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Abstract: Background: HSG (hyperplasia suppressor gene, also named Mitofusion-2, Mfn-2) gene polymorphisms 
have been studied as a candidate gene in essential hypertension, but no clear consensus has been reached in the 
Chinese population. To systematically explore their possible association, a case-control study was conducted in a 
central Chinese population. Methods and Results: We recruited 402 EH patients and 267 normotensive (NT) con-
trol subjects. A total of 6 tag SNPs of HSG gene were genotyped successfully by TaqMan assay. The results showed 
that genotype distribution and the allelic frequency of rs873457, rs2236384, rs4846085, and rs1474868 in the 
EH and NT groups were significantly different (P < 0.05), although those of rs2295281 and rs17037564 were not. 
rs2336384, rs873457, rs4846085 and rs1474868 were also closely associated with EH under the dominant ge-
netic model (P < 0.05). Gender-based subgroup analyses showed that significant associations between rs873457, 
rs2336384, rs4846085, and rs1474868 and EH could be found in males, but not in females. Haplotype analysis 
indicated that the C-G-T-T-T-G haplotype was positively correlated with EH. Conclusion: Our study suggested that HSG 
gene polymorphisms were significantly associated with EH in a central Han Chinese population, especially in male 
subjects.

Keywords: Essential hypertension, hyperplasia suppressor gene, polymorphism, haplotype, central Han Chinese 
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Introduction 

The high prevalence of hypertension is closely 
related to the morbidity and mortality of stroke, 
myocardial infarction, congestive heart failure, 
and end-stage renal disease [1] and is a major 
global public health problem.

Essential hypertension (EH) occurs due to the 
interaction of multiple factors, both genetic and 
environmental. It is estimated that genetics 
accounts for 20 to 60% of variations in blood 
pressure. A multitude of studies have attempt-
ed to focus on the factors of hypertension  
susceptibility. Genome-wide association study 
(GWAS) is a novel method now being used to 
detect genes which may raise one’s susce- 
ptibility to EH. Nevertheless, the outcomes 
reported from GWAS’s can only be used [2] to 
clarify relatively few genetic variations. As other 

factors such as ethnicity and environmental 
factors are vital to determining possible sus-
ceptibility genes, gene association remains an 
important area of research. 

It is suggested that the hyperplasia suppres-
sive gene (HSG), or Mitofusion-2 (Mfn-2), map- 
ped to the chromosome 1p36.22, could be a 
hypertension-related susceptibility gene. This 
gene was isolated using differential display 
technology and is reported to have reduced 
expression in the vascular smooth muscle cells 
(VSMCs) of spontaneously hypertensive rats 
(SHRs) [3]. The HSG affects the proliferation  
of VSMCs [4, 5], insulin resistance [6], and 
endoplasmic reticulum (ER) stress [7]. These 
studies suggest that HSG may participate in  
the occurrence and development of EH through 
these pathologic processes.
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However, there has been little research in- 
vestigating the relationship between the HSG 
gene and EH. While Wang et al. found that sev-
eral polymorphisms, including rs2336384 in 
intron 2 of HSG, were associated with EH in a 
Chinese population, others reported only 1 SNP 
(rs2336384) in the HSG gene and found no  
significant association between the polymor-
phism and hypertension in Koreans [8]. Thus a 
study was needed to confirm the relationship 
between HSG polymorphisms and hyperten-
sion in Chinese Han populations.

A genome-wide association study (GWAS) [9]  
on the Chinese Han population demonstrated 
that the people in Shanghai City, Jiangsu, and 
Anhui provinces (which have high central 
Chinese Han populations) had unique genetic 
characteristics, which were remarkably differ-
ent from the genetic background of the south-
ern and the northern Han populations. This 
study aimed to investigate the associations 
between HSG gene polymorphisms and essen-
tial hypertension in a central Chinese Han 
population.

Materials and methods 

Study population 

All hypertensive patients and normotensive 
(NT) controls were collected from October  
2015 to July 2017 at the health check-up cen-
tre of the Affiliated Huaian No. 1 People’s 
Hospital of Nanjing Medical University (Nan- 
jing, China). A total of 402 unrelated hyperten-
sive patients and 267 normotensive controls 
were identified and recruited. Blood pressure 
(BP) was accurately measured three times  
with a standardized mercury sphygmomanom-
eter by experienced internists at their offices 
according to a common protocol recommended 
by European Society of Hypertension [10]. 
Exercise, alcohol, caffeine, and smoking were 
not generally allowed for a period of 30 min 
prior to blood pressure measurement. Mea- 
surements were taken on the right arm using 
the appropriate bladders after the participants 
had been seated in a chair with their feet on  
the floor for 10 min. All the participants were 
recruited into the study after they visited the 
clinical office several times.

This study defined hypertension as 1) an aver-
age systolic blood pressure (SBP) ≥ 140 mmHg, 

2) and/or an average diastolic blood pressure 
(DBP) ≥ 90 mmHg, or 3) receiving antihyper- 
tensive treatment. Patients with a SBP/DBP < 
140/90 mmHg and not on antihypertensive 
treatment were considered normotensive. 
Exclusion criteria included 1) secondary hyper-
tension, 2) diabetes mellitus, 3) cancer, 4)  
and hepatic and renal dysfunction. For inclu-
sion patients underwent a detailed clinical his-
tory assessment, physical exam, and laborato-
ry panel. Participants who had smoked ≥ 100 
cigarettes were identified as smokers, partici-
pants who had drunk ≥ 12 times during the 
past year were identified as drinkers [11]. This 
study followed the World Health Organization 
obesity guidelines on Asians by defining obe- 
sity as a body mass index ≥ 25 kg/m2 [12].  
The study complied with the Declaration of 
Helsinki, and the local ethics committee of the 
Affiliated Huaian No. 1 People’s Hospital of 
Nanjing Medical University of Medical Scienc- 
es approved the research protocol. Written 
informed consent was obtained from each 
participant.

Genotyping

A 5 mL peripheral blood sample was collected 
after 12 h of overnight fasting and was drawn 
into ethylenediaminetetraacetic acid (EDTA)-
containing receptacles. DNA was extracted 
according to standard phenol chloroform me- 
thod and stored at -20°C for batch genotyp- 
ing. The six single nucleotide polymorphisms 
(SNPs) of the HSG gene were genotyped using 
the TaqMan assay. The SNP genotyping kits  
for C__11461996_20 (rs873457); C__114- 
61995_10 (rs2336384); C__16189654_10 
(rs2295281); C__1267226_10 (rs4846085); 
C__1267235_20 (rs1474868); and C__ 
32800152_10 (rs17037564) were acquired 
from Applied Biosystems. These kits contain- 
ed two flanking primers and C- and T-specific  
(or G- and A-specific) probes labelled with VIC 
and FAM fluorescent dyes, respectively. Using 
the kit manufacturer’s instructions, the sam- 
ple DNA was amplified by polymerase chain 
reaction (PCR) on a Gene Amp PCR System 
9700 thermal cycler (Applied Biosystems).  
380 samples of unknown genotype were placed 
into 384-well plates. For the negative control, 
two samples were prepared with no DNA but 
included reagents, and for the control group 
two duplicate samples were prepared. Plates 
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were read on a ABI HT 7900 instrument using 
the end-point analysis mode of the SDS, ver-
sion 2.0, software package (Applied Biosy- 
stems). Dye-component fluorescent emission 
data depicted on an X-Y scatter plot using SDS 
software were used to differentiate genotypes.

Statistical analysis

SPSS (Version 17.0; SPSS, Inc., Chicago, IL, 
USA) was used for database management and 
statistical analyses. A two-sample t-test was 
used to analyse all comparisons using con- 
tinuous variables. The chi-square test was  
used to determine the allelic and genotypic fre-
quencies of both the hypertensive cases and 
normotensive controls. Multivariate logistic 
regression adjusted for covariates was used  
to examine the frequency of genotypes among 
the participants using various genetic models 
(additive, dominant, recessive, and homozy-
gote comparisons). Analyses used two tailed 
estimations of significance with a distinct cut-
off at P < 0.05. The chi-square test for good-
ness-of-fit-based web program (http://ihg.gsf.
de/cgi-bin/hw/hwa1.pl) was used to test for  
the Hardy-Weinberg equilibrium.

The expectation maximization algorithm [13] 
was applied to estimate haplotype frequencies 

Characteristics of the participants in the case-
control study

A total of 669 unrelated participants com- 
prising 267 normotensive controls from the 
general public and 402 patients with EH were 
recruited for this study. The characteristics  
of our study population are presented in  
Table 1. There were 286 males and 116 
females in the EH group, with an average age  
of 51.69±9.10. The mean age of the 174 males 
and 93 females in the normotensive control 
group was 50.53±7.49. Patients with EH and 
the normotensive controls had a similar age 
(P=0.086) and gender (P=0.102) distribution. 
In addition to BP changes, significant differenc-
es in body mass index, triglyceride level, glu-
cose level, ratio of drinkers, and positive family 
history of EH were also observed between the 
EH and NT groups.

Detection and distribution of the SNPs

Genotype and allele frequencies of the HSG 
gene variants (rs873457, rs2236384, rs22- 
95281, rs4846085, rs1474868, and rs1703- 
7564) in the EH cases and NT controls are 
shown in Table 2. No deviation from the  
Hardy-Weinberg expectation was observed for 
rs873457, rs2236384, rs2295281, rs4846- 

Table 1. Study participant characteristics
EH (n=402) NT (n=267) P

Gender (M/F) 286/116 174/93 0.102
Age (years) 51.69±9.10 50.53±7.49 0.086
SBP (mmHg) 159.34±17.25 115.84±12.38 < 0.001
DBP (mmHg) 103.25±39.21 78.52±10.23 < 0.001
BMI (kg/m2) 26.94±3.84 24.88±3.08 < 0.001
HR (bpm) 69.10±9.94 66.22±10.04 0.660
CRE (mmol/L) 82.89±19.19 81.13±14.17 0.222
TC (mmol/L) 5.03±1.19 5.09±0.89 0.546
TG (mmol/L) 2.08±1.13 1.86±1.07 0.012
LDL-C (mmol/L) 3.38±0.89 3.42±0.74 0.509
HDL-C (mmol/L) 1.18±0.60 1.31±1.24 0.067
GlU (mmol/L) 5.60±1.01 5.24±0.66 < 0.001
ALT (mmol/L) 26.98±23.18 24.92±15.38 0.202
Smokers (n, %) 119 (29.6) 78 (29.2) 0.914
Drinkers (n, %) 133 (33.1) 39 (14.6) < 0.001
Positive family history of EH (n, %) 249 (61.9) 89 (33.3) < 0.001
Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic 
blood pressure; BUN, blood urea nitrogen; CRE, creatinine; TC, total cholesterol; TG, 
triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein 
cholesterol; GLU, glucose; HR, heart rate.

as well as to achieve the 
best haplotype configura-
tion for each multi-locus 
genotype. Haplotypes with  
a frequency > 3% in the 
combined case and control  
samples were thoroughly 
investigated. To assess the 
haplotype distributions of 
the hypertensive and the 
normotensive groups a chi-
square test was performed. 
To verify the associations  
of the haplotypes with the 
risk of disease, a global  
test statistic comparing the 
model with genetic data, to 
the model without genetic 
data was employed, making 
use of the online compu- 
ter platform SHEsis (http://
analysis.bio-x.cn/myAnaly-
sis.php) [14, 15].

Results
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085, rs147486, and rs17037564 polymor-
phisms in either the case or the control group, 
or when broken down into male and female 
groups (P > 0.05). 

The genotype distributions and allele frequ- 
ency of the SNPs (rs873457, rs2236384, 
rs4846085, and rs1474868) in the hyperten-
sive cases and normotensive controls were  

Table 2. Genotype distribution and allele frequency of HSG polymorphisms in the case and control 
groups
SNP Genotype (frequency, %) P* Allele (frequency, %) P**
rs873457 CC CG GG C G

Total Case 86 (21.4) 219 (54.5) 97 (24.1) Case 391 (48.6) 413 (51.4)
Control 53 (19.9) 123 (46.1) 91 (34.1) 0.018 Control 229 (42.9) 305 (57.1) 0.039

Male Case 65 (22.7) 157 (54.9) 64 (22.4) Case 287 (50.2) 285 (49.8)
Control 27 (15.5) 87 (50.0) 60 (34.5) 0.010 Control 141 (40.5) 207 (59.5) 0.004

Female Case 21 (18.1) 62 (53.4) 33 (28.4) Case 104 (44.8) 128 (55.2)
Control 26 (28.0) 36 (38.7) 31 (33.3) 0.081 Control 88 (47.3) 98 (52.7) 0.613

rs2236384 GG GT TT G T
Total Case 87 (21.6) 219 (54.5) 96 (23.9) Case 393 (48.9) 411 (51.1)

Control 53 (19.9) 123 (46.1) 91 (34.1) 0.015 Control 229 (42.9) 305 (57.1) 0.031
Male Case 66 (23.1) 156 (54.5) 64 (22.4) Case 288 (50.3) 284 (49.7)

Control 27 (15.5) 87 (50.0) 60 (34.5) 0.009 Control 141 (40.5) 207 (59.5) 0.004
Female Case 21 (18.1) 63 (54.3) 32 (27.6) Case 105 (45.3) 127 (54.7)

Control 26 (28.0) 36 (38.7) 31 (33.3) 0.065 Control 88 (47.3) 98 (52.7) 0.675
rs2295281 CC CT TT C T

Total Case 48 (11.9) 192 (47.8) 162 (40.3) Case 288 (35.8) 516 (64.2)
Control 48 (18.0) 115 (43.1) 104 (39.0) 0.085 Control 211 (39.5) 323 (60.5) 0.171

Male Case 32 (11.2) 133 (46.5) 121 (42.3) Case 197 (34.4) 375 (65.6)
Control 33 (19.0) 80 (46.0) 61 (35.1) 0.047 Control 146 (42.0) 202 (58.0) 0.022

Female Case 16 (13.8) 59 (50.9) 41 (35.3) Case 91 (39.2) 141 (60.8)
Control 15 (16.1) 35 (37.6) 43 (46.2) 0.156 Control 65 (34.9) 121 (65.1) 0.368

rs4846085 CC CT TT C T
Total Case 98 (24.4) 217 (54.0) 87 (21.6) Case 413 (51.4) 391 (48.6)

Control 91 (34.1) 122 (45.7) 54 (20.2) 0.021 Control 304 (56.9) 230 (43.1) 0.046
Male Case 65 (22.7) 155 (54.2) 66 (23.1) Case 285 (49.8) 287 (50.2)

Control 60 (34.5) 86 (49.4) 28 (16.1) 0.014 Control 206 (59.2) 142 (40.8) 0.005
Female Case 33 (28.4) 62 (53.4) 21 (18.1) Case 128 (55.2) 104 (44.8)

Control 31 (33.3) 36 (38.7) 26 (28.0) 0.081 Control 98 (52.7) 88 (47.3) 0.613
rs1474868 CC CT TT C T

Total Case 118 (29.4) 207 (51.5) 77 (19.2) Case 433 (55.1) 361 (44.9)
Control 104 (39.0) 117 (43.8) 46 (17.2) 0.035 Control 325 (60.9) 209 (39.1) 0.037

Male Case 77 (26.9) 150 (52.4) 59 (20.6) Case 304 (53.1) 268 (46.9)
Control 67 (38.5) 82 (47.1) 25 (14.4) 0.023 Control 216 (62.1) 132 (37.9) 0.008

Female Case 41 (35.3) 57 (49.1) 18 (15.5) Case 139 (59.9) 93 (40.1)
Control 37 (39.8) 35 (37.6) 21 (22.6) 0.201 Control 109 (58.6) 77 (41.4) 0.786

rs17037564 AA AG GG A G
Total Case 8 (2.0) 80 (19.9) 314 (78.1) Case 96 (11.9) 708 (88.1)

Control 5 (1.3) 52 (19.5) 254 (78.7) 0.984 Control 62 (11.6) 472 (88.4) 0.855
Male Case 4 (1.4) 55 (19.2) 227 (79.4) Case 63 (11.0) 509 (89.0)

Control 3 (1.7) 32 (18.4) 139 (79.9) 0.942 Control 38 (10.9) 310 (89.1) 0.964
Female Case 4 (3.4) 25 (21.6) 87 (75.0) Case 33 (14.2) 199 (85.8)

Control 2 (2.2) 20 (21.5) 71 (76.3) 0.854 Control 24 (12.9) 162 (87.1) 0.695
Abbreviations: SNPs, single-nucleotide-polymorphisms; *P and **P values representing the comparison of genotype frequencies and allelic 
frequencies, respectively.
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statistically different (P < 0.05). The C allele  
of rs873457 and the G allele of rs2236384  
were significantly more prevalent in the EH 
cases, whereas the C allele frequency of 
rs4846085 and rs1474868 were significantly 
higher in the NT control subjects. No signifi- 
cant difference in the genotype and allele fre-
quency distribution of SNP rs17037564 was 
observed between the EH cases and the NT 
controls. When the subjects were subdivided 
by gender, similar findings for rs873457, rs- 
2336384, rs4846085, and rs1474868 poly-
morphisms were observed in males, but not in 
females. For rs2295281, there were signifi- 
cant differences in the genotype and allele fre-
quencies of the male EH cases and the NT con-
trols, whereas for rs17037564 polymorphisms, 
there were no significant differences in the 
genotype and allele frequency of the EH cases 
and the NT groups whether in females or males.

Association analyses

Logistic regression analyses were performed 
under different genetic models (additive, domi-
nant, and recessive) after adjusting for poten-
tial confounding factors, such as gender, age, 
BMI, total cholesterol, triglyceride, glucose, 
low-density lipoprotein cholesterol (LDL-C), 
high-density lipoprotein cholesterol (HDL-C), 

and smoking and drinking habits. The logistic 
regression analyses results are presented in 
Table 3. 

The analyses showed that rs2336384 was sig-
nificantly associated with EH risk under both 
the additive genetic model (GG vs. GT vs. TT: 
P=0.038, OR=0.744, 95% CI=0.564-0.983) 
and dominant genetic model [(GG+GT) vs. TT: 
P=0.004, OR=0.730, 95% CI=0.590-0.903], 
which indicated that G allele carriers of 
rs2336384 have a higher risk of EH. 
Furthermore, the rs873457, rs4846085, and 
rs1474868 SNPs were significantly associat- 
ed with EH under the dominant genetic mo- 
del [rs873457 (CC+CG) vs. GG: P=0.005, 
OR=0.738, 95% CI=0.597-0.913; rs4846085 
(TT+CT) vs. CC: P=0.005, OR=0.740, 95% 
CI=0.599-0.915; rs1474868 (CC+CT) vs. TT: 
P=0.038, OR=0.813, 95% CI=0.669-0.989]. 
No significant associations were found be- 
tween rs2295281 or rs17037564 polymor-
phisms and EH risk. Gender-based subgroup 
analyses found significant associations be- 
tween rs873457, rs2336384, rs4846085, 
and rs1474868, and EH in males, but not in 
females. For rs2295281 or rs17037564 poly-
morphisms, no significant associations with EH 
were found in either males or females.

Table 3. Association of HSG gene polymorphisms with essential hypertension under different genetic 
models

SNPS Models Genotypes
Overall Male Female

OR (95% CI) P* OR (95% CI) P** OR (95% CI) P***
rs873457 dominant (CC+CG) vs. GG 0.738 (0.597-0.913) 0.005 0.724 (0.566-0.926) 0.010 0.768 (0.502-1.175) 0.224

recessive CC vs. (CG+GG) 0.925 (0.575-1.488) 0.748 0.726 (0.398-1.324) 0.296 2.229 (0.866-5.734) 0.096

additive CC vs. CG vs. GG 0.781 (0.603-1.012) 0.061 0.637 (0.444-0.913) 0.014 1.056 (0.624-1.787) 0.839

rs2236384 dominant (GG+GT) vs. TT 0.730 (0.590-0.903) 0.004 0.709 (0.545--0.921) 0.010 0.837 (0.539-1.300) 0.429

recessive GG vs. (GT+CT) 0.921 (0.572-1.481) 0.734 0.661 (0.354-1.237) 0.196 2.229 (0.866-5.734) 0.096

additive GG vs. GT vs. TT 0.744 (0.564-0.983) 0.038 0.839 (0.493-1.427) 0.517 1.042 (0.614-1.769) 0.878

rs2295281 dominant (TT+CT) vs. CC 1.017 (0.836-1.237) 0.870 1.713 (0.894-3.284) 0.105 0.834 (0.605-1.151) 0.270

recessive TT vs. (CT+CC) 1.710 (0.983-2.974) 0.058 1.050 (0.829-1.331) 0.685 0.750 (0.303-1.861) 0.535

additive TT vs. CT vs. CC 1.170 (0.882-1.551) 0.275 1.291 (0.767-2.176) 0.336 1.008 (0.568-1.792) 0.977

rs4846085 dominant (TT+CT) vs. CC 0.740 (0.599-0.915) 0.005 0.710 (0.546-0.922) 0.010 0.768 (0.502-1.175) 0.224

recessive TT vs. (CT+CC) 0.929 (0.578-1.492) 0.759 0.670 (0.359-1.250) 0.208 2.229 (0.866-5.734) 0.096

additive TT vs. CT vs. CC 0.785 (0.606-1.015) 0.065 0.849 (0.501-1.438) 0.542 1.056 (0.624-1.787) 0.839

rs1474868 dominant (CC+CT) vs. TT 0.813 (0.669-0.989) 0.038 0.726 (0.566-0.932) 0.012 1.062 (0.532-1.076) 0.821

recessive CC vs. (CT+TT) 0.862 (0.524-1.417) 0.557 0.691 (0.363-1.319) 0.263 1.554 (0.577-4.188) 0.383

additive CC vs. CT vs. TT 0.767 (0.583-1.009) 0.058 0.763 (0.451-1.289) 0.311 1.038 (0.630-1.793) 0.887

rs17037564 dominant (AA+AG) vs. GG 0.907 (0.721-1.142) 0.408 0.988 (0.743-1.314) 0.935 0.803 (0.510-1.262) 0.341

recessive AA vs. (AG+GG) 0.899 (0.465-1.737) 0.752 1.484 (0.281-7.828) 0.642 0.308 (0.035-2.730) 0.290

additive AA vs. AG vs. GG 0.846 (0.566-1.264) 0.414 1.252 (0.575-2.724) 0.571 0.642 (0.304-1.356) 0.245
Abbreviations: SNPs, single-nucleotide-polymorphisms; *P, **P and ***P representing the results adjusted for age, BMI, total cholesterol, triglyceride, glucose, low-
density lipoprotein cholesterol, high-density lipoprotein cholesterol, and smoking and drinking habits in the overall participants, male and female subjects, respectively
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Haplotype analyses

As seen in Table 4, linkage disequilibrium (LD) 
analysis showed that rs873457 and rs2236- 
384 were almost in complete LD (D’=1.00, 
r2=0.994). LD could also be found in rs2336- 
384 and rs4846085 (D’=0.997, r2=0.991),  
as well as in rs873457 and rs4846085 
(D’=0.997, r2=0.991), and rs2295281 and 
rs17037564 (D’=0.999, r2=0.080), respec- 
tively (Figure 1). The haplotype analyses iden- 
tified five haplotypes (C-G-T-T-C-A, C-G-T-T-T-G, 
G-T-C-C-C-G, G-T-T-C-C-A, and G-T-T-C-C-G) de- 
fined by the composition of alleles at each  
SNP in the following order: rs873457-rs22- 
36384-rs2295281-rs4846085-rs1474868- 
rs17037564 with a frequency greater than 3%. 
Multiple logistic regression analyses showed 
that the frequency of the haplotype C-G-T-T-T-G 
was higher in the EH cases [OR=1.259, 95% CI 
(1.007-1.575), P=0.043] than in the NT con-
trols, and that the G-T-C-C-C-G haplotype might 
be a protective haplotype [OR=0.851 95% CI 
(0.678~1.068), P=0.164]. No significant asso-
ciations were observed between the other 
three haplotypes (C-G-T-T-C-A, G-T-T-C-C-A, and 
G-T-T-C-C-G) and EH risk.

Discussion

Essential hypertension (EH) is a polygenic dis-
ease and elucidating its molecular and genetic 
mechanism will help us have a deeper under-
standing of its pathophysiologic mechanism. 
Single nucleotide polymorphisms (SNPs) are 
ever more vital in exposing the mechanisms of 
polygenic diseases. In this study, we examined 
six tagged HSG SNPs (rs873457, rs22363- 
84, rs2295281, rs4846085, rs1474868, and 
rs17037564) and their contributions to the 
development of essential hypertension in the 
central Han Chinese population.

The results from this study confirmed that 
among the enrolled EH patients and NT sub-

jects, the genotype distribution and allele fre-
quency of four SNPs (rs873457, rs2236384, 
rs4846085, and rs1474868) were signifi- 
cantly different (P < 0.05). Logistic regression 
analyses indicated that rs2336384 was  
significantly associated with EH under the  
additive (OR=0.744, 95% CI=0.564-0.983, 
P=0.038) and dominant (OR=0.730, 95% 
CI=0.590-0.903, P=0.004) genetic models 
even after adjustment for multiple covariates. 
Under the dominant genetic model, rs873457 
(OR=0.738, 95% CI=0.597-0.913, P=0.005), 
rs4846085 (OR=0.740, 95% CI=0.599-0.915, 
P=0.005), and rs1474868 (OR=0.813, 95% 
CI=0.669-0.989, P=0.038) SNPs were closely 
associated with EH. Our results confirm the 
findings of Li et al. [16] who reported the sig- 
nificant association of HSG/Mfn2 gene poly-
morphisms rs2336384 and rs2236057 to an 
increased risk of EH. They also reported the 
significant association of rs2236058 and 
rs3766741 polymorphisms with a decreased 
risk of EH in a northern Chinese Han popula-
tion. Wang et al. [17] examined the associa- 
tion of seven SNPs (rs873457, rs2336384, 
rs1474868, rs4846085, rs2236055, and 
rs873458) on the HSG gene intron 2 and the 
risk of EH and reported that rs873457, 
rs2336384, rs1474868, rs4846085, and 
rs2236055 were significantly associated with 
a risk of EH. In addition, in 2013, Wang et al. 
[18] investigated the role of the -1248 A > G 
polymorphism in the 5’-UTR region of HSG in 
the development of EH. They found that the  
A allele frequency of the 1248 A > G locus in 
the NT group was significantly lower in the EH 
group, which indicated that people who carri- 
ed the A allele had a lower risk of developing 
EH. We found that the rs873457, rs2336384, 
rs4846085, and rs1474868 polymorphisms 
were correlated with the risk of EH, which was 
also consistent with the results of Wang et al. 
[17]. However, Jin et al. [8] found no correlation 
between rs2336384 of HSG/Mfn2 and the  

Table 4. Linkage disequilibrium (LD) analysis of HSG polymorphisms
D’/r2 rs2236384 rs2295281 rs4846085 rs1474868 rs17037564
rs873457 1.000/0.994 0.995/0.508 0.997/0.991 0.969/0.807 0.242/0.007
rs2236384 0.995/0.510 0.997/0.991 0.969/0.802 0.218/0.006
rs2295281 0.995/0.510 0.982/0.401 0.999/0.080
rs4846085 0.969/0.805 0.533/0.006
rs1474868 0.950/0.090
Values in upper diagonal and lower diagonal represent the D’ and r2 of the SNP combinations, respectively.
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risk of EH in a Korean population. In contrast, in 
this study, we observed a significant associa-
tion between rs2336384 and EH risk. We 

SNPs [21, 22], which supported our findings. 
Secondly, HSG gene expression might also be 
regulated by various external environmental 

Figure 1. Linkage disequilibrium (LD) plots illustrating the degree of linkage 
disequilibrium of HSG polymorphisms in this study. A. Values in the LD blocks 
are the D’ in percentage. B. Values in the LD blocks are the r2 in percentage.

inferred that this inconsisten-
cy might be due to the follow-
ing reasons. First, there are 
differences in the genetic 
backgrounds of Chinese and 
Korean populations [9, 19]. 
Second, the sample sizes of 
the studied populations were 
different. Although the SNP 
sites selected in these studies 
were different, the results 
suggested that HSG gene 
SNPs were associated with 
the risk of EH. We speculate 
that HSG single nucleotide 
polymorphisms play an impor-
tant role in the pathogenesis 
of EH.

When grouped by gender, our 
study found that the associa-
tion between HSG polymor-
phisms and EH were male-
specific. The genotype distri- 
bution and allele frequency  
of the rs873457, rs23363- 
84, rs4846085, and rs1474- 
868 polymorphisms were sig-
nificantly different in male  
EH patients and NT subjects 
(P < 0.05) but not in females 
(P > 0.05). Logistic regres- 
sion showed that the rs87- 
3457, rs2336384, rs48460- 
85, and rs1474868 polymor-
phisms were closely asso- 
ciated with EH after adjusting 
for covariates. These findings 
were consistent with a study 
reported by Wang et al. [17].

We inferred that there were 
two main reasons for this  
phenomenon. Firstly, there 
are differences in the gene- 
tic backgrounds of men and 
women [20]. Some previous 
studies indicated that there 
were significant gender differ-
ences in the distribution of 
some EH susceptibility gene 
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factors, including cold stimulation exposure 
and inflammatory cytokines [23-26]. Especially 
in China, men have more exposure to risk fac-
tors, such as smoking, drinking, and mental 
stress, than women. These factors might influ-
ence blood pressure through the interaction 
between genes and the environment. The rs- 
873457, rs2336384, rs4846085, and rs1474- 
868 mutations may make men more sensitive 
to these risk factors, and oxidative stress injury 
may further promote a higher incidence of EH 
in men [27]. The difference may also be due  
to sex hormones, though this requires further 
study. 

Haplotype analysis is considered to be more 
powerful than single locus analysis for iden- 
tifying genetic variants of complex diseases, 
such as EH [28]. In this study, haplotype an- 
alyses identified 5 haplotypes (C-G-T-T-C-A, 
C-G-T-T-T-G, G-T-C-C-C-G, G-T-T-C-C-A, and G-T-T-
C-C-G) with a frequency greater than 3%. After 
adjustment for multiple covariates, logistic re- 
gression showed that haplotype C-G-T-T-T-G 
could increase the risk of EH [OR=1.259,  
95% CI [1.007-1.575], P=0.043]. In addition, 
we found that the distribution frequency of  
haplotype G-T-C-C-C-G was lower in the EH 
group than the NT Group, but it did not reach 
statistical significance (P=0.164), which sug-
gested that people with haplotype G-T-C-C-C-G 
were less likely to develop EH. Therefore, we 
believe that the C-G-T-T-T-G and G-T-C-C-C-G 
haplotypes might be a risk factor and a pro- 
tective factor for EH, respectively. Wang et al. 
[17] reported that the C-G-A-A-A-C-C haplo- 
type, established by rs873457, rs2336384, 
rs1474868, rs4846065, rs4240897, rsrs223- 
6055, and rs873458, was significantly higher 
in EH patients than in control individuals (P < 
0.01 for all). Logistic regression showed that 
this haplotype was an independent risk factor 
for EH. Although the SNP sites involved in that 
study differed from our study and led to differ-
ent haplotype results, the implications of our 
study are consistent with Wang’s. To some 
extent, the analysis of the HSG haplotype in 
this study provides additional potentially valu-
able information for the exploration of hyper-
tension susceptibility factors.

Previous studies have demonstrated that vas-
cular proliferation is an important factor in 
established genetic and experimental hyper-
tension models [29, 30]. In spontaneously hy- 

pertensive rats (SHRs), HSG gene expression 
was decreased in hyper-proliferative VSMCs 
from SHR arteries, as well as in white blood 
cells, explanted vessels, and cultured VSMCs 
from hypertensive patients [31]. Therefore, we 
concluded that HSG may be involved in the 
development of EH by regulating the prolifera-
tion of vascular smooth muscle cells. In addi-
tion, in vivo studies have shown that HSG/Mfn2 
deficiency may lead to insulin resistance by 
increasing the concentration of H2O2 in the liver 
and muscles and impairing insulin signalling 
pathways [6]. Given that insulin resistance and 
compensatory hyperinsulinemia due to insulin 
resistance play a role in the development of 
hypertension [32], we speculate that HSG/
Mfn2 may also participate in the development 
of EH by influencing insulin resistance.

The two positive SNP sites in this study are 
located on HSG introns. The first possible 
mechanism is that HSG/Mfn2 gene expression 
may be affected by transcriptional regulation, 
thereby affecting its function. The second me- 
chanism is a linkage imbalance between these 
polymorphism sites and other functional poly-
morphism sites. Further functional studies are 
needed to demonstrate how these polymor-
phisms affect the pathogenesis of hyperten- 
sion.

This study has several limitations. First, selec-
tion bias may exist due to the study design, 
reducing the power of our study. Second, this 
study did not include a functional study of the 
positive SNP sites, and the molecular mecha-
nism by which these positive SNP sites affect 
the risk of essential hypertension is still un- 
clear. Lastly, this is a single case-control study 
and relatively small sample size is too weak to 
fully explore the relationship between HSG 
SNPs and susceptibility to EH.

Conclusions 

Our study showed that the HSG gene variants 
(rs873457, rs2236384, rs4846085, and rs- 
1474868) and the related haplotype C-G-T-T-
T-G were significantly associated with EH in a 
central Han Chinese population. Interestingly, 
our stratified analysis suggested that the 
rs873457, rs2236384, rs4846085, and rs- 
1474868 HSG variants were found to be sig- 
nificantly associated with EH in males, but not 
in females. Studies with a larger sample size 
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and further functional studies of HSG in essen-
tial hypertension are needed to confirm this 
discovery.
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