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Abstract

African Americans suffer a higher prevalence of hypertension compared to other racial/ethnic
groups. In this study, we performed a pharmacogenomics genome-wide association study of blood
pressure response to B-blockers in African Americans with uncomplicated hypertension. Genome-
wide meta-analysis was performed in 318 African American hypertensive participants in the two
Pharmacogenomic Evaluation of Antihypertensive Responses studies: 150 treated with atenolol
monotherapy and 168 treated with metoprolol monotherapy. The analysis adjusted for age, gender,
baseline BP and principal components for ancestry. Genome-wide significant variants with p <
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5*10~8 and suggestive variants with p < 5*10~7 were evaluated in an additional cohort of 141
African Americans treated with the addition of atenolol to hydrochlorothiazide treatment. The
validated variants were then meta-analyzed in these 3 groups of African Americans. Two variants
discovered in the monotherapy meta-analysis were validated in the add-on therapy. African
American participants heterozygous for S.C25A31 rs201279313 deletion vs wild-type genotype
had better diastolic blood pressure response to atenolol monotherapy, metoprolol monotherapy
and atenolol add-on therapy: —9.3 vs. —4.6, —9.6 vs. —4.8 and —9.7 vs. —6.4 mmHg, respectively
(3-group meta-analysis p= 2.5*1078, beta = —4.42 mmHg per variant allele). Similarly, LRRC15
rs11313667 was validated for systolic blood pressure response to f-blocker therapy with 3-group
meta-analysis p = 7.2 *1078 and beta = —3.65 mmHg per variant allele. In this first
pharmacogenomics genome-wide meta-analysis of BP response to 3-blockers in African
Americans, we identified novel variants that may provide valuable information for personalized
antihypertensive treatment in this group.
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Introduction

Hypertension is the most common modifiable risk factor for cardiovascular disease and
death 1. It affects about one in three adults of > 20 years of age in the United States,
representing about 80 million American adults 2. The most recent estimate of the population
of non-Hispanic African Americans in the United States is 40.8 million 3. African American
adults have among the highest prevalence of hypertension in the world, with age-adjusted
prevalence of 44.9% and 46.1% for men and women, respectively 2. Compared with
European Americans, hypertension in African Americans has an earlier onset, greater
severity and higher rate of target organ damage, contributing to decreased longevity 4.
Lowering blood pressure (BP) with antihypertensive therapy has been shown to be
beneficial even in patients with mild hypertension °. According to the NHANES 2007-2012
data, the BP control rates were 41.4% and 55.9% in non-Hispanic black males and females,
compared to 54.0% and 58.7% in non-Hispanic white males and females, respectively 2.
There is considerable inter-individual variability in blood pressure (BP) response to all
classes of antihypertensive drugs 8 7. Current selection of the initial antihypertensive
therapy for uncomplicated hypertension individuals is essentially by trial-and-error.
Pharmacogenomics has the potential to individualize antihypertensive drug therapy and lead
to better BP control and improve the long term outcomes of those with hypertension.

Among all individuals in the US over age 65, approximately 32% are prescribed a 8-
blocker 8. B-blockers are often viewed as a suboptimal antihypertensive choice in African
Americans overall despite recognition that BP response to any single antihypertensive drug
is characterized by large inter-individual variation 2 10, In this study, we performed the first
pharmacogenomics genome-wide meta-analysis of BP response to 3-blockers in African
Americans to shed light on pharmacogenomics signals that may explain this observed
variability in response.
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Methods
Study Participants

The Pharmacogenomic Evaluation of Antihypertensive Responses (PEAR):
PEAR-1 and PEAR-2 Studies—The PEAR-1 study (clinicaltrials.gov identifier
NCT00246519) was a multicenter randomized controlled clinical trial evaluating genetic
determinants of BP responses to atenolol and hydrochlorothiazide (HCTZ) monotherapy and
combination therapy of the two drugs!l. The PEAR-2 study was a multicenter sequential
monotherapy clinical trial (clinicaltrials.gov identifier NCT01203852) 12 evaluating genetic
determinants of BP response to metoprolol monotherapy and chlorthalidone monotherapy.
Both PEAR-1 and PEAR-2 studies included individuals with mild to moderate essential
hypertension. Individuals with diabetes and known cardiovascular disease were excluded.
The details of these two studies are summarized in the Supplemental materials. The study
protocols for both the PEAR-1 and PEAR 2 studies were reviewed and approved by the
Institutional Review Boards at all sites recruiting subjects (University of Florida,
Gainesville, FL; Emory University, Atlanta, GA; Mayo Clinic, Rochester, MN and East
Coast Institute for Research, Jacksonville, FL (PEAR-2 only)) and all participants provided
voluntary, written informed consent prior to participation. This analysis focuses on the
African American BP response to atenolol mono and add-on therapy in the PEAR-1 study
and the BP response to metoprolol monotherapy in the PEAR-2 study.

Blood pressure phenotype

In the PEAR-1 study, BP was measured using three different methods: home, office and
ambulatory 11, For genome-wide association analysis, we used the most precise phenotype
available, which is a composite weighted average of the office, home, ambulatory daytime
and nighttime BP responses calculated based on the row sums of the inverse of the inter-
method covariance matrices 3. This weighted average blood pressure had higher signal-to-
noise ratio and therefore provides greater power to detect genetic differences compared to
any single component measurement of the composite BP response phenotype 13,

In the PEAR-2 study, home and office BP measurements were collected. We have
previously demonstrated that home BP is the more informative single BP measurement
compared to the office BP measurement 13. Therefore, home BP is the phenotype used for
the genome-wide association analysis for PEAR-2. We have demonstrated 12 that different
methods of measure BP response to antihypertensive drug therapy measure the same signal
but with different signal-to-noise ratios. This allows us to perform the meta-analysis of
PEARL1 and PEAR? to identify the real BP response signal.

Genotyping and Imputation

The details on the genome-wide genotyping, quality control and imputation performed on
PEAR-1 and PEAR-2 participants are presented in the Supplemental Materials.

Statistical Analysis

Continuous variables were presented as mean and standard deviation and categorical
variables were presented as numbers and percentages. t test, Wilcoxon rank sum test or chi-
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square test were used to compare the individuals treated with atenolol or metoprolol
monotherapy as appropriate. Spearman correlation was performed between baseline plasma
renin activity (PRA) and BP response. Genome-wide association analysis for BP response
was performed in African American hypertensive patients treated with atenolol
monotherapy (n = 150) and metoprolol monotherapy (n = 168) separately. Multiple linear
regression analysis was performed adjusting for baseline BP, age, gender and the first two
principal components for ancestry. Variables such as body mass index and smoking were
evaluated but were not associated with the BP response, therefore not included in the
regression model. The additive mode of inheritance was assumed, where imputed dosages of
the SNPs were used in the linear regression model. Meta-analysis of monotherapy response
was then performed using METAL 14, SNPs with p < 51078 were considered genome-wide
significant and those with p < 5*10~7 were considered suggestive. To validate the genome-
wide significant and the suggestive SNPs in an independent group of participants, we
assessed the association of these SNPs and BP response in PEAR African American
participants treated with atenolol add-on therapy (n = 141). We considered SNPs with p <
0.05 with same direction of association as was observed in the monotherapy analysis to be
validated, and performed 3-group meta-analysis for the SNPs that achieved that level. As a
sensitivity analysis, the association was also adjusted for pre-treatment PRA.

The relevant baseline characteristics of the African American participants treated with
atenolol monotherapy and those treated with metoprolol monotherapy are summarized in
Table 1. The participants treated with atenolol monotherapy were significantly younger (47
vs. 50 years old on average) than those treated with metoprolol (p = 0.006). Atenolol-treated
participants were predominantly female (71%), while females represented 53% of those
treated with metoprolol (p = 0.0008). The pre-treatment BP (145.1/93.9 mmHg) in the
atenolol group was lower than in the metoprolol group (147.5/95.6 mmHg, p = 0.045/0.017).
The baseline PRA was similar between atenolol monotherapy (median of 0.37 ng/ml/h) and
metoprolol monotherapy (median of 0.41 ng/ml/h).

BP response to atenolol and metoprolol

In the PEAR-1 study, the median length of atenolol monotherapy was 70 days (with
interquartile range of 64 — 77days). Eighty-nine percent of patients had the atenolol dose
titrated to 100 mg/day; in those who did not have the dose titrated from 50 mg/day, the most
common reason was a heart rate < 55 bpm. The mean BP response was —3.2/-4.2 mmHg
after atenolol monotherapy. There was no significant difference in BP response between
those treated with higher dose (—3.3/-4.1 mmHg) vs. with lower dose (-2.4/-5.0 mmHg) (p
=0.75 and 0.60 for SBP and DBP response, respectively). Also there was no correlation
between the length of monotherapy and the BP response (p = 0.94 for SBP response vs.
length of treatment correlation and p = 0.89 for DBP response vs. length of treatment
correlation).

In the PEAR-2 study, approximately 96% of the patients had their metoprolol dose titrated
and the median length of monotherapy was 58 days (interquartile range: 56 - 64 days). The
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average BP response was —4.7/-5.8 mmHg after metoprolol monotherapy. Similar to
response to atenolol, the BP response was not correlated with the length of the treatment (p
=0.77 for SBP response and p = 0.66 for DBP response) or the dose of metoprolol (p = 0.39
for SBP response and p = 0.11 for DBP response).

Figure 1 demonstrates the substantial inter-individual variability in BP response to both
atenolol and metoprolol observed in our African American hypertensive participants. While
the average SBP reduction was around 3 ~ 5 mmHg, approximately 26% and 32% of the
African American participants had a greater than 10 mmHg SBP reduction in response to
atenolol and metoprolol, respectively.

In both groups of individuals treated with atenolol monotherapy and metoprolol
monotherapy, the BP response was negatively correlated with the baseline PRA. The
Spearman correlation coefficients were —0.25 (p = 0.0017) between baseline PRA and DBP
response to atenolol and —0.20 (p = 0.0098) between baseline PRA and DBP response to
metoprolol. The tertile of individuals with most DBP reduction in response to atenolol had
significantly higher baseline PRA (median of 0.54 and interquartile range of 0.28-1.05
ng/ml/h) than those with least DBP reduction with median baseline PRA of 0.30 (0.16 —
0.50) ng/ml/h (p = 0.002). Similarly, the baseline PRA for those with most DBP lowering in
response to metoprolol monotherapy had significantly higher baseline PRA (0.45 (0.30
-0.85) ng/ml/h than those with least DBP lowering (0.31 (0.23-0.58) ng/mi/h) (p = 0.008).

Genome-wide Analysis of BP response to beta-blockers in African Americans

SNPs associated with BP response to atenolol in the genome-wide analysis with suggestive
significance (p < 5*1077) are listed in Table S1. One SNP (rs61128812) on Chromosome
20p12.1 reached genome-wide significance, with p = 1.68*1078 for association with DBP
response to atenolol. Top SNPs associated with BP response to metoprolol are summarized
in Table S2. One insertion/deletion variant (rs138781672) on chromosome 12 was
associated with SBP response to metoprolol with p = 2.76*1078, which also achieved
genome wide significance.

In the meta-analysis of BP response to atenolol or metoprolol monotherapy, 1 SNP was
genome-wide significant with p < 5*1078. The Manhattan plots are shown in Figure S1. The
SNPs with p < 5*10~7 are summarized in Table 2 for DBP response and Table 3 for SBP
response, which represented 8 unique signals/regions. An intronic SNP, rs1367094 in the
ZMATA4 (zinc finger matrix type 4) gene was associated DBP response to 3-blocker
monotherapy (meta-analysis p = 2.82*1078) (Figure S2). African American hypertensive
participants with the TT genotype of rs1367094 had a DBP response of —6.0 mmHg when
treated with atenolol and —6.6 mmHg when treated with metoprolol, while those with CT
genotype had +1.1 mmHg in response to atenolol and —2.3 mmHg in response to metoprolol
(p = 1.62*107 for atenolol and 0.0027 for metoprolol) (Figure S3). This SNP was also
associated with SBP response to these specific B-blockers in the meta-analysis (p =
1.55*1077) (Table 3).
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Validation in BP response to atenolol add-on therapy

In order to validate the association of the SNPs in an independent patient group, we
evaluated the association of the suggestive SNPs/regions (8 regions for DBP association and
8 regions for SBP association, respectively) in the only available African American f3-
blocker treated clinical trial cohort, to our knowledge: the 141 African Americans
hypertensive patients in PEAR study who had atenolol added to HCTZ monotherapy
(demographics presented in Table 1).

The ZMAT4 SNP (rs1367094) that reached genome-wide significance in African American
DBP response association in the monotherapy meta-analysis was not associated with the BP
response to the atenolol add-on therapy. The p value was 0.71 for rs1367094 in DBP
response to atenolol add-on therapy, with a beta of —0.37 mmHg/allele, the same direction as
in the monotherapy. The result for SBP response was similar, with p of 0.66 and beta of
-0.63 mmHg/allele.

One variant (rs201279313) in the SLC25A31 gene was validated in the DBP response to the
atenolol add-on therapy, with the same direction of effect compared to the monotherapy
group. The regional plot of this variant is shown in Figure S4. This variant is a deletion of
“TTA’ in the intronic region. The deletion allele was associated with greater BP reduction
after B-blocker treatment. In the African American participants treated with atenolol
monotherapy, those with the heterozygous genotype had a DBP response of —9.3 mmHg
compared to —4.6 mmHg in those with the wild-type genotype of this variant (p = 5.8%¥1074).
The DBP responses to metoprolol monotherapy were —9.6 and —4.8 mmHg in heterozygous
and wild-type participants, respectively (p = 5.3*107°). In the atenolol add-on therapy, the
DBP responses were —9.7 vs. —6.4 mmHg for the heterozygotes and wild-type individuals,
respectively (p = 0.033). The meta-analysis of the atenolol monotherapy, metoprolol
monotherapy and atenolol add-on therapy yielded p value of 2.5*1078 and beta of —4.42
mmHg per deletion allele (Figure 2). The p value of meta-analysis remained significant
(4.81*1078) after controlling for pre-treatment PRA.

Likewise, one variant validated for SBP response in the atenolol add-on therapy. The
deletion allele of rs11313667 (C/-, MAF=16%), located in the intronic region of LRRC15
gene on chromosome 3 (regional plot shown in Figure S5), was associated with better SBP
response to p-blocker monotherapy (beta = —4.9 mmHg, p = 1.49*1077) and was nominally
associated with better SBP response to atenolol add-on therapy (beta = -2.3 mmHg, p =
0.023). The p value for the 3-group meta-analysis was 7.16*1078 with a beta of —3.65
mmHg per deletion allele (Figure 3). After controlling for pre-treatment PRA, the p value
for the meta-analysis was slightly weaker (1.58*1077).

DISCUSSION

This is the first pharmacogenomic genome-wide association study of BP response to f3-
blockers reported in African American hypertensive patients. Two variants that were
selected for follow-up based on meta-analysis of responses to atenolol and metoprolol
validated in the analysis of African American hypertensive participants treated with atenolol
add-on therapy, with meta-analysis p value of one achieving genome-wide significance. The
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variants were both deletion alleles, rs201279313 in SLC25A31 for DBP response (p =
2.5*1078 in the 3-group meta-analysis) and rs11313667 in LRRC15 for SBP response (p =
7.2*1078 in the 3-group meta-analysis). We also identified 1 SNP with genome-wide
significance in the meta-analysis of BP response to 3-blocker monotherapy: rs1367094 (an
intronic SNP in gene ZMAT4) for DBP response, but this SNP did not validate when tested
in the atenolol add-on therapy cohort.

Atenolol and metoprolol are both cardioselective p-blockers that block the action of the
sympathetic nervous system, in particular on 1 adrenergic receptors (31 adrenoceptors) that
are mainly expressed in the heart and kidneys. f-blockers are often overlooked as potent
suppressors of renin secretion and presumably of angiotensin 11 formation 15, Sympathetic
nervous system activation is usually accompanied by increased renin secretion 16,
Accordingly, the BP lowering of 3-blockers is greatest in patients with high PRA and least
in those with low PRA 17-19 Hypertensive patients of African descent on average have
lower PRA and therefore less BP lowering when treated with -blockers compared to those
of European ancestry 20. However, we have shown that 20-30% of African Americans
hypertensive participants responded well to B-blocker treatment. Consistent with prior
reports, we found that those with higher baseline PRA responded better to atenolol or
metoprolol. This highlights that B-blocker therapy can be a very effective antihypertensive
drug class for a portion of African Americans. Identifying these patients a priori (based on
not only PRA but also independent genetic variants) could provide valuable information on
the optimal antihypertensive treatment for this group of African Americans.

In this genome-wide analysis study, two variants were validated across 3 cohorts (and two f3-
blockers) as associated with BP response to beta-blockers, one associated with DBP
response and the other associated with SBP response. The variant rs201279313 that was
validated for DBP response is the deletion of a TTA in the intronic region of SLC25A31,
solute carrier family 25 member 31, on chromosome 4g28.1. The SLC25A31 gene encodes
ADP/ATP translocase 4 (ANT4), which inhibits apoptosis by catalyzing ADP/ATP
exchange across the mitochondrial membranes, regulating membrane potential 21. To date,
there is no evidence of SLC25A31 gene mutations being associated with a human disease 22.
Other genes in this region include INTU (inturned planar cell polarity protein), HSPA4L
(heat shock 70kDa protein 4-like), PLK4 (polo-like kinase 4), MFSD8 (major facilitator
superfamily domain containing 8), and LARP1B (La ribonucleoprotein domain family,
member 1B). It is not immediately clear how this variant could be involved with response to
BP response to f-blockers. The HaploReg database 23 indicates there is no other variant in
high linkage disequilibrium with this variant in African populations in the 1000 Genomes
database, and this variant was found to alter 14 regulatory motifs including Evi-1_4, Fox
and HDAC2_disc6. Further study is warranted to understand the functional underpinning of
this association.

The variant validated for SBP response to $-blockers, rs11313667, is an insertion/deletion
variant (C/-) in the intronic region of LRRC15 (leucine rich repeat containing 15) gene. In
the 1000 Genomes African populations, this variant is in high linkage disequilibrium with 3
synonymous SNPs in the same gene: rs4974533 (r2 = 0.8, D’ = —-0.97), rs9682540 (r2 = 0.82
and D’=-0.98) and rs923935 (r2 = 0.8, D’=-0.97). Synonymous SNPs have been found to
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affect mRNA splicing, stability and structure as well as protein folding 24. LRRC15 is a
tumor antigen, a cell surface glycoprotein normally expressed only in the invasive
cytotrophoblast layer of the placenta and it was found to be overly expressed in the
androgen-independent metastatic prostate cancer 2%, There is no apparent link between
LRRC15 and BP in the literature. Other genes in this region include CPN2, GP5 and
ATP13A3. The most potentially interesting gene in this region related to blood pressure is
GP5 encoding platelet glycoprotein V, which mediates the adhesion of platelets to injured
vascular surfaces in the arterial circulation, a critical initiating event in hemostasis. Soluble
platelet glycoprotein V is a plasma marker of thrombosis released from the platelet surface
by thrombin and was found to be a marker of thrombosis in patients with ischemic stroke 26.
Hypertension is a major risk factor for thrombotic events such as myocardial infraction and
stroke, reflecting a prothrombotic state that is present in hypertensive patients. There is
evidence that this prothrombolitc state can be induced by the activated renin-angiotensin
system 27, A study by Remkova and colleagues demonstrated that soluble platelet
glycoprotein V level was elevated in hypertensive patients compared to healthy individuals
and more importantly, treatment with the ACE inhibitor perindopril (but not the angiotensin
Il receptor blocker telmisartan) significantly decreased the level of platelet glycoprotein V in
hypertensive individuals 28. It is plausible that B-blockers, as suppressors of renin secretion,
could be involved with expression of platelet glycoprotein V. We observed that the
association of this variant was only slightly weaker after adjusting for baseline PRA,
indicating that a very small portion of this association might be explained by PRA but
essentially the mechanism of this association remains to be elucidated. It is important to
carry out further functional studies to elucidate the mechanisms of these findings.

We acknowledge at least two limitations of this study. Firstly, we recognize that the BP
response to add-on therapy may not be the optimal validation for association with BP
response to B-blocker monotherapy and lack of association in the add-on therapy should not
be regarded as evidence to dismiss their association with the BP response to the
monotherapy. One potential reason that the significant SNP in the p-blocker monotherapy
was not validated in the add-on therapy is that the pre-treatment PRA was much higher
compared to those in the monotherapy as a result of HCTZ monotherapy which is known to
increase PRA. Even though our sensitivity analysis that adjust for pre-treatment PRA did not
show different results, it is possible that statistical adjustment might not be sufficient to
control for such difference. Thus, in particular the variant that achieved genome-wide
significance in the monotherapy meta-analysis remains of interest. Secondly, both PEAR-1
and PEAR-2 studies have active treatment for all arms, the phenotype of changed in BP
might not be easy to interpret without a placebo run-in or double blind cross-over design.

In conclusion, we performed the first genome-wide meta-analysis of BP response to [3-
blockers in hypertensive African American individuals and identified several potentially
important variants that deserve additional study. Further investigation regarding the
functional underpinning of these associations could advance our current understanding of f-
blocker use in African Americans and potentially serve as a basis of precision medicine in
treating hypertension in this special group of individuals.
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PERSPECTIVE

Hypertension is the most important risk factor for global disease burden and it is particularly
problematic in African Americans. Hypertension is also the most common chronic disease
for which medications are prescribed. Pharmacogenomics offers the clinical promise of
individualized antihypertensive therapy on the basis of matching a patient’s genetic makeup
and the pharmacological action of the drugs prescribed. This study performed the first
pharmacogenomics genome-wide association study of BP response to -blockers in African
American hypertensive individuals and identified two variants that validated across three
different cohorts, with clinically-relevant differences in BP response by genotype. Further
investigations of the two associated regions may provide valuable information for
personalized antihypertensive treatment in African Americans.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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NOVELTY AND SIGNIFICANCE
1) What Is New?

This is the first pharmacogenomic genome-wide association analysis of BP response to -
blockers in African American hypertensive patients. We performed meta-analysis of BP
response in the African Americans treated with atenolol monotherapy and metoprolol
monotherapy. SNPs with suggestive associations were then validated in African
Americans treated with atenolol add-on therapy. Two variants, S.C25A31 rs201279313
and LRRC15 rs11313667, were validated, with clinically-relevant effect sizes. In this first
pharmacogenomics genome-wide meta-analysis of BP response to -blockers in African
Americans, we identified novel variants that may provide valuable information for
personalized antihypertensive treatment in this group.

2) What Is Relevant?

The two identified variants have clinically relevant effects on blood pressure response to
B-blockers in African American hypertensive patients.

Summary

Genome-wide association analyses of BP response to f-blockers in African American
hypertensive patients identified two novel regions with clinically relevant effect sizes.
These variants may be useful to identify the African Americans who are responders to f3-
blockers.
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participants in PEAR. Vertical reference lines: —10mmHg in blood pressure response.
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Diastolic Blood Pressure Response by
SLC25A31rs201279313 genotype
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Figure2.
Diastolic blood pressure response to atenolol monotherapy, metoprolol monotherapy and

atenolol add-on therapy in African Americans by SLC25A31 rs201279313 genotype.

Hypertension. Author manuscript; available in PMC 2017 March 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Gong et al. Page 15

Systolic Blood Pressure Response
by LRRC15rs11313667 genotype
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Figure 3.
Systolic blood pressure response to atenolol monotherapy, metoprolol monotherapy and

atenolol add-on therapy in African Americans by LRRC15 rs11313667 genotype.
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Baseline characteristics of PEAR African American participants.

Table 1

Characteristics’ mg%ﬂﬂfogpy mMOT?tO?ﬁ;?gy Aotr?r(]r? '2' ﬁfﬁ
(n = 150) (n=168)

Age (mean + SD) 472+85 50.0 +9.2 474+85

Female gender (n, %) 107 (71.3%) 89 (53.0%) 103 (72.5%)

BMI (kg/m2) 31.6+6.3 30.8+5.2 31.8+6.2

Duration of hypertension (years) 6.4+6.8 6.8+55 6.5+6.7

Taking at least 1 antihypertensive drug at entry 105 (70.0%) 122 (72.6%) 100 (70.4%)

Smoker (ever) 52 (34.1%) 70 (41.7%) 18 (13%)

Baseline office blood pressure

Systolic (mmHg) 151.3+12.1  150.8+132  142.4+16.9

Diastolic (mmHg) 99.0+5.7 98.7+6.1 90.8+10.1

Baseline Home Blood

pressure

Systolic (mmHg) 14514105  1475+107  141.9+129

Diastolic (mmHg) 93.9+6.5 95.6 +6.1 89.5+8.1

Plasm renin activity (ng/ml/h), 0.37 (0.21- 0.41 (0.26- 0.93 (0.42-

median (interquartile range) 0.73) 0.74) 2.21)

Page 16

*
Numeric characteristics were presented as mean+ standard deviation or median and interquartile range if not normally distributed; categorical

variables were presented as number and percentages.

Abbreviation: SD: standard deviation; BMI: body mass index.

Hypertension. Author manuscript; available in PMC 2017 March 01.



Page 17

Gong et al.

38][e 80UBJaJal 1Y ‘UONBIBP 1 "JUSIDILIB00 B18g 8} JO JOJIS pIepuels :3S ‘T 8|9||e 10} 1UaI01180d uoIssaibal :e1aq ‘Aouanbaiy :bal4 “z 8j8|e :2V ‘T 89||e TV "uomisod §THY :UONISOd ‘8WOoSowWoIyd :qHD

L0-318%v 0L0 TS¢€- €T°0 9 2 RIN] 9UMX ¥0028.0T:8 £002€8.81
L0-38€v TS0 85T ¥9°0 O 1 esusssiw ZNMLY ZT1856£9:0T yeLSZTES)
10-386'€ GST  88'L 160 2 1 Joul  Z1AVIVVN 68SEVYSLTE  96STSYEVTSI
0-9097 S90  9g€ 9oT0 O 1 owabiu e 8YZT8SET  G2909T/S)
L0-3€€C7  ¥90  Z€E 8T°0 9 Vv o1uoAul 60919 TIS99T8E9  Z9v9SHOTSI
10-30T'T /60 €TG- 600 4 a RIN] TEVSZOTS  ~VLLL0v0/S98ZT:¥  £T€6/2T0ZS!
L0-3.0T 68T €00T- 860 2 1 1ol GX0S 8£€726€2:2T  65/G9TG/S)
80-328'C 960 vEG- 160 2 1 210U Y1VINZ v/£20v07:8 ¥60L9€TS!

d 35S epg TV U4 v TV  Uolpuny  8uso 1s8JesN uonsod ‘4HO dNsS

',-0TxG > d ynm sisAjeue-elaw ayy ur Adessyiouow 193400]g-e1aq 0} asuodsas anssaid poo|q d1j0IseIp YIM paleloosse sdNS do L

Author Manuscript

¢ ?olgel

Author Manuscript

Author Manuscript

Author Manuscript

Hypertension. Author manuscript; available in PMC 2017 March 01.



Page 18

Gong et al.

JUBI11J800 B13q 8Y) JO J0JI8 pIepues :3S ‘T a]9||e o) UaIo1J800 uoissaibal :ejag ‘Aousnbaly :hai4 ‘aja)e soualagal 1y ‘UonaIap :d "z 818 2V ‘T d8|[e ;T "uomisod 6THY :UONISOd ‘8WOoSoWoIyd :HHD

J0-9T9% 08T 806- SO0 O L1  ouonu  0TgY9 1SS66905:.  6ELL08.SI
[0-36TY T€Z L9TT  v00 O v owusBiell  0/ZSSNY Tv/16802:8  £82606GES!
J0-3v0€ 0TZ 9/0T- S60 O 1 owomu  1IAV9 8TVELB0EIE  L600SEVTTS!
o . . . £Ya0zL -, .

L0-3667 8T  8SL 00 d a owsbaw EYA%L TviweszerseTr  TvTeveZYTS
J0-36ST TST 26—  T60 O L ouonu  pLVINZ pIEZOVOY'S  YBOLIETSI
J0-36v'T €60 06v-  v0 M d  ouonu  STOMYT L OLTOTZ80VT:E  Z99STETTSI
L0-360T Tzz  OLTI €00 0 v owsbiaul N.wﬁm_w_m B8T.YTIOT:T  L9EE999S!
803098 9z TUZT  v00 9 v owdbiaw OGS GEZTETOTIS  88YBSG9LS!

d 35 epg Tvbeid gv Tv uomuny B9 uosod:yHD dNS

! BN !

;0TS > d ynm sisAjeue-ejaw ayy ul Adessyiouow 193400]g-e1aq 03 asuodsas anssaid poo|q o1j0IsAs Ylm pajeroosse sdNS do L

Author Manuscript

Author Manuscript

€9l|qel

Author Manuscript

Author Manuscript

Hypertension. Author manuscript; available in PMC 2017 March 01.



