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Abstract: Interactions between angiotensin-converting enzyme-2 (ACE2) gene polymorphisms and high salt intake 
increase the risk of hypertension (HTN); however, this association is not well-established in the Chinese Wa popula-
tion. In this study, we investigated the prevalence and associated factors of HTN in the Chinese Wa ethnic minority 
in Yunnan Province, China. In addition, we assessed the associations of single nucleotide polymorphisms (SNPs) in 
ACE2 with blood pressure and environmental factors. Among a total of 838 Wa individuals, the overall prevalence, 
awareness, treatment and control rates of HTN were 31.03%, 32.81%, 10.77%, and 0.70%, respectively. In addi-
tion, 260 hypertensive patients and 290 normotensive individuals were randomly selected for investigations of salt 
intake and ACE2 SNPs. The levels of e24-h salt intake in female hypertensive patients were significantly higher that 
those in normotensive individuals. The ACE2 rs2285666 T allele or TT genotype and rs714205 G allele or GG geno-
type were identified as risk factors for the development of HTN in female Wa individuals. The CGTG haplotype was 
a risk factor in hypertensive patients. Moreover, high salt intake increased the occurrence of hypertension among 
ACE2 rs2285666 TT and rs714205 GG individuals. In this study, we not only identified an association between 
ACE2 gene polymorphism and HTN in the Chinese Wa population, but also a possible link interaction between ACE2 
polymorphism type and high salt intake in increasing the risk of HTN in this population.
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Introduction

Hypertension (HTN) is a major contributor to 
cardiovascular disease and death, and is 
becoming increasingly widespread in China. 
The precise etiology of HTN remains poorly 
understood; however, evidence suggests that 
both genetic and environmental factors con-
tribute to susceptibility to HTN [1, 2]. To date, 
hundreds of hypertension related gene, (Such 
as the rennin angiotensin aldosterone system, 
RAAS). The angiotensin-converting enzyme-2 
(ACE2) gene has been identified by various 
groups as a candidate locus for HTN suseptibil-
ity [3, 4].

With 26 ethnic groups in total, Yunnan has the 
highest number of ethnic groups among all the 

Chinese Provinces. All 26 ethnic groups other 
than the Han are minorities, of which 15 are 
native. As a typical southern Chinese popula-
tion, the Wa ethnic minority (>347,000) is a 
native group living in the southwest of Yunnan 
Province. At an elevation of 1,300 meters, this 
remote geographical location renders the Wa 
minority group unique as an isolated population 
that is genetically homogeneous due to centu-
ries of a relatively low rate of migration and 
intermarriage. Consequently, the Wa represent 
an ideal group for population genetic polymor-
phism studies.

ACE2 plays a key role as the central negative 
regulator of the renin-angiotensin system (RAS). 
Activation of ACE2 has been shown to attenu-
ate the devastating effects of Ang II in the car-
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diovascular system by reducing Ang II degrada-
tion and increasing Ang-(1-7) generation leading 
to Mas receptor activation [5]. However the few 
studies that have examined this association 
have yielded mixed results. In this study, we 
investigated the prevalence and associated 
factors of HTN in the Chinese Wa population in 
Yunnan Province, and assessed the associa-
tion between single nucleotide polymorphisms 
(SNPs) in the ACE2 gene with blood pressure 
and environmental factors in this unique ethnic 
group.

Materials and methods

Study subjects

Participants were recruited through random 
sampling of individuals in Si Pai Shan village, 
which is located in Gengma Autonomous 
County and inhabited predominantly by the Wa 
ethnic group. A total of 838 individuals of Wa 
ethnicity were screened using a questionnaire 
designed to assess basic information and car-
diovascular risk factors. Baseline investiga-
tions regarding demographics, educational 
level, medical history, intake of salt with any 
sort of food, diet (vegetarian/non-vegetarian), 
tobacco/alcohol habits and medication were 
recorded. Height, weight, waist, and hip circum-
ference were measured. Body mass index (BMI) 
was calculated as weight divided by height 
squared (kg/m2). Blood pressure was mea-
sured on the right arm using a sphygmoma-
nometer with the subject in a sitting position 
after resting in the seated position for 10 min.

A total of 260 hypertensive patients and 290 
normotensive individuals (controls) were en- 
rolled for investigation based on the inclusion/
exclusion criteria. Diagnostic criteria of hyper-
tension were accordance with World Health 
Organization/International Society of Hyper- 
tension (WHO/ISH) hypertension guidelines 
(systolic blood pressure (SBP) ≥140 mmHg, 
and/or diastolic blood pressure (DBP) ≥90 
mmHg) or current anti-hypertensive medica-
tion. The exclusion criteria were as follows: indi-
viduals with secondary hypertension (hyperten-
sion due to secondary causes such as re- 
novascular disease, renal failure, pheochromo-
cytoma, aldosteronism or other causes of sec-
ondary hypertension) and white coat hyperten-
sion. A control group with no history of HTN was 

recruited from the same geographic area and 
was matched for age and sex with the HTN 
patients. Written informed consent was ob- 
tained from all patients and controls.

This study was approved by the Institutional 
Review Boards of Yan’an Affiliated Hospital of 
Kunming Medical University (China).

Blood samples

At least 2 ml of venous blood was collected 
aseptically from each individual after overnight 
fasting and stored in EDTA vials. Blood was 
transferred to the laboratory under -20°C con-
ditions. From 1 ml of blood, plasma was sepa-
rated within 3 h by centrifugation at 3,000 rpm 
for 3 min and stored at -20°C prior to biochemi-
cal analysis.

Data collection and laboratory measurements

Total cholesterol, high density lipoprotein (HDL), 
low density lipoprotein (LDL), triglycerides (TG), 
fasting blood glucose (FBG), serum sodium 
(Na), serum potassium (K) and the indicators of 
kidney function status (urea and creatinine) 
were analyzed using an automatic analyzer 
(Cobas Integra 400, Roche Diagnostics, Ger- 
many) with commercially available reagent kits 
supplied by the same company. Spot voiding 
urinary samples were also taken to measure 
the urinary concentration of sodium, potassi-
um, creatinine and microalbuminuria. All mea-
surements were determined using standard 
laboratory procedures at SRL, Inc. (Tokyo, 
Japan). The estimated daily salt intake was cal-
culated according to a previously published 
published formula [6] as follows: PRCr (mg/day) 
= -2.04 × age + 14.89 × weight (kg) + 16.14 × 
height (cm)-2244.45; SUNa = Na concentration 
in the spot voiding urine (mEq/L); SUCr = creati-
nine concentration in the spot voiding urine 
(mg/dL); XNa = SUNa/SUCr × PRCr; 24HuNaV = 
Estimated population mean levels of 24-h uri-
nary sodium excretion (mEq/day); 24HuNaV 
(mEq/day) = 21.98 × XNa0.392; Estimated daily 
salt intake (g/day) = 24 HuNaV (mEq/day) × 
0.0585.

SNP selection and genotyping

We selected 20 ACE2 SNPs (rs1514283, 
rs1514282, rs2074192, rs233575, rs714205, 
rs4240157, rs4646176, rs4646174, rs87- 
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9922, rs4646156, rs4646155, rs4646188, 
rs4646140, rs2158083, rs2285666, rs21- 
06809, rs1978124, rs6632677, rs2301692, 
and rs2306193) for investigation. All of these 
SNPs had minor allele frequencies (MAFs) of 
>5% in the Asian Population HapMap and had 
previously been reported to be associated with 
hypertension. Genomic DNA was extracted 
from peripheral blood samples using the 
Axyprep Blood Genomic DNA Miniprep Kit 
(Axygen, USA), and the DU530 UV/VIS spectro-
photometer (Beckman Instruments, Fullerton, 
CA, USA) was used to determine DNA concen-
tration according to the manufacturer’s proto-
col. MassARRAY Assay Design 3.0 Software 
(Sequenom, San Diego, CA, USA) was used to 
design Multiplex SNP MassEXTEND assays. 
Genotyping was performed using the Sequenom 
MassARRAY RS1000 following a standard pro-
tocol recommended by the manufacturer [7], 
and data were analyzed using Sequenom 
TYPER 4.0 Software (Sequenom, San Diego, 
CA, USA) [8]. For all tested samples, a 5% ran-
dom sample was reciprocally tested, and the 
reproducibility was 100%.

Statistical analysis

The ACE2 gene maps to the X chromosome; 
therefore, male and female patient groups were  

analyzed separately. Hardy-Weinberg equilibri-
um was tested in the female population. 
Unpaired t-tests, chi-squared tests or Fisher’s 
exact test were used to compare the character-
istics of the two groups and to compare the 
characteristics according to different geno-
types. Alleles in females were compared by 
one-way ANOVA. Odds ratios (OR) were calcu-
lated with 95% confidence intervals (95% CI). 
Multivariate logistic regression models were 
used to estimate the associations between 
SNPs and hypertension after adjustment for 
age, BMI, FBG, TG, TC, LDL-C, e24-h salt intake, 
protein-creatinine ratio and waist-to-hip ratio. 
In addition, haplotype constructions and Me- 
ndel linkage disequilibrium were analyzed using 
the online computer platform SHEsis and 
Haploview software (http://analysis.bio-x.cn/
myAnalysis. php). Haplotypes with frequencies 
>3% in the combined cases and controls were 
examined. All statistical analysis was per-
formed using SPSS 17.0 software (SPSS INC., 
IL, USA). P<0.05 was considered to indicate 
statistical significance.

Results

Prevalence of hypertension

In total, 838 individuals of Wa ethnicity (421 
females and 417 males) were screened by our 
team. The mean age of the group was 
48.62±12.86 years, with SBP readings of 
(134.65±12.43) mmHg and significantly lower 
DBP readings of (82.68±9.94) mmHg. The over-
all prevalence of hypertension among the Wa 
ethnic group aged ≥18 in Yunnan Province was 
31.03% (260/838). The rate of awareness of 
hypertension was 32.81% (275/260), while 
only 10.77% people received treatment. How- 
ever, among the individuals who received medi-
cation, blood pressure control was achieved in 
only 0.70%. Approximately 50.35% of the group 
were illiterate, with those whose highest level 
of education was primary school, junior high 
school, senior high school accounting for 
34.25%, 11.69%, and 3.70%, respectively. Al- 
most 45.94% of the subjects were smokers, 
and 35.92% reported drinking alcohol (Table 
1). Because of the predominance of women  
in the group and some significant differen- 
ces between men and women found across 
several socioeconomic and demographic vari-

Table 1. Demographic and clinical characteris-
tics of the study sample (n = 838)

Variable Summary 
statistics

Age (years) 48.62±12.86
Prevalence of hypertension (%) 31.03%
Awareness of hypertension (%) 275 (32.81%)
Treatment rates of hypertension (%) 90 (10.77%)
Control rates of hypertension (%) 6 (0.70%)
Smoking (current) 385 (45.94%)
Drinking (≥1 glass/day) 301 (35.92%)
Education level: No school 422 (50.35%)
    Primary school 287 (34.25%)
    Junior high school 98 (11.69%)
    Senior high school 31 (3.70%)
BMI (kg/m2) 23.48±3.15
SBP (mmHg) 134.65±12.43
DBP (mmHg) 82.68±9.94
BMI, body mass index; SBP, systolic blood pressure; 
DBP, diastolic blood pressure.
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ables, the following analyses were sex-stra- 
tified.

Baseline characteristics of the study popula-
tion

A total 260 hypertensive patients and 290 nor-
motensive individuals (controls) were enrolled 
for salt intake investigations and SNP analysis. 
The clinical characteristics of the patients and 
controls are listed in Table 2. For both sexes, 
there were no significant differences between 
hypertensive patients and normotensive con-
trols in terms of TC, LDL-C, serum K, urinary Na, 
uNa/K, microalbuminuria, protein-creatinine 
ratio, and waist-to-hip ratio (P>0.05). The levels 
of e24-h salt intake, SBP and DBP, and age 
were significantly higher in patients than in the 
control group (P<0.05). Relative to normoten-
sive controls, hypertensive patients had higher 
UA and TG levels for females and higher fasting 
glucose level for males.

SNP analysis

We detected five SNPs (rs2074192, rs2106809, 
rs2285666, rs6632677, rs714205) of the 
ACE2 gene in this Chinese Wa population. The 

genotype distributions and allele frequencies 
of the five examined polymorphisms are pre-
sented in Table 3. The gene encoding ACE2 is 
assigned on the X chromosome; therefore, 
Hardy-Weinberg equilibrium testing was possi-
ble in the female population and the observed 
frequencies were in accordance with the 
expected frequencies for each polymorphism 
(P>0.05). As shown in Table 3, analyses of sin-
gle SNPs indicated no differences in geno-
types/allele frequencies of ACE2 rs2106809, 
rs2074192, and rs6632677 between hyper-
tensive patients and controls, in either men or 
women. Although the frequency of the ACE2 
rs2285666 T allele or TT genotype was signifi-
cantly higher in female hypertensive patients 
than in female controls (Table 3), the difference 
was still statistically significant (P<0.05); how-
ever, this difference was not found in men. 
Analysis of the at-risk ACE2 rs2285666 
revealed a significant association between the 
the T allele and TT genotype with hypertension 
(OR = 1.521, 95% CI: 1.113-2.078, P = 0.008; 
OR = 1.623, 95% CI: 1.021-2.741, P = 0.049). 
Logistic regression analysis revealed that the 
ACE2 rs2285666 T allele and TT genotype 

Table 2. The baseline characteristics of all study participants
Characteristics Females Males

HBP NBP
P

HBP NBP
P

(n = 152) (n = 168) (n = 108) (n = 122)
Age (years) 53.47±11.61* 44.41±12.20 0.000 50.98±14.93 43.21±12.86 0.03

BMI (kg/m2) 25.32±4.03* 22.50±3.53 0.000 23.54±4.74 23.19±2.79 0.633

SBP (mmHg) 153.93±14.28* 116.30±10.96 0.000 149.59±16.12* 120.69±9.19 0.000

DBP (mmHg) 89.04±9.95* 71.98±8.83 0.000 92.46±15.07* 77.25±6.14 0.000

Serum Cr (umol/L) 57.58±12.25 59.62±21.35 0.472 72.45±15.77* 78.42±15.81 0.048

UA (umol/L) 291.26±70.03* 247.93±51.91 0.000 375.06±90.69 349.69±72.75 0.104

FBG (mmol/L) 5.14±1.11 4.83±1.12 0.082 5.33±1.51* 4.75±0.45 0.009

TC (mmol/L) 5.10±1.20 5.03±0.94 0.702 5.37±1.18 5.14±0.89 0.251

TG (mmol/L) 2.34±1.49* 1.61±0.84 0.000 2.47±2.43 1.82±1.36 0.09

LDL-C (mmol/L) 3.08±0.82 3.09±0.80 0.954 3.17±0.79 3.24±0.78 0.663

Serum Na (mmol/L) 137.81±2.02* 136.95±2.21 0.012 137.92±2.33 137.76±1.71 0.691

Serum K (mmol/L) 4.88±0.57 4.91±0.59 0.790 5.17±0.61 4.97±0.08 0.075

Urinary sodium (mmol/L) 141.93±53.18 158.90±51.96 0.129 154.66±51.68 136.98±54.76 0.159

Urinary potassium (mmol/L) 34.62±12.17* 44.67±16.51 0.002 44.11±21.70 40.14±15.18 0.344

e24-h Salt intake, g per day 18.97±5.67* 15.47±3.65 0.000 17.14±3.17* 14.34±4.03 0.030

urine Na/K 4.49±2.00 4.09±2.21 0.368 4.26±2.63 3.77±1.71 0.322

Microalbuminuria mg/L 36.07±47.25 33.00±58.34 0.810 67.55±89.34 40.40±57.95 0.156

Urine creatinine (umol/L) 8986.42±755.77 10700.93±784.53 0.068 10597±3604.91* 12717.00±3687.56 0.018

Urinary albumin/creatinine ratio (mg/mmol) 36.87±8.51 36.91±6.91 0.242 63.94±98.86 30.76±54.46 0.108

Waist-to-hip ratio 0.89±0.07 0.87±0.181 0.312 0.92±0.31 0.86±0.05 0.186
BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; Cr, creatinine; UA: Uric acid; FBG: fasting blood glucose; TC: total cholesterol; TG: 
triglyceride; LDL-C: low density lipoprotein cholesterol; e24-h salt intake: estimated daily 24 h salt intake. *P values were computed by unpaired t-test or Mann-Whitney 
U-test for quantitative variables.
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Table 3. Genotype distributions and allele frequencies of five ACE2 gene polymorphisms in hyperten-
sive patients and normotensive controls according to sex

SNPs Gender Genotype/allele
Frequency

P*  OR; 95% CI; P# Logistic regression analysis 
OR; 95% CI; P★Hyp Con.

rs2074192 Male CT 0 0
TT 52 54
CC 56 68
C 112 136 0.404 0.855; (0.592-1.235); 0.404 0.765; (0.651-1.34); 0.32
T 104 108 1.169; (0.810-1.689); 0.404 1.56; (0.754-1.701); 0.563

Female CT 80 74 0.289 1.411; (0.908-2.193); 0.125 1.233; (0.867-2.33); 0.41
TT 28 34 0.890; (0.510-1.553); 0.681 0.762; (0.467-1.493); 0.79
CC 44 60 0.733; (0.458-1.175); 0.197 0.601; (0.456-1.089); 0.34
C 88 194 0.492 1.150; (0.772-1.714); 0.492 0.97; (0.742-1.654); 0.32
T 56 142 0.492 0.869; (0.583-1.296); 0.492 0.67; (0.521-1.378); 0.51

rs2106809 Male GG 56 60 -
GA 0 0
AA 52 62
A 104 124 0.56 0.89; (0.62-1.29); 0.56 0.82; (0.56-1.31); 0.42
G 112 120 1.11; (0.77-1.60); 0.56 0.99; (0.68-1.56); 0.46

Female GG 42 56 0.59 0.79; (0.49-1.28); 0.34 0.75; (0.51-1.34); 0.48
GA 78 80 1.226; (0.79-1.91); 0.37 1.02; (0.76-1.34); 0.40
AA 28 32 0.992; (0.56-1.74); 0.97 0.85; (0.64-1.43); 0.52
A 134 144 0.49 1.12; (0.882-1.53); 0.49 0.98; (0.75-1.12); 0.34
G 160 192 0.87; (0.653-1.227); 0.49 0.71; (0.75-1.37); 0.32

rs2285666 Male TT 60 64
TC 0 0
CC 48 58
T 120 128 0.506 1.133; (0.784-1.636); 0.506 0.943; (0.68-1.56); 0.45
C 96 116 0.506 0.883; (0.611-1.275); 0.506 0.765; (0.587-1.215);0.456

Female TT 42 32 0.028 1.623; (1.021-2.741); 0.049 1.534; (1.001-2.54); 0.031
TC 78 80 1.159; (0.747-1.799); 0.509 1.062; (0.756-1.65); 0.601
CC 32 56 0.533; (0.322-0.884); 0.014 0.523; (0.28-0.79); 0.022
T 162 144 0.008 1.521; (1.113-2.078); 0.008 1.48; (1.05-2.241); 0.013
C 142 192 0.657; (0.481-0.898); 0.008 0.56; (0.399-0.79); 0.007

rs6632677 Male GG 106 118 0.687
CG 0 0
CC 2 4
C 4 8 0.338 0.557; (0.165-1.875); 0.338 0.543;(0.243-1.771); 0.433
G 212 236 0.338 1.797; (0.533-6.052); 0.338 1.652; (0.481-5.478); 0.432

Females GG 142 158 0.320 0.899; (0.363-2.222); 0.817 0.844; (0.352-2.38); 0.727
CG 10 8 1.408; (0.541-3.667); 0.481 1.34; (0.78-2.74); 0.39
CC 0 2 1.012; (0.995-1.029); 0.177 1.08; (0.877-1.432); 0.24
C 10 12 0.038 0.918; (0.391-2.157); 0.038 0.765; (0.45-1.891); 0.04
G 294 324 1.089; (0.464-2.558); 0.038 0.98; (0.77-2.34); 0.052

rs714205 Males GC 0 0
GG 60 68
CC 48 54
C 96 108 0.969 1.007; (0.697-1.456); 0.969 0.94; (0.543-1.526); 0.85
G 120 136 0.969 0.993; (0.687-1.435); 0.969 0.901; (0.877-1.62); 0.67

Females GC 76 76 0.016 1.211; (0.780-1.879); 0.394 1.09; (0.69-1.92); 0.453
GG 46 36 1.591; (1.020-2.638); 0.041 1.342; (1.001-2.59); 0.048
CC 30 56 0.492; (0.295-0.821); 0.006 0.43; (0.31-0.93); 0.008

C 136 188 0.005 0.637; (0.466-0.871); 0.005 0.599; (0.412-0.85); 0.007
G 168 148 1.569; (1.148-2.144); 0.005 1.499; (1.088-2.231); 0.005

Note: Females Hardy–Weinberg. P>0.05. *P was calculated by χ2 test contingency table with the corresponding degree of freedom. #No adjust-
ment for age, BMI, glucose, TG, TC, LDL-C, e24-h salt intake, protein-creatinine ratio, waist-to-hip ratio. ★Adjustment for age, BMI, glucose, TG, TC, 
LDL-C, e24-h salt intake, protein-creatinine ratio, waist-to-hip ratio.
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were hypertensive risk factors in females (OR = 
1.48, 95% CI: 1.05-2.241, P = 0.013; OR = 
1.534, 95% CI: 1.001-2.54, P = 0.031). Al- 
though the frequency of the ACE2 rs714205 G 
allele and GG genotype were significantly high-
er in female hypertensive patients than in 
female controls, the difference was still statisti-
cally significant (P<0.05); however, this differ-
ence was not found in men. Logistic regression 
analysis revealed that the ACE2 rs714205 G 
allele and GG genotype were hypertensive risk 
factors in females (OR = 1.499, 95% CI: 1.088-
2.231, P = 0.005; OR = 1.342, 95% CI: 1.001-
2.59, P = 0.048).

Haplotype and linkage disequilibrium analysis

Linkage disequilibrium of the five ACE2 SNPs 
and haplotype frequencies were analyzed us- 
ing the SHEsis software. The linkage disequilib-
rium map was constructed according to the dis-
tribution of the rs2074192, rs2106809, rs- 
2285666, rs6632677, and rs714205 sites. We 
found that rs2074192, rs2106809 and rs22- 
85666 as well as rs714205 were linked (D’>0.9 
and r2>0.7) (Table 4). All haplotypes with a fre-
quency <0.03 were excluded from our analysis. 
According to the analysis, eight haplotypes of 
four SNPs were identified. One of the haplo-
types, C G T G, was associated with significantly 
increased risk in hypertensive patients (P = 
0.043, OR = 1.283; 95% CI: 1.046-1.387) 
(Figure 1).

Statistical analysis of the interaction between 
ACE2 variants and high salt intake

The influence of the interaction between ACE2 
variants and high salt intake [9] (e24-h salt 
intake ≥11 g) on the risk of hypertension in 
females was evaluated by logistic regression 

with the rs2285666 TT and rs714205 GG 
genotypes.

Discussion

In this study, we found an overall prevalence of 
31.03% for hypertension among the Wa ethnic 
group aged ≥18 years in Yunnan Province, 
which was higher than that reported (29.6%) in 
a national survey of Chinese adults aged ≥18 
years in 2014 [10]. However, the rate of aware-
ness, treatment and control of hypertension 
were 32.81%, 10.77% and 0.70%, respectively, 
in the Wa ethnic group.

A hypertension survey conducted between 
2001 and 2003 in a European population aged 
between 26 and 65 years indicated that the 
prevalence of hypertension was 24.4% [11]. Wa 
people have a unique ethnic origin, environ-
ment, and customs. Most live in Gengma, which 
has a mild climate and fertile land. The Wa peo-
ple are mainly engaged in agriculture, which 
accounts for the low incidence of overweight 
and obesity among this population. However, 
the prevalence of hypertension in the Wa group 
was found to be higher than that reported in 
other areas of China. This could be accounted 
for by a number of factors. Wa people report a 
preference for preserved food, the high salt 
intake of which may contribute to the progres-
sion of hypertension. In addition, Wa people 
have high rates of smoking and drinking, which 
influence sympathetic stimulation in addition to 
the effects mediated by chronic impairment of 
endothelial function and increased arterial 
stiffness.

ACE2, encodes an 805 amino acid protein that 
is the first known human homolog of ACE. ACE2 
is highly expressed in normal kidney, heart, and 

Table 4. Haplotype analysis of rs2074192, rs2106809, rs2285666, 
and rs714205 single nucleotide polymorphism sites
Haplotype HBP (frequency) NBP (frequency) P OR, 95% CI
C G T G 234.00 (0.457) 231.73 (0.400) 0.043 1.283 [1.046-1.387]
T A C C 254.00 (0.496) 295.79 (0.510) 0.528 0.923 [0.721-1.183]
C A C C 0.00 (0.000) 6.00 (0.010) / /
C A C G 10.00 (0.020) 12.05 (0.021) / /
C A T G 0.00 (0.000) 16.16 (0.028) / /
T A T C 4.00 (0.008) 4.05 (0.007) /
T G C C 0.00 (0.000) 14.21 (0.025) /
T G T G 10.00 (0.020) 0.00 (0.000) /

(Table 5). (P<0.000), and the 
OR value of patients with 
both a history of high salt 
intake and the rs714205 GG 
genotype was 3.055 (P< 
0.000). In contrast, the OR 
values of individuals with a 
history of high salt intake or 
the rs714205 GG genotype 
alone were 3.972 and 1.270, 
respectively. These findings 
suggested that high salt 
intake increased the hyper-
tensive OR for individuals 
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retina [12-14] and is an important regulator  
of the RAS through its ability to degrade angio-
tensin II. Evidence indicates that the ACE2-
mediated diversion of the vasoconstrictor 
angiotensin II toward the vasodilator angioten-
sin-(1-7) peptides plays a protective role in the 
pathogenesis of hypertension. To date, few 
studies regarding associations of ACE2 vari-
ants and hypertension have been reported 
[15]. Although the ACE2 variants identified in 
this study were intronic rather than exonic poly-
morphisms, introns are important for DNA sta-
bility, suggesting that intronic mutations are as 
important as those in exons.

In the current study, we found that ACE2 vari-
ants (rs2285666 and rs714205) were associ-
ated with hypertension in the female Wa ethnic 
population. The ACE2 rs2285666 T allele/TT 
genotype and rs714205 G allele/GG genotype 

were hypertensive risk factors in females. 
However, the relationships between ACE2 vari-
ants and hypertension have yielded mixed 
results. In three Chinese studies, significant 
associations of women with the rs2285666 
SNP and either hypertension or increased SBP 
or DBP were reported. In two of these studies, 
high blood pressure was associated with the A 
allele, although an association with the G allele 
was reported in another study. A large family-
based study indicated that genetic variants in 
the APLNR and ACE2 genes are significantly 
associated with blood pressure responses to 
dietary sodium intervention. In another study, 
ACE2 SNPs (rs2285666, rs714205, and rs- 
4646176) were reported to be significantly 
associated with SBP, DBP, or MAP responses to 
low-sodium intervention [16]. However, Fan et 
al. investigated orthostatic blood pressure 
responses in 3,630 Chinese Han subjects and 

Figure 1. Linkage disequilibrium map of five ACE2 SNPs (rs2074192, rs2106809, rs2285666, rs6632677, and 
rs714205). (A: D’ values and B: r2 values of the five SNPs).

Table 5. Statistical analysis of the interaction between ACE2 variants and hypertension in females
HBP NBP χ2 p OR; 95% CI

rs2285666 TT+/high salt intake+ 28 9 13.319 0.000 4.012 [1.816-8.762]
rs2285666 TT+/high salt intake- 14 23 1.566 0.225 0.64 [0.316-1.293]
rs2285666 TT-/high salt intake+ 64 26 27.993 0.000 3.972 [2.343-6.733]
rs2285666 TT-/high salt intake- 46 110 39.604 0.000 0.229 [0.143-0.336]
rs714205 GG+/high salt intake+ 31 13 10.779 0.001 3.055 [1.532-6.089]
rs714205 GG+/high salt intake- 15 23 1.114 0.305 0.690 [0.346-1.378]
rs714205 GG-/high salt intake+ 60 57 1.058 0.353 1.270 [0.805-2.003]
rs714205 GG-/high salt intake- 46 75 7.017 0.011 0.538 [0.339-0.853]
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found no association with the rs2285666 SNP. 
Moreover Fan et al. did not find an association 
of the rs228566 or rs879922 SNPs with hyper-
tension, but found that the rs2106809 T allele 
conferred a higher risk of hypertension. Dif- 
ferences in the study design, including sample 
selection and phenotypes, may explain the 
inconsistencies in the results of these studies. 
In addition, sex and sex hormones may affect 
components of the RAS [17]. Moreover, func-
tional studies of this polymorphism are 
required.

ACE2 is one of the components of RAS that is 
located on the X chromosome. Therefore, the 
escape of X inactivation reported for many 
genes may contribute to the sex-related differ-
ences in the ACE2 gene in this Chinese cohort 
of patients with hypertension [6, 18]. In the 
present study, we focused on ACE2 variants in 
the Yunnan Wa ethnic population. None of the 
subjects had a history of migration history or 
marriage with other regional populations within 
three generations. A total of 20 ACE2 SNPs 
were detected. Two SNPs (rs2285666 and 
rs714205) were found to be significantly asso-
ciated with hypertension in females. The ACE2 
rs2285666 T allele, TT genotype and the 
rs714205 G allele, GG genotype implicated as 
risk factors for hypertension in Chinese Wa 
females. Linkage disequilibrium analysis reve- 
aled linkage of rs2074192, rs2106809 and 
rs2285666 as well as rs714205. Moreover, 
haplotype analysis showed an that the CGTG 
haplotype of ACE2 was associated with in- 
creased risk of hypertension.

Interestingly, the hypertensive patients among 
the Wa ethnic population in Yunnan Province 
had high levels of e24-h salt intake. Thus, we 
hypothesized that salt intake has an indepen-
dent effect on hypertension. In this study, the 
estimated daily salt intake was estimated using 
the method developed by Tanaka et al. and 
Kawasaki, which involves estimation of 24-h 
urinary Na and K excretion from spot voiding 
urinary samples collected in medical check-
ups, with no restriction on collection time [6, 
19]. This method can be used to estimate the 
population average of Na intake is employed in 
epidemiological studies and health education. 
In our study, the levels of e24-h salt intake were 
(18.97±5.67) g in females hypertensive pa- 
tients and (17.14±3.17) g in males. These val-

ues exceed the population nutrient intake goal 
of 5 g of salt per day recommended by the WHO 
and the Food and Agriculture Organization of 
the United Nations. Numerous epidemiologic, 
evolutionary, and clinical studies have con-
firmed that salt intake is an important factor in 
elevating blood pressure in humans [20]. 
Alderman et al. and Cohen et al. both suggest-
ed that excessive salt reduction increased the 
incidence of cardiovascular diseases [21, 22]. 
Alderman proposed that the relationship bet- 
ween salt intake and the risk of cardiovascular 
diseases is J-shaped and that salt intake at 5 to 
6 g per day is associated with the lowest risk of 
cardiovascular diseases [23].

Blood pressure is a complex phenotype that is 
influenced by multiple genetic and environmen-
tal factors and their interactions. In our study, 
we selected candidate ACE2 genes and ana-
lyzed the interaction between ACE2 variants 
and dietary sodium intake. The odds ratio val-
ues of hypertensive patients with both a history 
of high salt intake and either the rs2285666 TT 
or rs714205 GG genotype were higher than 
those for individuals with a hsitory of high salt 
intake alone. These results indicate that high 
salt intake increases the hypertensive OR for 
individuals with the rs2285666 TT or rs714205 
GG genotype. Evidence of abnormalities in 
sodium balance as a cause of hypertension 
and the underlying mechanisms have been 
obtained in numerous studies conducted in 
genetically hypertensive rat strains [24]. The 
changes in the components of the intrarenal 
RAS in response to alterations in salt intake 
have also been evaluated in several studies 
[23, 25]. In addition, excess salt intake has fu- 
nctional and pathological effects on the vascu-
lature that are independent of blood pressure.

Some limitations of the present study should 
be noted. First, a larger sample size is neces-
sary for a more accurate analysis. Second, 
functional investigations of the association 
between the CGTG haplotype and hypertension 
are also required. Last but not least, the exact 
biological mechanism and other possible fac-
tors underlying the association of the ACE2 
gene with hypertensive individuals remain to be 
clarified.

In conclusion, the present study demonstrates 
a correlation between the high prevalence of 
hypertension among the Wa ethnic group in 
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Yunnan Province with both high salt intake and 
ACE2 polymorphisms. ACE2 variants (rs2285- 
666 and rs714205) are associated with hyper-
tension in the female Wa ethnic population. 
Furthermore, the interactions between high 
salt intake and ACE2 SNPs are implicated in 
increased risk of hypertension.
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