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Introduction 
Orthostatic hypotension (OH) is well recognized as a risk fac-
tor for falls, syncope, cardiovascular events and mortality[1–5].  
Orthostatic hypertension (OHT), a rise in blood pressure (BP) 
upon assuming upright posture, has been associated with 
increased risk of coronary heart disease[6], silent cerebro-
vascular infarct[7], and lesions in the central nervous system 
detected by MRI[8].  Hypertension has been associated with 
increased risk of OH and OHT in addition to multiple other 

factors, including older age, diabetes mellitus, decreases in 
vestibular function, and medication in many epidemiological 
studies[2, 3, 9–11].  Therefore, a better understanding of the under-
lying pathophysiology and genetic background might have 
major clinical significance for hypertensive patients.  

The actual mechanisms of orthostatic BP dysregulation are 
poorly understood.  When a person stands, about 500–1000 
mL of blood moves from the upper body to the lower body.  In 
response to postural changes, the sympathetic nervous system, 
the renin-angiotensin system (RAS), and consequent aldoster-
one release may be activated and exert compensatory effects 
for maintaining cardiac output during the stress of upright 
posture[12].  Apart from the key role of the autonomic nervous 

Polymorphisms of angiotensin-converting enzyme 
(ACE) and ACE2 are not associated with orthostatic 
blood pressure dysregulation in hypertensive 
patients

Xiao-han FAN1, Yi-bo WANG2, Hu WANG2, Kai SUN2, Wei-li ZHANG2, Xiao-dong SONG2, Jing-zhou CHENG2, Hai-ying WU1, 
Xiang-liang ZHOU1, Ru-tai HUI1,*

1Department of Cardiology and Hypertension Division, 2Sino-German Laboratory for Molecular Medicine & Key Laboratory for Clinical 
Cardiovascular Genetics, Ministry of Education, Cardiovascular Institute & FuWai Hospital, Chinese Academy of Medical Sciences and 
Peking Union Medical College, Beijing 100037, China 

Aim: The genetic background of orthostatic blood pressure dysregulation remains poorly understood.  Since the renin-angiotensin sys-
tem plays an important role in blood pressure regulation and response to position change, we hypothesized that angiotensin-convert-
ing enzyme (ACE) and ACE2 genetic polymorphisms might contribute, at least partially, to orthostatic blood pressure dysregulation in 
hypertensive patients.  
Methods: Two tag single nucleotide polymorphisms (SNPs) of ACE2 and ACE I/D were genotyped in 3630 untreated hypertensive 
patients and 826 normotensive subjects.  Orthostatic hypertension was defined as an increase in systolic blood pressure of 20 mmHg 
or more and orthostatic hypotension as a drop in blood pressure of 20/10 mmHg or more within three minutes of assumption of 
upright posture.  
Results: Female and male patients had similar rates of orthostatic hypertension (16.5% vs 15.3%) and hypotension (22.5% vs 23.8%).  
No significant differences were detected in the minor allele frequency of ACE2 rs2106809, rs2285666, or ACE I/D in either female or 
male patients with orthostatic hypertension (15.1%, 22.7%, 19.6%, respectively), hypotension (13.8%, 25%, 16.5%), or normal ortho-
static blood pressure response (14.4%, 21.9%, 15.8%) in additive, dominant or recessive models after adjustment for confounders 
(all P>0.05).  The orthostatic changes in systolic and diastolic blood pressure were also comparable among patients carrying different 
genotypes.  Similar results were observed in normotensive subjects.  
Conclusion: These data provide no support for the involvement of ACE or ACE2 in the genetic predisposition to orthostatic hypotension 
or hypertension.  

Keywords: orthostatic hypotension; hypertension; angiotensin-converting enzyme; polymorphism 
 
Acta Pharmacologica Sinica (2009) 30: 1237–1244; doi: 10.1038/aps.2009.110; published online 17 August 2009 

Original Article

* To whom correspondence should be addressed. 
E-mail huirutai@sglab.org  
Received 2009-03-08    Accepted 2009-06-19 



1238

www.nature.com/aps
Fan XH et al

Acta Pharmacologica Sinica

npg

system in the short- and long-term BP response to postural 
changes, RAS is also believed to be an important regulator of 
orthostatic BP change.  Because RAS hyperactivity is involved 
in the pathogenesis of hypertension, the effect of RAS on 
orthostatic BP regulation needs to be evaluated in hyperten-
sive patients.  The inter-individual response to postural change 
is highly variable[6], and familial analyses have revealed that 
25% of the variance of change in systolic blood pressure (SBP) 
is attributable to genetic factors[13].  Previous studies have sug-
gested that genetic variants contribute to the presence of OH 
and OHT.  Genetic norepinephrine transporter dysfunction is 
associated with orthostatic intolerance and changes in norepi-
nephrine turnover[14].  Some mitochondrial DNA mutations are 
also associated with idiopathic OH[15].  Thus, genes encoding 
components of the RAS may also be good candidate genes for 
orthostatic BP dysregulation in hypertensive patients because 
of their involvement in both the pathogenesis of hypertension 
and orthostatic BP regulation.  

A newly discovered RAS component, angiotensin-convert-
ing enzyme 2 (ACE2), shares 42% identity with the catalytic 
domain of somatic ACE and has been reported to play a pro-
tective role in the regulation of BP homeostasis and cardiac 
function[16–18].  ACE and ACE2 may therefore coordinate the 
physiological functions of RAS, and the balance between 
ACE2 and ACE may play an important role in the pathophysi-
ology and development of disease.  Given previous findings[19] 
of no associations between OH and polymorphisms of genes 
encoding traditional RAS components [including ACE I/D, 
angiotensinogen (AGT) M235T and angiotensin II type 1 recep-
tor (AT1R) A1166C], we preferred ACE2 and ACE as candidate 
susceptibility genes for orthostatic BP dysregulation.  To test 
our hypothesis, we looked for associations between ACE and 
ACE2 polymorphisms and OHT and OH in 3630 untreated 
hypertensive patients and 826 normal BP subjects.  

Methods
Study Population 
A community-based cross-sectional study was conducted in 
XinYang County, a region in central China, from 2004 to 2005.  
Hypertension was defined as diastolic blood pressure (DBP) 
of ≥90 mmHg and/or SBP of ≥140 mmHg or currently taking 
medication for hypertension (as defined by WHO 1999).  Sub-
jects were excluded from the study if they had any known dis-
eases, including heart failure, renal failure, valvular heart dis-
ease, secondary hypertension, and severe debilitating chronic 
illness (cancer, renal or hepatic diseases).  To exclude the effect 
of antihypertensive drugs on orthostatic BP regulation, only 
untreated patients were included in the study.  Untreated 
patients were defined as those newly diagnosed with hyper-
tension and/or not receiving any antihypertensive drugs for at 
least 8 weeks, according to participants’ self-reports on medi-
cation history.  Concurrently, age- and sex-matched subjects 
with systolic and/or diastolic BP levels <130/85 mmHg and 
with no family history of hypertension were recruited as nor-
motensive subjects from the same communities.  In total, 3630 
untreated patients (1227 men and 2403 women) and 826 nor-

motensive subjects (286 men and 540 women) with valid data 
on orthostatic BP measurements were included in the study.  
This study was reviewed and approved by the ethical commit-
tees of FuWai and local hospitals, and informed consent was 
obtained from each subject before he or she was recruited.  

Data collection 
Each eligible participant was interviewed in a community 
clinic.  Anthropometric measurements, including height (m), 
weight (kg), waist and hip circumference (measured at the 
umbilicus and the widest point, respectively), were measured 
by trained researchers.  All subjects underwent a standard 
12-lead ECG.  Overnight fasting blood was drawn for assays of 
fasting blood glucose, blood lipids [total cholesterol (TC), trig-
lycerides (TG), high-density lipoprotein cholesterol ( HDL-C ), 
low-density lipoprotein cholesterol ( LDL-C )], serum uric acid 
and creatinine levels by the core laboratory at FuWai Hospital.  
Medical history and histories of cigarette smoking and alcohol 
consumption were obtained with a standardized question-
naire.  Obesity was defined as BMI ≥30.0 according to World 
Health Organization criteria.  Metabolic syndrome (MS) was 
determined according to the International Diabetes Federation 
(IDF) criteria of 2005.

Blood pressure measurement and classification of orthostatic 
blood pressure change 
Sitting BP was measured by trained nurses and physicians 
with a standardized mercury sphygmomanometer and appro-
priate cuff sizes (regular, large, or thigh) fitted to the subject’s 
right arm.  Three readings were recorded in a sitting position 
at least 30 s apart after more than 5 minutes of rest, and the 
average of the three readings was taken as the analyzed BP 
level.  All BP investigators had to complete a training pro-
gram on the preparation of study subjects for measuring BP, 
selection of correct cuff size, and standard BP measurement 
technique according to a common protocol adapted from pro-
cedures recommended by the American Heart Association[20].  

Supine and standing BP were recorded with a mercury 
sphygmomanometer following a standardized protocol by 
a trained physician or nurse.  After a 15-min ECG examina-
tion with the participant lying on an examination table, three 
supine measurements of BP and heart rate were recorded at 
approximately 30-s intervals by a trained professional.  Par-
ticipants were then asked to rise from the supine position with 
the entire forearm relaxed and supported at heart level on an 
adjustable table, and standing measurements were taken at 0 
and 2 min.  OH was defined as a decline in SBP of at least 20 
mmHg and/or a decline in DBP of at least 10 mmHg either 0 
or 2 min after shifting from a supine to an upright posture[21].  
The definition of OHT was a postural increase of at least 20 
mmHg in the orthostatic SBP[22].  The orthostatic BP change 
was calculated as the average of two standing BP readings 
minus the average of the supine BP readings.  Participants 
with neither of these two patterns were classified into the 
orthostatic normotension (ONT) group.
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Polymorphism selection and genotyping
Five previously selected tagging single nuclear polymor-
phisms (SNPs) (rs4646112, rs2285666, rs2106809, rs4646155, 
and rs879922) reflect most of the information across the 60 
kb around the ACE2 gene according to the HapMap Project 
CHB (Han Chinese in Beijing) database (public releases up to 
January 2006) and the NCBI database; details have been pre-
viously published[23].  In brief, because the SNP rs4646112 is 
not polymorphic, and SNPs rs4646155 and rs879922 occur at 
relatively low minor allele frequency (at 3%~5%) among the 
Chinese, we selected the remaining two tag SNPs (rs2106809, 
and rs2285666), which effectively capture most of the other 
unmeasured common SNPs with allele frequencies >5%.  
ACE2 rs2106809 was found to be in pairwise LD (r2=0.742, 
D’=1.0) with three SNPs (rs2097723, rs1548474, rs1356037) in 
the region upstream of the ACE2 gene, while SNP rs2285666 
was in strong LD with two SNPs (rs1978124, rs4646142) 
(r2=0.929~0.995, D’=0.854~0.973) in Chinese.  These two poly-
morphisms of ACE2 were genotyped in all studied subjects by 
standard polymerase chain reaction (PCR)-restriction fragment 
length polymorphism (RFLP) techniques.  All aspects of DNA 
source, preparation and genotyping were controlled using the 
paradigms of blindness and randomization.  We also selected 
ACE I/D polymorphism, which accounts for up to 50% of the 
variation in the circulating level of ACE[24].  To determine ACE 
I/D polymorphism, insertion sequence-specific PCR was also 
performed to avoid mistyping[25].  The reproducibility of the 
genotyping was confirmed by bidirectional sequencing in 100 
randomly selected samples, and the reproducibility was 100%.  

Statistical analysis
All data are expressed as means with 95% confidence intervals.  
Because the ACE2 gene is located on the X chromosome, all 
of the data for each sex were analyzed separately (SPSS13.0).  
Quantitative variables were compared with one-way analysis 
of variance (ANOVA), and Tukey’s test or the t-test was used 
for comparison of the mean values of pairs of groups.  Triglyc-
eride level was highly skewed and compared using a Mann-
Whitney nonparametric test.  A χ2 test was used for qualitative 
variables, genotype/allele frequencies, and for the Hardy-
Weinberg equilibrium of polymorphisms.  Haplotypes were 
inferred using PHASE 2.0, and then were compared by χ2 test.  
Multinomial logistic regression analysis was used to assess the 
contribution of all genotypes to OHT or OH with adjustments 
for age, BMI, sitting BP levels, heart rates, and other conven-
tional confounders.  The orthostatic BP changes among geno-
types were first analyzed by ANOVA or t test, and then by a 
general linear model with adjustment for age, BMI, and sitting 
BP levels.  A two-tailed P value of <0.05 was considered signif-
icant.  Assuming an additive model, the study had more than 
80% statistical power to detect an association (at P=0.05) with 
an odds ratio of 1.25−1.75 for alleles at 35%−45% frequency, 
which indicates a low probability of a false-negative result.

Results 
Clinical characteristics, prevalence of OHT and OH, and 
orthostatic BP changes by sex 
Table 1 summarizes the baseline characteristics and the preva-
lence of OHT and OH in hypertensive patients and normo-
tensive subjects by sex.  In general, most characteristics were 
significantly different between the sexes except for age and 
diabetes mellitus.  The prevalence of neither OHT nor OH dif-
fered between men and women, even after adjustment for risk 
factors in both hypertensive and normotensive subjects.  Male 
and female subjects had similar orthostatic reductions in SBP 
at both 0 and 2 min after standing (Table 1) and similar ortho-
static increases in DBP at 0 min after rising from a supine to 
an upright posture.  However, in hypertensive patients, men 
had higher orthostatic increases in DBP at 2 min after stand-
ing than did women even after adjustment for confounders, as 
determined by analysis of a general linear model (3.3 mmHg 
vs 2.6 mmHg, P=0.046).

Associations of OH and OHT with genotypes in hypertensive and 
normotensive subjects
The genotype/allele frequencies of the two SNPs corre-
sponding to ACE2 and ACE I/D in untreated hypertensive 
patients and normotensive subjects are listed in Tables 2 and 
3.  Hardy–Weinberg equilibrium for the two ACE2SNPs could 
be tested only in the female population, and it showed no sig-
nificant deviation in either hypertensive (rs2106809: χ2=3.49, 
P=0.061; rs2285666: χ2=3.46, P=0.062) or normotensive women 
(rs2106809: χ2=2.88, P=0.09; rs2285666: χ2=0.14, P=0.71).  ACE 
I/D genotypes were also in Hardy–Weinberg equilibrium in 
the entire hypertensive study population (χ2=3.09, P=0.08) and 
in the normotensive subjects (χ2=0.47, P=0.49).  The distribu-
tion of each genotype was consistent with other published 
data on Chinese subjects.

Table 2 presents genotype and allele frequencies for each 
polymorphism in hypertensive women and men with OHT, 
OH and ONT.  Analysis of single SNPs showed no signifi-
cant differences in the minor allele frequency (MAF) of ACE2 
rs2106809, rs2285666, or ACE I/D among female patients 
with OHT (15.1%, 22.7%, 19.6%, respectively), OH (13.8%, 
25%, 16.5%, respectively) and ONT (14.4%, 21.9%, 15.8%, 
respectively), in dominant, recessive and additive models (all 
P>0.05); nor were there differences among the male patients.  
The haplotypes inferred from the two ACE2 SNPs also showed 
no associations with OH or OHT in either sex.  To adjust for 
covariates, subsequent multinomial logistic regression analysis 
was performed, and this too revealed no significant associa-
tion between any of the tested SNPs and OH or OHT.  

Similarly, as shown in Table 3, no association was observed 
between genotypes or haplotypes and OHT or OH in normo-
tensive subjects, even after adjusting for conventional risk fac-
tors.  

Associations of orthostatic BP changes with genotypes 
The orthostatic BP changes in hypertensive patients were clas-
sified by genotype and sex (Table 4).  However, no significant 
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associations were found between orthostatic changes in SBP 
or DBP at 0 or 2 min after standing and ACE or ACE2 geno-
types in either men or women.  Analysis of the general linear 
model also demonstrated no significant influence of genotype 
on orthostatic BP changes after controlling for confounders in 
both sexes.  Normotensive subjects also showed no association 
of orthostatic BP changes with the studied genotypes (Table 
S1).

Discussion 
This study assessed the influence of RAS genetic variants on 
orthostatic BP dysregulation in a large cohort of untreated 
hypertensive and normotensive subjects.  Because RAS has 
been implicated in the pathophysiological mechanisms of 
hypertension and orthostatic BP dysregulation, ACE and/or 
ACE2 polymorphisms were hypothesized to have a genetic 
influence on BP response to posture change.  After exclusion 
of the effect of antihypertensive drugs, the present study failed 
to demonstrate an association of either ACE or ACE2 genetic 
polymorphisms with OHT, OH, or orthostatic BP changes in 
either untreated hypertensive patients or normotensive sub-

jects.  
The prevalence of OHT and OH was similar between male 

and female patients in our study.  Few studies have reported 
a gender difference in the BP response to standing[26, 27]; our 
study and a previous large community-based study showed 
no significant sex-related difference in BP in response to pos-
tural change[6].  The small BP difference (0.7 mmHg) between 
sexes in DBP at 2 min after adopting an upright position is 
probably not clinically relevant in hypertensive patients, even 
though it was statistically significant, and may be due to the 
large sample size.  Because large fluctuations in heart rate and 
blood pressure usually occur within the first 20 to 30 s after 
standing[28], the mean reduction in SBP immediately (at 0 min) 
after standing was larger than that after 2 min in the upright 
position.  

In addition to aging, the orthostatic BP response might 
be strongly influenced by high BP levels as well as subse-
quent damage to vessels and autonomic tone in hypertensive 
patients.  Hypertension blunts baroreflex sensitivity (BRS) 
and vascular compliance[29, 30], and therefore may lead to the 
occurrence of OH.  In contrast, OHT may be related to the 

Table 1.  Clinical characteristics and prevalence of OH and OHT by sexes.   

    Characteristics                                    Untreated hypertensive patients                                                         Normotensive subjects
                                                 Men                            Women                                Men                        Women                                 
 
 n             1227            2403              286             540
 Age, year   59.1 (58.5–59.5)    58.2 (57.8–58.6)   54.3 (53.5–55.1)   54.7 (53.9–55.5)
 BMI, kg/m2   25.4 (25.3–25.7)    26.3 (26.1–26.4)b   24.2 (23.9–24.5)   24.9 (24.7–25.2)b

 SBP, mmHg 159.5 (158.1–160.7)  161.7 (160.3–163.3)b 125.6 (124.6–126.8) 126.5 (125.6–127.5)
 DBP, mmHg    97.2 (96.7–97.7)    95.3 (94.9–95.8)b   82.9 (82.1–83.9)    81.7 (81.0–82.4)b

 PP, mmHg    62.2 (61.9–63.3)    65.7 (64.9–66.5)b   42.7 (41.6–43.8)   44.8 (44.0–45.6)b

 HR, bpm    71.6 (70.9–72.3)    73.8 (73.4–74.3)b   69.6 (68.1–71.0)    71.6 (70.6–72.5)b

 FBG, mmol/L      5.56 (5.50–5.68)      5.60 (5.52–5.67)     5.21 (5.09–5.31)     5.36 (5.22–5.50)
 SUA, µmol/L 345.3 (340.2–350.1) 262.9 (260.1–265.7)b 324.7 (315.6–333.7) 242.2 (236.5–248.0)b

 SCr, µmol/L   78.8 (77.5–80.2)   58.8 (58.1–59.6)b    74.3 (72.6–76.0)   56.6 (55.6–57.7)b

 TC, mmol/L     5.38 (5.31–5.43)     5.64 (5.59–5.68)b      5.21 (5.03–5.38)     5.37 (5.27–5.46)b

 HDL–C, mmol/L     1.52 (1.50–1.54)     1.58 (1.56–1.59)b      1.49 (1.47–1.53)     1.57 (1.55–1.60)b

 LDL–C, mmol/L     3.09 (3.02–3.11)     3.18 (3.15–3.24)b      2.81 (2.72–2.89)      3.05 (2.97–3.13)b

 *TG, mmol/L      1.61 (1.54–1.68)     1.76 (1.71–1.80)†      1.55 (1.37–1.73)     1.47 (1.39–1.55)†

 Smoking, % (n)   48.2 (592)     0.5 (15)b   30.1 (86)     0.4 (2)b

 Alcohol use, % (n)   51.3 (630)     3.3 (79)b   32.5 (93)     1.85 (10)b

 DM, % (n)      7.2 (88)     8.4 (201)     4.2 (12)     5.9 (32)
 MS, % (n)   21.4 (262)   39.7 (953)b   10.1 (29)   19.3 (104)b

 Obesity, % (n)     8.6 (105)   15.7 (378)b     3.8 (11)     8.5 (46)b

 OHT, % (n)   16.5 (203)   15.3 (367)     8.0 (23)     9.1 (49)
 OH, % (n)   22.5 (276)   23.8 (573)   14.3 (41)   15.9 (86)
 ΔSBP at 0, mmHg    -3.1 (-3.8–2.3)    -3.9 (-4.4–-3.3)    -2.87 (-4.2–-1.5)    -3.67 (-4.7– -2.7)
 ΔDBP at 0, mmHg     1.7 (1.2–2.2)     1.3 (0.9–1.6)     0.68 (-0.32–-1.68)    -0.14 (-0.94–0.64)
 ΔSBP at 2 min, mmHg    -2.0 (-2.7–1.2)    -2.1 (-2.7–-1.6)    -2.68 (-4.03–-1.2 )    -2.86 (-3.8–-1.8)
 ΔDBP at 2 min, mmHg     3.4 (2.8–3.9)     2.6 (2.2–2.9)b     1.84 (0.83–2.81)     0.97 (0.15–1.79)

BMI indicates body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; PP, pulse pressure; HR, heart rates; FBG, fast blood glucose; 
SUA, serum uric acid; SCr, serum creatinine; TC, total cholesterol; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; 
TG, triglycerides; DM, diabetes mellitus; MS, metabolic syndrome; OHT, orthostatic hypertension; OH, orthostatic hypotension; ONT, orthostatic 
normotension; ΔSBP, orthostatic change in systolic blood pressure; ΔDBP, orthostatic change in diastolic blood pressure. †P value analyzed by Mann-
Whitney nonparametric test. *, values are expressed as median with 95% confidence interval.  bP<0.05.
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sympathetic hyperactivity observed in some hypertensive 
patients[31, 32].  Excessive venous pooling in the lower extremi-
ties upon standing can lead to a decrease in cardiac output, 
which may result in vigorous activation of the sympathetic 
nervous system and excessive arteriolar vasoconstriction in 
hypertensives with sympathetic hyperactivity, thus causing 
OHT.  Moreover, some patients with severe OHT may have 
relatively rare disorders such as baroreflex failure, mast cell 
activation disorder (mastocytosis), hyperadrenergic POTS, or 
pheochromocytoma[22].  

The genetic influence on orthostatic BP dysregulation (OH 
or OHT) remains understudied.  Previous familial studies 
indicate that genes responsible for orthostatic SBP disorder 
may be on chromosome 13q or 18q[33, 34].  However, no exact 
candidate genes have been identified as being responsible for 
orthostatic SBP regulation.  The present study evaluated the 
genetic background of OHT using a candidate gene approach.  
However, a genetic influence of RAS was not found on ortho-
static BP changes or the prevalence of OHT in hypertensive 
patients.  A relationship between OH and mitochondrial DNA 

mutations was once reported in three families with idiopathic 
OH[15].  Orthostatic intolerance is also associated with a Gly49 
polymorphism of the beta1 receptor gene[35].  Consistent with 
our results, Tabara et al[19] reported no association between 
polymorphisms of genes encoding the key components of 
the traditional RAS pathway and OH in a population-based 
study.  In contrast, they reported an association of OH with a 
G protein α-subunit (GNAS1) T131C polymorphism and a G 
protein β subunit (GNB3) C825T polymorphism[19], which are 
components of the sympathetic nervous system.  Although 
a new member of RAS, ACE2, was included in our study, a 
genetic effect of RAS on orthostatic BP dysregulation was not 
detected.  

In our study, RAS genetic variants did not appear to influ-
ence the BP response to orthostasis in either hypertensive or 
normotensive subjects.  Our results can be explained by the 
role of the RAS in the physiological changes during standing.  
The most important mechanism to compensate for short-term 
orthostatic stress is the influence of the autonomic nervous 
system on peripheral vascular resistance, heart rate and con-

Table 2.  Prevalence of OHT and OH among genotypes in hypertensive patients.   

                                                                                     Genotype frequencies n (%)                                    Allele frequencies n (%)    
                               n                    MM              Mm         mm                       P* (r/d)             M                        m            P
 
 ACE2 rs2106809        CC       CT       TT          C        T                             
 Female          
  ONT 1449 594 (40.9) 647 (44.7) 208 (14.4) – 1835 (63.3) 1063 (36.7) --
  OHT   358 139 (39.7) 165 (46.1)   54 (15.1) 0.75 (0.73/0.45)   443 (61.9)   273 (38.1) 0.47
  OH   564 239 (42.4) 247 (43.8)   78 (13.8) 0.84 (0.76/0.57)   725 (64.3)   403 (35.7) 0.57
 Male         
  ONT   737       473 (64.2)   264 (35.8) --
  OHT   196       129 (65.8)     67 (34.2) 0.67
  OH   269       167 (62.1)   102 (37.9) 0.54
 
 ACE2 rs2285666        AA       AG       GG          A        G   
 Female         
  ONT 1453 425 (29.2) 710 (48.9) 318 (21.9) – 1560 (54.1) 1326 (45.9) --
  OHT   361 118 (32.7) 161 (44.6)   82 (22.7) 0.31 (0.73/0.20)   397 (55.0)   325 (45.0) 0.65
  OH   569 157 (27.6) 270 (47.5) 142 (25.0) 0.32 (0.14/0.46)   584 (51.3)   554 (48.7) 0.11
 Male         
  ONT   742       417 (56.2)   325 (43.8) --
  OHT   199       104 (52.3)     95 (47.7) 0.32
  OH   270       159 (58.9)   111 (41.1) 0.44
 
 ACE I/D           II          ID       DD           I        D 
 Female         
  ONT 1459 541 (37.1) 688 (47.2) 230 (15.8) – 1770 (60.7) 1148 (39.3) --
  OHT   362 125 (34.5) 166 (45.9)   71 (19.6) 0.20 (0.08/0.37)   416 (57.5)   308 (42.5) 0.11
  OH   565 208 (36.8) 264 (46.7)   93 (16.5) 0.93 (0.7/0.91)   680 (60.2)   450 (39.8) 0.77
 Male         
  ONT   742 258 (34.8) 347 (46.8) 137 (18.5) –   863 (58.2)   621 (41.8) --
  OHT   201   69 (34.3)   92 (45.8)   40 (19.9) 0.89 (0.64/0.91)   230 (57.2)   172 (42.8) 0.73
  OH   272   85 (31.3) 132 (48.5)   55 (20.2) 0.55 (0.53/0.29)   302 (55.5)   242 (44.5) 0.29

OHT indicates orthostatic hypertension; OH, orthostatic hypotension; ONT, orthostatic normotension; M, major allele, m, minor allele, of each 
polymorphism.  χ2 test vs ONT group; * indicates P values under additive model; (r/d), P values under recessive/dominant models. 
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Table 3.  Prevalence of OHT and OH among genotypes in normotensive subjects.   

                                                                                   Genotype frequencies n (%)                                    Allele frequencies n (%)    
                              n                    MM              Mm         mm                       P* (r/d)            M                        m            P
 
 ACE2 rs2106809                       CC       CT      TT         C        T   
 Female         
  ONT 404 203 (50.2) 158 (39.1) 43 (10.6) – 564 (69.8) 244 (30.2) 
  OHT   46   21 (45.7)   19 (41.3)   6 (13.0) 0.80 (0.62/0.56)   61 (66.3)   31 (33.7) 0.49
  OH   79   43 (54.4)   29 (36.7)   7 (8.9) 0.77 (0.63/0.49) 115 (72.8)   43 (27.2) 0.45
 Male         
  ONT 214     138 (64.5) 76 (35.5) 
        OHT   25       15 (60.0) 10 (40.0) 0.66
         OH   43        27 (62.8) 16 (37.2) 0.83
   ACE2 rs2285666        AA      AG      GG        A        G 
   Female         
       ONT 406 111 (27.3) 199 (49.0) 96 (23.6) -- 421 (51.8) 391(48.2) 
       OHT   47 13 (27.7) 25 (53.3) 9 (19.1) 0.77 (0.49/0.96) 51 (54.3)   43 (45.7) 0.66
         OH   81 26 (32.1) 38 (46.9) 17 (21.0) 0.67 (0.61/0.38) 90 (55.6)   72 (44.4) 0.39
   Male         
      ONT 215                                                                                                                                        119 (55.3)   96 (44.7) 
      OHT 25                                               13 (52.0)   12 (48.0) 0.75
        OH 44       25 (56.8)   19 (43.2) 0.86
 ACE I/D         II      ID      DD         I        D 
 Female         
  ONT 406 137 (33.7) 189 (46.6) 80 (19.7) – 463 (57.0) 349 (43.0) 
  OHT   47   16 (34.0)   18 (38.3) 13 (27.7) 0.38 (0.23/0.97)   50 (53.2)   44 (46.8) 0.48
  OH   82   23 (28.0)   42 (51.2) 17 (20.7) 0.60 (0.91/0.32)   88 (53.7)   76 (46.3) 0.43
 Male         
  ONT 214   70 (32.7) 106 (49.5) 38 (17.8) – 246 (57.5) 182 (42.5) 
  OHT   25     9 (36.0)   13 (52.0)   3 (12.0) 0.77 (0.47/0.74)   31 (62.0)   19 (38.0) 0.47
  OH   44   13 (34.1)   24 (54.3)   7 (11.4) 0.58 (0.69/0.68)   50 (56.8)   38 (43.2) 0.91 

OHT indicates orthostatic hypertension; OH, orthostatic hypotension; ONT, orthostatic normotension; M, major allele, m, minor allele, of each 
polymorphism.  χ2 test vs ONT group; * indicates P values under additive model; (r/d), P values under recessive/dominant models.

Table 4.  Orthostatic BP changes among genotypes in hypertensive patients.   

 Orthostatic BP change                              Women                                                                           Men
 
 ACE2 rs2106809            CC                             CT                             TT                       P          C                                              T                                     P
          n=972        n=1059        n=340                     n=769                                    n=433 
 ΔSBP0, mmHg -3.9 (-5.6– -2.6) -2.7 (-5.1– -0.6) -5.3 (-7.5– -3.9)   0.18 -2.5 (-4.2–0.1) -4.2 (-6.7– -1.1) 0.30
 ΔDBP0, mmHg  2.2 ( 1.0–3.4)  2.8 ( 1.2–4.6)  3.2 ( 1.5–4.3)   0.54  2.8 ( 1.5–4.7)  0.9 (-1.2–2.9) 0.48
 ΔSBP2, mmHg -2.5 (-4.3– -0.7) -2.2 (-4.1– -2.0) -4.3 (-6.8– -2.8)   0.16 -2.4 (-4.2–0.4) -3.9 (-6.3– -0.5) 0.19
 ΔDBP2, mmHg  3.0 ( 1.8–4.1)  3.3 ( 1.2–5.0)  3.4 ( 1.7–5.2)   0.89  3.8 ( 1.9–5.6)  1.2 (-1.1–3.6) 0.25

 ACE2 rs2285666            AA                             AG                            GG                                          A                                              G
          n=700        n=1141        n=542       n=680                                     n=531 
 ΔSBP0, mmHg -2.7 (-4.1– -1.2) -4.1 (-5.4– -2.7) -4.6 (-6.3– -3.0)   0.20 -2.6 (-4.2– 0.0) -4.1 (-5.9– -2.3) 0.24
 ΔDBP0, mmHg  2.1 ( 1.0–3.1)  1.7 ( 0.8–2.5)  1.5 ( 0.3–2.5)   0.71  2.7 ( 1.4–3.9)  1.7 ( 0.5–3.1) 0.34
 ΔSBP2, mmHg -1.8 (-3.4– -0.2) -2.8 (-4.2– -1.5) -2.4 (-4.1– -0.7)   0.67 -1.8 (-3.2– -0.1) -3.5 (-5.4– -1.6) 0.20
 ΔDBP2, mmHg  3.1 ( 1.9–4.2)  2.9 ( 2.0–3.7)  2.7 ( 1.6–3.8)   0.91  4.2 ( 2.8–5.4)  3.3 ( 1.7–4.9) 0.43

  ACE I/D              II                             ID                              DD                                          II                              ID                          DD         
          n=874        n=1118         n=394         n=412                      n=571       n=232   
   ΔSBP0, mmHg -4.0 (-5.2– -2.9)  -4.7(-6.0– -3.5) -3.1 (-4.5– -1.9) 0.30 -3.4 (-4.2– -1.5) -1.9 (-3.3– -0.5) -3.7 (-5.1– -1.5)    0.37
   ΔDBP0, mmHg  1.0 (0–1.9) 1.02(0– 2.0) 1.22(0.2– 2.1) 0.95  1.3 (0– 2.6)  1.5 (0.1– 3.0)  0.3 (-1.0– 1.6) 0.83
   ΔSBP2, mmHg -2.5 (-3.9– -1.2) -2.6 (-4.1– -1.3) -1.4(-2.6– -0.5) 0.45 -2.8 (-3.9– -1.1) -0.8 (-2.5– 0.9) -2.8 (-4.2– 0.3) 0.24
   ΔDBP2, mmHg  2.1 (1.1– 3.1)  2.5 (1.5– 3.2) 2.8(1.8– 3.8) 0.68  2.9 (1.6– 3.9)  3.2 (2.1– 4.5)  2.4 (1.2– 3.6) 0.77

ΔSBP0 indicates systolic blood pressure changes at 0 min after standing; ΔSBP2, systolic blood pressure changes at 2 min after standing; ΔDBP0 or 2, 
diastolic blood pressure changes at 0 or 2 min after standing.
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tractility, and muscular activity.  Continued upright posture 
causes greater volume depletion, and this activates a series of 
neurohormonal changes, including activation of the RAS.  OH 
and OHT are commonly recognized within 3 min upon stand-
ing, which may be independent of the RAS effect.  Another 
possibility is that the underlying causal variants of RAS were 
not detected by appropriate analysis.  However, this explana-
tion is not supported by the consistency of our results with 
previous studies or the physiological role of RAS in orthosta-
sis.  To further understand the genetic background of orthos-
tatic BP regulation, more studies are required to assess genetic 
effects of the sympathetic nervous system on orthostatic BP 
response.  

Several limitations need to be mentioned.  Because the 
study sample size was large enough to entail a low probabil-
ity of a false-negative result, we did not replicate our results 
in another independent sample of hypertensive patients.  In 
addition, the similar results in normotensive subjects also 
verified the reliability of our findings.  Although haplotype 
analyses including all variants can often have advantages over 
polymorphism analyses, tag-SNPs based on LD analysis can 
also provide potential power and good coverage of the total 
common variation[36].  Nevertheless, it might be necessary to 
investigate all polymorphisms in all genes encoding pathways 
of both the sympathetic nervous system and RAS to further 
evaluate genetic background of orthostatic BP dysregulation.  

In conclusion, our results provide no evidence for either 
ACE or ACE2 involvement in the genetic predisposition for 
orthostatic BP dysregulation in hypertensive patients or nor-

motensive subjects.  The data presented should be helpful for 
elucidating the genetic mechanisms underlying orthostatic 
hypotension and hypertension in future studies.  
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