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Abstract. – INTRODUCTION: To investigate 
the effect of gene polymorphisms in hypoxia-in-
ducible factor 1α (HIF-1α) in left ventricular hy-
pertrophy of hypertensive patients.  

PATIENTS AND METHODS: A total of 583 
hypertensive patients were divided into two 
groups, with left ventricular hypertrophy (LVH 
(+), 198 cases) and without left ventricular hyper-
trophy (LVH (-), 385 cases). Polymerase Chain 
Reaction restriction fragment length polymor-
phism was used to detect the single nucleotide 
gene polymorphisms rs11549465, rs11549467 
and rs1957757 in HIF-1α. 

RESULTS: The distribution differences of 
gene frequencies for rs11549465, rs11549467 
and rs1957757 in HIF1A single nucleotide gene 
polymorphisms for LVH (+) and LVH (-) were 
statistically significant (p<0.05). The T allele of 
rs11549465 loci and the G allele of rs11549467 
loci increased the risk of LVH, related to the 
increased plasma expression of HIF-1α (p<0.05). 

CONCLUSIONS: Gene polymorphism of HIF-
1α were related to primary hypertensive left 
ventricular hypertrophy, and the expression of 
rs11549467 correlated with the increasing con-
centration of plasma HIF-1α.

Key Words:
Hypertension left ventricular hypertrophy, HIF-1α, 

Single nucleotide polymorphism.

Introduction

Left ventricular hypertrophy (LVH) is a com-
mon form of organ damage in hypertension, and it 
is an independent risk predictor for mortality and 
morbidity of cardiovascular disease1. Hammond et 
al2 showed that the incidence of LVH in patients 
with borderline hypertension was approximately 
12% and was 20% in patients with mild hyper-
tension. Epidemiological data in China showed 
that the incidence of LVH in patients with primary 

hypertension was approximately 25%-35%3. LVH 
leads to blood stasis in the heart, arrhythmias 
such as atrial fibrillation, cardiac failure, thrombus 
formation and increased risk of ischaemic stroke4. 
Furthermore, for every 50 g increase in LVH, 
the mortality of cardiovascular disease increased 
1.73-fold in men and 2.12-fold in women5.

The evidence shows that LVH is a long-term 
response in the heart to various stimuli, including 
increased hemodynamic loads, neurohormonal ac-
tivation, metabolic related factors (ischemia and hy-
poxia), and local hormone and cytokine release by 
myocardial tissue. Hypoxia-inducible factor 1 (HIF-
1) is a heterodimeric transcription factor composed 
of HIF-1α and HIF-1β. HIF-1α is widely expressed 
in the heart tissue, not only the regulatory subunit 
of HIF-1 but also the active subunit. Therefore, the 
biological effects of HIF-1 are attributable to the 
α subunit, participating in the regulation of myo-
cardial hypertrophy under hypoxia or stimulation6. 
Furthermore, a large number of researches7 have 
shown that many candidate genes were involved in 
the generation and development of LVH in various 
ethnic groups. Among them, the stable expression 
of HIF1-α gene plays an important role in maintain-
ing the response of myocardial tissue cells to hypox-
ia. Therefore, the correlation between HIF1-α gene 
polymorphisms and primary hypertension LVH 
was investigated in this work.

Patients and Methods

Inclusion of Research Objects
A total of 583 patients with primary hypertension 

were enrolled from January 2013 to January 2018 
in our hospital. Depending on whether they had 
complicated LVH, the patients were divided into 
the primary hypertension group (LVH (-)) and the 
primary hypertension LVH group (LVH (+)). This 
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investigation was approved by the Ethics Committee 
of Zhongda Hospital, Medical School of Southeast 
University. The signed written informed consents 
were obtained from all participants before the study.

The Diagnostic Criteria of LVH (+)
The left ventricular mass index (LVMI) was cal-

culated by the echocardiographic results and the De-
vereux formula. LVMI ≥125 g/m2 for men and LVMI 
≥110 g/m2 for women were criteria for LVH (+).

Exclusion Criteria
First, patients with hypertrophic cardiomyop-

athy, dilated cardiomyopathy, immune diseases 
involving the heart and other related myocardi-
al diseases were excluded. Second, patients with 
diseases that caused secondary myocardial hyper-
trophy, including valvular heart disease, pulmo-
nary artery hypertension, ischemic cardiomyop-
athy, and congenital heart disease were excluded. 
Third, patients with secondary hypertension dis-
eases, including renoparenchymal hypertension, 
renal artery stenosis, primary aldosteronism, 
pheochromocytoma, Cushing’s syndrome, and 
hyperthyroidism were excluded. Fourth, patients 
with chronic wasting disease, including diseases 
associated with a malignant tumor were excluded 
as were patients with multiple organ failure. Fifth, 
patients with diseases associated with liver, kidney 
diseases, and abnormal liver and kidney functions 
were excluded.

Experimental Methods
General data collection

We collected and recorded age, gender, smok-
ing status, body mass index (BMI), systolic blood 
pressure (SBP), and diastolic blood pressure (DBP).

DNA extraction from peripheral blood 
leukocytes (PWBC)

Fasting 5 ml peripheral antecubital venous 
samples were collected from the acute myocardi-
al infarction (AMI) group and the normal control 
group. The blood samples were placed in the eth-
ylenediaminetetraacetic acid (EDTA) anticoagu-
lation tubes and were stored at -20°C. The DNA 
of PWBC was extracted by the phenol-chloro-
form organic extraction method, dissolved in TE 
buffer, and stored at -4°C.

The detection methods 
HIF1A SNPs were selected on the basis of the 

public HapMap SNP database (http://www.hap-
map.org) and the NCBI dbSNP database (http://

www.ncbi.nlm.nih.gov/SNP), with the criteria of 
minor allele frequency (MAF) >5% in the Chi-
nese Han population. Three SNPs (rs11549465, 
rs11549467, rs1957757) were chosen for genotyp-
ing. The Polymerase Chain Reaction restriction 
fragment length polymorphism (PCR-RFLP) was 
used in the genotyping of three alleles (rs11549465, 
rs11549467, rs1957757) in HIF1A. The details, ac-
cording to the following instructions, were: a 10 
μL PCR reaction was prepared for each sample, 1 
μL 10× PCR buffer including 15 mM Mg2+ (Ta-
KaRa, Otsu, Shiga, Japan), 1 μL 0.2 mM dNTPs 
mixture, 1 U HotStarTaq polymerase (Qiagen, 
Hilden, Germany), 1 μL sample DNA (10 μM), 1 
μL forward primer (10 μM), 1 μL reverse primer 
(10 μM) and added RNase free dH2O up to 10 μL. 
PCR reaction conditions were divided into several 
steps: 95°C for 2 min; 11 cycles of 94°C for 20 s, 
65°C for 40 s, 72°C for 1.5 min; 24 cycles of 94°C 
for 20 s, 59°C for 30 s, 72°C for 1.5 min, and a final 
extension at 72°C for 2 min and stored at 4 °C for 
the next step. A volume of 10 μL PCR products 
were purified with 5 U of shrimp alkaline phos-
phatase and 2 U of exonuclease I (Qiagen, Hilden, 
Germany), 37°C for an hour and inactivation at 
75°C for 15 min. Two allele-specific fluorescently 
labeled probes were used for the SNP detection 
within 1 μL of 10 × binding buffer, 2 μL of mul-
tiplex PCR product, 0.25 μL of thermostable Taq 
DNA ligase (TaKaRa, Otsu, Shiga, Japan), 0.4 μL 
of 5′ ligation primer (1 μM), 0.4 μL of 3′ ligation 
primer (2 μM), 6 μL of RNase free dH2O and the 
reaction needs a 38 cycles of 94 °C for 1 min, 58 
°C for 4 min and maintained at 4°C. Data were an-
alyzed with GeneMapper Software v.4.1 (Applied 
Biosystems, Foster City, CA, USA). All genotyp-
ing was performed with a double blinding method 
and there was 100% consistency for the 10% 
randomly repeated experiments. The tumor ne-
crosis factor (TNF)-related weak inducer of apop-
tosis (TWEAK) was measured by enzyme-linked 
immunosorbent assay (ELISA). Total cholesterol 
(TC), triglyceride, (TG), high-density lipoprotein 
cholesterol (HDL-C), low-density lipoprotein cho-
lesterol (LDL-C), and fasting blood glucose (Glu) 
were measured by the Olympus automatic bio-
chemistry analyzer.

Statistical Analysis
Statistical Product and Service Solutions 

(SPSS) 13.0 (SPSS Inc., Chicago, IL, USA) was 
used for data analysis. The measurement data 
were expressed as mean ± standard deviation. The 
enumeration data were expressed as rate (%), and 
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the pairwise comparison of t-tests was adopted for 
the comparison of cardinality level. Allelic fre-
quencies of each polymorphic loci were tested by 
Hardy-Weinberg equilibrium and compared by the 
chi-square test. The genotype distribution, allele 
frequency, and genotype distribution frequency of 
LVH (-) and LVH (+) were expressed by the odds 
ratio (OR) and 95% confidence interval (95% CI). 
Differences were statistically significant at p<0.05.

Results

Comparison of Baseline Levels 
Between Two Groups

The baseline levels between the two groups 
are shown in Table I. A total of 385 patients were 
included in the LVH (-) group, with 246 men and 
139 women, average age 64.6±11.5 years old; 
there were 281 smokers. A total of 198 patients 
were included in the LVH (+) group, with 121 
men and 77 women, average age 63.61±12.7 years 
old; 145 were smokers. There were no significant 
differences in terms of age, gender, BMI, SBP, 
DBP, TG, HDL-C, or LDL-C between the groups 

(p>0.05). However, there was a significant dif-
ference in plasma HIF1-α levels between the two 
groups (p<0.05).

The Genotype Distribution 
of SNPs in HIF1A

All patients were measured in this study, and 
all genotype distribution frequencies followed 
Hardy-Weinberg equilibrium. The sequencing 
results showed (Table II) that the three genotype 
frequencies (TT, CT, CC) of alleles rs11549465 in 
HIF1A in the LVH (+) group were 7.6%, 49.5% 
and 42.9%, respectively and 4.9%, 41.3% and 
53.8% in the LVH (-) group, respectively. There 
were significant differences in genotype frequen-
cy distribution between the two groups (p<0.05). 
The three genotype frequencies (GG, GA, AA) of 
alleles rs11549467 in HIF1A in the LVH (+) group 
were 13.6%, 49.0% and 37.4%, respectively, and 
7.8%, 47.3% and 44.9% in the LVH (-) group. 
There were significant differences in genotype 
frequency distributions between the two groups 
(p<0.05). However, there were no significant dif-
ferences in genotype frequency distributions of 
rs1957757 between the two groups (p>0.05).

Table I. Comparison of baseline levels between two groups.

Variable LVH (+) LVH (-) p-value

Age (year) 63.61±12.7 64.6±11.5 NS
Men (n, %) 121(61.1%) 246(63.9%) NS
Smokers (n, %) 145 (73.2%) 281 (73.0%) NS
BMI (kg/m2) 26.6±9.4 25.8±10.1 NS
SBP (mmHg) 150.3±7.8 148.3±9.6 NS
DBP (mmHg) 86.7±5.6 84.9±7.1 NS
TG (ng/dl) 5.8 ±1.3 5.7 ±1.6 NS
HDL-C (ng/dl) 1.5±0.5 1.6±0.6 NS
LDL-C (ng/dl) 2.5±0.2 2.4±0.3 NS
sHIF1-alpha (pg/ml) 32.7±12.5 39.9±11.4 <0.05

Table II. The genotype distribution of SNPs in HIF1A.

SNPs Genotype LVH (+) LVH (-) p

rs11549465 TT 15 (7.6%) 19 (4.9%) 0.04
 CT 98 (49.5%) 159 (41.3%) 
 CC 85 (42.9%) 207 (53.8%) 
rs11549467 GG 27 (13.6%) 30 (7.8%) 0.04
 GA 97 (49.0%) 182 (47.3%) 
 AA 74 (37.4%) 173 (44.9%)
rs1957757 TT 45 (22.7%) 63 (16.4%) 0.06
 TC 92 (46.5%) 171 (45.1%)
 CC 61 (30.8%) 151 (36.4%)
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There was a difference in allelic frequencies 
of the three HIF1A loci between the two groups. 
The T and C allelic frequencies in rs11549465 
of HIF1A in the LVH (+) group were 32.3% and 
67.7%, respectively, and they were 25.6% and 
74.4% in the LVH (-) group, respectively. T alleles 
and loci increased the risk of LVH (OR=1.26, 95% 
CI = (1.05-1.53)), and the difference between the 
two groups was statistically significant (p<0.05). 
The G and A allelic frequencies in rs11549467 
of HIF1A in the LVH (+) group were 38.1% and 
61.9%, respectively, and were 31.4% and 68.6% 
in the LVH (-) group, respectively. G alleles and 
loci increased the risk of LVH (OR=1.21, 95% 
CI=(1.03-1.43)), and the difference between the 
groups was statistically significant (p<0.05). The 
T and A allelic frequencies in rs1957757 of HIF1A 
in the LVH (+) group were 46.0% and 54.0%, 
respectively, and were 38.6% and 61.4% in the 
LVH (-) group, respectively. The difference be-
tween the two groups was statistically significant 
(p<0.05). All results are shown in Table III.

Correlation Analyses Between 
the Plasma HIF1-α Level and 
the Dominant Gene Model Genotype 
Distribution

In the dominant gene model, there was signif-
icant difference in rs11549467 and rs1957757 gen-
otype distribution between the groups (p<0.05) 
(Table IV). The GG genotype of rs11549467 loci 
gave a higher risk of LVH (OR = 1.75, 95% CI 

= (1.07-2.86)). Furthermore, the plasma HIF1-α 
concentrations of GG genotype patients with 
rs11549467 loci in the LVH (+) group were higher 
than those of the GA+AA genotype patients and 
LVH (-) patients (p<0.05).

Discussion

Correlation Between the Primary 
Hypertension LVH and the HIF1A 
Gene Polymorphism

Hypertension is the most common cause of 
LVH, but not all hypertensive patients devel-
op LVH, suggesting that LVH does not depend 
solely on the onset and severity of hyperten-
sion8. HIF1A is involved in the occurrence and 
development of many cardiovascular diseases. 
In this work, LVH was found to be associated 
with the HIF1A gene polymorphism in primary 
hypertension, especially the GG genotype of 
rs11549467 and TT genotype of rs1957757 in the 
dominant gene model. Studies have shown that 
cardiovascular disease9 is closely associated with 
HIF1A gene polymorphisms, including ischemic 
heart disease, coronary artery disease (CAD), 
stable angina, and acute myocardial infarction10. 
Among these polymorphisms, the rs1957757and 
rs11549465 loci increased the risk of coronary ar-
tery disease development11,12, and the gene poly-
morphisms of rs11549465 loci were related to 
ischemic heart disease13.

Table III. The allele frequency distribution of SNPs in HIFA between two groups.

SNPs Allele LVH (+) LVH (-) OR (95%CI) p

rs11549465 T 128 (32.3%) 197 (25.6%) 1.26 (1.05-1.53) 0.02
 C 268 (67.7%) 573 (74.4%) 0.90 (0.84-0.98) 
rs11549467 G 151 (38.1%) 242 (31.4%) 1.21 (1.03-1.43) 0.03
 A 245 (61.9%) 528 (68.6%) 0.90 (0.82-0.99) 
rs1957757 T 183 (46.0%) 297 (38.6%) 1.20 (1.04-1.37) 0.02
 C 215 (54.0%) 473 (61.4%) 0.88 (0.79-0.98) 

Table IV. The distribution of dominant gene model in the SNPs of HIFA.

SNPs Genotype LVH (+) LVH (-) OR (95%CI) p-value

rs11549465 TT 15 (7.6%) 19 (4.9%) 1.54 (0.80-2.96) 0.20
 CT+CC 183 (92.4%) 366 (95.1%) 0.97 (0.93-1.02) 
rs11549467 GG 27 (13.6%) 30 (7.8%) 1.75 (1.07-2.86) 0.02
 GA+AA 171 (86.4%) 355 (92.2%) 0.94 (0.88-0.99) 
rs1957757 TT 45 (22.7%) 63 (16.4%) 1.4 (0.99-1.96) 0.07
 TC+CC  153 (77.3%) 322 (83.6%) 0.93 (0.85-1.0) 
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Mechanism of HIF1-α Promoting 
Myocardial Hypertrophy

Hypoxia is one of the principal pathologi-
cal mechanisms of myocardial hypertrophy. It 
is caused by the imbalance between the growth 
rate of blood vessels and increased heart vol-
ume, causing the blood and oxygen supply to 
the myocardial tissue to become relatively in-
sufficient. HIF1-α is involved in the regulation 
of myocardial hypertrophy by hypoxia-induced 
mitogenic factor (HIMF), a transcriptional regu-
lator. LVH is an adaptation to hypertension and is 
an independent risk predictor for clinical cardiac 
failure, sudden cardiac death and myocardial in-
farction14,15, usually characterized by an increase 
in the thickness of the left ventricular wall.

HIF1-α was involved in cardiac energy metabo-
lism and glycolipid conversion in pathological myo-
cardial hypertrophy16. Hypertensive LVH is often 
accompanied by abnormalities in myocardial glu-
cose and lipid metabolism, as well as an increased 
expression of HIF1-α17. A study showed that the 
expression of HIF1-α in hypertrophic cardiomyop-
athy (HCM) patients and HCM mice was elevat-
ed. HIF1-α increases glycolytic flux and glycolipid 
conversion, promotes cardiomyocyte apoptosis and 
causes contraction dysfunction by activating glyco-
lytic-related genes, peroxisome proliferator-activat-
ed receptor (PPAR), and the glycerol 3 phosphate 
dehydrogenase pathway. HIF1-α knockout mice 
are resistant to myocardial hypertrophy and cardi-
ac dysfunction caused by transaortic constriction 
(TAC)18. Increased HIF1-α expression stimulates 
the conversion of fat to glucose in myocardial tis-
sue. Although this conversion reduces the oxygen 
consumption to some extent, the accumulation and 
toxicity of fatty acid further exacerbate the cardiac 
hypertrophy15. Some researches have shown that the 
apigenin17 and chrysanthemum extract improves rat 
myocardial hypertrophy by inhibiting the expres-
sion of HIF1-α in myocardial tissue.

HIF1-α also mediates the expression of Cu-de-
pendent VEGF in cardiomyocytes, thus partici-
pating in the regulation of myocardial hypertro-
phy19. Mild hypoxia promotes the upregulation 
of HIF1-α-mediated transient receptor potential 
canonical channels (TRPC) type 3 and 6 and 
then promotes the activation of the downstream 
calcineurin signaling pathway to participate in 
hypoxic-induced myocardial hypertrophy20.

Studies have shown that HIF1-α has a pro-
tective effect on pathological cardiac dysfunction. 
HIF1-α and PPARγ participated in the regulation 
of myocardial metabolism in pregnant rats with 
cardiac hypertrophy16. Specific knockout of HIF1-α 
in myocardial fibers reduced myocardial contrac-
tile function, decreased angiogenesis and abnormal 
expression of related genes21. HIF1-α knockout also 
affected regulation of the heart function in off-
spring. After the HIF1-α gene was knocked out, 
the offspring of pregnant diabetic rats showed left 
ventricular cardiac dysfunction at the 12th week, 
characterized by myocardial structural remodeling 
and shortening of myocardial length, as well as in-
creased infiltration of myocardial macrophages and 
cardiomyocyte apoptosis22. Therefore, the mecha-
nism of the effect of HIF1-α on adaptive myocardial 
hypertrophy needs to be further explored.

Conclusions

There was a correlation between the HIF1A 
gene polymorphisms and the occurrence of the 
primary hypertension LVH. The rs11549467 lo-
cus was correlated with the increase in plasma 
HIF1-α.
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