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Abstract

Background—Based on prior research finding the 5HTTLPR L allele associated with increased 

cardiovascular reactivity to laboratory stressors and increased risk of myocardial infarction, we 

hypothesized that the 5HTTLPR L allele will be associated with increased blood pressure (BP) 

and increased hypertension prevalence in 2 large nationally representative samples in the United 

States and Singapore.

Methods—Logistic regression and linear models tested associations between triallelic (L’S’, 

based on rs25531) 5HTTLPR genotypes and hypertension severity and mean systolic and diastolic 

blood pressure (SBP and DBP) collected during the Wave IV survey of the National Longitudinal 

Study of Adolescent to Adult Health (Add Health, N = 11,815) in 2008–09 and during 2004–07 in 

4196 Singaporeans.

Results—In US Whites, L’ allele carriers had higher SBP (0.9 mm Hg, 95% CI = 0.26–1.56) and 

greater odds (OR = 1.23, 95% CI = 1.10–1.38) of more severe hypertension than those with S’S’ 

genotypes. In African Americans, L’ carriers had lower mean SBP (−1.27 mm Hg, 95% CI = 

−2.53 to −0.01) and lower odds (OR = 0.78, 95% CI = 0.65–0.94) of more severe hypertension 

than those with the S’S’ genotype. In African Americans, those with L’L’ genotypes had lower 

DBP (−1.13 mm Hg, 95% CI = −2.09 to −0.16) than S’ carriers. In Native Americans, L’ carriers 

had lower SBP (−6.05 mm Hg, 95% CI = −9.59 to −2.51) and lower odds of hypertension (OR = 

0.34, 95% CI = 0.13–0.89) than those with the S’S’ genotype. In Asian/Pacific Islanders those 

carrying the L’ allele had lower DBP (−1.77 mm Hg, 95% CI = −3.16 to −0.38) and lower odds of 

hypertension (OR = 0.68, 95% CI = 0.48–0.96) than those with S’S’. In the Singapore sample S’ 

carriers had higher SBP (3.02 mm Hg, 95% CI = 0.54–5.51) and DBP (1.90 mm Hg, 95% CI = 

0.49–3.31) than those with the L’L’ genotype.

Conclusions—These findings suggest that Whites carrying the L’ allele, African Americans and 

Native Americans with the S’S’ genotype, and Asians carrying the S’ allele will be found to be at 

higher risk of developing cardiovascular disease and may benefit from preventive measures.

Elevated blood pressure affects about one-third of adults, is a contributor to over 13 million 

deaths worldwide annually and accounts for about half the global risk for stroke and 

ischemic heart disease (IHD).1,2 The impact of blood pressure on stroke and IHD risk is not 

something that is only manifest once a certain threshold – eg, 140 mm Hg for SBP or 90 mm 

Hg for DBP – is reached; rather, it is proportional across all levels of usual blood pressure 

down to 115 mm Hg, and it has been estimated that for each 2 mm Hg increase in SBP there 

is a 10% increase in stroke mortality and a 7% increase in IHD mortality.3

With heritability estimates of 30% to 60%,4,5 and genes with large effects in familial forms 

of hypertension like salt-sensitivity explaining only a small proportion of hypertension in the 

general population,6 recent research efforts have been directed toward identifying new 

genetic variants associated with elevated blood pressure, to identify persons at high risk who 

may benefit from preventive measures. One approach has used genome-wide association 

studies (GWASs) to identify novel genetic variants that contribute to blood pressure 

regulation. Despite robust statistical associations found between single nucleotide 

polymorphisms (SNPs) and SBP and DBP, they explain only ≤0.3% to ≤1.2% of the 

variance in SBP,7–9 and it has been estimated that each copy of the risk allele of these SNPs 
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is associated with an increase of about 1 mm Hg in SBP or 0.5 mm Hg in DBP.5 In contrast, 

candidate gene studies are based on hypotheses that target genes involved in regulation of 

biological endophenotypes that underlie blood pressure regulation. SNPs on the genes 

encoding for natriuretic peptide precursor A (NPPA)10 and the β1 adrenergic receptor 

(ADRB1),11 for example, have been found to be associated with increased SBP and DBP as 

well as increased hypertension prevalence.

In the present study we take a similar candidate gene approach that builds upon prior 

research on psychological stress and BP showing that increased BP reactivity to acute 

mental challenge is prospectively associated with more rapid progression of carotid 

atherosclerosis,12 especially among persons of low socioeconomic status13 or who work in 

stressful jobs.14 Larger BP responses to a video game challenge predicted both hypertension 

and coronary artery calcification in the CARDIA study.15,16 Increased BP reactivity to stress 

has also been found associated with increased stroke incidence in middle-aged men,17 

increased insulin resistance,18 and increased blood lipid levels.19 Strong heritabilities for 

both BP and heart rate responses to various laboratory stressors20–22 document the role of 

genetic factors in cardiovascular reactivity (CVR) to stress, and candidate gene studies have 

found associations between CVR to stress and polymorphisms of genes encoding for 

angiotensin-converting enzyme,23 the angiotensin II Type I receptor,24 and the β2 adrenergic 

receptor.25–28

In addition to genes regulating peripheral mechanisms involved in BP control, there is 

reason to evaluate association of CVR to stress with genes that regulate central nervous 

system (CNS) serotonin function. The CNS serotonin 5HT1A receptor mediates decreased 

sympathetic nervous system (SNS) outflow, while the 5HT2C receptor mediates increased 

SNS outflow in animal models.29 Treatment with selective serotonin inhibitors (SSRIs) is 

associated with both decreased SNS outflow30 and decreased CVD risk.31 Treatment with 

the SSRI escitalopram did not affect BP in patients with psychiatric disorders32 or CHD.33 

In contrast, acute depletion of CNS serotonin produces increased CVR to mental stress in 

recovered anxiety disorder patients.34

5HTTLPR is a 43 base pair insertion/deletion polymorphism in the promoter region of 

SLC6A4 on chromosome 17 that codes for the serotonin transporter. Two variants, long (L) 

and short (S), have been identified, with the short variant (S) being associated with 

neuroticism among Whites.35 5HTTLPR has also been associated with a number of negative 

psychological/biological phenotypes, including depression36 and other emotion-related 

disorders,37 as well as sleep quality.38

We have previously reported that the more functional 5HTTLPR long (L) allele is associated 

with both increased baseline BP and CVR to mental stress in both African Americans and 

Whites.39,40 Consistent with the hypothesis that increased CVR to mental stress in persons 

carrying the 5HTTLPR L allele will put them at higher risk for the development of CVD, 3 

independent case-control studies – 2 in White samples41,42 and one in a Japanese sample43 – 

found increased risk of myocardial infarction in persons carrying the L allele, even with 

control for established IHD risk factors. The diallelic L allele has been found associated with 

increased incidence of a new cardiac event in depressed patients (87.5% white) following 
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coronary bypass surgery44 and another study found the 5HTTLPR L allele is associated with 

both higher LDL cholesterol levels and a 2-fold higher history of myocardial infarction or 

stroke in a White sample.45 Based on these findings that the 5HTTLPR is associated with 

higher baseline BP and reactivity to stress and increased CVD events, we hypothesize that 

the 5HTTLPR L allele will be associated with increased BP and prevalence of hypertension 

among population subgroups in a nationally representative sample of 14,299 young adults in 

the United States46 and a nationally representative sample of 4218 Chinese, Indian and 

Malay residents of Singapore.47

Testing of this hypothesis will require that we take into account recent findings regarding 

function of the 5HTTLPR. Hu et al.48 identified an A → G SNP in the high activity L allele 

at location rs25531 that reduces the transcriptional efficiency of that allele to the level of the 

S allele, resulting in the triallelic version of 5HTTLPR with S and LG categorized together 

as S’ (low activity) and LA categorized as L’ (high activity). We have found population 

differences in the proportion of L alleles carrying the rs25531 G allele with lower levels in 

non-Hispanic whites (0.12) and Native Americans (0.08) compared to non-Hispanic blacks 

(0.28) and Asian groups (0.32–0.40).49 The triallelic 5HTTLPR genotype (L’/S’) has been 

less studied than the original diallelic (L/S) version but is receiving increasing attention as a 

more informative version of 5HTTLPR. Population differences in the associations of di- and 

triallelic 5HTTLPR genotype with psychological50 and biological51 phenotypes combine 

with the reduced transcriptional efficiency of the LG variant to suggest that the di-allelic 

5HTTLPR overestimates the proportion of the high activity allele in a study population, 

resulting in potentially biased genotype–phenotype associations as well as reduced power to 

detect differences among groups. Using the triallelic 5HTTLPR genotype, we confirmed that 

the L’ allele is associated with increased CVR to mental stress in blacks and whites.40 

Reanalysis of data from our earlier study39 using the triallelic 5HTTLPR genotype (Tables 

S11–S14 in supplement) confirmed that the L’ allele is significantly associated with higher 

resting SBP and DBP and SBP reactivity to stress in both blacks and whites. In contrast, 

however, there was a significant race × 5HTTLPR genotype interaction for DBP reactivity to 

stress. In whites the L’ allele is significantly associated with higher DBP reactivity, but in 

blacks DBP reactivity does not differ significantly across all 3 triallelic genotypes.

The foregoing indicates that using the triallelic instantiation of the 5HTTLPR genotypes is 

preferred for evaluating associations between 5HTTLPR and endophenotypes, as it 

represents the biological activity of the gene with greater precision compared to the original 

diallelic representation. In addition, because we have found that associations of 5HTTLPR 

genotype with an index of CNS serotonin turnover – cerebrospinal fluid levels of the major 

serotonin metabolite, 5-hydroxy-indoleacetic acid (5HIAA) – are moderated by both race 

and gender,52 it will also be necessary to test for such moderation in the association between 

5HTTLPR genotype and blood pressure.

Methods

Participants

The current study tests the hypothesized associations of 5HTTLPR with blood pressure and 

hypertension prevalence using data from 2 population cohorts. The US sample is drawn 
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from the National Longitudinal Study of Adolescent to Adult Health (Add Health), a 

nationally representative sample of ~15,000 young adults that was designed to assess the 

effects of health-related behaviors during adolescence and into young adulthood. The study 

was reviewed and approved by the institutional review board at the University of North 

Carolina-Chapel Hill. Written consent was obtained for all of the data collection. The 

participants were followed from grades 7 through 12 in 1995 (Wave I) through early 

adulthood in 2008–09 (Wave IV) in 4 waves of data collection.53 Participants without BP 

measures, BMI, medication, genotyping, or survey sample weights were excluded from the 

analyses. The full Add Health sample also includes a subsample of genetically related 

individuals. For the present analyses, BP was missing on 2.7% and we removed all but the 

case with the lowest study identification number from a given family cluster, leaving a final 

sample of N = 11,815, including 6407 Whites, 2562 African Americans, 755 Asian/Pacific 

Islanders, 1870 Hispanic/Latinos and 221 Native Americans.

The Singapore sample is drawn from 4 cohort studies begun between 1982 and 1998 at 

study inception.47 Briefly, all 4 studies were a random sample of participants from the 

Singapore population, with disproportionate sampling stratified by ethnicity to increase the 

numbers from the minority ethnic groups (Malays and Asian Indians) who participated in a 

follow-up examination between 2004 and 2007. The Ministry of Home Affairs provided 

current addresses and phone numbers of participants based on the unique National 

Registration Identity Card numbers. Participants were contacted either by mail or telephone 

to obtain an appointment for trained field interviewers to administer the questionnaires at the 

subjects’ homes. Three home visits were made at 3 different times of the day, including at 

least one weekend and one weekday, before a participant was deemed non-contactable. All 

interviewed participants were subsequently invited to attend a clinical examination for 

additional tests and collection of biological specimens, shortly after the home visit. This 

study included 4218 participants. Again, participants with missing genotype data, or BP, 

BMI, medication, age, or gender were excluded, yielding a final sample of 4196, including 

2664 Chinese, 708 Indians, and 824 Malays aged 18 and over. Ethics approval was obtained 

from 2 institutional review boards (the National University of Singapore and the Singapore 

General Hospital) before study commencement. Informed consent was obtained from all 

participants before conducting the study.

This research uses data from the National Longitudinal Study of Adolescent to Adult Health, 

a program project directed by Kathleen Mullan Harris and designed by J. Richard Udry, 

Peter S. Bearman, and K.M.H. at the University of North Carolina at Chapel Hill, and 

funded by grant P01 HD31921 from the Eunice Kennedy Shriver National Institute of Child 

Health and Human Development, with cooperative funding from 23 other federal agencies 

and foundations. Special acknowledgment is due to Ronald R. Rindfuss and Barbara 

Entwisle for assistance in the original design. Information on how to obtain the National 

Longitudinal Study of Adolescent Health data files is available on the National Longitudinal 

Study of Adolescent to Adult Health Web site (http://www.cpc.unc.edu/addhealth). This 

research was also supported by grant P01 HL36587 from the National Heart, Lung and 

Blood Institute directed by Redford Williams and by the Duke Behavioral Medicine 

Research Center. This research was supported by the following grants from the National 

University of Singapore; R-581-000-117-101, R-581-000-099-101, R-581-000-090-101, 
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R-581-000-083-101 and R-581-000-062-112. The authors are solely responsible for the 

design and conduct of this study, all study analyses, the drafting and editing of the paper and 

its final contents

SBP, DBP, and antihypertensive medication use

In the Add Health sample certified field interviewers measured respondents’ resting, seated 

systolic and diastolic blood pressures (in millimeters of mercury)54 during home visits that 

occurred during the morning, afternoon or evening hours. Time of visit did not differ as a 

function of 5HTTLPR di- or triallelic genotype in any of the Add Health subgroups After a 

5-minute seated rest, 3 serial measurements were performed at 30-second intervals using a 

factory calibrated, MicroLife BP3MC1-PC-IB oscillometric blood pressure monitor 

(MicroLife USA, Inc., Dunedin, FL), and SBP and DBP were constructed as the average of 

measures 2 and 3 and are highly reliable.55 Antihypertensive and antidepressant medication 

status were assessed at the Wave IV in-home interview. In the Singapore sample, all BP 

measurements were done in the morning after an overnight fast, with 2 readings of blood 

pressure taken from participants after 5 minutes resting using an automated blood pressure 

monitor (Dinamap Pro100V2; Criticon, Norderstedt, Germany). A third reading was 

performed if the difference between 2 readings of systolic blood pressure was greater than 

10 mm Hg or diastolic blood pressure was greater than 5 mm Hg. Mean values of the closest 

2 readings were calculated. The inter- and intra-observer coefficients of variation for systolic 

blood pressure were 0.51–10.20% and 0–2.5% whilst it was 0.41–7.50% and 0–2.5% for 

diastolic blood pressure. Medications were assessed at the time of blood pressure 

measurement.

Alcohol, fast food, sweetened drinks intake, exercise, and smoking

Alcohol Consumption in Add Health was defined as follows: 0 = non-drinker; 1 = 

occasional drinker, drink 2 or fewer days of the week; 2 = light, drink 5–7 days per week 

and 2 or fewer drinks (1 or fewer if female); 3 = moderate, drink 5–7 days per week, 3 

drinks for males, 2 drinks for females; 4 = heavy, drink 5–7 days per week, more than 3 

drinks for males, more than 2 for females. Fast food intake was assessed with the item “How 

many times in the past 7 days did you eat food from a fast food restaurant, such as 

McDonald’s, Burger King, Wendy’s, Arby’s, Pizza Hut, Taco Bell, or Kentucky Fried 

Chicken or a local fast food restaurant? The number of times was truncated at 99. Similarly, 

sweetened drinks were measured with the item “In the past 7 days, how many regular (non-

diet) sweetened drinks did you have? Include regular soda, juice drinks, sweetened tea or 

coffee, energy drinks, flavored water, or other sweetened drinks, again with the number 

truncated at 99. Exercise was represented by a yes/no variable that assessed regular (on a 

weekly basis) participation in any bouts of physical activity, such as walking or strenuous 

sports. Smoking was coded yes/no indicating current daily smoking. The above variables 

were assessed at Wave IV, concurrent with the SBP measurement.

BMI

Height and weight were measured in both Add Health and Singapore samples. BMI was 

calculated as BMI = weight (in kilograms)/height (in meters squared) measured at Wave IV.
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Genotyping

The assay for 5HTTLPR and the SNP rs25531 are detailed in Haberstick et al.56 for the Add 

Health sample and in Wray et al.57 for the Singapore sample. The most common S and L 

alleles contain 14 or 16 repeat units, respectively.58 Extra-long alleles contain 18, 19, 20 and 

22 repeat units. For the analysis of the “triallelic 5HTTLPR” we coded the S and LG alleles 

as S’ and the LA and extra-long alleles as L’ to denote their respective putative activity 

levels. In order to allow comparison with the triallelic analyses, we also present the results of 

parallel analyses using the “diallelic” version of 5HTTLPR in supplemental materials. The 

supplemental analysis of the diallelic 5HTTLPR used 14R alleles as “S” and alleles equal to 

or greater than 16R as “L”. Note that throughout the remainder of the text we refer to L’ and 

S’ as “alleles” for the sake of convenience, recognizing that these are actually activity bins 

and not individual alleles per se. Add Health African Americans were the only subgroup that 

departed significantly from Hardy–Weinberg equilibrium (HWE, evaluated using the chi-

square goodness of fit test available in SAS PROC ALLELE), but only for the diallelic 

genotypes (P = .007). Overall, of the 15,250 DNA samples we failed to obtain triallelic 

genotypes on 187. The overall call rate was 15,063/15,250 = 98.77%.

Statistical analysis

Analyses of continuous variables (SBP, DBP) were accomplished utilizing a weighted linear 

mixed-model in SAS PROC MIXED (SAS Institute, Cary, NC). Initial models were fit 

simultaneously to the different population subgroups in both Add Health and Singapore 

samples with an interaction term for the transporter gene, with population subgroup and 

gender. Subsequent models were fit separately for population subgroups if the gene by 

subgroup interaction was significant, or with subgroups combined if the interaction was 

nonsignificant. In both Add Health and Singapore samples covariate control within the 

model included individual age, gender, BMI, and a dichotomous indicator of current 

antihypertensive medication use. For models in which population subgroups were combined, 

the subgroup was included as an additional covariate.

The Add Health sample was a probability sample of adolescents in 7–12th grade in 1995 and 

sampling weights are provided so that parameter estimates are representative of this national 

population. In addition, to adjust for the clustered sampling design of Add Health, the model 

was stratified by the major geographical regions comprising the sample, with school districts 

within regions specified as random sampling effects. The Singapore study consisted of a 

random sample and simpler linear models were fitted using SAS PROC GLM. Other than 

the weighting and stratification parameters, dependent variable modeling was the same in 

both studies. We performed additional analyses in which tobacco smoking, alcohol, fast 

food, and sweetened drink intake, exercise, and use of serotonergic specific reuptake 

inhibitors were included in the models as adjustment covariates; dietary data were not 

available. Additive (modeling the 3 genotypes in a graded, linear fashion) and dominant 

(modeling the presence of at least one risk allele versus none) analyses were conducted. 

Additive models were coded such that the parameter estimate reflected the effect of each 

additional copy of the L’ allele. The choice of dominant model was based on best model fit: 

for White, Black, Asian/Pacific Islander, Native America, and Malay L’ carriers were 

compared to S’ homozygotes; for Hispanic/Latino, Chinese, and Indians S’ carriers were 
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compared to L’ homozygotes. The dominant Model for all Asians combined in the 

Singapore sample compares S’ Carriers to L’ homozygotes. Type 3 tests were used to 

evaluate significance of these fixed effects. The G information matrix and covariance 

parameters were calculated using residual (restricted) maximum likelihood (REML) 

estimation. SAS Institute’s MIXED procedure provided the software instrumentation. 

Models used to establish 5HTTLPR genotype relationships to the 4 discrete but ordinal 

hypertension categories – Normal (SBP <120 mm Hg and DBP <80 mm Hg), 

Prehypertension (SBP 120–139 mm Hg; or DBP 80–89 mm Hg, Stage 1 Hypertension (SBP 

140–159 mm Hg or DBP 90–99 mm Hg) and Stage 2 Hypertension (SBP ≥ 160 mm Hg or 

DBP ≥ 100 mm Hg)59 – again using age, gender, BMI, and antihypertensive medication as 

covariates, fit as cumulative risk using SAS LOGISTIC. Both MIXED and LOGISTIC 

procedures in SAS implement the appropriate sampling weights by normalizing the weight 

to the size of the analytic sample. Finally, we performed internal model validation by 

estimating optimism for variance explained and regression slopes derived from 1000 

bootstrap resamples using the validate procedure in the rms package in R,

Results

Table I shows the sample statistics for the Add Health and Singapore population subgroups. 

The Singapore sample was older and had lower BMI levels, higher SBP, hypertension 

prevalence and percent taking hypertension medications compared to the Add Health 

sample. Table II displays the frequencies of the triallelic genotypes for each population 

group in the Add Health and Singapore samples. As we have previously reported,49 the S’S’ 

genotype is far more frequent in Singapore subgroups and Add Health Asian/Pacific 

Islanders.

The gender × genotype interaction was not significant in any of the initial multiple 

regression models predicting blood pressure levels or hypertension prevalence and was 

omitted in later models, though gender was retained as a covariate. In the model testing 

5HTTLPR genotype in the Add Health sample controlling for age and gender, the race 

(African American, White, Hispanic/Latino, Asia/Pacific Islander, and Native American) × 

genotype interactions predicting SBP and DBP were statistically significant (P < .0001, .

007, respectively), indicating that the 5HTTLPR genotype is associated with both SBP and 

DBP differently across the 5 Add Health population subgroups, which, therefore, need to be 

evaluated separately. In the Singapore sample, however, race (Chinese, Malay or Indian) × 

genotype interaction was nonsignificant for both SBP (P = .65) and DBP (P = .29), 

indicating that there is insufficient evidence to consider the relations between 5HTTLPR 

genotype and BP as different across the population subgroups. Therefore all 3 population 

subgroups were combined in analyses of associations of 5HTTLPR with SBP or DBP, 

including self-reported ethnicity as an additional adjustment variable. We report individual 

subgroup estimates for the sake of completeness.

Table III shows that in the Add Health Whites, 5HTTLPR genotype was associated with 

SBP. As we hypothesized, carriers of the L’ allele had mean SBP levels that were about 1 

mm Hg higher than those with the S’S’ genotype. In contrast to Whites, among African 

Americans, L’ carriers had mean SBP levels that were 1.27 mm Hg lower than those with 
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the S’S’ genotype. Among Native Americans the pattern of association between 5HTTLPR 

genotype and blood pressure was similar to that in African Americans: those carrying the L’ 

allele had SBP levels that were about 6 mm Hg lower than those with the S’S’ genotype. 

5HTTLPR genotypes were not associated with SBP levels in Hispanics or Asian/Pacific 

Islanders. In the Singapore sample the L’ carriers tended to have lower SBP in all 3 races, 

though none of the differences within a given group reached statistical significance. In the 

combined Asian sample this association was significant, with SBP in S’ carriers about 3 mm 

Hg higher compared to those with the L’L’ genotypes.

The pattern of associations between the 5HTTLPR genotype and DBP (Table IV) differed 

from that found for SBP. In Add Health Whites the 5HTTLPR genotype was not associated 

with DBP, but in the African Americans, L’ carriers had a little over 1 mm Hg lower DBP 

compared to S’ homozygotes. Similarly, among Asians/Pacific Islanders, each copy of the L’ 

allele was associated with about 1.6 mm Hg lower DBP. 5HTTLPR associations with DBP 

were weaker in the remaining Add Health subgroups. The pattern of 5HTTLPR associations 

with DBP in the Singapore subgroups and combined Asian sample was similar to that for 

SBP. Chinese S’ carriers had DBP that was about 2.5 mm Hg higher than that in those with 

the L’L’ genotype. Among the Malay subsample, an S’ dominant model was not statistically 

significant, but an L’ dominant model did show a statistically significant genetic effect, with 

S’ homozygotes exhibiting about 1.4 mm Hg higher DBP compared to L’ carriers. Finally, 

in the combined Asian sample S’ carriers had DBP that was 1.9 mm Hg higher than those 

with the L’L’ genotype. Internal model validation using bootstrap resampling suggested a 

range of very small to modest optimism bias in model variance explained and regression 

slopes, from about 0.05% bias in slope estimates for Whites to about 8% for Native 

Americans.

Results using multiple logistic regression to assess the associations of 5HTTLPR genotypes 

with the 4 ordinal hypertension categories followed a pattern similar to those using 

continuous SBP and DBP. Table V displays the odds ratios and 95% confidence intervals for 

the additive and dominant model effects, adjusted for gender, age, BMI, and 

antihypertensive medications. Among Whites there was a 23% increase in the odds of Stage 

I or II hypertension in participants carrying the L’ allele compared to their S’S’ counterparts. 

In contrast, among African Americans, the odds of a more severe hypertension classification 

decreased about 15% for each copy of the L’ allele; African Americans carrying the L’ allele 

had a 22% decrease in odds of Stage I or II hypertension compared to those with the S’S’ 

genotype. Among Native Americans, those carrying the L’ allele had a 66% decrease in 

odds for Stage I or II hypertension compared to those with S’S’ genotype. Among Asian/

Pacific Islanders, those carrying the L’ allele had 32% lower odds for Stage I or II 

hypertension than those with S’S’ genotype. Among the Singapore combined sample there is 

a nonsignificant 38% increase in the odds of Stage I or II hypertension in those carrying the 

S’ allele compared to those with the L’L’ genotype.

Additional, statistical adjustment for smoking status, alcohol, fast food, and sweetened drink 

intake, exercise, and use of serotonergic specific reuptake inhibitors made very little 

difference to the above findings with the following 2 exceptions, both in the Add Health 

sample. In the Native American group, the genotype effect in the additive model for SBP 
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became statistically significant (P = .028), as did the dominant model for DBP (P = .041). 

These additional adjustment variables were not available for analysis in the Singapore 

sample. Finally, a parallel set of analyses is reported in the supplemental material using the 

diallelic genotype. Briefly, the pattern of associations was similar but generally weaker 

compared to the triallelic results, with associations detected for Whites and Native 

Americans for SBP (Table S2), and Whites and Asian/Pacific Islanders for hypertension 

stage (Table S4). As reported in the supplement, unadjusted triallelic and diallelic results are 

also generally weaker.

It is possible that differences between Whites and African Americans in blood pressure as a 

function of 5HTTLPR genotype might be due to racial differences in hypertension treatment 

and control.60,61 Therefore, in addition to adjusting for hypertension medication use, as was 

done in the original analyses, we also evaluated the frequency of antihypertensive 

medication use in Whites and African Americans in the Add Health sample. A higher 

proportion of African Americans reported using hypertensive medication compared to 

Whites (3.9% vs 3.4%). This difference, however, was not statistically significant (P = .19). 

We further examined whether the association between genotype and BP differed across 

African Americans and Whites as a function of hypertensive medication by testing a 3-way 

race by genotype by medication interaction. The 3-way interaction term was statistically 

significant for both SBP (P < .001) and DBP (P = .007). We further tested a 2-way 

medication by genotype interaction within each race. Among African Americans the 2-way 

interaction was significant for SBP (P < .001) and DBP (P = .012). Among Whites, however, 

the same 2-way interaction was not statistically significant for SBP (P = .244) or DBP (P = .

091). The form of the interaction is depicted in Figure 1. Among those with the L’L’ 

genotype, Whites on hypertensive medications have a higher SBP (+6 mm Hg) and DBP (+4 

mm Hg) than those not on medications; in African American L’L’s the differences in SBP 

and DBP between medicated and non-medicated participants were within 1–2 mm Hg. 

Among Whites carrying the S’ allele, medicated participants had higher SBP than those not 

taking medication (2 mm Hg among L’S’ and 3 mm Hg among S’S’), and higher DBP (3 

mm Hg among L’S’ and 0.1 mm Hg among S’S’). Those difference were far larger among 

African Americans for both SBP (12 mm Hg among L’S’, 11 mm Hg among S’S’) and DBP 

(8 mm Hg among L’S’ and 6 mm Hg among S’S’). Similar to the results for the continuous 

BP models, internal validation using bootstrap resampling suggested a range of very small to 

modest optimism bias in model variance explained and regression slopes, from about 0.02% 

bias in slope estimates for Whites to about 7% for Native Americans.

Discussion

These results support, in Add Health Whites only, our hypothesis that the 5HTTLPR L allele 

will be associated with increased SBP level and hypertension prevalence. This is consistent 

with prior research showing increased MI risk associated with L genotypes in 4 White 

samples41,42,44,45 and suggests – not surprisingly, given the low proportion of the rs25531 G 

allele in L alleles among Whites49 – that this increased risk will be present in Whites using 

either diallelic or triallelic 5HTTLPR genotypes. It is also consistent with recent research 

suggesting that “substantial overlap exists between genes that influence BP measured in the 
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office, under laboratory stress and during real life.”62 We detected no association with DBP 

in Whites.

In African Americans and Native Americans, however, the pattern of associations between 

5HTTLPR and both blood pressure and hypertension prevalence was quite different, with 

the L’ alleles being associated with lower SBP levels and hypertension prevalence. A similar 

pattern is seen for DBP in Singaporean Chinese and combined Asian samples, where S’ 

allele carriers have higher DBP. These opposite effects of 5HTTLPR genotypes on BP levels 

and hypertension prevalence could reflect a difference in effects of the rs25531 genotype on 

blood pressure in African Americans, Native Americans and Asians compared to Whites. 

Among Whites, in whom a small proportion convert from L to S’,49 diallelic and triallelic 

genotypes have virtually identical associations with SBP, DBP and hypertension prevalence 

(Tables II, III and IV). Among African Americans and Asians (but not Native Americans), a 

much larger proportion converts from L to S’.49 Among African Americans, S’S’ genotype 

was associated with an opposite and larger (roughly 1 mm Hg higher vs a little more than 1 

mm Hg lower) effect on SBP than in Whites. A similar pattern is seen among the 

Singaporean sample, especially the Chinese, in whom the S’ allele carriers have higher SBP 

and DBP levels than those with the L’L’ genotype. Also noteworthy is the 4–6 mm Hg lower 

SBP in Native American L’ allele carriers compared to those with the S’S’ genotype – a 

pattern similar to that seen in African Americans and Asians, possibly reflecting the Asian 

origin of Native Americans. The higher SBP and DBP observed among S’ carriers in the 

Add Health Hispanic/Latinos could be a reflection of the substantial proportion of persons of 

Native American background in this subgroup.63

There are several biologically plausible mechanisms that could account for the differing 

patterns of 5HTTLPR associations with SBP and DBP and hypertension prevalence in 

Whites vs other population groups. The opposite direction of association we found between 

5HTTLPR SS genotype and cerebrospinal fluid levels of the major serotonin metabolite 5-

hydroxy-indoleacetic acid in Whites and African Americans52 suggests the possibility that 

opposite effects of 5HTTLPR SS genotype on brain serotonin function could be playing a 

role in the population differences in 5HTTLPR associations with BP and hypertension. The 

increased DBP in African Americans carrying S’ alleles could be a function of the increased 

role of sympathetic nervous system (SNS) effects on total peripheral resistance that have 

been reported in African Americans64–67 and is consistent with evidence suggesting that 

genetic pathways underlying blood pressure variation may “differentially influence SBP and 

DBP”.68 The associations of 5HTTLPR genotypes with SBP, DBP, and hypertension 

prevalence reported here were found even with control for BMI, increasing the likelihood 

that effects on SNS outflow are involved. Clearly further research will be required to identify 

the mechanisms underlying the current findings of population differences in the association 

of 5HTTLPR with BP and hypertension incidence.

Whatever mechanisms are eventually found to account for the remarkably different effects of 

5HTTLPR genotype on SBP, DBP and hypertension prevalence in African Americans, 

Native Americans, Asians and Whites, there is considerable evidence documenting 

population differences in patterns of linkage disequilibrium (LD) between rs25531 and other 

sites on the serotonin transporter gene that are good candidates to be involved in those 
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mechanisms. There is evidence, for example, that 5HTTLPR and rs25531 LD with other 

sites on the 5HTT gene differs in African Americans compared to Whites.50,51,69 Directly 

documenting potential clinical implications of such LD pattern differences, Gelernter et al.70 

found that White Americans with one or 2 copies of the 5HTTLPR S allele have a higher 

neuroticism score than those homozygous for the L allele. In contrast, among African 

Americans S allele carriers had lower neuroticism scores than those homozygous for the L 

allele. Murdoch et al.71 found significant variation across populations in rs25531 

distributions and caution that association studies of such serotonin transporter gene variants 

cannot be applied a priori across populations. Directly relevant to the current study’s 

findings, Gong and Hubner72 note that genetic variants found associated with hypertension 

in White samples have not been found associated with hypertension in African Americans, 

leading them to conclude, “The genetic factors that contribute to hypertension are likely to 

be different among different ethnic populations.” Our finding that the S’S’ genotype is 

associated with higher SBP in African Americans, Native Americans and Asians (S’ 

carriers) but lower SBP in Whites provides an example of 5HTTLPR genotypes having 

opposite effects on another endophenotype, SBP, in Whites compared to other population 

groups. Definitive identification of the mechanism(s) responsible for these opposite effects 

of the triallelic 5HTTLPR genotypes in Whites and other population groups will probably 

ultimately require sequencing of the 5HTT gene in the population groups we report here, 

documenting different LD of L’ (LA) with other sites in these groups and showing that L’ is 

in LD with other sites on the genes that are responsible for the population differences we 

found in 5HTTLPR genotype effects on blood pressure and hypertension prevalence.

The magnitude of 5HTTLPR associations with SBP (1 mm Hg in Whites, 1.3 mm Hg in 

African Americans, and 6 mm Hg in Native Americans) and DBP (2.0 mm Hg in African 

Americans and Asians) is comparable to, or larger than, those from GWASs that have found 

SNP risk alleles with genome-wide significance associated with increases of ~1 mm Hg in 

SBP and ~0.5 mm Hg in DBP.9 Given estimates that for each 2 mm Hg increase in SBP 

there is a 10% increase in stroke mortality and a 7% increase in IHD mortality,3 the 

potentially causal effects of 5HTTLPR genotype on SBP found in this study may have 

clinically significant implications – perhaps greater among African Americans, Native 

Americans and Asians than Whites – for public health. More specifically, these findings 

suggest that higher BP levels in Whites carrying the L or L’ allele, and African Americans, 

and Native Americans, with the S’S’ genotype and Asian S’ carriers will place them at 

increased risk of developing CVD and/ or suffering clinical events. This hypothesis is 

supported by the current study’s findings that the L’ allele is associated with a 23% increase 

in the odds of more severe hypertension among Whites but a 22% decrease in the odds of 

hypertension among Add Health black participants and a 64% decrease in Native 

Americans.

Based on prior research showing lower treatment success among African Americans than 

Whites,60,61 we explored whether the different patterns of association between 5HTTLPR 

and BP between Whites and African Americans might be explained by race differences in 

the use of and/or response to antihypertension medication. Given that the initial analyses 

adjusted for medication use and the relatively small and nonsignificant race difference in the 

proportion of participants using medication, medication use per se is not a likely explanation 
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for the observed race differences in the association between the 5HTTLPR genotype and BP. 

In exploring this issue more deeply, however, we did find that the differences in BP between 

genotypes varied as a function of medication status, and that the pattern of this dependence 

differed across Whites and African Americans. Specifically, although medicated participants 

had higher SBP and DBP compared to non-medicated participants regardless of genotype, 

the differences were much larger among S’ carriers (Figure 1). In turn, these medication 

differences among S’ carriers were far greater among African Americans compared to 

Whites. Given that we cannot know what the BPs of the medicated participants would be 

when not on medication, we cannot ascribe this pattern to medication per se. However, this 

pattern does at least suggest that the positive association between the S’ allele and BP in 

medicated persons may be stronger among African Americans than Whites. More 

speculatively, this finding suggests that reduced responsiveness to antihypertensive 

medication among African American S’ carriers could be one mechanism accounting for 

previous observations60,61 of reduced treatment success among hypertensive African 

Americans compared to Whites. Further investigation will be necessary to clarify this issue.

A common concern for association studies among admixed populations is the unaccounted 

correlation between genetic variants and phenotypes. In the current study’s samples we 

observed genotype frequency differences among the racial groups,49 which could be 

suggestive of population stratification. In this study, by including the rs25531 data, we 

believe we have attenuated the potential for spurious correlation between 5HTTLPR and BP 

as suggested by equal genotype frequencies among groups in the adjusted data. Observed 

population differences in frequency of the rs25531 G allele49,51 combine with the current 

study’s finding that associations between 5HTTLPR genotypes and blood pressure levels 

and hypertension prevalence differ in both direction and effect size as a function of di- vs 

triallelic genotypes in these same population subgroups to make a strong case that studies 

evaluating associations of 5HTTLPR with various phenotypes need to include rs25531 in 

their assays of 5HTTLPR. To ignore this SNP is to run a serious risk of biasing associations 

obtained and quite likely missing important associations that are masked by inclusion of LG 

as high activity. The present findings suggest that the extent of bias is likely to be 

particularly important when assessing associations in non-White and, particularly, Asian 

populations, where the proportion of L alleles containing the rs25531 G allele is markedly 

higher. We also note that ancestry markers were not available in either dataset. We therefore 

cannot rule out the possibility of confounding due to unmeasured population stratification, 

or more broadly, other unobserved heterogeneity.

In conclusion, the present results suggest that the 5HTTLPR L and L’ alleles in Whites and 

the S’ allele in African Americans, Native Americans and Asians will be associated with 

increased BP levels and hence increased CVD risk. One implication of these findings is that 

persons carrying the high risk allele for their population group might benefit from 

interventions to reduce its impact on BP and associated increased CVD risk. The observation 

that SSRI treatment is associated with decreased SNS outflow31 suggests, for example, that 

SSRIs might reduce risk in Whites carrying the L or L’ allele and in African Americans, 

Native Americans and Asians carrying the S’ allele. Another approach that might be 

considered is training in stress management. Bishop et al.73 found, for example, that group 

training in cognitive behavioral stress management strategies among Chinese, Indian and 
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Malay CHD patients in Singapore produced significant reductions in SBP at rest and during 

anger recall stress testing.
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Figure 1. 
Blood pressure by triallelic HTTLPR genotype, race, and antihypertensive medication status 

in the Add Health sample. Values are predicted estimates from a mixed model adjusted for 

age, gender, and BMI. Error bars represent 95% confidence limits.
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Table II

Triallelic 5HTTLPR genotype frequencies by population group

Genotype

L’L’ L’S’ S’S’

Add Health Sample

 White 1607 (25.1) 3191 (49.8) 1609 (25.1)

 African American 705 (27.5) 1280 (50.0) 577 (22.5)

 Hispanic/Latino 355 (19.0) 898 (48.0) 617 (33.0)

 Asian/Pacific Islander 32 (4.2) 248 (32.9) 475 (62.9)

 Native American 50 (22.6) 114 (51.6) 57 (25.8)

Singapore Sample

 Chinese 79 (3.0) 702 (26.4) 1883 (70.7)

 Indian 55 (7.8) 261 (36.9) 392 (55.4)

 Malay 50 (6.1) 312 (37.9) 462 (56.1)

Values are N (within group %).
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Table V

Odds of increased severity of hypertension stage by triallelic 5HTTLPR genotype and population group

Group

Odds ratio P

Additive Dominant Additive Dominant

Add Health sample

 White 1.11a (1.04–1.19)b 1.23 (1.10–1.38) .003 .0003

 African American 0.85 (0.76–0.96) 0.78 (0.65–0.94) .006 .010

 Hispanic 1.06 (0.92–1.21) 0.97 (0.75–1.26) .429 .838

 Asian/Pacific Islander 0.71 (0.53–0.96) 0.68 (0.48–0.96) .024 .029

 Native American 0.73 (0.41–1.29) 0.34 (0.13–0.89) .276 .028

Singapore sample

 Chinese 1.09 (0.95–1.25) 1.51 (0.97–2.35) .218 .067

 Indian 1.023 (0.829–1.275) 1.17 (0.70–1.96) .803 .548

 Malay 1.11 (0.90–1.37) 0.87 (0.67–1.13) .346 .301

 All Asians Combined (Singapore sample only) 1.09 (0.98–1.20) 1.38 (0.98–1.72) .052 .068

Estimates are derived from a cumulative logistic regression model predicting hypertension status adjusting for age, BMI, gender, and 
antihypertensive medication, with sample design parameters for the Add Health sample as described earlier. Hypertension status was modeled as 4 
ordered categories: Normal, Prehypertension, Stage I Hypertension, and Stage 2 Hypertension.

Additive models test for linear trend across 0, 1, or 2 copies of L’. Dominant model for White, Black, Asian/Pacific Islander, Native America, and 
Malay compares L’ carriers to S’ homozygotes. Dominant model for Hispanic/Latino, Chinese and Indian compares S’ carriers to L’ homozygotes. 
Dominant Model for All Asians Combined in Singapore sample compares S’ Carriers to L’ homozygotes.

a
Within-group mean.

b
95% Confidence Interval.
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