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BACKGROUD

We used single-marker and novel gene-based methods to examine
the associations of endothelial system genes with blood pressure (BP)
changes and hypertension in a longitudinal family study.

METHODS

The Genetic Epidemiology Network of Salt Sensitivity follow-up study
was conducted among 1,768 Chinese participants from 633 families.
Nine BP measurements were obtained at baseline and at 2 follow-up
visits using a random-zero sphygmomanometer. Mixed-effect models
were used to assess the additive associations of 206 single-nucleotide
polymorphisms (SNPs) in 15 endothelial system genes with longitu-
dinal BP changes and hypertension incidence. Gene-based analyses
were conducted using the truncated product method. The Bonferroni
method was used to adjust for multiple testing in all analyses.

RESULTS
Among those free from hypertension at baseline, 512 (32.1%) devel-
oped hypertension during the average 7.2 years of follow-up. In

Hypertension is a major public health challenge worldwide
due to its high prevalence and associated increases in risks
of cardiovascular diseases."? As the leading risk factor for
mortality globally, approximately 13.5% of premature deaths
were attributable to high blood pressure (BP) in 2001.% High
BP can be described as a complex trait, influenced by mul-
tiple environmental and genetic factors. Heritability studies
indicate that about 30%-60% of interindividual variation in
BP is genetically determined.>* Still, the genomic mecha-
nisms underlying BP regulation remain largely unknown.

single-marker analyses, each copy of the minor alleles of correlated
SELE markers rs4656704, rs6427212, and rs5368 were associated
with increased risk of developing hypertension (P, yeng = 148X 1074,
6.69% 107>, and 7.64 X 107>, respectively). In addition, the minor allele of
SELE marker rs3917436 was associated with smaller diastolic BP (DBP)
increases over time. Results of gene-based analyses confirmed associa-
tions of the SELE gene with the longitudinal BP phenotypes (P values <
1.00% 107° for DBP change and hypertension incidence). Furthermore,
the DDAH1 and COL18AT genes were associated with systolic BP change
(P<1.00%x10~°and P=4.00x 1075, respectively), while EDNRA was asso-
ciated with hypertension incidence (P =2.39x 107%).

CONCLUSIONS
The current study provides strong evidence of a role of endothelial sys-
tem genes in BP progression and hypertension incidence.

Keywords: blood pressure changes; common variants; endothelial;
hypertension.

doi:10.1093/ajh/hpu223

Several reports have highlighted the importance of the
endothelium on relaxing vascular smooth muscle and regu-
lating vasomotor tone.>® Such findings suggest a potential
role for endothelial dysfunction in the pathogenesis of hyper-
tension. For example, studies have illustrated that endothe-
lial-mediated vasodilatation is reduced not only in animal
models of hypertension but also in humans with essential
hypertension.”® These findings make endothelial system
genes attractive candidates for genomic study of BP pheno-
types. Several studies have already identified associations
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between genes encoding components of the endothelial
system and prevalent hypertension.’~!? These studies have
reported contributions of the endothelial nitric oxide syn-
thase (NOS3), selectin E (SELE), endothelin receptor type
A (EDNRA), and endothelin 1 (EDN1I) genes to this complex
phenotype.®-12 However, genomic research on longitudinal
BP phenotypes, such as BP change over time and hyperten-
sion incidence, is limited. Only 4 studies of longitudinal BP
traits have been conducted,'®!*-1* including just 1 study con-
ducted in East Asian participants.'® Furthermore, the previ-
ous studies examined only the NOS3 gene with inconsistent
results.!®13-15 The paucity of research in this area highlights a
need for additional study of the relation between endothelial
system genes and longitudinal BP phenotypes.

The present study was undertaken to determine whether
common variants in endothelial system genes can predict
BP changes or hypertension incidence among 1,768 Han
Chinese participants of the Genetic Epidemiology Network
of Salt Sensitivity (GenSalt) follow-up study.

METHODS
Study population

The GenSalt study was a unique family-based dietary feed-
ing study designed to examine the interaction of genes and
sodium intake on BP. GenSalt participants were recruited
from 6 northern, rural Chinese populations with high habitual
sodium intake. Detailed information on the study design and
methods of the GenSalt study has been published elsewhere.!¢
Briefly, community-based BP screenings were carried out
among persons aged 18-60 years in the 6 study villages to iden-
tify potential probands. Those with mean systolic BP (SBP) of
130-160mm Hg and/or diastolic BP (DBP) of 85-100mm
Hg and no use of antihypertensive medication were recruited,
as well as with their parents, siblings, spouses, and offspring.
Individuals who had stage 2 hypertension, secondary hyper-
tension, and a history of clinical cardiovascular disease or dia-
betes or were pregnant, heavy alcohol drinkers, or currently on
a low-sodium diet were excluded from the study.

The baseline examination and subsequent dietary inter-
vention was carried out in 2003-2005. As part of the GenSalt
follow-up study, GenSalt participants took part in 2 follow-
up examinations that were conducted in 2008-2009 and
again in 2011-2012. Among 1,906 eligible individuals from
633 families who participated in the GenSalt baseline exami-
nation, 117 individuals were missing BP data at both of the
follow-up visits and another 21 individuals were missing
genotype data. In total, 1,768 participants (92.28%) were
included in the current analysis.

Written informed consents were obtained from all
GenSalt participants after detailed explanation of the study.
The study has been approved by the Institutional Review
Boards at all the participating institutions.

Data collection on phenotype and other covariates

Prior to the dietary intervention, GenSalt participants
underwent a 3-day baseline examination that was repeated
at each of the 2 follow-up visits. Information on family

structure, demographic characteristics, and personal and
family medical history was collected by trained staff using
a standardized questionnaire. Body weight and height were
measured twice with the participants in light indoor cloth-
ing without shoes. Body mass index (BMI) was calculated
as kilograms per square meter (kg/m?). BP was measured 3
times on each day of the 3-day baseline period and on each
day of the two 3-day follow-up visits. Three random-zero BP
measurements were obtained with participants in the sitting
position after 5 minutes of rest by the same trained and certi-
fied technician using a Hawksley random-zero sphygmoma-
nometer (Hawksley & Sons Ltd, Lancing, UK; zero range
0-20mm Hg) according to the protocols recommended by
the American Heart Association.!” The appropriate cuff size
was selected based on each study participant’s arm circum-
ference.!” Additionally, participants were advised to avoid
drinking, cigarette smoking, having coffee/tea, or doing
exercise for at least 30 minutes before their BP measure-
ments. BP levels at baseline and during each follow-up visit
were calculated as the average of the 9 BP measurements.
Hypertension was defined as SBP > 140 mm Hg and/or DBP
>90mm Hg or use of antihypertensive medications.

Genotype data and quality control

We conducted a MEDLINE literature search to identify 16
candidate genes in the endothelial system, including EDN2,
DDAHI1, VCAMI, SELP, SELE, EDNRA, MEF2C, EDNI,
SERPINEI, NOS3, VWF, EDNRB, CYBA, ICAM1, TGFBI,
and COL18A1 genes. The detailed literature search strategy
has been published elsewhere.!® Within the 16 candidate
genes (£5,000-bp flanking regions), 347 single-nucleotide
polymorphisms (SNPs) were genotyped on the Affymetrix
6.0 platform (Affymetrix, Santa Clara, CA). SNPs with minor
allele frequency less than 1%, genotyping call rate less than
95%, and deviation from Hardy-Weinberg equilibrium after
correction for multiple testing were excluded. After quality
control, we selected functional SNPs and additional tag-SNPs
from these genes with pairwise > thresholds of less than 0.9.
A total of 206 SNPs in 15 genes were included in the cur-
rent analysis. Characteristics of genes are shown in Table 1.
Characteristics of the SNPs, including information on loca-
tion, function, and quality, are presented in Supplementary
Table 1. Haploview software (version 4.2, http://www.broad.
mit.edu/mpg/haploview) was used to conduct quality con-
trol and SNP selection.

Statistical analysis

The characteristics of GenSalt follow-up study partici-
pants were presented as mean + SD for continuous variables
and as percentages for categorical variables.

To accommodate the longitudinal, family-based GenSalt
study design, we used mixed-effect regression models to
examine the associations between each SNP and longitu-
dinal BP phenotypes.!*?° The additive associations of each
SNP with longitudinal SBP and DBP changes were examined
using a mixed-effect linear regression model. Autoregressive
(1) and compound symmetry covariance matrices were used
to account for the correlations of repeated measurements

American Journal of Hypertension 28(6) June 2015 781


http://ajh.oxfordjournals.org/lookup/suppl/doi:10.1093/ajh/hpu223/-/DC1
http://ajh.oxfordjournals.org/lookup/suppl/doi:10.1093/ajh/hpu223/-/DC1
http://www.broad.mit.edu/mpg/haploview
http://www.broad.mit.edu/mpg/haploview

Liuetal.

‘wsiydiowAjod spposjonu-s|buis ‘dNS ‘ejeydsoyd apiosjonuip suiuspe apIWEeUooIu/apioaoNUIP suluspe spILEUoIU :HAAYN/HAVN ‘epIX0 ouiu ‘ON :suoieirnaiqay

J0}iqiyul sissuaboibue
snouabopus ue si [[]AX

uabe||oo Jo Juswbely e ‘uljejsopul 6l (y£98€69¥ ‘2500289%) L eydie ‘|lIAX @dA} ‘usbe|j0D LV81L700 gzeble
uonelayljold
‘uoljelbiw s|90 [el[eylopuS Ul SBAJOAU| L (9189817 ‘26%208LY) | BIeq ‘Jojoe} ymoib Buiwiojsuel | L9491 Z'cLbel
Aianoe apndadAjod
8SepIX0 HdAVYN/HAVN O} seje|sy L (09522288 ‘16970.88) eyd(e ‘Gz-q 8wolyooiho 4:7%0) €pebol
ON jJo osesjal 8y} seje|nwis . (c0686%82 ‘91979¥8/) g adA} Joydedal uljsyjopul gYNa3 €'zebel
sisauabolibue
Jo uone|nbau sajelpaw pue uigjold
Je|noseA [euoiounyjinuw e sepoouy ov (9£68€29 '070£509) J0joe} puBIgS||IAN UOA AMA Le'erdzl
(1190
ujuibie- woy ON sejelauss z (929912051 ‘€80£890GL)  [ell8YIOpUB) € BSBUIUAS BPIXO OLIN E£SON 1'9gbs
s)08ye oluaboibueold 0} | Jaquiaw
8jnquu00 pue sissusbolbue aje|npo ¥ (£¥5282001 ‘'02£59.00L) ‘3 @pepo 4onqiyul eseppdad uidies LINIIETS L'zebs
g4Na3 pue vyNA3
ybnouy) uonounysAp |eldyiopus
Sajelpaw pue J0)0LISUOO0SEeA
paALBp-wNidyjopus jusjod e sepooul 6 (Lzvzogel ‘9655822)) } ulaylopug JINeE] | 'v2d9
S||99 [elleyjopus
J0 JuswdojaAap 8y} 0} 8INGLIU0D 4 (zz610288 ‘52680088) 0z 10)0B} J90UBYUD 8}A00AN ozZ43In ¢yIbg
| ulaylopus o} Bulpuiq Jeye
uonoLisuodoseA bunsel-Huoj o} spes 0l (901L12¥8Y L ‘690.6€871) v @dA} Joydedal uljsyjopul veaNGT €z Leby
S92BLNS |el|joylopus JejndSeA uo
8|nosjow uoisaype Jofew e sapoouy €l (022802691 ‘182989691) 3 upos|eg 3738 Zvebl
uoljewuwe)jul sajelpaw jey}
8|nosjow uoIsaype Jofew e sepoouy 0l (16220101 ‘1L592€01) d unos|es d73S zeldy
uonelbiwsues)
pue ‘uoisaype wuy ‘buljjol
8)Aooyna| Jo sseo04d By} Ul sejedldw| g (10960Z101 ‘862081101) | 8|INpPOW UOISBYPE [[80 Je|NOSeA LWYOA Z'lezdy
aseyjuis ON jo Joyqiyut
ay} sl yoiym ‘sujuibiejAyiswip | @sejoipAyoulwelAylawip
oujewwAse sjeanoeu] 09 (££681098 ‘¥916/..58) auuibielAylowia LHYaa ¢zedL
v¥Na3
ybnouy) uonounysAp |eldyiopus
Sajelpaw pue J0JOLISUOO0SEeA
paAlBp-wnidyjopus jusjod B sepooul 4 (yvess6Ly ‘9rr6e6LY) Z ullsyjopug ZNa3 Zyedl
uopoun4 SANS J0 "'ON (dq 000°‘sF) uonisod |eaisAyd aweu auan |loquwiAs auag snooT]
Apnys auab ajepipued Joj pajosjas sauab walsAs |elldyjopuy "} djgelL

782 American Journal of Hypertension 28(6) June 2015



Endothelial System Genes With BP Changes

within individuals and of individuals within families, respec-
tively. SBP and DBP changes for the ith individual from the
jth family at the kth visit were modeled using the PROC
MIXED procedure in SAS (version 9.2; SAS Institute, Cary,
NQC) as:

Y s =B, + B, xage, + B, xgender, + B, xBMI, + 3, XSNP,
+ B xtime,, + B X(SNP, xtime,, ) +a,, +b, +e,

In the formula, B, is the mean after accounting for covar-
iates, genetic effects, and the interaction term. The terms
age,, gender,, and BMI, represent baseline age, gender,
and BMI of the ith individual in the jth family, respectively.
SNP; models the genetic main effect, where the genotype
is coded under an additive model. time,, is the follow-up
years since baseline for the ith individual in the jth family
at the kth visit. The seventh term is the linear interaction
between follow-up time and genetic effects. The random
effects terms 4, and bijk account for the correlation among
individuals in the same family as well as the correlation of
repeated measures among individuals nested within fami-
lies. The last term stands for residual. P values for P s were
used to evaluate the significance of the association of each
SNP with longitudinal BP change. For participants taking
antihypertensive medication (N = 7 at baseline, 86 at the
first follow-up examination, and 166 at the second follow-up
examination), BP was imputed by adding 10 and 5mm Hg
to SBP and DBP values, respectively.?! To examine the influ-
ence of BP imputation among participants taking antihy-
pertension medication, we conducted a sensitivity analysis
excluding those participants taking antihypertensive treat-
ment in the month prior to the visit.

After excluding 173 participants with hypertension at
baseline, the additive association of SNPs with hypertension
incidence was assessed using a multilevel logistic regres-
sion model.?? Autoregressive (1) and compound symmetry
covariance matrices were again used to account for the cor-
relations of repeated measurements within individuals and
of individuals within families, respectively. After accommo-
dating the longitudinal family design, the fixed effects of age,
gender, BMI, and follow-up time were adjusted in multivari-
able analyses using the PROC GLIMMIX procedure in SAS.

The truncated product method, which combines P values
from single-marker association analyses, was used to evalu-
ate the overall association of each candidate gene with lon-
gitudinal BP changes and hypertension incidence.?** For
longitudinal BP changes, the P value for the genotype by fol-
low-up time interaction term was used, while for hyperten-
sion incidence, the P value of the genotype term was used.
The truncation point was set as 7 = 0.10, and the P value
for truncated product method was estimated by 10,000,000
simulations. Sensitivity analyses were conducted using the
truncated product method after excluding significant SNPs
within a gene (identified by single-marker analyses) to
examine their influence on the gene-based analysis. Gene-
based analysis was performed using R software (version
3.0.1; http://www.r-project.org).

Bonferroni correction was used to adjust multiple testing.
The a-thresholds for single-marker analysis and gene-based

analysis were 2.43 x 107* (0.05/206) and 3.85 x 1073 (0.05/13),
respectively.

RESULTS

Table 2 presents the characteristics of 1,768 GenSalt par-
ticipants. On average, participants were 39.0 years of age, had
a mean BMI of 23.4kg/m?, and mean baseline SBP and DBP
of 116.9mm Hg and 73.8 mm Hg, respectively. A total of 924
(52.3%) participants were male and 173 (9.8%) participants
had hypertension at baseline. During the average 7.2 years
of follow-up, SBP and DBP increased 1.8 and 1.2 mm Hg per
year, respectively. In addition, among those free from hyper-
tension at baseline, 512 (32.1%) developed hypertension.

Analyses of 206 SNPs in 15 endothelial system genes
revealed that 3 SNPs in the SELE gene (rs4656704, rs6427212,
and rs5368) were significantly associated with hyperten-
sion incidence after Bonferroni correction for multiple
testing (Figure 1 and Supplementary Table 1). Each copy
of the minor allele of correlated SELE markers rs4656704,
rs6427212, and rs5368 were associated with an increased
risk of hypertension (P, yeng = 1.48 %1074, 6.69 x 1075, and
7.64x 1075, respectively). For example, compared to partici-
pants with the rs5368 C/C genotype, the relative risks (95%
confidence intervals) of hypertension for participants with
genotypes C/T and T/T were 1.38 (1.09, 1.77) and 2.33 (1.46,
3.73), respectively. Although the associations of these 3 SNPs
with longitudinal BP changes were not significant, a similar
trend was observed for average BP change per year (Table 3).
In addition, SELE marker rs3917436 was significantly associ-
ated with longitudinal DBP change after Bonferroni correc-
tion, with the minor allele predicting smaller DBP increases
over follow-up. A similar trend identified for SBP change
and hypertension incidence (Table 3). Results of sensitiv-
ity analyses excluding participants with hypertension from
the analyses of BP changes were similar to the overall find-
ings, with only SELE marker rs3917436 associated with DBP

Table 2. Characteristics of 1,768 GenSalt follow-up participants

Mean (SD) or N (%)

Age 39.0 (9.3)
Male 924 (52.3%)
Body mass index (kg/m?) 23.4 (3.2)
Baseline BP, mm Hg
SBP 116.9 (14.1)
DBP 73.8 (10.2)
Average change in BP, mm Hg (per year)
SBP 1.8 (1.9)
DBP 1.2 (1.3)

Hypertension at baseline 173 (9.8%)
512 (32.1%)

7.2 (0.9)

Hypertension incidence?

Follow-up time

Abbreviations: BP, blood pressure; DBP, diastolic blood pressure;
SBP, systolic blood pressure.
aExcludes 173 participants who had hypertension at baseline.
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Figure 1.

Log,, P values for the 206 SNPs in 15 candidate genes of endothelial system with longitudinal changes in SBP, DBP, and hypertension incidence.

The blue solid circle and green solid circle indicate P values for the interactions of follow-up time and genotype of each SNP for SBP and DBP, respectively.
The red triangles indicate P values for the association of each SNP with hypertension incidence. All labeled SNPs are statistical significant after Bonferroni
correction. Abbreviations: DBP, diastolic blood pressure; HTN, hypertension incidence; SBP, systolic blood pressure; SNP, single-nucleotide polymorphism.

change after adjustment for multiple testing (Supplementary
Table 2).

Results of gene-based analyses are shown in Table 4. The
SELE gene was significantly associated with DBP change and
hypertension incidence (P values were both <1.00 x 1076), the
EDNRA gene was significantly associated with hypertension
incidence (P = 2.39x107*), and the DDAH1 and COL18A1
genes were significantly associated with SBP change (P <
1.00x 107 and P = 4.00 x 1075, respectively). Further sensi-
tivity analyses revealed associations of the SELE gene with
DBP change and hypertension incidence even after exclu-
sion of the significant SNPs identified by single-marker anal-
yses (P =6.30x10~* and 1.80 x 1074, respectively).

DISCUSSION

As the first candidate gene study to investigate the asso-
ciations of endothelial system genes with longitudinal BP
phenotypes in an East Asian population, we identified 4
common variants in the SELE gene that may play a role in
hypertension pathogenesis. Compared to their correspond-
ing major alleles, each copy of the minor alleles of SELE
markers rs4656704, rs6427212, and rs5368 predicted higher
risk of developing hypertension. In addition, each copy of
the minor allele of SELE marker rs3917436 was associated
with smaller DBP increases over time. Furthermore, gene-
based analyses revealed associations of the DDAHI, SELE,
EDNRA, and COL18A1I genes with longitudinal BP pheno-
types. Our findings may have important clinical and public
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health implications. Discovery of genetic variants that influ-
ence hypertension susceptibility may aid in the identification
of individuals who would benefit most from targeted pri-
mary prevention efforts. Moreover, these findings contrib-
ute additional information toward our understanding of the
genetic mechanisms underlying hypertension development.

We identified 4 SELE variants (rs4656704, rs6427212,
rs5368, and rs3917436) that were significantly associated
with longitudinal BP phenotypes in the GenSalt follow-up
study. Although we provide the first evidence of association
of these variants with the longitudinal BP measures, previ-
ous studies in participants of European ancestry have linked
other SELE variants to BP phenotypes.?® SELE encodes the
selectin E protein, which is a member of the selectin family
and is typically expressed on the surface of endothelial cells
activated in response to certain cytokines and other proin-
flammatory stimuli.? Selectin E mediates leukocyte adhesion
to endothelial cells stimulating inflammatory and immuno-
logical events at the interface of the vessel wall, which can
result in subsequent endothelial cell injury.?” Such injury
is purported to influence BP by impairing endothelium-
dependent vascular relaxation and reconstruction of smooth
muscle cells.?®?® Markers rs4656704, rs6427212, and rs5368,
which associated with hypertension incidence, are moder-
ately correlated with pairwise 12 values ranging from 0.60 to
0.77 (see Supplementary Figure 1). These data suggest that
the 3 variants may reflect the same causal association signal.
In addition, we are the first to identify an association of inde-
pendent marker rs3917436 with DBP change, although our
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Table 4. Gene-based associations of endothelial system genes with BP changes and hypertension

Gene? SBP DBP Hypertension incidence
EDN2 0.2374 0.2192 0.3168
DDAH1 <1.00x1076* 0.1039 0.4708
VCAM1 0.3064 0.3686 0.2400

SELP 0.0082 0.3682 0.3728

SELE 0.0174 <1.00x 1076*** <1.00 x 1076****
EDNRA 0.7230 0.5602 2.39x 107+
MEF2C 0.2894 0.3497 0.7273

EDN1 0.6833 0.1868 0.6838
SERPINE1 0.1812 0.2668 0.3338

NOS3 0.0473 0.1719 0.1999

VWF 0.6362 0.8390 0.2935
EDNRB 0.2124 0.5420 0.3558
COL18A1 4.00x 107¢* 0.0251 0.1166

Abbreviations: BP, blood pressure; DBP, diastolic blood pressure; SBP, systolic blood pressure; SNP, single-nucleotide polymorphism.
aCYBA and TGFB1 genes are not included since they only have one tag-SNP each.

*Significant after adjustment for multiple testing.

**Significant after excluding SNP rs3917436 that was significant in single-marker analyses (P = 6.30x 107%).
***Significant after excluding the 3 SNPs that were significant in single-marker analyses (P = 1.80x 1074).

previous study has identified an association of this marker
with the correlated BP salt-sensitivity phenotype.!® With
no known functional relevance, markers rs4656704 and
rs6427212 are located in the 5-flanking region of the SELE
gene and rs3917436 represents an intronic SELE SNP. In
contrast, marker rs5368 represents a missense variant within
exon 9 of the SELE gene. The C/T polymorphism results in
a potentially damaging amino acid substitution of histidine
with tyrosine.® Although confirmation by functional study
is needed, structural change to the selectin E protein result-
ing from this variant represents a plausible biological mech-
anism linking rs5368 to hypertension.!-*?

In support of our single-marker analysis, gene-based
study revealed significant associations of the SELE gene
with BP phenotypes for the first time. It is worth pointing
out that the association with hypertension incidence was
not completely driven by the 3 significant SNPs identified
in single-marker analyses since results remained after the
simultaneous removal of these variants from the gene-based
analysis. These data suggest that there may be multiple vari-
ants causally associated with BP phenotypes in the SELE
gene, which could not be detected by less powerful single-
marker analyses.

In addition, the DDAHI, EDNRA, and COL18AI genes
predicted longitudinal BP changes though no signifi-
cant single marker was identified in the current study. The
DDAHI gene is hypothesized to influence BP regulation by
encoding the critical enzyme for degrading asymmetrical
dimethylarginine, an endogenous and competitive inhibi-
tor of NOS.** The EDNRA gene encodes endothelin recep-
tor type A, which leads to long-lasting vasoconstriction after
binding with endothelin 1.* The COLI8A1 gene encodes a
potent antiangiogenic protein, whose deficiency is known
to enhance inflammatory response and vascular endothelial
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cell damage.®>* Although we present the first evidence of
gene-based associations of these genes, previous studies
have associated DDAHI, EDNRA, and COLI8AI variants
with BP-related phenotypes or atherosclerotic risk, including
associations with essential hypertension, BP salt sensitivity,
preeclampsia, or preclinical stages of atherosclerosis.!17:37-3
Thus, we add to the accumulating evidence suggesting a
role for these genes in BP regulation. Future studies will
be needed to identify the causal variant(s) underlying the
observed gene-based signals.

Our study has several important strengths. To our
knowledge, this is the first investigation to examine asso-
ciations of endothelial system genes with longitudinal BP
change and hypertension incidence in the Chinese Han
population. In addition, the current study had a very
high follow-up rate (92.28%). Stringent quality control
procedures were employed for genotyping and data col-
lection, including BP measurement and measurement of
other important covariates. We employed a conservative
Bonferroni correction to account for multiple testing.
However, some potential limitations of our study should
be noted. Further studies in larger population are still
warranted to replicate our findings. In addition, although
our genotyping platform should provide good coverage of
common genetic variants,*® some important rare, low-fre-
quency, and structural variants may be missed by the cur-
rent study. Moreover, since we modeled the linear relation
between SNPs and BP change over time, the current study
may not have the statistical power to detect nonlinear rela-
tions of SNPs or genes with BP change.

Our study has documented novel and significant asso-
ciations of SELE markers rs4656704, rs6427212, rs3917436,
and rs5368 with longitudinal BP phenotypes. Furthermore,
results of gene-based analyses revealed important joint
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effects of SNPs in the DDAH]1, SELE, EDNRA, and COL18A1
genes on BP progression among the Chinese Han popula-
tion. In aggregate, these findings highlight the potential role
of endothelial system genes in BP progression and contrib-
ute important information toward elucidating the genomic
mechanisms underlying BP regulation.

SUPPLEMENTARY MATERIAL

Supplementary materials are available at American Journal
of Hypertension (http://ajh.oxfordjournals.org).
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