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Genetic variants of the renin-angiotensin 
system and cardiovascular disease in 
peritoneal dialysis patients *

Śmiertelność wśród pacjentów ze schyłkową niewydolnością nerek (ESRD) 
jest bardzo wysoka, co spowodowane jest głównie chorobami układu sercowo-
naczyniowego (CVD). Warianty genetyczne genów układu renina-angiotensyna, 
enzymu konwertazy angiotensyny I (ACE), angiotensynogenu (AGT) i receptora 
typu 1 angiotensyny II (AT1R),  są uznanymi kandydatami w chorobach układu 
sercowo-naczynioego. Celem niniejszego badania była ocena roli wymienionych 
polimorfizmów w CVD u pacjentów dializowanych otrzewnowo. Badano 80 pa-
cjentów dializowanych otrzewnowo, ze zdiagnozowaną chorobą układu krążenia i 
80 pacjentów bez objawów chorób układu krążenia. W DNA pacjentów oznaczano 
genotypy polimorfizmów genów ACE, AGT i AT1R metodą reakcji łańcuchowej 
polimerazy (PCR) i analizy z endonukleazami restrykcyjnymi. Częstości genoty-
pów i alleli były podobne u pacjentów z CVD i pacjentów bez CVD. Analizowano 
kombinacje alleli ryzyka badanych polimorfizmów. Genotypy z allelami ryzyka 
dwóch polimorfizmów, ACE i AT1R, obserwowano u 27 % pacjentów z CVD, a z 
allelami ryzyka AT1R i AGT u 24 % pacjentów z CVD. Oba allele, ACE D i AGT T, 
obserwowano u 72 % pacjentów z chorobami układu sercowo-naczyniowego. 
Ta kombinacja alleli ryzyka była obecna u 46 % pacjentów bez CVD (p < 0.0001). 
Jest to pierwsze badanie oceniające związek polimorfizmów układu renina-angio-
tensyna z chorobami układu sercowo-naczyniowego u pacjentów dializowanych 
otrzewnowo. Równoczesna obecność allelu D polimorfizmu I/D genu ACE i allelu 
T polimorfizmu M235T genu AGT może być silnym predyktorem zwiększonego 
ryzyka wystąpienia CVD u pacjentów leczonych dializą otrzewnową.

(NEFROL. DIAL. POL. 2015, 19, 112-115)

Mortality rate in end-stage renal disease (ESRD) patients is very high, due 
mainly to cardiovascular disease (CVD). Genetic variants of the renin-angiotensin 
system genes, angiotensin I – converting enzyme (ACE), angiotensinogen (AGT) 
and angiotensin II type 1 receptor (AT1R) are established candidates in CVD . 
The purpose of our study was to evaluate  role of these polymorphisms  in CVD 
in peritoneal dialysis (PD) patients. We examined 80 PD patients  diagnosed with 
CVD and 80 PD patients without any symptoms or signs of CVD. Patients were 
genotyped  for the ACE, AGT and AT1R  polymorphisms by polymerase chain 
reaction (PCR), followed by restriction enzyme analysis. The genotype and allele 
frequencies were similar in PD patients with CVD and those without CVD. We 
analyzed combinations of risk alleles of studied polymorphisms. Genotypes with 
risk alleles of both ACE and AT1R polymorphisms were found in 27 % of patients 
with CVD, and with the risk alleles of both AT1R and AGT  in 24 % of CVD patients. 
Both ACE D allele and AGT T allele were observed in 72 % of CVD patients. This 
combination of  alleles was present in 46 % of patients without CVD (p < 0.0001). 
This is the first study to evaluate the impact of the renin-angiotensin system gene 
polymorphisms on CVD in PD patients. The simultaneous presence of D allele 
of ACE I/D polymorphism and T allele of AGT  M235T polymorphism might be a 
strong predictor of a higher risk of developing CVD in dialyzed patients.

(NEPROL. DIAL. POL. 2015, 19, 112-115)
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Introduction
Chronic kidney disease (CKD) is a major 

public health problem due to high preva-
lence (about 10 % of general population), 
reduction in life expectancy and quality of life 
of patients and enormous cost [1]. Despite 
rapid improvements in dialysis technology, 
the mortality rate in end-stage renal disease 
(ESRD) patients treated with dialysis is very 
high. The main cause of this increase is car-

diovascular disease (CVD) [2,3]. Although 
traditional risk factors such as hypertension, 
diabetes, dyslipidemia, age and smoking are 
common in dialysis patients, they can only in 
part explain the high prevalence of CVD in 
these patients [4,5]. Patients on peritoneal 
dialysis (PD) are exposed to a high glucose 
intake and its metabolic side effects such as 
obesity, diabetes or hyperlipidemia, which 
predispose to ischemic heart disease. Also, 
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an oxidative stress contributes to cardiova-
scular diseases in these patients [6,7]. Ho-
wever, the pathogenesis of cardiovascular 
disease in peritoneal dialysis patients is not 
completely understood.

As in other multifactorial diseases, gene-
tic factors interact with environmental factors 
in a development of chronic renal failure and 
its complications. With the advent of geno-
me-wide association scans, numerous risk 
variants have been identified as candidates 
for conferring susceptibility to renal and 
cardiovascular diseases but most of them 
with only modest effects [8,9].

Genetic variants of the renin-angiotensin 
system genes, encoding angiotensin I – co-
nverting enzyme (ACE), angiotensinogen 
(AGT) and angiotensin II type 1 receptor 
(AT1R) are established candidates for gene-
tic factors in cardiovascular disease [10].

The purpose of our study was to evalu-
ate a role of the ACE, AGT and AT1R gene 
polymorphisms in CVD in peritoneal dialysis 
patients.

Patients and Methods
In this retrospective study, the study 

group included 80 adult patients from a 
single dialysis center, treated with peritoneal 
dialysis and diagnosed with cardiovascular 
disorders and 80 age-matched peritoneal 
dialysis patients without any symptoms 
or signs of cardiovascular disease. These 
patients were dialyzed with either continu-
ous ambulatory PD (n = 100) or automated 
PD (n = 60). Cardiovascular disease was 
diagnosed and documented as one or the 
combination of several pathological states 
: congestive heart failure, left ventricular 
hypertrophy, angina pectoris, ischemic heart 
disease, myocardial infarction, peripheral 
arterial disease, ischemic cerebral stroke 
or atheromatous lesions, all confirmed by 
appropriate biochemical, radiographic, 
echocardiographic and vascular diagnostic 
criteria. There was a substantial overlap 
between categories. At the beginning of 
the study 62 patients in the CVD+ group 
and 55 patients in the CVD- group were 
hypertensive and receiving antihypertensive 
medications. Hypertension was defined as 
a systolic blood pressure > 140 mm Hg and 
diastolic blood pressure > 90 mm Hg and / 
or use of antihypertensive medication. The 
study protocol for genetic analysis was ap-
proved by an institutional ethics committee. 
The investigation conforms to the principles 
of the Declaration of Helsinki.

Determination of genotypes
Genomic DNA was isolated from all 

subjects from peripheral blood leukocytes 
by the standard method .

Angiotensin I-converting enzyme in-
sertion/deletion genotype was determined 
using standard protocol [11]. Because of 
the preferential amplification of the D allele, 
each DD genotype was confirmed by using 
insertion-specific primers [12]. Amplification 
products had the size of 490 bp for the inser-
tion allele and 190 bp for the deletion allele. 
For insertion-specific primers the product of 
335 bp was obtained.

The angiotensinogen gene M235T 
polymorphism was detected by restriction 
typing of PCR product. The following primers 

were used: forward: 5’- CCGTTTGTG-
CAGGGCCTGGCTCTCT - 3’ and reverse: 
5’ - CAGGGTGCTGTCCACACTGGACCCC 
- 3’. Genomic DNA (300 ng) was amplified 
in a final volume of 50 μl, containing 10 mM 
TRIS pH 8.3, 50 mM KCl, 1.5 mM MgCl2, 200 
μM each dNTP, 1 μM of each primer and 2 
U Taq polymerase (all reagents from MBI 
Fermentas, St. Leon-Rot, Germany). The 
initial denaturation at 950C was followed by 
35 cycles of denaturation at 940C, annealing 
at 650C and elongation at 720C, 1 min each. 
Final extension was at 720C for 7 min. The 
PCR product was digested with Psy I restric-
tion enzyme (MBI Fermentas, St.Leon-Rot, 
Germany) and DNA fragments were sepa-
rated by electrophoresis in 2 % agarose gel. 
The M allele was detected as a band of 165 
bp, whereas the mutated T allele showed 
two fragments, 141 bp and 24 bp.

The A1166C variant of the angiotensin 
II type 1 receptor gene was identified with 
primers: forward: 5’ -GCAGCACTTCAC-
TACCAAATGGGC - 3’ and reverse: 5’ - 
CAGGACAAAAGCAGGCTAGGGAGA - 3’. 
The reaction conditions were the same as 
for the AGT polymorphism, except for the 
annealing step which was at 550C. The PCR 
product was digested with Bsu RI restriction 
enzyme (MBI Fermentas, St. Leon-Rot, 
Germany), giving a 231 bp fragment for the 
C allele and undigested 255 bp fragment 
for the A allele.

Statistical analysis
Statistical calculations were performed 

using SPSS 11.0 for Windows (SPSS, Inc., 
Chicago, IL, USA). For baseline characte-
ristics the normally distributed continuous 
variables are presented as means ± SD. The 
Hardy-Weinberg equilibrium was verified 
with the Χ2 test. Genotype distribution and 
allele frequencies were compared between 
groups using a chi-squared test of and z 
statistics. For continuous variables the t-test 
and ANOVA were used for statistical signifi-
cance. Where appropriate, the odds ratios 
(OR) with corresponding 95 % confidence 
intervals (CI) were calculated for the effects 

of high-risk alleles and genotypes. A two-ta-
iled type I error rate of 5 % was considered 
statistically significant. Power calculations 
were done using on-line available power 
calculator (http://calculators.stat.ucla.edu). 

Results
The demographic and laboratory data 

of studied subjects are presented in Table 
I. In the CVD+ group higher frequencies of 
hypertension and diabetes were observed. 
This group of patients also showed a ten-
dency to higher LDL cholesterol and lower 
HDL cholesterol levels than in CVD- patients 
but the differences were not statistically si-
gnificant. The hemoglobin level was higher 
in the CVD- group (p = 0.02).

The genotype distribution for all three 
polymorphisms was in agreement with Har-
dy-Weinberg equilibrium (chi-squared test, 
p = 0.131-0.995). The genotype and allele 
frequencies of studied polymorphisms were 
similar in peritoneal dialysis patients with 
CVD and those without it (Tab. II). The D 
allele of the ACE gene and the C allele of 
the AT1R gene polymorphisms were more 
frequent in patients with CVD (0.57 and 0.36 
versus 0.49 and 0.29, respectively) but the 
differences were not statistically significant. 

We next analyzed combinations of risk 
alleles of studied polymorphisms. The re-
sults are shown in Table III. Genotypes with 
the D allele of the ACE gene polymorphism 
and the C allele of AT1R polymorphism 
were found in 27 % of patients with CVD, 
and the AT1R C allele with AGT T allele in 
24 % of CVD patients, The ACE D allele 
in combination with the AGT T allele was 
observed in 72 % of cardiovascular disease 
patients (p < 0.01). In the group without CVD 
this combination of the ACE and AGT risk 
alleles was present in 46 % of patients. No 
interaction was observed between ACE and 
AT1R or AGT and AT1R polymorphisms in 
increasing a risk of cardiovascular disease 
in peritoneal dialysis patients.

Discussion
Inflammation, malnutrition, calcification, 

Peritoneal dialysis patients
CVD+  (n = 80) CVD-  (n = 80)

Age at study (yrs)                                   61.3 ± 16 60.5 ± 19
Male / female                                            49 / 31 43 / 37
CAPD (%)                                                 52 (65) 48 (60)
Automated PD (%)                                   28 (35) 32  (40)
Time on dialysis (yrs)                              3.1 ± 2.3 2.4 ± 1.7
Body mass index (kg/m2)                        27.2 ± 3.7 26.1 ± 3.4
Hypertension (%)                                    62 (77.5) 55 (68.7)
Diabetes (%)                                            14 (18) 10 (12.5)
Serum cholesterol (mg/dl)                       173 ± 38 166 ± 39
HDL cholesterol (mg / dl)                       53.7 ± 19.2 55.1 ± 17.6
LDL cholesterol (mg / dl)                        132.6 ± 38 122.5 ± 32.4
Serum creatinine (mg/dl)                         8.4 ± 2.6 8.8 ± 3.1
Hemoglobin (g/dl)                                   12.3 ± 2.1* 13.7 ± 1.8

CVD - cardiovascular disease.  Values ± SD; percentages in parentheses;  *p < 0.05

Table I
Clinical characteristics of studied subjects.
Charakterystyka kliniczna badanych osób.
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endothelial dysfunction and oxidative stress 
are cardiovascular disease risk factors that 
contribute to mortality in peritoneal dialysis 
patients [13]. Several reports suggested a 
role of candidate genes in the pathogene-
sis of cardiovascular disease in dialyzed 
patients [14]. The importance of evaluating 
different candidate genes lies in the possi-
bility to identify risk factors allowing early 
identification of patients with renal failure at 
risk of developing serious cardiovascular 
disorders [15].

In this paper we evaluated a role of the 
ACE, AGT and AT1R gene polymorphisms 
in CVD in a group of 160 peritoneal dialysis 
patients. Although , tested separately, none 
of genotypes of three studied polymorphi-
sms appears to be directly involved in a 
development of CVD in peritoneal dialysis 
patients, the simultaneous presence of risk 
alleles of the ACE and AGT polymorphisms 
is associated with CVD in the studied group. 
The odds ratio for the association of these 
two polymorphisms was 3.06 (95 % CI 1.58-
5.92), suggesting an increased risk of car-
diovascular disease. This observation might 
indicate an important combined risk factor 
for cardiovascular disease and it should be 
a subject of further study. 

Although it has been suggested that 
ACE gene plays a role in the occurrence 

of coronary heart disease in the general 
population, the reports on its role in car-
diovascular diseases are still controversial 
[16,17]. In our study the risk allele (D allele) 
of the ACE gene polymorphism alone did not 
have a significant effect on the occurrence of 
cardiovascular disease in peritoneal dialysis 
patients.

There were some other studies evalu-
ating the effect of gene variants on CVD 
and clinical outcomes in peritoneal dialysis 
patients. In a Chinese study it was observed 
that the CRP gene genotype was associated 
with a cardiovascular event-free survival 
benefit among peritoneal dialysis patients 
with cholesterol levels of 200 mg/dl or 
greater. This finding indicated to a com-
plex interaction among cholesterol, CRP 
and cardiovascular disease in peritoneal 
dialysis patients [18]. The same group also 
studied the relationship between glutathione 
S-transferase M1 polymorphism and clinical 
outcome in peritoneal dialysis patients. 
They found that GST M1 genotype was 
associated with better survival in elderly PD 
patients [19]. 

Genetic bases of cardiovascular dise-
ases are complex and include effects of ge-
ne-gene and gene environment interactions 
[20,21]. Three important genes of the RAS 
system, ACE, AGT and AT1R, belonging to 

the same metabolic pathway, may interact 
with each other. ACE and AGT polymor-
phisms affect the amount of their final 
product and may potentially contribute to a 
high risk of CVD that is not found for those 
polymorphisms alone. Our observations on 
the interaction between ACE and AGT gene 
polymorphisms are in agreement with se-
veral published reports of such interactions 
between the RAS system genes [22-24]. 
In a study of 110 myocardial infarction (MI) 
patients with ACE, AGT and AT1R gene po-
lymorphisms, the genotypic frequencies for 
three studied genes alone were similar be-
tween MI patients and controls. In genotypic 
combinations involving unfavorable alleles, 
the risk (odds ratio) of developing MI was 
2.92 for AGT vs. ACE polymorphisms [25]. 
In another study, an interaction was also 
found between homozygotes for T235 of the 
AGT polymorphism and ACE DD genotype 
in developing coronary heart disease and 
MI [26]. An interaction was found between 
ACE gene and AGT haplotypes in the risk 
of hypertension [27].

As most of the association studies, ours 
has some potential limitations. The sample 
size in this study is small . A survival and 
selection bias cannot be excluded in this 
retrospective case-control study. In addition, 
comorbidities in peritoneal dialysis patients 
might represent a confounding factor. The 
strengths of the study are that all patients 
are of the same ethnic origin. Furthermore, 
all subjects were examined in a standardi-
zed manner, with well defined diagnostic 
criteria and genotyping was performed 
blind with respect to case-control status. 
However, the occurrence of renal diseases 
and comorbidities such as cardiovascular 
disease depends on the interaction among 
the different risk alleles, environmental 
factors and the lifestyle. The influence of 
single polymorphisms is rather small and an 
interactive effect of several factors may lead 
to an underestimation or overestimation of 
a role of given polymorphism in determining 
the phenotype. 

In conclusion, to our knowledge ours is 
the first study to evaluate the impact of the 
renin-angiotensin system gene polymorphi-
sms on cardiovascular disease in peritoneal 
dialysis patients. The results of our study 
indicate that simultaneous presence of the 
D allele of the ACE gene I/D polymorphism 
and the T allele of the AGT gene M235T 
polymorphism might be a strong predictor 
of a higher risk of developing cardiovascular 
disease in dialyzed patients.
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