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Abstract 
Background: High blood pressure is associated with adverse morphological 
and functional changes in the cardiovascular system, including left ventricular 
hypertrophy (LVH). Osteoprotegerin (OPG) is a member of the tumor necrosis 
factor receptor superfamily of cytokines. X-ray repair cross-complementing 
protein 3 (XRCC3) is involved in the repair pathway for double-strand breaks 
(DSBs). We assessed the association of osteoprotegerin and XRCC3 gene po-
lymorphisms with the occurrence of left ventricular hypertrophy in hyperten-
sive patients. Patients and methods: The study included 50 hypertensive pa-
tients: 25 with LVH (group A) and 25 without LVH (group B). All cases were 
subjected to complete history taking and clinical examination. ECG and 
echocardiography were done. LV mass was calculated to detect the presence 
or absence of LV hypertrophy. DNA was extracted from blood samples, and 
then, each DNA sample was amplified in PCRs, to detect osteoprotogrin and 
XRCC3 gene polymorphisms. Results: Mean age in the cases in group A is 
63.12 years and in group B was 58.24 years with statistically significant dif-
ference between the two groups. The duration of the disease and SBP revealed 
statistically significant difference between the two groups. The LV mass index 
and E/A ratio revealed high statistically significant difference between the two 
groups. OPG sequence revealed no statistically significant difference between 
the two groups, but XRCC3 sequence revealed statistically significant differ-
ence. The age was a risk factor for LVH. Conclusion: Osteoprotogrin and 
XRCC3 genes polymorphism mutations may be associated with left ventricu-
lar hypertrophy in hypertensive patients. 
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1. Introduction 

High blood pressure is associated with adverse morphological and functional 
changes in the cardiovascular system, including left ventricular hypertrophy 
(LVH) [1] [2]. LVH is regarded as an independent risk factor for cardiovascular 
morbidity and mortality [3] [4] [5] [6] [7]. Many factors (blood pressure level, 
duration of hypertension, age, obesity, diet, and pharmacologic treatment) may 
influence the occurrence and degree of LVH [8] [9]. In addition, the genetic fac-
tors are related to LVH as well [10] [11] [12]. A number of candidate genes re-
sponsible for LVH have been studied in different ethnic populations [13] [14] 
[15].  

Osteoprotegerin (OPG) is a member of the tumor necrosis factor receptor su-
perfamily of cytokines and a soluble receptor for the receptor activator for nuc-
lear factor-κB ligand [16]. Association of serum OPG with left ventricular mass 
was reported in African-American adults with hypertension and in the general 
population [17] [18]. Human OPG gene located on chromosome 8 represents a 
single-copy gene with 5 exons spanning 29 kb of the human genome [19].  

Several polymorphisms at the OPG promoter have been associated with vas-
cular morphology and function in different populations. However, the role of 
OPG gene polymorphisms and serum OPG level in the development of cardiac 
remodeling, such as LVH development under hypertensive condition, has not 
been addressed. In the present study, we enrolled patients with essential hyper-
tension (EH) to investigate the possible association between OPG genetic poly-
morphisms and LVH occurrence [20].  

X-ray repair cross-complementing protein 3 (XRCC3) participates in homo-
logous recombination and is involved in the repair pathway for double-strand 
breaks (DSBs). XRCC3 deficiency results in a defect in recombination and re-
sults in increased endoreduplication. Endoreduplication is the replication of the 
nuclear genome without subsequent cell division; this process leads to polyploi-
dy and an increase in cell size [21]. 

The study aimed to assess the association of osteoprotegerin and XRCC3 
genes polymorphisms with the occurrence of left ventricular hypertrophy in 
hypertensive patients. 

2. Patients and Methods 

This is a case- control study conducted to assess the association of osteoprotege-
rin and XRCC3 genes polymorphisms with the occurrence of left ventricular 
hypertrophy in hypertensive patients. This study was conducted at the Cardiol-
ogy Department, Benha University Hospital, Egypt. 

The study included 50 cases that were divided into two groups each of 25 
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cases as follows: hypertensive patients with LVH (group I) and hypertensive pa-
tients without LVH (group II). 

Inclusion criteria: 
Patients with essential hypertension without other comorbidities. 
Exclusion criteria: 
1) Patients who have secondary hypertension.  
2) Patients with DM.  
3) Patients with chronic kidney disease.  
4) Patients with valvular or congenital heart disease.  
5) Patients with cardiomyopathy.  
Methods: 
1) Complete history taking: 

• Demographic data. 
• History of the current disease. 
• Medical and surgical history.  
• History of drug intake. 

2) Clinical examination: 
• Pulse. 
• Blood pressure. 
• Height, weight, waist circumference, body mass index (BMI) calculation. 
• Local examination to assess sound, apical impulse and jugular venous pulse. 

3) ECG: for assessment of signs of LVH. 
4) Echocardiography. 
5) Determination of LV mass: The calculation of the LV mass was done to 

detect the presence or absence of LV hypertrophy according to the following 
law: LV mass = 0.8 × (1.04 × ((LVIDd + PWTd + SWTd)3 − (LVIDd)3)) = 0.6 g. 

6) PCR- detection of the polymorphism of the gene (XRCC3). 
7) PCR- detection of the polymorphism of the osteoprotogringene (OPG). 
Statistical analysis 
The collected data were coded, processed and analyzed using the SPSS (Statis-

tical Package for Social Sciences) version 22 for Windows® (SPSS Inc, Chicago, 
IL, USA). Qualitative data was presented as number (frequency) and Percent. 
Comparison between groups was done by Chi-Square test (χ2). Quantitative data 
was tested for normality by Kolmogorov-Smirnov test. Normally distributed da-
ta was presented as mean ± SD. Student t-test was used to compare between two 
groups (expressed as t). Non-parametric data was presented as median (min - 
max). Mann-Whitney test (expressed as z) was used for comparison between 
groups. Logistic regression analysis was used for univariate and multivariate 
analysis for prediction of LVH. Receiver operator curve was used to analyze the 
predictive ability of quantitative variable (LV mass index) to differentiate cases 
with and without LVH. P < 0.05 was considered to be statistically significant. 

3. Results 

The mean in the cases in group A is 63.12 ± 7.23 years and in group B was 58.24 
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± 7.16 years with statistically significant difference between the two groups (p = 
0.025). There were 52% males and 48% females in group A and 64% males and 
36% females in group B with no statistically significant difference between the 
two groups (Table 1). 

There were statistically significant differences between the two groups re-
garding SBP, prominent a wave and second sound split and high statistically sig-
nificant differences regarding forcible apex and fourth heart sound (Table 2). 

The mean LV mass index was 131.52 ± 11.82 gm/m2 in group A and it was 
84.63 ± 14.87 gm/m2 in group B with high statistically significant difference be-
tween the two groups (p < 0.001) (Table 3). 

There were statistically significant differences between the two groups re-
garding mean E/A ratio and diastolic dysfunction grade. The mean PWEDd, 
IVSDd and LV mass (gram) also revealed high statistically significant difference 
between the two groups being higher in group A (Table 4). 

The analysis of OPG in the two study groups is shown in Table 5, the CC se-
quence was present in 20% of cases in group A and in 32% of cases in group B, 
the CG sequence was present in 44% of cases in group A and 48% of cases in 
group B while the GG sequence were found in 36% of cases in group A and 20% 
of cases in group B with no statistically significant difference between the two 
groups (p = 0.387). 

The analysis of XRCC3 in the two study groups is shown in Table 6, the 
Thr/Met base pair was present in 48% of cases in group A and in 16% of cases in 
group B while the Thr/Thr base pairs was present in 52% of cases in group A 
and 84% of cases in group B with statistically significant difference between the 
two groups (p = 0.015).  

With the univariate risk analysis, age, duration of the disease, prominent a 
wave, EA ratio, diastolic dysfunction grade, PWEDd, IVSDd, LV mass and LV  
 
Table 1. Analysis of demographic data in the two study groups.  

 

Groups 

Test of  
significance 

Group A 
HTN with LVH 

(N = 25) 

Group B 
HTN without LVH 

(N = 25) 

Age (years) 63.12 ± 7.23 58.24 ± 7.16 p = 0.025* 

Gender 
Male 13 (52%) 16 (64%) 

p = 0.342 
Female 12 (48%) 9 (36%) 

Height 171.4 ± 8.01 171 ± 7.65 p = 0.986 

Weight 79.24 ± 12.18 82.08 ± 14.54 p = 0.458 

Waist-circumference 88.28 ± 6.87 87.76 ± 6.69 p = 0.787 

BMI 26.97 ± 2.88 27.93 ± 3.52 p = 0.296 

BSA 1.93 ± 0.19 1.97 ± 0.21 p = 0.552 

P: probability. Continuous data expressed as mean ± SD. Categorical data expressed as Number (%).*: sta-
tistically significant when (p < 0.05). 
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Table 2. Analysis of clinical data in the two study groups.  

 

Groups 

Test of significance Group A 
HTN with LVH 

(N = 25) 

Group B 
HTN without LVH 

(N = 25) 

SBP 125.8 ± 4.93 118.4 ± 3.57 p = 0.008* 

DBP 83.04 ± 4.01 85.8 ± 19.89 p = 0.557 

HR 80.72 ± 11.92 76.12 ± 11.67 p = 0.175 

Prominent a wave 10 (40%) 1 (4%) p = 0.002* 

Dyspnea 
grade 

Grade 0 12 (48%) 19 (76%) 

p = 0.061 Grade 1 10 (40%) 6 (24%) 

Grade 2 3 (12%) 0 (0%) 

Lower limb edema 3 (12%) 1 (4%) p = 0.297 

Forcible apex 9 (36%) 0 (0%) p = 0.001* 

Fourth heart sound 9 (36%) 0 (0%) p = 0.001* 

 
Table 3. LV mass index in the two study groups.  

 

Groups 

Test of  
significance 

Group A 
HTN with LVH 

(N = 25) 

Group B 
HTN without LVH 

(N = 25) 

LV mass index (gm/m2) 131.52 ± 11.82 84.63 ± 14.87 p< 0.001* 

 
Table 4. Analysis of echocardiography in the two study groups.  

 

Groups 

Test of  
significance 

Group A 
HTN with LVH 

(N = 25) 

Group B 
HTN without LVH 

(N = 25) 

EF (%) 68.88 ± 6.54 67.36 ± 6.54 p = 0.415 

FS (%) 39.04 ± 5.27 37.49 ± 5.04 
 

p = 0.291 

E/A ratio 0.79 ± 0.22 1.38 ± 0.29 p < 0.001* 

Diastolic  
dysfunction 

grade 

Grade 0 4 (16%) 22 (88%) 

p < 0.001* Grade 1 21 (84%) 0 (0%) 

Grade 2 0 (0%) 3 (12%) 

LVEDD 5.02 ± 0.51 4.76 ± 0.55 p = 0.091 

PWEDd 1.26 ± 0.12 0.99 ± 0.11 p < 0.001* 

IVSDd 1.28 ± 0.13 0.97 ± 0.11 p < 0.001* 

LV mass (gram) 255.45 ± 39.17 166.68 ± 36.37 p < 0.001* 

P: probability. Continuous data expressed as mean ± SD. Categorical data expressed as Number (%). *: sta-
tistically significant when (p < 0.05) EF: ejection fraction. FS: fraction shortening. LVEDD: left ventricular 
end diastolic diameter. 
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Table 5. Analysis of osteoprotegerin in the two study groups. 

 

Groups 

OR 
(95% CI) 

Test of  
significance 

Group A 
HTN with LVH 

(N = 25) 

Group B 
HTN without LVH 

(N = 25) 

OPG 

CC 5 (20%) 8 (32%)   
0.78 

 
0.21 

CG 11 (44%) 12 (48%) 0.97 (0.62 - 1.25) 

GG 9 (36%) 5 (20%) 1.48 (0.75 - 1.89) 

alleles 
G 
C 

29 (58%) 
21 (42%) 

22 (44%) 
28 (56%) 

1.22 (0.35 - 2.13) 
 

0.16 

P: probability. Categorical data expressed as Number (%). χ2 = Chi-square test. OPG: Osteoprotegerin gene. 

 
Table 6. Analysis of XRCC3 in the two study groups.  

 

Groups 

OR 
(95 % CI) 

Test of  
significance 

Group A 
HTN with LVH 

(N = 25) 

Group B 
HTN without LVH 

(N = 25) 

XRCC3 
Thr/Met 12 (48%) 4 (16%)  

p = 0.015* 
Thr/Thr 13 (52%) 21 (84%) 2.86 (1.98 - 3.85) 

Alleles 
Thr 
Met 

38 (76%) 
12 (24%) 

46 (92%) 
4 (8%) 

3.22 (1.13 - 5.35) 0.03* 

P: probability. Categorical data expressed as Number (%).χ2 = Chi-square test. *: significant when (p < 
0.05). 

 
mass index were significant predictors of LVH. With multivariate regression 
analysis, smoking, E/A ration, PWEDd and LV mass were independent risk fac-
tors for LVH (Table 7). 

4. Discussion 

Hypertension, coronary heart disease, valvular heart disease, cardiomyopathy 
and congenital heart disease are the main causes of heart failure. Hypertension 
(HTN) is a leading cause of death and morbidity worldwide. The burden and 
prevalence of the disease is increasing globally [22]. 

In response to these cardiovascular insults, the left ventricle (LV) compensates 
by either hypertrophy or dilatation to preserve and maintain cardiac pump per-
formance. Left ventricular hypertrophy (LVH) secondary to arterial hyperten-
sion is a complex cardiac phenotype resulting from the response of myocyte and 
non-myocyte components to mechanical and neuro-humoral stimuli [23]. LVH 
and increased LV mass (LVM) are risk factors of coronary artery disease, con-
gestive heart disease and stroke [24]. 

Bella and Göring [11] have demonstrated that LVH is mediated by the me-
chanical stress of pressure overload, neurohormonal factors, and various genetic 
factors that independently exert trophic effects on myocytes and non-myocytes 
in the heart. 
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Table 7. Univariate and multivariate analysis of predictors of LVH. 

Variables Univariate analysis 
Multivariate analysis 

B 95% CI P value 

Age 0.031* 0.528 0.398 - 1.05 0.362 

Gender 0.391    

Duration of the disease 0.012*    

Smoking <0.001* 1.824 1.273 - 2.982 0.043* 

SBP 0.071    

DBP 0.618    

HR 0.128    

Prominent a wave 0.011* 1.517 1.241 - 2.28 0.054 

Grade of dyspnea 0.278    

Lower limb edema 0.999    

Forcible apex 0.999    

Fourth sound 0.999    

RBS 0.152    

Creatinine 0.408    

Sokolow index 0.998    

Height 0.985    

Weight 0.451    

Waist circumference 0.782    

BMI 0.296    

BSA 0.544    

OPG alleles 0.16    

XRCC3 alleles 0.03* 1.68 1.13 - 2.97 0.04* 

*: statistically significant when (p < 0.05). 
 

Genome-wide association studies (GWAS) have identified several single nuc-
leotide polymorphisms (SNPs) associated with echocardiography LVH [25]. Os-
teoprotegerin (OPG) is a member of the tumor necrosis factor receptor super-
family of cytokines and a soluble receptor for the receptor activator for nuclear 
factor-kB ligand [16]. The association of serum OPG with left ventricular mass 
was reported in African-American adults with hypertension and in the general 
population. X-ray repair cross-complementing protein 3 (XRCC3) participates 
in homologous recombination and is involved in the repair pathway for 
double-strand breaks (DSBs) [26]. 

The aim of this study is to assess the association of osteoprotegerin and 
XRCC3 genes polymorphisms with the occurrence of left ventricular hypertro-
phy in hypertensive patients. The study included 50 cases that were divided into 
two groups each of 25 cases as follows; Group A: hypertensive patients with LVH 
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and Group B: Hypertensive patients without LVH. 
Another study conducted by Ariyandy et al. [27] aimed to determine the im-

pact of the XRCC3 polymorphism on the incidence of hypertension-induced left 
ventricular hypertrophy (LVH). The study included 77 hypertensive patients 
who are maintained on HD. 

Another study was conducted by Shen et al. [28] to investigate the role of os-
teoprotegerin (OPG) in left ventricular hypertrophy (LVH) development in pa-
tients with essential hypertension (EH). A total of 1092 patients diagnosed with 
EH were recruited. The LVHs were determined and OPG gene polymorphisms 
were genotyped [28]. 

In this study, the mean in the cases in group A is 63.12 ± 7.23 years and in 
group B was 58.24 ± 7.16 years with statistically significant difference between 
the two groups (p = 0.025). This partially agreed with Bahramali et al. [29] who 
showed that the mean age in cases with LVH was more than in cases without 
LVH (63.3 ± 12.01 years vs 61.70 ± 13.26 years respectively), but this difference 
didn’t reveal a statistically significance. 

In this study, males were affected more than females; there were 52% males 
and 48% females in group A and 64% males and 36% females in group B with no 
statistically significant difference between the two groups. This came in agree-
ment with Ariyandy et al. [27] who reported in their study that males were more 
than females in the two study groups (18/8 in LVH group and 34/17 in cases 
without LVH) with no statistically significant difference between the two groups. 
However, in a study by Bahramali et al. [29], there was high prevalence of fe-
males over males (124 females vs 52 males) in the whole study with high statisti-
cally significant difference between the two groups. 

The median duration of the disease in group A was 5 years with range be-
tween 2 to 12 years while in group B it was 4 years with range between 2 to 8 
years, with statistically significant difference between the two groups (p = 0.004). 
This came in contrast to Shen et al. [28] who showed no significant difference in 
the mean duration of HTN in the groups with or without HTN. 

There was no significant difference between the two study groups in the mean 
height, weight, waist-circumference, BMI and BSA between the two study 
groups. This agreed with Bahramali et al. [29] as they revealed no significant 
difference in the mean BMI in cases with and without LVH. This came in con-
trast with Ariyandy et al. who showed that there was a statistically significant 
difference in the mean BMI in the cases with and without LVH; being higher in 
the LVH cases (p < 0.001). 

In this study, no cases in the two groups had previous history of CAD, DM, 
CKD or OSA. In the contrast, Bahramali et al. [29] showed that DM was a 
common associated disease in both cases with and without HTN that was de-
tected in about 42% of the cases within the study.  

Also in this study, The group of cases with LVH showed higher prevalence of 
smoking as compared to the group without LVH (48% vs 16% respectively) (p < 
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0.001). This came in accordance with Shen et al. [28] who showed statistically 
significant difference between the group with LVH and without LVH in the in-
cidence of smoking (59.9% vs 45.6%). No significant difference was reported by 
Bahramali et al. [29] regarding the prevalence of smoking in the two groups in-
cluded in their study. 

In this study, there was no statistically significant difference between the two 
study groups regarding the use of different drugs; Beta blockers (56% vs 60%), 
ACEIs (48% vs 40%), CCB (12% vs 24%), ARB (16% vs 28%), Diuretics (24% vs 
44%), Alpha blockers (4% vs 0%) in the groups with and without LVH respec-
tively. This came in accordance with Shen et al. [28] who showed no statistically 
significant difference between the two groups with and without the HTN treat-
ment protocol, with beta blockers as the most commonly used drugs followed by 
ACEIs. 

The mean SBP in group A was 125.8 ± 4.93 mmHg and in group B it was 
122.4 ± 3.57 mmHg with statistically significant difference between the two 
groups (p = 0.008). In another study, the mean SBP in the cases with LVH was 
149.7 ± 10.2 mmHg and in the cases without LVH was 145.2 ± 8.8, with statisti-
cally significant difference between the two groups (p = 0.049) [28]. However, 
Ariyandy et al. [27] reported no statistically significant difference in the mean 
SBP between the cases with and without LVH, although they reported that it was 
higher in cases with LVH. It could be explained by the fact that poor glycemic 
control is usually associated with HTN or due to the state of cardiac affection. 

In this study, all of DBP, HR, grade of dyspnea and lower limb edema didn’t 
reveal statistically significant difference between the two groups. This came in 
agreement with some studies that revealed no significant difference in the mean 
DBP between the two groups with or without LVH [27] [28] [29]. 

The mean RBS and serum creatinine levels in the two study groups didn’t re-
veal significant difference between the two groups. This came in accordance with 
the results reported by Shen et al. [28] who showed no statistically significant 
difference between the two groups with and without LVH.  

The mean LV mass index was 131.52 ± 11.82 gm/m2 in group A and it was 
84.63 ± 14.87 gm/m2 in group B with high statistically significant difference be-
tween the two groups (p < 0.001). This came in accordance with Bahramoli et al. 
[29] who showed that the mean LV mass index in the group with LVH was 
129.49 ± 29.69 gm/m2 and in the group without LVH was 80.34 ± 19.05 gm/m2 

with high statistically significant difference between the two groups (p < 0.001). 
In this study, the mean EF in cases without LVH was 67.36% ± 6.54% and in 

cases with LVH was 68.88% ± 6.54% with no significant difference between the 
two groups (p = 0.66). This came in agreement with Ariyandy et al. [27] who 
showed that the mean EF in cases without LVH was 64.0% ± 12% and in cases 
with LVH was 65.7% ± 9.2% with no significant difference between the two 
groups. 

The mean E/A ratio in group A was 0.79 ± 0.22 and in group B it was 1.38 ± 
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0.29 with high statistically significant difference between the two groups (p < 
0.001). This came in disagreement with Bahramoli et al. [29] who showed no 
statistically significant difference in the E/A in the cases with and without LVH 
(p = 0.17). 

The mean PWEDd, IVSDd and LV mass (gram) also revealed high statistically 
significant difference between the two groups (p < 0.001) being higher in group 
A. This came in accordance with Bahramoli et al. [29] who showed that there 
was statistically significant difference in each of the following IVS, LVPW and 
LVEDD being significantly higher in the cases with LVH (p < 0.001). However, 
Ariyandy et al. [27] didn’t reveal any significant difference in the mean values of 
LV end-diastolic dimension and LV end-systolic dimension between cases with 
and without LVH (p = 0.52 and 0.97 respectively). 

In this study, with the analysis of OPG gene sequence, the CC sequence was 
present in 20% of cases in group A and in 32% of cases in group B, the CG se-
quence was present in 44% of cases in group A and 48% of cases in group B 
while the GG sequence were found in 36% of cases in group A and 20% of cases 
in group B with no statistically significant difference between the two groups (p 
= 0.387). 

In another study, Genotype frequencies of OPG polymorphisms in LVH +ve 
and LVH −ve showed that the genotype and the allele frequencies of 163 A > G 
and 245 T > G were not significantly different between LVH +ve and LVH −ve 
groups (all P > 0.05). However, the genotypes and allele frequency of 1181 G > C 
were significantly different between the 2 groups. LVH +ve patients had a mar-
kedly lower CC genotype than LVH −ve patients (18.06% vs 31.12%, global P < 
0.001). The 1181GG genotype as reference, multivariate logistic regression anal-
ysis showed that the 1181CC genotype carriers had a markedly lower chance to 
develop LVH [28]. 

Of all genetic variants, the polymorphism at 1181 G > C locus seems to be 
more associated with cardiovascular disease than the others. A study in Polish 
population revealed carriers of the homozygous CC of 1181 OPG gene were 
shown to have normal coronary arteries more frequently when compared with 
heterozygotes for CG or homozygotes for GG, but not 209 C/T and 245 C/TC 
polymorphisms [30]. However, another study in Korean population failed to 
show a significant association between OPG and RANK polymorphisms and 
acute coronary syndrome occurrence [31]. 

Regarding the analysis of XRCC3 sequence in the two study groups in this 
study, the Thr/Met genotype frequency was present in 48% of cases in group A 
and in 16% of cases in group B while the Thr/Thr genotype frequency was 
present in 52% of cases in group A and 84% of cases in group B with statistically 
significant difference between the two groups (p = 0.015). 

Similar results were reported by Ariyandyet al. [27], the Thr/Met genotype 
frequency was present in 13.7% of cases in group without LVH and in 42.3% of 
cases in group with LVH while the Thr/Thr genotype frequency was present in 
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86.3% of cases in group without LVH and 57.7% of cases in group with LVH 
with statistically significant difference between the two groups. 

In this study, with univariate regression analysis, the age was shown as risk 
factor for LVH and that wasn’t revealed by using the multivariate analysis. A 
report from the Framingham Heart Study showed that increased LV mass 
strongly predicted all-cause and cardiac mortality and coronary heart disease 
events in adults over 40 years, independently of conventional risk factors [32]. 

5. Conclusion 

Osteoprotogrin and XRCC3 genes polymorphisms mutation may be associated 
with left ventricular hypertrophy in hypertensive patients. 
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