patients.

The association between plasma levels of TNF-
alpha and CRP supports the view that monocyte acti-
vation may lead to elevated plasma levels of CRP via
intermediate steps in the inflammatory cascade.24 The
present study showed that the polymorphism at posi-
tion −308 of the TNF-alpha gene promoter, which
determines a ‘high-producer’ or ‘low-producer’ phe-
notype, is predictive of risk of atherosclerosis and LVH
in HD patients. This finding is independent of many
accompanying traditional and/or uremia-related car-
diovascular risk factors. TNF-alpha is a potent immu-
nomodulator and proinflammatory cytokine that has
been implicated in the pathogenesis of inflammatory
and infectious diseases.25 As interindividual differ-
ences in TNF-alpha release have been described, a
TNF-alpha G→A transition at position −308 may be
an important functional polymorphism9,26 that affects
both the prevalence of inflammation and its associated
complications in ESRD. In the general population, the
−308 G→A transition is associated with a state of high
TNF-alpha production and susceptibility to several
diseases.9,27 Over-expression of TNF-alpha has been
also implicated in the pathogenesis of CVD. However,
association between polymorphisms in the TNF-alpha
gene and CVD in the general population is controver-
sial.28 Several recently published studies have demon-
strated that the TNF-alpha −308 AA/GA allele is more
prevalent and may be strongly associated with
increased risk of CVD.29 Studies investigating possible
correlations between cytokine genotypes and CVD in
HD patients are rare, but data have been reported for
this genotype showing that the A allele seems to be
associated with increased risk of complications (Table 1).
Balakrishnan et al.30 demonstrated that HD patients
who were A allele carriers had increased comorbidity
and lower serum albumin levels. Similarly, a study of
patients with acute renal failure demonstrated an
increased risk of death among A allele carriers.31 Ram
et al.32 demonstrated an increased risk of synthetic
graft thrombosis among HD patients who had the G/A
and A/A genotypes. Finally, a recent study performed

FIGURE 1. Annual CIMT and LVMI progression due to
TNF-a −308 A/G gene polymorphism.
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FIGURE 2. Annual LVMI and CIMT progression due to com-
bination of TNF-a −308/IL-10 −1082 gene polymorphisms.
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by Buraczynska et al. showed that the A allele of the
TNF-alpha −308 polymorphism is associated with
CVD in ESRD patients on HD.33 This study seems to
support our findings. To date, no clinical study has
evaluated the direct relationship between cytokine
genotype and atherosclerosis and left ventricle mass in
asymptomatic HD patients. However, the relationship
between acute phase reactants/cytokines and cardio-
vascular mortality and mortality from other causes has
been intensively investigated in ESRD and it has been
consistently observed that acute phase reactants like
serum CRP levels34,35 and levels of cytokines such as
serum TNF-alpha are independently associated with
atherosclerosis36. Several studies have also shown that
high serum levels of circulating TNF-alpha are possi-
bly involved in the pathogenesis of LVH in HD
patients.37 These results agree with our findings dem-
onstrating that differences in inflammatory processes
due to genetic differences in the productive capacity of
TNF-alpha may play a role in the development of ath-
erosclerosis and LVH in asymptomatic HD patients.

IL-10 is the most important anti-inflammatory and
anti-atherogenic immune-regulating cytokine, as it
effectively downregulates TNF-alpha, a known proin-
flammatory cytokine.25 Polymorphic sequences have
been described in the IL-10 promoter (−1082 A/G, −819
C/T, −592 C/A) which leads to high or low production
of this cytokine. Individuals with homozygous G/G
genotypes for the −1082 G allele produce 30% of the
cytokine compared with A/G or A/A genotype individ-
uals.10 Recent studies have focused on the relation
between genetic variations in the IL-10 gene and
CVDs. Patients with unstable angina pectoris had
lower serum levels than those with stable angina pec-
toris, indicating a protective role for the anti-inflam-
matory cytokine.38 Similarly, cardiovascular protective
roles for IL-10 were also reported in dialysis patients.
Girndt et al. demonstrated that HD patients with the
genotype associated with higher IL-10 levels have a
lower risk of cardiovascular death.14 Balakrishnan et al.30

TABLE 6. LVMI and CIMT measurements in cytokine genotype combination groups.

Parameters
High TNF-alpha/high 

IL-10 (n = 5)
High TNF-alpha/low 

IL-10 (n = 22)
Low TNF-alpha/high 

IL-10 (n = 28)
Low TNF-alpha /low 

IL-10 (n = 37)

LVMI (g/m2) (Baseline) 97 ± 16 108 ± 32 101 ± 34 109 ± 32

LVMI (g/m2) (1 year) 104 ± 18 112 ± 36 105 ± 34 111 ± 35

LVMI (gr/m2) (2 year) 108 ± 20 116 ± 36 108 ± 34 115 ± 35

CIMT (mm) (Baseline) 0.68 ± 0.14 0.66 ± 0.15 0.65 ± 0.16 0.68 ± 0.15

CIMT (mm) (1 year) 0.69 ± 0.16 0.71 ± 0.18 0.67 ± 0.15 0.70 ± 0.16

CIMT (mm) (2 year) 0.71 ± 0.15 0.74 ± 0.19 0.69 ± 0.16 0.73 ± 0.15

FIGURE 3. CRP Levels due to TNF-a −308 A/G Gene
polymorphism.
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FIGURE 4. CRP levels due to combination of TNF-a −308/
IL-10 −1082 gene polymorphisms.
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demonstrated that HD patients with the high- and
intermediate-producing genotypes (G/G and G/A) had
a higher functional score (Karnofsky index) than low
producers. Univariate analysis of the relationship
between single genotypes of IL-10 and changes in
CIMT and LVMI did not reach significance in our
study. This could be related to small sample size or a
relatively lower prevalence of certain genotypes in this
cohort. However, patients with the combination of
TNF-alpha high-producer genotypes with the IL-10
low-producer genotype was associated with signifi-
cantly higher CRP levels and progression of CIMT
and LVMI than patients with the low TNF-alpha/
high-IL-10 producer genotype combination. Likewise,
Balakrishnan et al. also demonstrated that patients
with the combination of IL-10 high- or intermediate-
producer genotypes with the TNF-alpha low-producer
genotype had less comorbidity and higher Karnofsky
scores than patients with the opposite polar genotype
combinations.30 These observations indicate that syn-
ergistic or antagonistic effects may come into play with
genotype combinations, and these may have a critical
role in susceptibility to chronic inflammation and
CVDs in these patients.

Although our results are significant, there were lim-
itations in this study. Small sample size may lead to
some bias; meta-analysis of several small and large
sample size studies in patients with renal failure will
give a clearer idea about genetic associations with
CVD in this special patient group. Second, we do not
have data from a normal age-matched Turkish cohort.
However, a set of Hardy–Weinberg analyses of geno-
type frequencies reveal that our study group is repre-
sentative of a population with random mating for the
IL-10 −1082, IL-10 −819, IL-10 −592, TNF-alpha −308,
and TNF-alpha −238 loci (all p-values are greater
than 0.1). Third, we did not measure the serum TNF-
alpha and IL-10. Therefore, we were not able to corre-
late between TNF-alpha −308 A/G and IL-10 −1082
A/G polymorphisms and the serum levels of TNF-
alpha and IL-10.

Recent studies have shown a relationship between
signs of chronic inflammation, for example, CRP,
TNF-alpha, and IL-10 levels, sonographically moni-
tored signs of atherosclerosis, and echocardiographi-
cally defined LVH in the general population.20–22,38

However, the number of studies in HD patients is
small. Our results suggested that inflammatory pro-
cesses in the pathogenesis of CVD might be strongly
enhanced in HD patients and those genetic differences
in the productive capacity of TNF-alpha and IL-10
might influence the risk for CVD in these patients.
CVDs remain the most important cause of death in
the dialysis population in spite of the development of
new treatment modalities. More studies on the effects

of cytokines on CVD in patients with renal failure may
be important for future pharmacogenetic treatment.

Declaration of interest: The authors report no con-
flicts of interest. The authors alone are responsible for
the content and writing of the paper.
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