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Replication of the top 10 most significant
polymorphisms from a large blood pressure
genome-wide association study of northeastern
Han Chinese East Asians

Yue Qi1,8, Hongye Zhao2,8, Yanli Wang3,8, Yuefei Wang2, Changzhu Lu2, Yu Xiao2, Jun Cao4,
Nan Jia5,6,7, Bin Wang2 and Wenquan Niu6,7

The replication of genome-wide significant association signals in independent populations is a practical approach for

characterizing gene-disease relationships. Therefore, we sought to explore the top 10 polymorphisms from a large blood

pressure genome-wide association study of northeastern Han Chinese East Asians. This was a hospital-based study involving

1009 patients with essential hypertension and 756 normotensive controls from Qiqihar city, China. Genotyping was conducted

with a polymerase chain reaction-ligase detection reaction method. All polymorphisms except for rs6825911 satisfied

Hardy–Weinberg equilibrium. Overall, the genotype differences between the patients and controls were significant for rs35444

(Po0.001), rs11191548 (P¼0.017) and rs17249754 (P¼0.017). The per-minor-allele odds ratios of rs35444,

rs11191548 and rs17249754 were 0.54 (95% confidence interval (95% CI): 0.46–0.62; Po0.01), 1.23 (95% CI:

1.07–1.43; P¼0.005) and 1.23 (95% CI: 1.07–1.41; P¼0.004), respectively. Similarly, the carriers of minor homozygotes

had a significant reduction in adjusted systolic and diastolic blood pressure for rs35444 (Po0.01) but an increase for both

rs11191548 (Po0.01) and rs17249754 (Po0.04). Further application of the genetic risk score method indicated that

subjects with risk scores of 8, 10 and 12–16 had 1.66-fold (95% CI: 1.01–2.72), 1.72-fold (95% CI: 1.03–2.86) and

1.97-fold (95% CI: 1.12–3.46) increases, respectively, in the odds of developing hypertension, and similar increases were also

observed for blood pressure. Taken together, our findings demonstrate that although only three of the top 10 polymorphisms

were successfully validated in the northeastern Han Chinese population, the genetic risk score analyses led us to more profound

insights into the possible joint effects of multiple polymorphisms on hypertension risk and blood pressure variation.
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INTRODUCTION

Despite the unbiased and hypothesis-free merits of genome-wide
association (GWA) studies, the challenge of understanding the
ultimate genetic architecture of common polygenic diseases and
quantitative phenotypes has eluded global geneticists for decades.1

The most likely reason for this is genetic heterogeneity across ethnic
groups.2 The replication of genome-wide significant association
signals in independent populations is a practical approach for
characterizing gene-disease relationships.3 We have recently explored

the contributory roles of 13 top hypertension-susceptibility poly-
morphisms from two GWA studies of populations of non-Asian
descent4,5 and found that these polymorphisms collectively explained
only a small fraction of the heritable components in Chinese subjects.
In addition to the potential existence of genetic heterogeneity between
Asian and non-Asian populations, other possibilities such as the
disregarding of combined genetic effects and lack of consideration of
confounders, might explain, at least in part, the divergence of these
findings.6 To elucidate this issue, in this study, we sought to explore
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the top 10 polymorphisms from a large blood pressure genome-wide
association study of East Asians,7 in northeastern Han Chinese
population.

METHODS

Study population
This was a hospital-based case–control study incorporating 1765 unrelated

participants from Qiqihar city, Heilongjiang province, China. All participants

were of Han Chinese descent and local residents of Qiqihar city in northeast

China. In addition, the participants were classified into an essential hyperten-

sion group and normotensive control group according to clinical and

laboratory examinations. The institutional review board of Qiqihar Medical

University approved this study, and each participant provided informed

written consent at enrollment. This study was conducted according to the

Declaration of Helsinki Principles.

Essential hypertension was defined as a mean systolic blood pressure more

than 140mmHg or a diastolic blood pressure more than 90mmHg or the

current use of antihypertensive drugs. Blood pressure was measured using a

calibrated mercury sphygmomanometer with an appropriate adult cuff size by

certified examiners. Patients with clinical evidence of secondary hypertension

and renal disease were excluded. The essential hypertension group contained

1009 sporadic patients aged 64.48 (s.d.: 8.53) years, and 54.31% of the patients

were men. The remaining participants (n¼ 756), who had normal blood

pressure, formed the age- and gender-matched control group.

Demographic and clinical measurement
Demographic data including age, gender, body weight and height were

recorded at enrollment. Body weight was recorded in light clothing, and body

mass index (BMI) was calculated as weight in kilograms divided by height in

meters squared. Blood samples were collected after overnight fasting, and

patient sera were isolated immediately. The plasma levels of triglyceride, total

cholesterol, high-density lipoprotein cholesterol, low-density lipoprotein

cholesterol, blood urea nitrogen, creatinine and urea acid were determined

enzymatically using available kits and an auto analyzer.

Genotyping
Genomic DNA was isolated from peripheral blood leukocytes according to a

standard phenol-chloroform method and was stored at �40 1C until required

for batch genotyping. The genotypes of the 10 examined polymorphisms,

including rs17030613, rs16849225, rs6825911, rs1173766, rs11066280, rs35444,

rs880315, rs16998073, rs11191548 and rs17249754, were determined by a

polymerase chain reaction-ligase detection reaction (PCR-LDR) method as

previously described.8 The primers for amplification and the probes for the

LDR are presented in Supplementary Table 1.

The PCR primers were synthesized by Shanghai Generay Biotech Co., Ltd.,

and the PCR reactions were conducted in an EDC-810 Amplifier (Dongsheng

Innovation Biotech Co., Ltd., Beijing, China). The cycling parameters were as

follows: 94 1C for 2min; 35 cycles of 94 1C for 20 s, 60 1C for 20 s, and 72 1C for

20 s; and a final extension step at 72 1C for 3min. For each polymorphism, two

specific probes were synthesized to discriminate specific bases with one

common probe labeled with 6-carboxy-fluorescein at the 30-end and phos-

phorylated at the 50- end. The multiplex ligation reaction was conducted in a

reaction volume of 10ml containing 2ml of PCR product, 1ml of 10�Taq DNA

ligase buffer, 1mM of each discriminating probe and 5U of Taq DNA ligase.

The ligation parameters were 30 cycles of 94 1C for 30 s and 56 1C for 3min.

After the reaction, 1ml of LDR reaction product was mixed with 1ml of ROX
passive reference and 1ml of loading buffer before being denatured at 95 1C for

3min and chilled rapidly in ice water. The fluorescent products of the LDR

were differentiated using an ABI 3730XL sequencer (Applied Biosystems, CA,

USA). To test the accuracy of the PCR-LDR method, we randomly selected 96

samples as an internal reference in batch genotyping, and the concordance of

these samples reached 100%.

Statistical analysis
Statistical analyses were conducted with the STATA software version 11.2

(StataCorp LP, College Station, TX, USA) in Windows. The study power was

Table 1 The baseline characteristics of the study population

Characteristics Patients (n¼1009) Controls (n¼756) P-value

Age (years) 64.48±8.53 64.23±10.13 0.751

Gender (males, %) 54.31 53.84 0.843

BMI (kg m�2) 27.89±6.29 23.18±3.77 o0.001

Antihypertensive treatment (%) 14.17% 0 o0.001

Adjusted SBP (mm Hg) 147.31±16.52 109.76±17.97 o0.001

Adjusted DBP (mmHg) 89.09±15.92 71.37±11.43 o0.001

Fasting glucose (mmol l�1) 6.14±2.15 5.33±1.12 o0.001

TG (mmol l�1) 1.90±1.04 1.77±0.95 0.024

TC (mmol l�1) 4.59±1.18 4.59±0.91 0.995

HDL-C (mmol l�1) 1.12±0.32 1.24±0.34 o0.001

LDL-C (mmol l�1) 2.75±0.95 2.70±0.75 0.333

BUN (mmol l�1) 5.92±3.88 5.79±4.35 0.557

Creatinine (mmol l�1) 87.47±36.79 81.80±25.13 0.002

Uric acid (mmol l�1) 329.12±100.31 333.98±95.54 0.374

Abbreviations: BMI, body mass index; BUN, blood urea nitrogen; DBP, diastolic blood pressure;
HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; SBP,
systolic blood pressure; TC, total cholesterol; TG, triglyceride.

Table 2 Genotype distributions and allele frequencies of 10 examined polymorphisms between patients and controls, and their risk prediction

for hypertension under the additive model of inheritance

Polymorphism Genotypesa Patients (n¼1009) Controls (n¼756) Pw2 MAF (%) b OR; 95% CI; P-value c

rs17030613 AA/AC/CC 349/465/195 246/387/123 0.078 42.37/41.87 1.02; 0.89–1.17; 0.765

rs16849225 CC/CT/TT 445/408/156 305/347/104 0.070 35.68/36.71 0.96; 0.84–1.10; 0.544

rs6825911 CC/CT/TT 336/432/241 258/335/163 0.514 45.29/43.72 1.04; 0.85–1.27; 0.716

rs1173766 CC/CT/TT 489/395/125 343/331/82 0.135 31.96/32.74 0.97; 0.84–1.11; 0.636

rs11066280 TT/TA/AA 597/350/62 472/240/44 0.376 23.49/21.69 1.10; 0.94–1.29; 0.219

rs35444 TT/TC/CC 641/323/45 350/314/92 o0.001 20.47/32.94 0.54; 0.46–0.62; o0.001

rs880315 GG/GA/AA 439/444/126 317/329/110 0.438 34.49/36.31 0.93; 0.81–1.06; 0.272

rs16998073 AA/AT/TT 371/462/176 283/344/129 0.954 40.34/39.81 1.02; 0.89–1.17; 0.760

rs11191548 TT/TC/CC 496/404/109 416/282/58 0.017 30.82/26.32 1.23; 1.07–1.43; 0.005

rs17249754 GG/GA/AA 417/455/137 358/320/78 0.017 36.12/31.48 1.23; 1.07–1.41; 0.004

Abbreviations: MAF, minor allele frequency; OR, odds ratio; 95% CI: 95% confidence interval.
aGenotypes of each polymorphism were presented as major homozygotes/heterozygotes/minor homozygotes.
bMAF in hypertensives/normotensives.
cOR, 95% CI and P-value were calculated under the additive model of inheritance and after adjusting for age, gender and body mass index.
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calculated using the PS (Power and Sample Size Calculations) software version

3.0. A two-tailed Po0.05 was considered to indicate statistical significance.

Quantitative variables were compared between the patients and controls

with Student’s t-test. The goodness-of-fit of the observed allele frequencies

with the expected frequencies according to the Hardy–Weinberg equilibrium

and genotype/allele frequencies between the two groups were computed with

the w2-test. The per-minor-allele odds ratio (OR) of each polymorphism was

evaluated using the genetic risk score method,9,10 which assigns scores of 0, 1

and 2 to major homozygotes, heterozygotes and minor homozygotes,

respectively, and by calculating the OR per unit score by logistic regression

before and after adjusting for age, gender and BMI.

As recommended by Tobin et al.,11 for participants under antihypertensive

medication, blood pressure was determined by adding 15mmHg and

10mmHg to the systolic and diastolic blood pressure, respectively, and this

method was in agreement with the study by Newton-Cheh et al.12 Unless

otherwise indicated, the adjusted systolic and diastolic blood pressures were

analyzed.

Assuming that an individual polymorphism with a modest effect on blood

pressure has insufficient power to exert an effect on incident hypertension

events, a genotype risk score was therefore created on the basis of the total

number of risk-conferring alleles of each polymorphism in Hardy–Weinberg

equilibrium by assigning a score 0, 1 and 2 to the risk-reducing genotype,

heterozygous genotype and risk-conferring genotype, respectively. For example,

if we assess nine bi-allelic polymorphisms, the genetic risk score will

theoretically range from 0 to 18.

RESULTS

Baseline characteristics
Demographic and clinical data are compared between the hyperten-
sive patients and normotensive controls in Table 1. The distributions
of age (P¼ 0.751) and gender (P¼ 0.843) were comparable between
the two groups. However, BMI (Po0.001), blood pressure (both
Po0.001), fasting glucose (Po0.001), triglycerides (P¼ 0.024) and
creatinine (P¼ 0.002) levels were significantly higher in patients than
in controls (Po0.05), but the high-density lipoprotein cholesterol
values were lower in patients than controls (Po0.001).

Single-polymorphism analysis
Hardy–Weinberg equilibrium was satisfied in controls for all 10
polymorphisms except for rs6825911 (Po0.01). The genotype
distributions and allele frequencies of the 10 polymorphisms are
summarized in Table 2. Overall, there were significant genotype
differences for rs35444 (Po0.001), rs11191548 (P¼ 0.017) and
rs17249754 (P¼ 0.017) between patients and controls. Under the
additive model, the per-minor-allele ORs of rs35444, rs11191548 and
rs17249754 were 0.54 (95% CI: 0.46–0.62; Po0.01), 1.23 (95% CI:
1.07–1.43; P¼ 0.005) and 1.23 (95% CI: 1.07–1.41; P¼ 0.004),
respectively, after adjusting for confounding factors. Correspondingly,
the sample size in this study provided 100%, 83.3% and 82.2% power
to detect significant ORs of 0.54, 1.23 and 1.23 between the two
groups, respectively.
The distributions of the adjusted blood pressures across the

genotypes of three significant polymorphisms in hypertensive patients
are presented in Figure 1. After assigning the major homozygotes of
each polymorphism as the reference group, the carriers of minor
homozygotes had a significant reduction in adjusted systolic and
diastolic blood pressures for rs35444 (both Po0.01) but an increase
for rs11191548 (both Po0.01) and rs17249754 (both Po0.04).

Genetic risk score analysis
Because of the distortion of Hardy–Weinberg equilibrium for
rs6825911, the genetic risk score was created for the other nine
polymorphisms based on the total number of risk-conferring alleles in

all participants with total scores ranging from 2 to 16 (Table 3).
The risk-conferring allele was defined according to the ORs in Table 2,
that is, the risk-conferring allele refers to the minor allele if the per-
allele OR was greater than the unity; otherwise, the risk-conferring
allele was the major allele. Because of the low penetrance, participants

Figure 1 The distributions of adjusted systolic and diastolic blood pressure

across the genotypes of three significant polymorphisms in hypertensive

patients.
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carrying 2–5 and 12–16 risk-conferring alleles were combined as
single groups.
Overall, there was a roughly graded increase in the risk of

developing hypertension with increasing genetic risk scores. After
assigning those with a score range 2–5 as the reference group, we
found that subjects with scores of 8, 10 and 12–16 had significant
1.66-fold (95% CI: 1.01–2.72; P¼ 0.045), 1.72-fold (95% CI: 1.03–
2.86; P¼ 0.036) and 1.97-fold (95% CI: 1.12–3.46; 0.019) increases in
risk for hypertension, and the significance was preserved after
adjusting for confounders. Similarly, with the increase of genetic risk
scores, the levels of adjusted blood pressure were gradually increased,
especially for carriers of eight or more risk-conferring alleles in
hypertensive patients. For example, compared with the score range
2–5, the carriers with 8, 10 and 12–16 scores had 6.73, 7.71 and
14.47mmHg increases in adjusted systolic blood pressure, respec-
tively, and 4.8, 6.92 and 7.09 increases in adjusted diastolic blood
pressure, respectively (Po0.01 for all).

DISCUSSION

The aim of this study was to replicate, in northeastern Han Chinese,
the top 10 polymorphisms of a large blood pressure GWA study7

involving 50 373 participants of East Asian descent. It is worth noting
that three of the top 10 polymorphisms were observed to exhibit a
high degree of association with both hypertension and blood pressure
in this study. However, we cannot rule out the contributory role of
the other seven polymorphisms in the pathogenesis of hypertension
because our genetic risk score analyses led us to more profound
insights into the possible joint role of multiple polymorphisms in
entailing hypertension risk and blood pressure variation.
Waves of genetic association studies are coming at us like a

tsunami, with a deluge of data regarding the identification and
characterization of genes or variants contributing to common
complex diseases.13,14 Geneticists urgently need to tease out the
causative genetic effects.15,16 Although only a small fraction of the top
polymorphisms with genomic significance have been successfully
replicated in this study, our findings offer some potential hints.
Hypertension is a multifactorial disorder in which genetic factors
account for 30 to 50% of blood pressure variation.17,18 It is generally
believed that the relative risk attributable to a single locus is small. As
exemplified in the GWA study of East Asians,7 the per-allele increase
of rs35444 resulted in an increase of 0.63 and 0.5mmHg in systolic
and diastolic blood pressures, respectively.7 Contrastingly, in the

present study, we observed that relative to the rs35444-TT geno-
type carriers, the adjusted systolic and diastolic blood pressure
of those with the rs35444-CC genotype increased by 10.8 and
5.7mmHg, respectively. Although residual confounding by in-
completely measured or unmeasured physiologic covariates might
exist in our findings, it appears unlikely that our results could be
explained by confounders.
Genetic heterogeneity might also be a possible explanation for the

discrepancy of these observations.6 China has a vast territory, and
geographic differences cause various discrepancies as a result of
historical and cultural impact. For example, salt consumption
between northern and southern Chinese differs remarkably. Indeed,
on the grounds of a multi-center observation in China, the average
urinary sodium excretion in northern Chinese (271mmol per day) is
nearly double the amount of that in southern Chinese (139mmol per
day), leading to an average of 7.4 and 6.9mmHg increases in systolic
and diastolic blood pressure, respectively.19 As reflected in this study,
the minor allele frequencies of rs16998073 were 40.34% in
hypertensive patients and 39.81% in normotensive controls, much
higher than that observed in the GWA study of East Asians as a whole
(30%). Genetic heterogeneity is an inevitable problem in disease
identification strategies and can be somewhat avoided by analyzing
homogeneous populations. In fact, our study population is
characterized by genetic homogeneity and geographic stability, and
the subjects are most likely uniform in their environmental exposures,
including habitual dietary intake of high salt and high fat20 and a
lower rate of hypertension recognition and treatment, rendering this
population more appropriate for enhancing our understanding of the
genetic predisposition to essential hypertension.
Despite the fact that seven of the examined polymorphisms failed

to reach statistical significance, we cannot rule out the contributory
roles of these polymorphisms in the pathogenesis of hypertension
because the further application of the genetic risk score method
detected an approximate linear trend for both hypertension as a
binary trait and blood pressure as a quantitative trait, which supports
the claim that the increasing risk conferred by a single locus is small.
Genetic risk score, a type of summary of the cumulative effect of
individual polymorphisms, can enhance the detection of persons at
risk for hypertension.21 However, because of the assumption that each
allele in the risk score calculation is treated as equal, our findings
must be considered preliminary and should be viewed as hypothesis-
generating for future large and well-designed studies.

Table 3 Distribution of genetic risk scores between patients and controls and their prediction for hypertension, as well as distribution of

adjusted blood pressure levels in hypertensive patients

Hypertensive patients

Genetic

risk scorea Patients (%) Controls (%) OR; 95% CI; P-value OR; 95% CI; P-valueb adjSBP adjDBP

2–5 3.57 5.29 Reference group Reference group 140.96±18.51 84.23±10.45

6 6.44 8.73 1.09; 0.62–1.93; 0.755 1.08; 0.61–1.90; 0.795 140.33±17.91 86.96±10.52

7 9.42 12.57 1.11; 0.65–1.89; 0.698 1.11; 0.65–1.90; 0.690 141.51±18.89 89.52±11.45**

8 22.50 20.11 1.66; 1.01–2.72; 0.045 1.66; 1.01–2.72; 0.046 147.69±21.81** 89.03±10.32**

9 20.12 20.90 1.43; 0.87–2.34; 0.160 1.42; 0.87–2.34; 0.163 147.33±21.49** 90.27±12.65**

10 17.34 14.95 1.72; 1.03–2.86; 0.036 1.72; 1.03–2.86; 0.037 148.67±13.32** 91.15±11.04**

11 11.50 10.58 1.61; 0.95–2.74; 0.079 1.63; 0.95–2.77; 0.075 148.82±20.16** 91.84±13.38**

12–16 9.12 6.88 1.97; 1.12–3.46; 0.019 1.97; 1.12–3.47; 0.018 155.43±22.67** 91.32±12.28**

Abbreviations: adjDBP, adjusted diastolic blood pressure; adjSBP, adjusted systolic blood pressure; OR, odds ratio; 95% CI: 95% confidence interval.
aGenetic risk score was calculated based on all polymorphisms, except for rs6825911 because of the deviation of its genotype distributions from Hardy–Weinberg equilibrium in controls.
bAdjustment for age, gender and body mass index. Adjusted SBP and DBP were expressed as mean±s.d.
**Po0.01 as compared with those with genetic risk score 2–5 (reference group).
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Interpretation of our results, however, should be viewed in light of
several limitations. First, this study was retrospective in design, which
precludes further comments on the cause-effect relationship.22

Second, we only focused on the top 10 polymorphisms from a
large blood pressure GWA study of East Asians, and this resulted in
the incorporation of more functional polymorphisms, especially the
low-penetrance polymorphisms from promising hypertension-
susceptibility genes, such as the apelin-AGTRL1 pathway genes.15,23

More importantly, because hypertension is a multifactorial disease,24

characterizing the interaction of different polymorphisms from
different chromosomes is regarded as an effective approach to
elucidate the pathogenesis of hypertension. Third, the fact that our
study participants were of northeastern Han Chinese descent limited
the generalizability of our findings, necessitating further confirmation
in other ethnic populations.
Taken together, our findings demonstrate that, although only a

small fraction of the top polymorphisms with genomic significance
were successfully validated in this study, our genetic risk score
analyses led us to more profound insights into the possible joint
effects of multiple polymorphisms on hypertension risk and blood
pressure variation. Nevertheless, for practical reasons, we hope that
this study will not remain just another end point of research but
instead would encourage more validation studies of promising GWA
results in other independent, genetically homogeneous populations,
which would aid in acquiring a better understanding of the genetic
underpinnings of essential hypertension.
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