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FIGURE S1: Study design summary.  

The study design of the long-term averaged (LTA) analysis is summarized to accomplish the goals of firstly, identifying novel BP associations, 

which were replicated in an independent sample, and secondly characterizing the impact of LTA on genetic associations as compared to single-

visit (V1) BP associations. 
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FIGURE S2. QQ plots for LTA BP traits and single visit (V1) SBP and DBP. 

Quantile-quantile (QQ) plots are shown for (a) LTA and V1 SBP traits, (b) LTA and V1 DBP traits, (c) LTA-MAP and (d) LTA-PP. The null 

hypothesis is shown as the orange line. The 95% confidence interval around the null is shown in gray. 
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FIGURE S3. Genome-wide association studies: –logP values for (a) LTA-MAP and (b) LTA-PP. 

Genome wide association studies’ –logP plots are shown for LTA-MAP and LTA-PP traits. Regions with SNP associations reaching P value < 5 x 

10
-8

 are shown in red, and regions reaching P value < 5x10
-7

 are shown in blue. 
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FIGURE S4. QQ plots for SBP and DBP traits showing associations statistics for both LTA and V1 traits. 

Genome-wide association statistics for SBP and DBP analyses using LTA versus V1 only in quantile-quantile plots of LTA-SBP and LTA-DBP, 

with corresponding V1-SBP and V1-DBP results. The distribution of P values is shown with SNPs plotted in blue corresponding to V1 results, and 

SNPs plotted in green corresponding to LTA analysis results. 
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FIGURE S5. Genome-wide association statistics for SBP and DBP analyses using LTA versus V1. 

Genome-wide association statistics for SBP and DBP analyses using LTA versus V1, with LTA values plotted on the X-axis and V1 on the Y-axis, 

for the effect size (beta, regression) estimate, standard error, chi-squared values and the normalized regression estimate (beta recalculated as the 

raw beta divided by the standard deviation of the phenotype).  
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FIGURE S6. -logP value plots for regions identified in the LTA analysis incorporating LD estimates and annotation of nonsynonymous 

SNPs for each of the new 5 SNP-trait associations we identified in the LTA analysis (a-e).  

(a) 
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(b)  
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(c) 
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(d)  
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(e) 
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FIGURE S7. -logP value plots for regions identified in the LTA analysis. 

–logP values of association tests are shown for all regions identified in the LTA analyses for (a) regions with enrichment in the LTA analysis 

compared to the corresponding V1 analyses (rank test P value < 0.001), (b) regions with enrichment in the V1 analysis compared to the 

corresponding LTA analyses (rank test P value < 0.001), (c) one region with enrichment of some SNP by LTA and other SNPs by V1 (P Value < 

0.001) and (d) regions without enrichment by either LTA or V1 within the locus. The results of the LTA-SBP analysis are plotted in black and the 

results of the corresponding V1-SBP analysis of the same individuals are plotted in blue.  
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Figure S8. K-S test comparison cumulative fraction plot, where x-axis is the –log10(P) values 
and y-axis is the cumulative fraction. 

 

To identify regions in which the enrichment of V1 is larger than LTA or LTA larger than 
V1 significantly, we used the Kolmogorov-Smirnov (K-S) statistics to compare the –log10(P 
values) within each region meeting criteria for genome-wide significance (P value < 5x10-8). 
Regions with at least one marker with P value<5x10-8 in either LTA or V1 analysis were selected 
for enrichment analysis. Regions were defined as the lead SNP and by the LD-pruned list of 
SNPs in the region (r2 >0.3). Since the KS-test uses the maximum vertical deviation between 
the two cumulative fraction curves as the statistic D, we used a one-tailed hypothesis test to test 
whether the positive vertical deviation derived from D(cdf(V1(X))-cdf(LTA(X)))+ was significant 
or whether the negative vertical deviation derived from D(cdf(V1(X))-cdf(LTA(X)))- was 
significant, where X is the –log10(P value).  

Since the statistics based on different test directions are independent, for each region, 
two tests were conducted, one testing whether the LTA analysis yielded smaller P values than 
the V1 analysis, and vice versa. To test the structure and the strength of the K-S statistics, for 
each of the two tests, 10000 times permutation test was conducted by randomly shuffling the 
attributes of V1 and LTA and calculating new statistics repeatedly. From 10000 iterations, the 
permutation p-value was obtained by calculating the percentage of times when the original p-
value from our data was smaller than the p-value of the new re-sampling data. Since the 
number of markers which selected for each region may influence the power of the K-S non-
parametric test, regions with more markers may have a greater likelihood of being detected 
compared to regions with fewer markers. To overcome this issue, bootstrapping was used by 

D(V1-LTA)+ 

D(V1-LTA)- 
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randomly selecting n markers from the N=2.5 million whole-genome markers to do the K-S test 
of LTA and V1 10000 times, where n corresponds to the original number of markers we used for 
test in each region before. These 10000 test statistics were used as the baseline distribution, to 
test against whether regions with lower P values of association in the LTA or V1 analyses were 
truly significant compared to the distribution of the whole-genome-level baseline test statistics. 
Regions with true enrichment differences between LTA and V1 were identified as those with 
larger test statistics compared to the whole-genome-level distribution. 

Two sample K-S statistics, where x is –log10(Pvalue):  

Dv1,LTA + = sup x (F1,v1(x) − F2,LTA(x) ) +:  

The maximum vertical positive deviation between the cdf of V1 and LTA. Deviation at each point 
X will be taken into account only if cdf(V1(X))-cdf(LTA(X)) is positive. This statistics means to 
test whether LTA has larger P-value than V1 in general. 

Dv1,LTA - = sup x (F1,v1(x) − F2,LTA(x) ) - : 

The maximum vertical negative deviation between the cdf of V1 and LTA. Deviation at each 
point X will be taken into account only if cdf(V1(X))-cdf(LTA(X)) is negative. This statistics 
means to test whether V1 has larger P-value than LTA in general. 
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Figure S9. Distribution of the K-S test statistics (D-, H1: V1 analysis is more enriched) from 
10000 times boot-strapping of the whole-genome markers, where the number of markers 
selected each time is correspondence to the number used for test in CYP1A2 region in DBP 
analysis. The red line is the original K-S test statistics (D-) in this CYP1A2 region. 

 
 

For the Bootstrapping computing method: 

1. For each selected region, we identified the number of markers (n) we used in our previous K-
S test. 

2. From the overall N=2.5 million genome-wide markers in our LTA or V1 data, we will (i) 
randomly select n markers from the N complete marker pool as our test samples, or (ii) 
considered the 'region' to be markers in near side instead of from different far-away sites, thus 
we could also randomly select one marker as the position start and then select the following n 
markers around this one marker as our test samples. 

3. Used the sample we selected in 2 to do the K-S test. Then report the test statistics. 

4. Repeated step2 to step3 many times(at least 100 times, depend on the computing speed) 

5. Calculated the percentage when the simulated statistics is larger than the original K-S 
statistics.  

Suppose the genome-wide markers are the baseline, when we randomly selected the markers 
from them to do the test, the test statistics should be not large (in other words, should be not 
significant) compared to the test statistics we got from the selected region we identified as the 
potential change region. Therefore, the percentage when the simulated test statistics is larger 
than our original K-S test statistics can be seen as the bootstrapping P value. If the P value was 
small enough, then we can say the region we identified is truly the one with enrichment change. 
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Table S1:Sample sizes available for the LTA analyses and Visit 1 analyses. 

 
  Cohort LTA Sample Size Visit1 Sample Size Available 

AGES 526 3,219 

ARIC 7,310 8,778 

CARDIA 1,671 1,595 

CHS 3,159 3,295 

FHS 3,895 8,096 

MESA 2,414 2,414 

RS1 4,710 4,838 

RS2 1,535 1,535 

WGHS 21,409 21,670 

Total 46,629 55,440 
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Table S2: Cohort summaries across all visit included in the analyses 
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Table S3: Genomic control  inflation factors (λGC). 
    

          LTA                   

          LTA- SBP 
        

AGES ARIC CHS FHS RS1 RS2 WGHS MESA CARDIA 
Meta-

analysis 

1.014 1.052 1.009 1.061 1.034 1.002 1.093 0.996 1.015 1.074 

          LTA - DBP 
        

AGES ARIC CHS FHS RS1 RS2 WGHS MESA CARDIA 
Meta-

analysis 

1.005 1.046 1.034 1.051 1.036 1.014 1.065 1.006 1.012 1.088 

          LTA - PP 
         

ARIC CHS FHS RS1 RS2 AGES WGHS MESA CARDIA 
Meta-

analysis 

1.041 1.023 1.026 1.037 1.017 1.015 1.071 0.996 1.031 1.055 

          LTA - MAP 
        

ARIC CHS FHS RS1 RS2 AGES WGHS  MESA CARDIA 
Meta-

analysis 

1.048 1.031 1.022 1.039 1.006 1.019 1.101 0.996 1.008 1.095 

          Visit 1                    

          Visit 1 - SBP 
        

AGES ARIC CHS FHS RS1 RS2 WGHS MESA CARDIA 
Meta-

analysis 

1.014 1.052 1.009 1.061 1.034 1.002 1.093 0.996 1.025 1.076 

          Visit 1 - DBP 
        

AGES ARIC CHS FHS RS1 RS2 WGHS MESA CARDIA 
Meta-

analysis 

1.005 1.046 1.034 1.051 1.036 1.014 1.065 1.006 1.025 1.066 
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Table S4: All trait-SNPs with P value < 5x10-8 in the LTA analyses ( LTA P value <5x10-8, Total 488 SNPs, 117 
SBP, 96 DBP, 155 MAP, and 120 PP SNPs).
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"Direction" corresponds to order of cohorts as listed in Supplementary Table 3.  
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Table S5: eQTL analysis results for the index SNP in each of the 39 loci identified in the analysis of LTA BP traits 
and for which eQTL data was available. 
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Table S6: PUUMA cohort characteristics.         

                

N 
Age,       

years (sd) 
BMI,            

kg/m2 (sd) 
SBP, mmHg 

(sd) 
DBP, 

mmHg (sd) 

Anti-
hypertensive 
therapy (%) 

SBP, mmHg,          
adjusted for 

antihypertensive 
therapy (sd) 

DBP, mmHg,           
adjusted for 

antihypertensive 
therapy (sd) 

5,605 57.35 (9.02) 26.07 (3.38) 133.92 (16.61) 74.92 (9.95) 33.52% 138.95 (19.88) 78.27 (11.42) 
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Table S7: LTA discovery analysis summary for loci with SNP association(s) P value < 5x10-7, and association 
results in GBPG Visit 1 BP analyses.A1 
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Rows in bold show LTA analysis P values < 5x10-8. 
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Table S8: Summary of number of SNPs and loci identified by LTA   

                

  Number of significant SNPs Number of significant Loci 

    P value < 5x10-8     P value < 5x10-8 

    #LTA SNPs #V1 SNPs     #LTA loci  #V1 loci 

  SBP 117 122   SBP 13 8 

  DBP 96 126   DBP 10 9 

  MAP 155 153   MAP 11 9 

  PP 120 1   PP 5 1 

  Total 488 402   Total 39 27 
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Table S9: Distribution of LTA P values as compared to the corresponding V1 BP trait analysis P values 
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Table S10: Power simulations for the application of LTA to SBP.             

                          

a: Correlation between the 4 visits for SBP residual adjusted for BMI, age, and age*age and gender in ARIC.     
                          

  
SBP 
V1  

SBP 
V2  

SBP 
V3  

SBP 
V4                 

SBP V1  1.00 0.73 0.65 0.60                 

SBP V2  0.73 1.00 0.72 0.64                 

SBP V3  0.65 0.72 1.00 0.70                 

SBP V4  0.60 0.64 0.70 1.00                 
                          

b1: Power Estimates. Sample size N = 1000 and testing at alpha=0.05. The true effect size is 0.1. Monte Carlo size 10,000. 
                          

q  0.05 0.10 0.20 0.30 0.40               

Visit 1  0.16 0.27 0.43 0.52 0.59               

LTA  0.19 0.33 0.52 0.63 0.70               

GEE (4 visits) 0.20 0.34 0.52 0.64 0.70               
                          

b2: Power Estimates, Null Hypothesis. Sample size N = 1000 and testing at alpha=0.05.          

      The true effect size is 0. Monte Carlo size 10,000.               

                          

q  0.05 0.10 0.20 0.30 0.40               

Visit 1 0.050 0.048 0.048 0.050 0.047               

LTA 0.053 0.051 0.052 0.048 0.048               

GEE (4 visits) 0.059 0.052 0.051 0.051 0.050               
                          

c: Sample size N = 10000 and testing at alpha = 5x10-8. The true effect size is 0.05. Monte Carlo size 5,000.      

                          

  0.05 0.1 0.2 0.3 0.4               

Visit 1  0 0.001 0.005 0.011 0.023               

LTA  0 0.002 0.015 0.039 0.070               

GEE (4 visits)  0 0.002 0.015 0.039 0.071               
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Table S11: Enrichment analysis results 
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SUPPLEMENTAL COHORT DESCRIPTIONS 

Cohort Descriptions 

Discovery cohorts 

The CHARGE Consortium1 includes cohort studies that completed genome-wide genotyping 
and had extensive data on multiple phenotypes including blood pressure. Each study adopted 
collaboration guidelines and established a consensus on phenotype harmonization, covariate 
selection and an analytical plan for within-study genome-wide association and prospective 
meta-analysis of results across studies. Each study received institutional review board approval 
of its consent procedures, examination and surveillance components, data security measures, 
and DNA collection and its use for genetic research. All participants provided written informed 
consent. 

In the current analysis, most of the participating cohorts were general population samples 
(AGES, ARIC, CHS, FHS, RS, MESA, CARDIA). Demographic information, blood pressure, 
height, and weight were directly measured in all participants, except for the Women’s Genome 
Health Study as described. All studies with GWAS data used hidden Markov model 
approaches2-4 and HapMap reference panels5 to impute genotypes at unmeasured SNPs and 
excluded SNPs, so that a common set of ~2.5M HapMap SNPs were available across the 
discovery samples4,6. All studies with GWAS data used hidden Markov model approaches1-3 
and HapMap reference panels4 to impute genotypes at unmeasured SNPs and excluded SNPs, 
so that a common set of ~2.5M HapMap SNPs were available across the discovery samples4,6. 

AGES Reykjavik 

The Age Gene/Environment Susceptibility-Reykjavik (AGES- Reykjavik) Study cohort originally 
comprised a random sample of 30,795 men and women born in 1907-1935 and living in 
Reykjavik in 1967. A total of 19,381 people attended, resulting in 71% recruitment rate. The 
study sample was divided into six groups by birth year and birth date within month. One group 
was designated for longitudinal follow up and was examined in all stages. One group was 
designated a control group and was not included in examinations until 1991. Other groups were 
invited to participate in specific stages of the study. Between 2002 and 2006, the AGES-
Reykjavik study re-examined 5764 survivors of the original cohort who had participated before 
in the Reykjavik Study.7 The midlife data blood pressure measurement was taken from stage 3 
of the Reykjavik Study (1974-1979), if available. Half of the cohort attended during this period. 
Otherwise an observation was selected closest in time to the stage 3 visit. Participants came in 
a fasting state to the clinic. The supine blood pressure was measured twice by a nurse using a 
mercury sphygmomanometer after a 5-min rest. Blood pressure was measured according to 
World Health Organization recommendations. Individuals with previous MI were excluded from 
the analyses (n=12). Successful genotyping was available for 3219 AGES participants who 
were eligible for this study. The AGES Reykjavik Study GWAS was approved by the National 
Bioethics Committee and the Data Protection Authority. 

ARIC  

The Atherosclerosis Risk In Communities Study (ARIC) study is a population-based prospective 
cohort study of cardiovascular disease sponsored by National Heart, Lung, and Blood Institute 
(NHLBI). ARIC included 15,792 individuals aged 45-64 years at baseline (1987-89), chosen by 
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probability sampling from four US communities8 Cohort members completed four clinic 
examinations, conducted three years apart between 1987 and 1998. The data used in this study 
are from all four visits. A detailed study protocol is available on the ARIC study website 
(http://www.cscc.unc.edu/aric). Clinic examinations included assessment of cardiovascular 
disease risk factors, a detailed medical and psychosocial history, and measurement of various 
clinical and laboratory variables. The physical examination included measurements of weight 
and height from which the body mass index (BMI) was calculated. Blood pressure was 
measured using a standardized Hawskley random-zero mercury column sphygmomanometer 
with participants in sitting position after a resting period of 5 minutes. The size of the cuff was 
chosen according to the arm circumference. For the first three visits, three sequential recordings 
for systolic and diastolic blood pressure were obtained and the mean of the last two 
measurements used in this analysis. At the fourth visit, two blood pressure measurements were 
taken and averaged. Blood pressure lowering medication use was recorded from the medication 
history. Outliers (>4SD from the mean) with respect to the systolic or diastolic blood pressure 
distribution were excluded from the analysis. For this investigation we limited the sample to 
individuals of European descent by self-report and in whom GWAS was carried out. 

CARDIA  

The Coronary Artery Risk Development in Young Adults (CARDIA)  is a prospective multicenter 
study with 5115 adults Caucasian and African American participants of the age group 18-30 
years, recruited from four centers at the baseline examination in 1985-1986. The recruitment 
was done from the total community in Birmingham, AL, from selected census tracts in Chicago, 
IL and Minneapolis, MN; and from the Kaiser Permanente health plan membership in Oakland, 
CA. The details of the study design for the CARDIA study have been previously published.17 
Eight examinations have been completed since initiation of the study, respectively in the years 
0, 2, 5, 7, 10, 15, 20 and 25. Written informed consent was obtained from participants at each 
examination and all study protocols were approved by the institutional review boards of the 
participating institutions. At each examination, systolic and diastolic blood pressure was 
measured in triplicate on the right arm using a random-zero sphygmomanometer with the 
participant seated and following a 5-min. rest. The average of the second and third 
measurements was taken as the blood pressure value. Blood pressure medication use was 
obtained by questionnaire. Blood pressure data measured at year 7 through year 20 were used 
in this study. In addition, the sample was restricted to individuals of European descent by self-
report and principal component analysis using genome-wide genotypes. 

CHS  

The CHS is a population-based cohort study of risk factors for cardiovascular disease in adults 
65 years of age or older conducted across four field centers. The original predominantly white 
cohort of 5201 persons was recruited in 1989-1990 from random samples of the Medicare 
eligibility lists and an additional 687 African-Americans were enrolled in 1992-93 for a total 
sample of 5888. Details of the study design are summarized elsewhere9. A total of 1908 
persons were excluded from the study sample due to prevalent coronary heart disease 
(n=1195), congestive heart failure (n=86), peripheral vascular disease (n=93), valvular heart 
disease (n=20), stroke (n=166) or transient ischemic attack (n=56). Participants with missing 
BMI (n=10) or BP measurements (n=8) were excluded. CHS participants completed 
standardized clinical examinations and questionnaires at study baseline and at nine annual 
follow-up visits. Research staff who received central training in blood pressure measurement 
assessed repeat right-arm seated systolic and diastolic blood pressure levels at baseline with a 
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Hawksley random-zero sphygmomanometer. Means of the repeated blood pressure 
measurements from the baseline examination were used for GWAS analyses. Because the 
other cohorts were predominantly white, African American participants were excluded from this 
analysis. 3,159 CHS subjects contributed to this analysis. 

FHS  

The Framingham Heart Study (FHS) began in 1948 with the recruitment of an original cohort of 
5,209 men and women who were 28 to 62 years of age (mean age 44 years; 55 percent 
women) at entry. In 1971 enrollment of a second generation of study participants took place; 
this cohort consisted of 5,124 children and spouses of children of the original cohort. The mean 
age of the offspring cohort was 37 years; 52 percent were women. A third generation cohort The 
FHS began in 1948 with the recruitment of an original cohort of 5,209 men and women who 
were 28 to 62 years of age (mean age 44 years; 55 percent women) at entry. In 1971 
enrollment of a second generation of study participants took place; this cohort consisted of 
5,124 children and spouses of children of the original cohort. The mean age of the offspring 
cohort was 37 years; 52 percent were women.10-12 At each clinic visit, a medical history was 
obtained with a focus on cardiovascular content, and participants underwent a physical 
examination including measurement of height and weight from which BMI was calculated. 
Systolic and diastolic blood pressures were measured twice by a physician on the left arm of the 
resting and seated participant using a mercury column sphygmomanometer. Pressures were 
recorded to the nearest even number. The means of two separate systolic and diastolic blood 
pressure readings at the first clinic examination of each cohort were used for GWAS analyses. 
For a subset of offspring cohort participants only one measurement was obtained. Individuals 
under 20 years of age, those who had a myocardial infarction, or congestive heart failure were 
excluded from the analyses because those conditions may affect blood pressure levels.  

MESA  

The Multi-Ethnic Study of Atherosclerosis investigation is a population-based study of 6,814 
men and women age 45 to 85 years, without clinical cardiovascular disease, recruited from six 
United States communities (Baltimore, MD; Chicago, IL; Forsyth County, NC; Los Angeles 
County, CA; northern Manhattan, NY; and St. Paul, MN). The main objective of MESA is to 
determine the characteristics of subclinical cardiovascular disease and its progression. 
Sampling and recruitment procedures have been previously described in detail.15 Adults with 
symptoms or history of medical or surgical treatment for cardiovascular disease were excluded. 
During the recruitment process, potential participants were asked about their race/ethnicity. 
Self-reported ethnicity was used to classify participants into groups.16 After a 5-minute rest BP 
was measured three times at 1 minute intervals using a Dinamap PRO 100 automated 
oscillometric device (Critikon, Tampa, FL) with the subject in seated, and the average of the 
second and third BP measurements was recorded for each visit. Data from white participants, 
collected at MESA exams 1 through 4, was used in this analysis.    

Rotterdam Study - RS1, RS2 

The RS is a prospective population-based cohort study comprising 7,983 subjects aged 55 
years or older. Participants completed an interview at home and at the research center, where 
participants were subsequently examined. Baseline data were collected between 1990 and 
1993. In 1999, inhabitants who turned 55 years of age or moved into the study district since the 
start of the study were invited to participate in an extension of the RS (RES) of whom 3011 
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participated (67% response rate). The rationale and design of the RS have been described in 
detail elsewhere.13 At the research center, we obtained two seated blood pressure 
measurements in the right brachial artery with a random zero sphygmomanometer. The mean of 
two consecutive measurements was used in association analyses. We excluded participants 
who were older than 85 years of age and those who had a history myocardial infarction or 
congestive heart failure, because of the impact of these conditions on blood pressure levels.  

WGHS 

The Women’s Genome Health Study (WGHS)14 is a prospective cohort of female North 
American health care professionals representing participants in the Women’s Health Study 
(WHS) trial who provided a blood sample at baseline and consent for blood-based analyses. 
Participants in the WHS were 45 years or older at enrolment and free of cardiovascular disease, 
cancer or other major chronic illness. For the primary WHS endpoints of cardiovascular disease, 
full medical records were obtained for reported endpoints and reviewed by an endpoints 
committee of physicians unaware of assignment. The current data are derived from 23,294 
WGHS participants for whom whole genome genotype information was available at the time of 
analysis and for whom self-reported European ancestry could be confirmed by multidimensional 
scaling analysis of 1,443 ancestry informative markers in PLINK v. 1.06. Baseline BP in the 
WGHS was ascertained by a self-reported questionnaire, an approach which has been 
validated in the WGHS demographic, namely female health care professionals. Questionnaires 
recorded systolic blood pressure in 9 categories (<110, 110-119, 120-129, 130- 139, 140-149, 
150-159, 160-169, 170-179, ≥180 mmHg), and diastolic blood pressure in 7 categories (<65, 
65-74, 75-84, 85-89, 90-94, 95-104, ≥105 mmHg). The midpoint of each category was used for 
analysis. Hypertension was defined as a history of physician-diagnosed HTN and ongoing HTN 
treatment, or SBP ≥ 140 or DBP ≥ 90 mmHg. To account for treatment effects, 10 and 5 mmHg 
were added to the measured systolic and diastolic blood pressures respectively, if a participant 
was taking antihypertensive medication.  
 

Replication Cohorts 

The replication cohorts in this analysis were used to test the reproducibility of novel discovered 

loci which were identified by the use of the LTA method. The replication cohorts all provided 

single-visit BP traits. All participants provided written informed consent and studies were 

approved by their local Institutional Review Boards or Research Ethics Committees. 

Global BP Gen (GBPG)  

Single-visit BP traits were previously analyzed in 17 cohorts, and the results of the meta-
analysis have been previously reported.18 Adjustment was performed for the use of anti-
hypertensive medications using similar methods as we used in the discovery analysis. The 
same covariates were included in the individual cohort analyses, including age, age-squared, 
body mass index, and gender, as in the LTA discovery analyses.  

Peking University – University of Michigan Study of Atherosclerosis (PUUMA) Beijing 
Shijensheng Cohort 

The Peking University – University of Michigan Study of Atherosclerosis (PUUMA) is based 
upon the enrollment of individuals at two hospitals in the Peking University Health Science 
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system: PKU First Hospital and PKU Third Hospital. There were several sources of samples, 
including the cardiac catheterization laboratories of the hospitals and a community-based 
enrollment in Beijing Shijengsheng district. The single-visit BP analyses reported in this study 
were based upon the community based enrollment of 5,065 unrelated individuals (confirmed by 
exome wide genotypes) which represents a population sample of Han Chinese from Beijing. 
Blood pressure was recorded using the Omron 7100 machine three times at 2-minute interval in 
a seated position. The average of three readings was used for the analysis. Genotyping was 
performed using the Illumina Exome Plus chip with additional custom content based upon 
sequencing of additional individuals of Asian ancestry and candidate SNPs identified in prior BP 
association studies. QC was performed as described elsewhere (manuscript in preparation). 
Association analyses were implemented in PLINK, and genomic control was applied to the final 
association statistics. 
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FIGURE S1: Study design summary.  

The study design of the long-term averaged (LTA) analysis is summarized to accomplish the goals of firstly, identifying novel BP associations, 
which were replicated in an independent sample, and secondly characterizing the impact of LTA on genetic associations as compared to single-
visit (V1) BP associations. 
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FIGURE S2. QQ plots for LTA BP traits and single visit (V1) SBP and DBP. 

Quantile-quantile (QQ) plots are shown for (a) LTA and V1 SBP traits, (b) LTA and V1 DBP traits, (c) LTA-MAP and (d) LTA-PP. The null 
hypothesis is shown as the orange line. The 95% confidence interval around the null is shown in gray. 
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FIGURE S3. Genome-wide association studies: –logP values for (a) LTA-MAP and (b) LTA-PP. 

Genome wide association studies’ –logP plots are shown for LTA-MAP and LTA-PP traits. Regions with SNP associations reaching P value < 5 x 
10-8 are shown in red, and regions reaching P value < 5x10-7 are shown in blue. 
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FIGURE S4. QQ plots for SBP and DBP traits showing associations statistics for both LTA and V1 traits. 

Genome-wide association statistics for SBP and DBP analyses using LTA versus V1 only in quantile-quantile plots of LTA-SBP and LTA-DBP, 
with corresponding V1-SBP and V1-DBP results. The distribution of P values is shown with SNPs plotted in blue corresponding to V1 results, and 
SNPs plotted in green corresponding to LTA analysis results. 
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FIGURE S5. Genome-wide association statistics for SBP and DBP analyses using LTA versus V1. 

Genome-wide association statistics for SBP and DBP analyses using LTA versus V1, with LTA values plotted on the X-axis and V1 on the Y-axis, 
for the effect size (beta, regression) estimate, standard error, chi-squared values and the normalized regression estimate (beta recalculated as the 
raw beta divided by the standard deviation of the phenotype).  
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FIGURE S6. -logP value plots for regions identified in the LTA analysis incorporating LD estimates and annotation of nonsynonymous 
SNPs for each of the new 5 SNP-trait associations we identified in the LTA analysis (a-e).  

(a) 
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FIGURE S7. -logP value plots for regions identified in the LTA analysis. 

–logP values of association tests are shown for all regions identified in the LTA analyses for (a) regions with enrichment in the LTA analysis 
compared to the corresponding V1 analyses (rank test P value < 0.001), (b) regions with enrichment in the V1 analysis compared to the 
corresponding LTA analyses (rank test P value < 0.001), (c) one region with enrichment of some SNP by LTA and other SNPs by V1 (P Value < 
0.001) and (d) regions without enrichment by either LTA or V1 within the locus. The results of the LTA‐SBP analysis are plotted in black and the 
results of the corresponding V1‐SBP analysis of the same individuals are plotted in blue.  
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Figure S8. K-S test comparison cumulative fraction plot, where x-axis is the –log10(P) values 
and y-axis is the cumulative fraction. 

 

To identify regions in which the enrichment of V1 is larger than LTA or LTA larger than 
V1 significantly, we used the Kolmogorov-Smirnov (K-S) statistics to compare the –log10(P 
values) within each region meeting criteria for genome-wide significance (P value < 5x10-8). 
Regions with at least one marker with P value<5x10-8 in either LTA or V1 analysis were selected 
for enrichment analysis. Regions were defined as the lead SNP and by the LD-pruned list of 
SNPs in the region (r2 >0.3). Since the KS-test uses the maximum vertical deviation between 
the two cumulative fraction curves as the statistic D, we used a one-tailed hypothesis test to test 
whether the positive vertical deviation derived from D(cdf(V1(X))-cdf(LTA(X)))+ was significant 
or whether the negative vertical deviation derived from D(cdf(V1(X))-cdf(LTA(X)))- was 
significant, where X is the –log10(P value).  

Since the statistics based on different test directions are independent, for each region, 
two tests were conducted, one testing whether the LTA analysis yielded smaller P values than 
the V1 analysis, and vice versa. To test the structure and the strength of the K-S statistics, for 
each of the two tests, 10000 times permutation test was conducted by randomly shuffling the 
attributes of V1 and LTA and calculating new statistics repeatedly. From 10000 iterations, the 
permutation p-value was obtained by calculating the percentage of times when the original p-
value from our data was smaller than the p-value of the new re-sampling data. Since the 
number of markers which selected for each region may influence the power of the K-S non-
parametric test, regions with more markers may have a greater likelihood of being detected 
compared to regions with fewer markers. To overcome this issue, bootstrapping was used by 

D(V1‐LTA)+

D(V1‐LTA)‐ 
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randomly selecting n markers from the N=2.5 million whole-genome markers to do the K-S test 
of LTA and V1 10000 times, where n corresponds to the original number of markers we used for 
test in each region before. These 10000 test statistics were used as the baseline distribution, to 
test against whether regions with lower P values of association in the LTA or V1 analyses were 
truly significant compared to the distribution of the whole-genome-level baseline test statistics. 
Regions with true enrichment differences between LTA and V1 were identified as those with 
larger test statistics compared to the whole-genome-level distribution. 

Two sample K-S statistics, where x is –log10(Pvalue):  

Dv1,LTA + = sup x (F1,v1(x) − F2,LTA(x) ) +:  

The maximum vertical positive deviation between the cdf of V1 and LTA. Deviation at each point 
X will be taken into account only if cdf(V1(X))-cdf(LTA(X)) is positive. This statistics means to 
test whether LTA has larger P-value than V1 in general. 

Dv1,LTA - = sup x (F1,v1(x) − F2,LTA(x) ) - : 

The maximum vertical negative deviation between the cdf of V1 and LTA. Deviation at each 
point X will be taken into account only if cdf(V1(X))-cdf(LTA(X)) is negative. This statistics 
means to test whether V1 has larger P-value than LTA in general. 
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Figure S9. Distribution of the K-S test statistics (D-, H1: V1 analysis is more enriched) from 
10000 times boot-strapping of the whole-genome markers, where the number of markers 
selected each time is correspondence to the number used for test in CYP1A2 region in DBP 
analysis. The red line is the original K-S test statistics (D-) in this CYP1A2 region. 

 
 

For the Bootstrapping computing method: 

1. For each selected region, we identified the number of markers (n) we used in our previous K-
S test. 

2. From the overall N=2.5 million genome-wide markers in our LTA or V1 data, we will (i) 
randomly select n markers from the N complete marker pool as our test samples, or (ii) 
considered the 'region' to be markers in near side instead of from different far-away sites, thus 
we could also randomly select one marker as the position start and then select the following n 
markers around this one marker as our test samples. 

3. Used the sample we selected in 2 to do the K-S test. Then report the test statistics. 

4. Repeated step2 to step3 many times(at least 100 times, depend on the computing speed) 

5. Calculated the percentage when the simulated statistics is larger than the original K-S 
statistics.  

Suppose the genome-wide markers are the baseline, when we randomly selected the markers 
from them to do the test, the test statistics should be not large (in other words, should be not 
significant) compared to the test statistics we got from the selected region we identified as the 
potential change region. Therefore, the percentage when the simulated test statistics is larger 
than our original K-S test statistics can be seen as the bootstrapping P value. If the P value was 
small enough, then we can say the region we identified is truly the one with enrichment change.
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Table S1:Sample sizes available for the LTA analyses and Visit 1 analyses. 

Cohort LTA Sample Size Visit1 Sample Size Available 
AGES 526 3,219 

ARIC 7,310 8,778 

CARDIA 1,671 1,595 

CHS 3,159 3,295 

FHS 3,895 8,096 

MESA 2,414 2,414 

RS1 4,710 4,838 

RS2 1,535 1,535 

WGHS 21,409 21,670 

Total 46,629 55,440 
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Table S2: Cohort summaries across all visit included in the analyses 
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Table S3: Genomic control  inflation factors (λGC). 

LTA                   

LTA- SBP 

AGES ARIC CHS FHS RS1 RS2 WGHS MESA CARDIA 
Meta-

analysis 
1.014 1.052 1.009 1.061 1.034 1.002 1.093 0.996 1.015 1.074 

LTA - DBP 

AGES ARIC CHS FHS RS1 RS2 WGHS MESA CARDIA 
Meta-

analysis 
1.005 1.046 1.034 1.051 1.036 1.014 1.065 1.006 1.012 1.088 

LTA - PP 

ARIC CHS FHS RS1 RS2 AGES WGHS MESA CARDIA 
Meta-

analysis 
1.041 1.023 1.026 1.037 1.017 1.015 1.071 0.996 1.031 1.055 

LTA - MAP 

ARIC CHS FHS RS1 RS2 AGES WGHS  MESA CARDIA 
Meta-

analysis 
1.048 1.031 1.022 1.039 1.006 1.019 1.101 0.996 1.008 1.095 

Visit 1                    

Visit 1 - SBP 

AGES ARIC CHS FHS RS1 RS2 WGHS MESA CARDIA 
Meta-

analysis 
1.014 1.052 1.009 1.061 1.034 1.002 1.093 0.996 1.025 1.076 

Visit 1 - DBP 

AGES ARIC CHS FHS RS1 RS2 WGHS MESA CARDIA 
Meta-

analysis 
1.005 1.046 1.034 1.051 1.036 1.014 1.065 1.006 1.025 1.066 
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Table S4: All trait-SNPs with P value < 5x10-8 in the LTA analyses ( LTA P value <5x10-8, Total 488 SNPs, 117 
SBP, 96 DBP, 155 MAP, and 120 PP SNPs).
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"Direction" corresponds to order of cohorts as listed in Supplementary Table 3.  
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Table S5: eQTL analysis results for the index SNP in each of the 39 loci identified in the analysis of LTA BP traits 
and for which eQTL data was available. 
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Table S6: PUUMA cohort characteristics.         
                

N 
Age,       

years (sd) 
BMI,        

kg/m2 (sd) 
SBP, mmHg 

(sd) 
DBP, 

mmHg (sd) 

Anti-
hypertensive 
therapy (%) 

SBP, mmHg,          
adjusted for 

antihypertensive 
therapy (sd) 

DBP, mmHg,          
adjusted for 

antihypertensive 
therapy (sd) 

5,605 57.35 (9.02) 26.07 (3.38) 133.92 (16.61) 74.92 (9.95) 33.52% 138.95 (19.88) 78.27 (11.42) 
 

  



84 
 

Table S7: LTA discovery analysis summary for loci with SNP association(s) P value < 5x10-7, and association 
results in GBPG Visit 1 BP analyses.A1 
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Rows in bold show LTA analysis P values < 5x10-8. 
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Table S8: Summary of number of SNPs and loci identified by LTA   
               
  Number of significant SNPs Number of significant Loci 
    P value < 5x10-8    P value < 5x10-8 
    #LTA SNPs #V1 SNPs    #LTA loci  #V1 loci 

  SBP 117 122  SBP 13 8 

  DBP 96 126  DBP 10 9 

  MAP 155 153  MAP 11 9 

  PP 120 1  PP 5 1 

  Total 488 402  Total 39 27 
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Table S9: Distribution of LTA P values as compared to the corresponding V1 BP trait analysis P values 
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Table S10: Power simulations for the application of LTA to SBP.             
                          
a: Correlation between the 4 visits for SBP residual adjusted for BMI, age, and age*age and gender in ARIC.     
                          

  
SBP 
V1  

SBP 
V2  

SBP 
V3  

SBP 
V4                 

SBP V1  1.00 0.73 0.65 0.60                 
SBP V2  0.73 1.00 0.72 0.64                 
SBP V3  0.65 0.72 1.00 0.70                 
SBP V4  0.60 0.64 0.70 1.00                 
                          
b1: Power Estimates. Sample size N = 1000 and testing at alpha=0.05. The true effect size is 0.1. Monte Carlo size 10,000. 
                          
q  0.05 0.10 0.20 0.30 0.40               
Visit 1  0.16 0.27 0.43 0.52 0.59               
LTA  0.19 0.33 0.52 0.63 0.70               
GEE (4 visits) 0.20 0.34 0.52 0.64 0.70               
                          
b2: Power Estimates, Null Hypothesis. Sample size N = 1000 and testing at alpha=0.05.          
      The true effect size is 0. Monte Carlo size 10,000.               
                          
q  0.05 0.10 0.20 0.30 0.40               
Visit 1 0.050 0.048 0.048 0.050 0.047               
LTA 0.053 0.051 0.052 0.048 0.048               
GEE (4 visits) 0.059 0.052 0.051 0.051 0.050               
                          
c: Sample size N = 10000 and testing at alpha = 5x10-8. The true effect size is 0.05. Monte Carlo size 5,000.      
                           
  0.05 0.1 0.2 0.3 0.4              
Visit 1  0 0.001 0.005 0.011 0.023                
LTA  0 0.002 0.015 0.039 0.070                
GEE (4 visits)  0 0.002 0.015 0.039 0.071               
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Table S11: Enrichment analysis results 
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SUPPLEMENTAL COHORT DESCRIPTIONS 

Cohort Descriptions 

Discovery cohorts 

The CHARGE Consortium1 includes cohort studies that completed genome-wide genotyping 
and had extensive data on multiple phenotypes including blood pressure. Each study adopted 
collaboration guidelines and established a consensus on phenotype harmonization, covariate 
selection and an analytical plan for within-study genome-wide association and prospective 
meta-analysis of results across studies. Each study received institutional review board approval 
of its consent procedures, examination and surveillance components, data security measures, 
and DNA collection and its use for genetic research. All participants provided written informed 
consent. 

In the current analysis, most of the participating cohorts were general population samples 
(AGES, ARIC, CHS, FHS, RS, MESA, CARDIA). Demographic information, blood pressure, 
height, and weight were directly measured in all participants, except for the Women’s Genome 
Health Study as described. All studies with GWAS data used hidden Markov model 
approaches2-4 and HapMap reference panels5 to impute genotypes at unmeasured SNPs and 
excluded SNPs, so that a common set of ~2.5M HapMap SNPs were available across the 
discovery samples4,6. All studies with GWAS data used hidden Markov model approaches1-3 
and HapMap reference panels4 to impute genotypes at unmeasured SNPs and excluded SNPs, 
so that a common set of ~2.5M HapMap SNPs were available across the discovery samples4,6. 

AGES Reykjavik 

The Age Gene/Environment Susceptibility-Reykjavik (AGES- Reykjavik) Study cohort originally 
comprised a random sample of 30,795 men and women born in 1907-1935 and living in 
Reykjavik in 1967. A total of 19,381 people attended, resulting in 71% recruitment rate. The 
study sample was divided into six groups by birth year and birth date within month. One group 
was designated for longitudinal follow up and was examined in all stages. One group was 
designated a control group and was not included in examinations until 1991. Other groups were 
invited to participate in specific stages of the study. Between 2002 and 2006, the AGES-
Reykjavik study re-examined 5764 survivors of the original cohort who had participated before 
in the Reykjavik Study.7 The midlife data blood pressure measurement was taken from stage 3 
of the Reykjavik Study (1974-1979), if available. Half of the cohort attended during this period. 
Otherwise an observation was selected closest in time to the stage 3 visit. Participants came in 
a fasting state to the clinic. The supine blood pressure was measured twice by a nurse using a 
mercury sphygmomanometer after a 5-min rest. Blood pressure was measured according to 
World Health Organization recommendations. Individuals with previous MI were excluded from 
the analyses (n=12). Successful genotyping was available for 3219 AGES participants who 
were eligible for this study. The AGES Reykjavik Study GWAS was approved by the National 
Bioethics Committee and the Data Protection Authority. 

ARIC  

The Atherosclerosis Risk In Communities Study (ARIC) study is a population-based prospective 
cohort study of cardiovascular disease sponsored by National Heart, Lung, and Blood Institute 
(NHLBI). ARIC included 15,792 individuals aged 45-64 years at baseline (1987-89), chosen by 
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probability sampling from four US communities8 Cohort members completed four clinic 
examinations, conducted three years apart between 1987 and 1998. The data used in this study 
are from all four visits. A detailed study protocol is available on the ARIC study website 
(http://www.cscc.unc.edu/aric). Clinic examinations included assessment of cardiovascular 
disease risk factors, a detailed medical and psychosocial history, and measurement of various 
clinical and laboratory variables. The physical examination included measurements of weight 
and height from which the body mass index (BMI) was calculated. Blood pressure was 
measured using a standardized Hawskley random-zero mercury column sphygmomanometer 
with participants in sitting position after a resting period of 5 minutes. The size of the cuff was 
chosen according to the arm circumference. For the first three visits, three sequential recordings 
for systolic and diastolic blood pressure were obtained and the mean of the last two 
measurements used in this analysis. At the fourth visit, two blood pressure measurements were 
taken and averaged. Blood pressure lowering medication use was recorded from the medication 
history. Outliers (>4SD from the mean) with respect to the systolic or diastolic blood pressure 
distribution were excluded from the analysis. For this investigation we limited the sample to 
individuals of European descent by self-report and in whom GWAS was carried out. 

CARDIA  

The Coronary Artery Risk Development in Young Adults (CARDIA)  is a prospective multicenter 
study with 5115 adults Caucasian and African American participants of the age group 18-30 
years, recruited from four centers at the baseline examination in 1985-1986. The recruitment 
was done from the total community in Birmingham, AL, from selected census tracts in Chicago, 
IL and Minneapolis, MN; and from the Kaiser Permanente health plan membership in Oakland, 
CA. The details of the study design for the CARDIA study have been previously published.17 
Eight examinations have been completed since initiation of the study, respectively in the years 
0, 2, 5, 7, 10, 15, 20 and 25. Written informed consent was obtained from participants at each 
examination and all study protocols were approved by the institutional review boards of the 
participating institutions. At each examination, systolic and diastolic blood pressure was 
measured in triplicate on the right arm using a random-zero sphygmomanometer with the 
participant seated and following a 5-min. rest. The average of the second and third 
measurements was taken as the blood pressure value. Blood pressure medication use was 
obtained by questionnaire. Blood pressure data measured at year 7 through year 20 were used 
in this study. In addition, the sample was restricted to individuals of European descent by self-
report and principal component analysis using genome-wide genotypes. 

CHS  

The CHS is a population-based cohort study of risk factors for cardiovascular disease in adults 
65 years of age or older conducted across four field centers. The original predominantly white 
cohort of 5201 persons was recruited in 1989-1990 from random samples of the Medicare 
eligibility lists and an additional 687 African-Americans were enrolled in 1992-93 for a total 
sample of 5888. Details of the study design are summarized elsewhere9. A total of 1908 
persons were excluded from the study sample due to prevalent coronary heart disease 
(n=1195), congestive heart failure (n=86), peripheral vascular disease (n=93), valvular heart 
disease (n=20), stroke (n=166) or transient ischemic attack (n=56). Participants with missing 
BMI (n=10) or BP measurements (n=8) were excluded. CHS participants completed 
standardized clinical examinations and questionnaires at study baseline and at nine annual 
follow-up visits. Research staff who received central training in blood pressure measurement 
assessed repeat right-arm seated systolic and diastolic blood pressure levels at baseline with a 
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Hawksley random-zero sphygmomanometer. Means of the repeated blood pressure 
measurements from the baseline examination were used for GWAS analyses. Because the 
other cohorts were predominantly white, African American participants were excluded from this 
analysis. 3,159 CHS subjects contributed to this analysis. 

FHS  

The Framingham Heart Study (FHS) began in 1948 with the recruitment of an original cohort of 
5,209 men and women who were 28 to 62 years of age (mean age 44 years; 55 percent 
women) at entry. In 1971 enrollment of a second generation of study participants took place; 
this cohort consisted of 5,124 children and spouses of children of the original cohort. The mean 
age of the offspring cohort was 37 years; 52 percent were women. A third generation cohort The 
FHS began in 1948 with the recruitment of an original cohort of 5,209 men and women who 
were 28 to 62 years of age (mean age 44 years; 55 percent women) at entry. In 1971 
enrollment of a second generation of study participants took place; this cohort consisted of 
5,124 children and spouses of children of the original cohort. The mean age of the offspring 
cohort was 37 years; 52 percent were women.10-12 At each clinic visit, a medical history was 
obtained with a focus on cardiovascular content, and participants underwent a physical 
examination including measurement of height and weight from which BMI was calculated. 
Systolic and diastolic blood pressures were measured twice by a physician on the left arm of the 
resting and seated participant using a mercury column sphygmomanometer. Pressures were 
recorded to the nearest even number. The means of two separate systolic and diastolic blood 
pressure readings at the first clinic examination of each cohort were used for GWAS analyses. 
For a subset of offspring cohort participants only one measurement was obtained. Individuals 
under 20 years of age, those who had a myocardial infarction, or congestive heart failure were 
excluded from the analyses because those conditions may affect blood pressure levels.  

MESA  

The Multi-Ethnic Study of Atherosclerosis investigation is a population-based study of 6,814 
men and women age 45 to 85 years, without clinical cardiovascular disease, recruited from six 
United States communities (Baltimore, MD; Chicago, IL; Forsyth County, NC; Los Angeles 
County, CA; northern Manhattan, NY; and St. Paul, MN). The main objective of MESA is to 
determine the characteristics of subclinical cardiovascular disease and its progression. 
Sampling and recruitment procedures have been previously described in detail.15 Adults with 
symptoms or history of medical or surgical treatment for cardiovascular disease were excluded. 
During the recruitment process, potential participants were asked about their race/ethnicity. 
Self-reported ethnicity was used to classify participants into groups.16 After a 5-minute rest BP 
was measured three times at 1 minute intervals using a Dinamap PRO 100 automated 
oscillometric device (Critikon, Tampa, FL) with the subject in seated, and the average of the 
second and third BP measurements was recorded for each visit. Data from white participants, 
collected at MESA exams 1 through 4, was used in this analysis.    

Rotterdam Study - RS1, RS2 

The RS is a prospective population-based cohort study comprising 7,983 subjects aged 55 
years or older. Participants completed an interview at home and at the research center, where 
participants were subsequently examined. Baseline data were collected between 1990 and 
1993. In 1999, inhabitants who turned 55 years of age or moved into the study district since the 
start of the study were invited to participate in an extension of the RS (RES) of whom 3011 



93 
 

participated (67% response rate). The rationale and design of the RS have been described in 
detail elsewhere.13 At the research center, we obtained two seated blood pressure 
measurements in the right brachial artery with a random zero sphygmomanometer. The mean of 
two consecutive measurements was used in association analyses. We excluded participants 
who were older than 85 years of age and those who had a history myocardial infarction or 
congestive heart failure, because of the impact of these conditions on blood pressure levels.  

WGHS 

The Women’s Genome Health Study (WGHS)14 is a prospective cohort of female North 
American health care professionals representing participants in the Women’s Health Study 
(WHS) trial who provided a blood sample at baseline and consent for blood-based analyses. 
Participants in the WHS were 45 years or older at enrolment and free of cardiovascular disease, 
cancer or other major chronic illness. For the primary WHS endpoints of cardiovascular disease, 
full medical records were obtained for reported endpoints and reviewed by an endpoints 
committee of physicians unaware of assignment. The current data are derived from 23,294 
WGHS participants for whom whole genome genotype information was available at the time of 
analysis and for whom self-reported European ancestry could be confirmed by multidimensional 
scaling analysis of 1,443 ancestry informative markers in PLINK v. 1.06. Baseline BP in the 
WGHS was ascertained by a self-reported questionnaire, an approach which has been 
validated in the WGHS demographic, namely female health care professionals. Questionnaires 
recorded systolic blood pressure in 9 categories (<110, 110-119, 120-129, 130- 139, 140-149, 
150-159, 160-169, 170-179, ≥180 mmHg), and diastolic blood pressure in 7 categories (<65, 
65-74, 75-84, 85-89, 90-94, 95-104, ≥105 mmHg). The midpoint of each category was used for 
analysis. Hypertension was defined as a history of physician-diagnosed HTN and ongoing HTN 
treatment, or SBP ≥ 140 or DBP ≥ 90 mmHg. To account for treatment effects, 10 and 5 mmHg 
were added to the measured systolic and diastolic blood pressures respectively, if a participant 
was taking antihypertensive medication.  
 

Replication Cohorts 

The replication cohorts in this analysis were used to test the reproducibility of novel discovered 
loci which were identified by the use of the LTA method. The replication cohorts all provided 
single-visit BP traits. All participants provided written informed consent and studies were 
approved by their local Institutional Review Boards or Research Ethics Committees. 

Global BP Gen (GBPG)  

Single-visit BP traits were previously analyzed in 17 cohorts, and the results of the meta-
analysis have been previously reported.18 Adjustment was performed for the use of anti-
hypertensive medications using similar methods as we used in the discovery analysis. The 
same covariates were included in the individual cohort analyses, including age, age-squared, 
body mass index, and gender, as in the LTA discovery analyses.  

Peking University – University of Michigan Study of Atherosclerosis (PUUMA) Beijing 
Shijensheng Cohort 

The Peking University – University of Michigan Study of Atherosclerosis (PUUMA) is based 
upon the enrollment of individuals at two hospitals in the Peking University Health Science 
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system: PKU First Hospital and PKU Third Hospital. There were several sources of samples, 
including the cardiac catheterization laboratories of the hospitals and a community-based 
enrollment in Beijing Shijengsheng district. The single-visit BP analyses reported in this study 
were based upon the community based enrollment of 5,065 unrelated individuals (confirmed by 
exome wide genotypes) which represents a population sample of Han Chinese from Beijing. 
Blood pressure was recorded using the Omron 7100 machine three times at 2-minute interval in 
a seated position. The average of three readings was used for the analysis. Genotyping was 
performed using the Illumina Exome Plus chip with additional custom content based upon 
sequencing of additional individuals of Asian ancestry and candidate SNPs identified in prior BP 
association studies. QC was performed as described elsewhere (manuscript in preparation). 
Association analyses were implemented in PLINK, and genomic control was applied to the final 
association statistics. 
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