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Abstract

Depending on genetic sensitivity to it, stress may affect depressive symptomatology differentially. 

Applying the stress-diathesis hypothesis to older adults, we postulate: (1) recent stress will 

associate with increased depressive symptoms levels and (2) this effect will be greater for 

individuals with at least one short allele of the serotonin transporter gene promoter region (5-

HTTLPR). Further, we employ a design that addresses specific limitations of many prior studies 

that have examined the 5-HTTLPR x SLE relation, by: (a) using a within-person repeated-

measures design to address fluctuations that occur within individuals over time, increase power for 

detecting GxE, and address GE correlation; (b) studying reports of exogenous stressful events 

(those unlikely to be caused by depression) to help rule out reverse causation and negativity bias, 

and in order to assess stressors that are more etiologically relevant to depressive symptomatology 

in older adults. The sample is drawn from the Health and Retirement Study, a U.S. population-

based study of older adults (N=28,248; mean age = 67.5; 57.3% female; 80.7% Non-Hispanic 

White, 14.9% Hispanic/Latino, 4.5% African American; genetic subsample = 12,332), from whom 

measures of depressive symptoms and exogenous stressors were collected biannually (1994–

2010). Variation in the 5-HTTLPR was characterized via haplotype, using two single nucleotide 

polymorphisms (SNPs). Ordered logit models were constructed to predict levels of depressive 

symptoms from 5-HTTLPR and stressors, comparing results of the most commonly applied 

statistical approaches (i.e., comparing allelic and genotypic models, and continuous and 

categorical predictors) used in the literature. All models were stratified by race/ethnicity. Overall, 
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results show a main effect of recent stress for all ethnic groups, and mixed results for the variation 

in 5-HTTLPRxStress interaction, contingent upon statistical model used. Findings suggest there 

may be a differential effect of stressors and 5-HTTLPR on depressive symptoms by ethnicity, but 

further research is needed particularly when using a haplotype to characterize variation in 5-

HTTLPR in population-based sample with a diverse ethnic composition.
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Introduction

Many individuals experience depressive symptomatology following major life events. 

However, this relationship may be stronger among those who have genetic sensitivity to 

environmental stress (Karg et al. 2011). This transactional relationship follows the stress-

diathesis hypothesis, which postulates that some individuals possess inherent vulnerability, 

possibly due to genetic sources, such that they are disproportionately and negatively affected 

by environmental stressors (Beck 1995; Mazure et al. 2002). Prior research has found that 

one source of genetic vulnerability is having short alleles of a microsatellite marker, the 

serotonin transporter gene-linked polymorphic promoter region (5-HTTLPR, for 5-

hydroxytryptamine transporter-linked polymorphic region) (Caspi et al. 2003; Karg et al. 

2011; Kendler et al. 2005; Munafò et al. 2009; Risch et al. 2009; Sharpley et al. 2014; Uher 

and McGuffin 2010). Yet, evidence has been conflicting, with some studies concluding the 

short alleles of 5-HTTLPR have no main effect, do not moderate the effect of stressful life 

events (SLEs), or confer a protective effect on depression-related outcomes (Chorbov et al. 

2007; Gillespie et al. 2005; Laucht et al. 2009; Middeldorp et al. 2007; Peyrot et al. 2013; 

Power et al. 2010; Surtees et al. 2006). A handful of studies to date have been conducted to 

examine the moderator effect of 5-HTTLPR on a range of SLEs and CES-D in older aged 

cohorts, yielding mixed results (Goldman et al. 2010; Kim et al. 2007; Power et al. 2010; 

Surtees et al. 2006). Older adults constitute a group that is likely to experience multiple 

major life events with respect to medical, financial and interpersonal circumstances (Fiske et 

al. 2009; Kraaij et al. 2002) and experience greater consequences from them (Fiske et al. 

2009). Additionally, studies conducted in twins strongly support that the magnitude of 

impact that stressors and genetics confer on depressive symptoms in later life is through an 

interaction between the two (Kendler et al. 1995; Tennant 2002). Efforts to better understand 

this effect in older individuals can potentially contribute to developing more targeted and 

age-specific interventions for the prevention of depression as well as the treatment, whether 

through behavioral or pharmacologic means.

The neurotransmitter serotonin is crucial for regulating multiple physiological processes 

including mood, sleep, eating, and sexual activity. The serotonin transporter (5-HTT) protein 

is responsible for facilitating the reuptake of serotonin at the synapses, thereby terminating 

its activity. It is believed that variants of the functional polymorphism of 5-HTTLPR 

influence affective disorders and modulate the serotonergic response to stress through the 

differing levels of reuptake, which is dictated by the level of transcriptional activity of the 
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transporter protein from these variants. The polymorphisms of the SLC6A4 gene are 

comprised of differing lengths of repeated sequences, initially characterized with bi-allelic 

nomenclature as either a long (419 bp) or short (375 bp) variant (Heils et al. 1996). The 

short variant exhibits less transcriptional activity (Lesch et al. 1996) and therefore elicits less 

serotonin reuptake compared to the long variant. There is evidence that other variants exist 

(Delbruck et al. 1997; Frisch et al. 2000; Gelernter et al. 1997; Nakamura et al. 2000), 

although they are seldom examined in genetic association studies because of their rare 

frequency (Goldman et al. 2010). The most common approach for studying the effect of the 

polymorphism on psychiatric phenotypes, including depression, has been with the bi-allelic 

structures which yield three genotypes: long/long (L/L), short/long (L/S), or short/short 

(S/S).

Over the past decade, a plethora of studies have aimed to replicate findings from a 2003 

study by Caspi et al (Caspi et al. 2003), now cited over 6,100 times in the literature. Study 

investigators were one of the first to report on a significant gene-by-environment interaction 

(GxE) for a psychiatric phenotype. One of the GxE interactions tested was between the 5-

HTTLPR genotypes and a range of SLE types on depression. Study participants for the 

investigation were drawn from a representative birth cohort in New Zealand, and asked to 

report the number and types of SLEs (e.g., related to employment, housing, health, finances, 

relationships) experienced in the last five years, and on past-year depressive symptoms. 

Authors report that participants who had SS or SL genotypes experienced disproportionately 

more depression symptoms than those with the LL genotype. Findings from the majority of 

studies since the Caspi et al report are mixed and summarized in four of the recent meta-

analyses (Karg et al. 2011; Munafò et al. 2009; Risch et al. 2009; Sharpley et al. 2014; Uher 

and McGuffin 2010), which also had mixed findings.

From the first two meta-analyses (based on 5 and 14 studies, respectively, with 4 

overlapping studies), authors concluded that the positive results between 5-HTTLPR and 

SLEs on major depressive disorder were consistent with chance findings (Munafò et al. 

2009; Risch et al. 2009). Conversely, authors of the third (Karg et al. 2011) and fourth 

(Sharpley et al. 2014) meta-analyses (based on 54 and 81 studies, respectively, including all 

those from the prior two meta-analyses with Sharpley et al including 27 studies published 

subsequent to the Karg et al. analysis) concluded there was robust evidence that 5-HTTLPR 

moderates the relationship between SLEs and depression, with the S allele conferring greater 

risk for developing depression given the presence of SLEs. Despite the divergent findings, 

authors of all four meta-analyses and prior reviews (Monroe and Reid 2008; Uher and 

McGuffin 2010; Zammit and Owen 2006) highlight that two primary sources of conflicting 

findings in studies on this topic are the method for measuring environmental stress and the 

statistical approaches to modeling the GxE effect.

In one extensive review, authors note that stressors assessed should be those that are most 

etiologically relevant to depression, and meet several criteria for depressogenic SLEs, such 

as being acute with a distinct timing of onset, considered a major event such that it causes 

some threat to the individual, an event that primarily affects the individual respondent, and 

is recent (Monroe and Reid 2008). Additionally, the temporal sequence of events should be 

clear such that the SLE precedes the depressive symptoms rather than the symptoms leading 

Arpawong et al. Page 3

Behav Genet. Author manuscript; available in PMC 2017 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



to stressful events (reverse causation) as addressed in several prior studies (Kim et al. 2007; 

Peyrot et al. 2013). Few studies have addressed the issue of GE correlation, to distinguish 

whether people with genetic susceptibility differ from those with heightened emotionality in 

general (Caspi et al. 2003; Kendler et al. 2005; Kilpatrick et al. 2007; Peyrot et al. 2013). 

Finally, the issue of negativity bias, or whether depressive symptoms result in greater 

reporting of recent events, is discussed in very few of the prior studies. Addressing these in a 

study on SLEs and depressive symptoms would add more confidence to the findings.

A second, yet critical, issue characterizing the prior research on 5-HTTLPR and SLE 

concerns the statistical approaches used to test the interaction (Munafò et al. 2009). The 

majority of studies assessed the allelic effect (number of S alleles), but a few reported a 

genotypic effect (S/S, S/L vs. L/L or, alternatively, S/S vs. S/L, L/L) (Cervilla et al. 2007; 

Grabe et al. 2005; Kendler et al. 2005). Moreover, several studies modeled the interactions 

with SLEs on a cumulative count of stressors (Gillespie et al. 2005; Kim et al. 2007; Surtees 

et al. 2006), whereas others modeled SLEs by level of implied or measured stressfulness 

(Kendler et al. 2005; Ritchie et al. 2009). Lastly, the majority of the prior studies used 

measures of depressive symptomatology at a single time-point as the outcome while few 

included more than one assessment of depression per individual to account for within-person 

fluctuations over time (Araya et al. 2009; Caspi et al. 2003; Chorbov et al. 2007; Jacobs et 

al. 2006; Kendler et al. 2005; Kilpatrick et al. 2007; Kim et al. 2007; Middeldorp et al. 2007; 

Ming et al. 2013; Wilhelm et al. 2006).

Issues highlighted in the meta-analyses and reviews revolve around heterogeneity in 

methodology applied to the design of each attempted replication. Thus, a central goal of the 

present study is to compare results of statistical approaches that test the main and interaction 

effects through both allelic and genotypic analyses, as well as continuous and categorical 

analyses for SLEs. Notably, we do this while employing a design that addresses specific 

limitations of many prior studies that have examined the 5-HTTLPR x SLE relationship: (a) 

using a within-person repeated-measures design to address fluctuations that occur within 

individuals over time, increase power for detecting GxE (Wong et al., 2003), and address 

GE correlation; and (b) examining reports of exogenous stressful events (those unlikely to 

be caused by depression) to help rule out reverse causation and negativity bias. Furthermore, 

in the current study, we examine the 5-HTTLPR main effect sand GxE effect by assessing 

recent SLEs that are etiologically relevant to depressive symptomatology among a U.S. 

population-based sample of ethnically diverse older adults. Examining effects in an older 

sample is important because it has been speculated that life developmental stages may 

contribute to the heterogeneity in findings among younger samples (Uher and McGuffin 

2010). Furthermore, there is evidence that mental health outcomes exhibit greater 

divergence between ethnic groups in older adulthood (Jackson et al. 2010; Keyes 2009). 

Thus, in accordance with the stress-diathesis hypothesis, we postulate that in older adults (1) 

recent exogenous stressors will be associated with increased depressive symptoms overall 

and (2) this effect will be greater for individuals with one or more short 5-HTTLPR alleles.
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Methods

Participants

The sample was drawn from the Health and Retirement Study (HRS), a nationally 

representative sample of households of older Americans in the 48 contiguous United States. 

Data collection for the HRS began in 1992, targeting individuals born 1931–1941 and their 

spouses, regardless of spousal birth year. In 1998, the sample was merged with the Assets 

and Health Dynamics Among the Oldest Old (AHEAD) study that had begun in 1993, 

targeting the 1890–1923 birth cohorts. That year, two new birth cohorts were added to the 

HRS (cohorts 1924–1930 and 1942–1947). The spouses of participants were also included 

irrespective of their birth year. The newly combined sample of 21,384 respondents 

represents all Americans born between 1890 and 1947 and their spouses. New cohorts 

continue to be added to the HRS every 6 years. The response rate at baseline was 70–81% 

and the retention rate for the combined cohorts is 88% (HRS 2011). Participants are 

interviewed biennially on a broad range of economic, psychological, and physical health 

measures. For the present study, we included all participants who were interviewed in wave 

2 (1994) through 10 (2010) and were at least 50 years old at any wave of data collection. 

Spouses that were younger than age 50 were excluded because they were not part of the 

planned sampling frame that would contribute to the representativeness of the sample. Wave 

1 (1992) was excluded because the measure used to assess depressive symptoms differed 

from that used in all remaining waves. The phenotypic sample is comprised of 28,248 adults 

who, at their first assessment wave for HRS, were between ages 50 and 104 (mean = 63.0; 

SD = 10.6), 57.3% female; 80.7% Non-Hispanic White (NHW), 14.9% Hispanic/Latino 

(HL), 4.5% African American (AA).

Measures

Depressive Symptoms—Participants were asked to rate their depressive symptoms 

using a modified version of the well-known Center for Epidemiologic Studies-Depression 

Scale (CES-D) inventory. The original inventory (Radloff 1977; Radloff 1991; Zimmerman 

and Coryell 1994) used a scoring system, in which the 20 CES-D items are scored on a 0–3 

scale, and these scores are summed over the 20 items to form a CES-D total score ranging 

from 0 to 60 (Santor and Coyne 1997). However, for administration with the HRS, the CES-

D was abbreviated to an 8-item inventory. The 8 items were selected for their psychometric 

properties in assessing the continuum of depressive symptoms compared to the full scale, 

(Kohout et al. 1993) and demonstrate very similar construct and external validity to the 

original inventory (Steffick 2002; Turvey et al. 1999). Each item on the scale asked about 

how the respondent felt in the last week. The form of the questions reads “Much of the time 

in the last week I felt…” with a response set of yes or no. The number of depressive 

symptoms was calculated from a sum total of depressive symptoms. Scores ranged from 0 to 

8, with more symptoms suggesting worse affective functioning.

The CES-D scale was not meant to be used to clinically diagnose depression, rather it serves 

to assess an elevated level of depressive symptoms that occur in different diagnostic 

categories of depression, and can serve as an indicator of depression risk (Radloff 1977). In 

order to examine the determinants that contribute to reaching higher risk levels for 
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depression, we used ordinal categories with which to compare differing levels of 

symptomatology. This also minimizes the problem of zero-inflation because a large 

proportion of respondents (~44%) report 0 symptoms at multiple time-points. Similar to 

prior studies (Cuijpers et al. 2004; Poulin et al. 2005), we created cut-points for the sum 

score for the symptom categories: no risk (score of 0), low (scores of 1 or 2), medium 

(scores of 3 or 4), and high (scores of 5 or greater) risk. For all analyses, all available 

measurement occasions were categorized into levels of depressive symptoms, including a 

range of 1 to 10 occasions per person (mean = 5.2), and marginal frequencies of 44.1%, 

33.5%, 12.1%, and 10.3%, respectively.

Exogenous Stressful Life Events (SLEs)—HRS participants were asked at every 

wave if they had experienced specific events since the last wave. Thus, recent stressors were 

defined as those that occurred within the last two years, prior to each assessment of CES-D 

items. In order to minimize the effect of reverse causation, recent stressors that were 

unlikely to be caused by prior depressive symptoms were included in the panel of exogenous 

SLEs. These were coded as a set of eleven possible binary variables for three interpersonal 

stressors (spouse died, parent died, divorce), five medical stressors (had a stroke or heart 

attack, became disabled, diagnosed with cancer, had a nursing home stay), and three 

financial stressors (unemployment, income shock, asset shock) described in detail below.

Variables for interpersonal SLEs indicated the respondent’s divorce, loss of spouse, and 

parent. For example, one item asked, “Have you been divorced or widowed since [last 

wave]? If yes, in what month and year were you widowed?” Variables for medical SLEs 

assessed whether the respondent had experienced a nursing home stay, acute medical event 

(i.e., heart attack, stroke, cancer), or had become disabled. For example, participants were 

asked, “Since the last interview, has a doctor told you had a [new cancer or malignant tumor, 

excluding minor skin cancer/ heart attack or myocardial infarction/ stroke]” and “In what 

year was your most recent [cancer diagnosed/ heart attack/ stroke]? In what month was 

that?” The assessment of disability was provided by activities of daily living (ADLs). 

Respondents who reported no difficulty performing each of six ADLs (i.e., walking across a 

room, dressing, bathing or showering, eating, getting in or out of bed, and using the toilet) 

met the criterion for no disability.

Variables for financial SLEs included three constructs. The first was in regard to having 

been unemployed, and was assessed every other wave since 2004 with the question, “Have 

you been unemployed and looking for work for longer than 3 months at some point in the 

past five years? If Yes, what year?” The remaining financial constructs were calculated from 

a series of questions that asked about income and assets, then coded as binary variables for 

income shock and asset shock. These constructs indicate whether respondents experienced a 

reduction in total household income of 30% or more since the last wave, or the value of their 

household wealth (excluding secondary residence) had been reduced by 30% or more since 

the last wave. Detailed descriptions on the panel of financial questions, verification of 

income and assets, and calculations are provided in RAND documentation (RAND 2014).

The eleven possible SLE items were summed to create a count variable of stressors that had 

occurred prior to each assessment period. Because few respondents had experienced 3 or 
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more SLEs in a given period (see Table 1), the items were coded into successive categories 

of 0 SLEs, 1 SLE, 2 SLEs, or 3 or more SLEs.

5-HTTLPR Genotype—Genetic sensitivity was characterized by the number of short 

alleles of 5-HTTLPR. Genotype data were available for N=12,507 participants who 

provided DNA samples and were accessed from the National Center for Biotechnology 

Information Genotypes and Phenotypes Database (dbGaP). Participants in the genotypic 

subsample, who were also assessed for depressive symptoms and SLE (N=12,332) were 

58.8% female; 82.3% Non-Hispanic White, 13.1% Hispanic/Latino, 4.6% African 

American, and at their first assessment, age M=59.0, SD=8.0, range 50–93. DNA samples 

from HRS participants were collected in 2006 from buccal swabs using the Qiagen Autopure 

method. Samples were genotyped by the NIH Center for Inherited Disease Research (CIDR) 

using the Illumina HumanOmni2.5–4v1 array (San Diego, CA), with standard quality 

control procedures applied (HRS 2012), including CIDR technical filters (Laurie et al. 

2010). Next, genotyped data were phased and imputed in two steps, using SHAPEIT2 

(Delaneau et al. 2013) and IMPUTE2 (Howie et al. 2009; Li et al. 2009), respectively. 

Further details regarding the phasing and imputation process of HRS data are available from 

CIDR (CIDR 2012). From the ~2.4 million single nucleotide polymorphisms (SNPs) 

sequenced, nearly 21 million SNPs were imputed to the 1000 Genomes reference panel. 

Although the two SNPs used to characterize variation in 5-HTTLPR, rs2129785 and 

rs11867581, were directly genotyped for HRS on the Illumina chip array, we constructed 

haplotypes with these SNPs for each individual using the phased dosage data. Dosage data 

were extracted using plink 1.9 (Chang et al. 2014), using several probability thresholds 

(from 0.10 to 0.49) for hard coding, with each threshold yielding identical results in allele 

frequencies. Of note, the extracted allele frequencies from phased dosage data were identical 

to overall frequencies from the directly genotyped data.

The two SNPs were selected as tagging SNPs due to their resulting haplotype being in high 

linkage disequilibrium (LD; r2=0.78) with the SLC6A4 polymorphic promoter region. The 

two tag SNPs were assessed for consistency with Hardy-Weinberg Equilibrium (HWE). 

Stratified by ethnicity, there was no evidence for deviation from HWE as observed allele 

frequencies for neither rs2129785 (AA χ2=1.06, HL χ2=0.33, NHW χ2=0.02; p’s>0.05) nor 

rs11867581 (AA χ2=3.29; HL χ2=1.73, NHW χ2=0.25; p’s>0.05) differed from the expected 

allele frequencies.

Haplotype combinations of these SNPs were initially identified by Vinkhuyzen et al 

(Vinkhuyzen et al. 2011) and used subsequently by others (Seneviratne et al. 2013) to 

characterize the 5-HTTLPR alleles based on relative transcriptional efficiency, as either long 

(L) or short (S): 5′-HTTLPR-L: (rs2129785:A-rs11867581:G) and (rs2129785:G-

rs11867581:A) and 5′-HTTLPR-S: (rs2129785:A-rs11867581:A). The present study was 

consistent with the Vinkhuyzen and Seneviratne reports in that there were no individuals 

with the (rs2129785:G-rs11867581:G) haplotype. Resulting frequencies for the estimated 5-

HTTLPR alleles and genotypes are provided at the bottom of Table 1. After identifying 

individual genotypes, genetic sensitivity was characterized as levels, from lowest to highest 

sensitivity, by having no short alleles (homozygous L/L), one short allele (heterozygous 

S/L), or two short alleles (homozygous S/S) of 5-HTTLPR.
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Preliminary Analyses and Attrition

A total of 28,248 individuals and 148,253 observations were included in preliminary 

analysis (full phenotypic sample). However, as some individuals leave the study at every 

wave, assessing whether the sample remains representative of the population of older 

individuals in the U.S. is important. Preliminary analyses showed that the percentage of 

missing data varied by year and individual measure. Across waves 2 through 10, there were 

10,649 (7.2%) of the 148,253 level-1 observations for CESD score missing, which translates 

into 5,117 of the 28,248 (18.1%) individuals with missing data at least one of the 9 waves. 

Percentages of individuals with missing data varied by year, ranging between 5.9% in 1998 

to 15.6% in 2002. In some cases, the variation was due to individuals who skipped an 

assessment year, then returned, while in other cases, individuals permanently left the study 

because they chose to or died (cumulative mortality rate for HRS is 11.3%). None of the 

main variables of interest for the present study were identified as significantly associated 

with attrition or missing data. In order to avoid losing participants with sporadically missing 

data, or in only some years after leaving the study, for all aims, we employ a longitudinal 

modeling method that uses all available data, including the repeat measurements on all 

participants (Kapteyn et al. 2006).

Statistical Analyses

Depressive symptomatology was tested as an ordinal variable in order to assess symptom 

level experienced. Because of the four ordered levels of the dependent variable, CES-D, the 

level-1 within-person variation in stress and depressive symptoms over time, and use of 

continuous (age) and categorical (gender, genotype) level-2 predictors, we constructed 

multinomial cumulative logit random effects models (using PROC GLIMMIX in SAS) to 

test the study hypotheses. The cumulative logit model assumes proportional odds, or that a 

common effect is associated with each covariate across all CES-D levels, though allowing 

for different intercepts. Thus, when the effect of a covariate (age, sex) on level of CES-D 

symptomatology is interpreted, inference should be made with respect to all levels. For 

instance, a significant overall effect of age would imply the same age effect at each level of 

CES-D. Although the proportional odds assumption generally provides a way to reduce the 

number of parameters and calculate odds ratios (ORs) and 95% confidence intervals (CIs) 

for each unit increase in covariates, the assumption was not met for all main predictors. For 

genotype, the proportional odds assumption was met for two subgroups, HL (χ2=5.06, df=2, 

p=0.08) and NHW (χ2=0.76, df=2, p=0.68), but not for AA (χ2=49.10, df=2, p<0.0001). 

Thus, as described within each set of results, we implemented a second set of analyses using 

dummy coded variables (thermometer-type coding) to examine the effects of 5-HTTLPR at 

each level of S allele (i.e., two short alleles to one, and one short allele to no short alleles). 

Further, because both the frequencies of CES-D levels shown in the charts and estimated 

variation in 5-HTTLPR genotypes (provided in Table 1) differed across race/ethnic groups, 

we stratified all analyses by these subgroups.

Association of recent SLEs and CES-D levels—To test the first hypothesis, that 

depressive symptoms increase as a function of SLEs, separate models were constructed, for 

each of the three race/ethnic groups, adjusted for age (mean-centered) and sex. Each set of 

models was tested for the full phenotypic samples and then replicated in the genotypic 
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subsample. To achieve the goal of comparing statistical approaches, we constructed the first 

set of models using the degree of freedom trend test, by entering SLEs as a continuous 

variable (1 degree of freedom test). For the next set of models, we dummy coded the SLE 

variable such that the individual effect of each additional SLE could be compared to the 

referent category of having reported no SLEs (3 degree of freedom test). Each reported OR 

and 95% confidence interval is interpreted as the effect of a one level change in the 

covariate on the odds of being in a higher CES-D level (more symptoms) rather than a lower 

level, adjusting for other covariates. To summarize the variation in CES-D accounted for by 

predictors, pseudo-R squared values were calculated by comparing the covariance parameter 

estimate of a null (intercept only) model to that from the full model (containing predictors).

Main effect of 5-HTTLPR and interaction between 5-HTTLPR and SLEs on 
CES-D levels—To test the second hypothesis, we tested both the main effect and 

interactive effect of 5-HTTLPR x SLE effect on CES-D level, separately for each race/

ethnic group using a forward stepwise approach. In the context of our large sample size and 

repeated measured design, the prevalence of exposure and depressive symptoms within our 

sample, we had high power (>95%) to detect similar findings reported in the Caspi et al 

study within each race/ethnic subsample. Described in further detail below, first, we tested 

the main effects of 5-HTTLPR, adjusted for age and sex; second we added recent SLEs; 

third we added an interaction term of 5-HTTLPRxSLE.

First, we assessed the main effect of the variation in 5-HTTLPR genotypes. The main effect 

was assessed in two ways, both as an allelic and genotypic effect. For the allelic effect, we 

examined a dosage effect of 0, 1, or 2 short alleles using a 1 degree of freedom test, which 

provided a test of the multiplicative effect of the S allele since these were logit models. For 

the genotypic effect, we used a 2 degree of freedom test, which provided a test of the 

multiplicative effect of the L/S and S/S genotypes compared to the referent L/L genotype. In 

the second step, we tested whether there was a dominance effect of 5-HTTLPR (described 

below). Third, we added SLEs retaining the dominance effect of the genotype found. In 

these models testing the main effect of SLEs, we tested SLEs as both a continuous predictor 

(1 degree of freedom test) and categorical predictor (3 degree of freedom test). Fourth we 

added the interaction term, comparing the commonly used statistical approaches of testing 

each of the allelic and genotypic effects of 5-HTTLPR as moderators of both the 

continuously-coded and categorically-coded SLEs on the depressive symptom outcome.

With regard to step two, if there was evidence of a main effect in either the allelic and 

genotypic analysis, we assessed 5-HTTLPR for a dominance effect, or whether the L or S 

allele was dominant within the heterozygous genotype. This was achieved by creating 

dummy variables using a thermometer-coding approach (Gyurak et al. 2013; Haase et al. 

2013; Kendler et al. 2004; Kendler et al. 2005). This way of coding did not alter results from 

the models, yet provided a method of retaining the ordinal structure of the variable while 

identifying whether one allele was contributing proportionally more to the effect on CES-D. 

Thermometer coding yielded two variables, G1 and G2, with individuals coded as follows: 

two long alleles coded as 0, 0; one long and one short allele coded as 0, 1; and two short 

alleles coded as 1, 1, respectively. This enabled us to compare the S/S group to the S/L 

group, and the S/L group to the L/L group. For interpretation, a significant association with 
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the G1 variable indicates dominance of the S allele and that individuals with the L/L 

genotype differ from individuals with the S/L or S/S genotypes. Conversely, a significant 

association with the G2 variable indicates dominance of the L allele and that individuals 

with S/S genotype differ from those with the S/L and L/L genotypes. If a dominance effect 

was found, we collapsed the genotypes into two classifications. For example, if there was a 

significant effect of the G2 variable only, we collapse the groups into two (L/L and L/S 

together, and S/S alone), reflecting the implication that the genotype is acting through 

dominance from the L alleles. Statistical analyses were conducted using SAS software, 

version 9.4 (SAS Institute, Cary, NC).

GE Correlation—To address the issue of GE correlation, we constructed logit models to 

evaluate the association between the proportion of S alleles (as the dependent variable) and 

number of SLEs (independent variable). This considers the possibility that those who tend to 

accumulate a greater number of stressors do so because of a genetic predisposition, and this 

may be independent of levels of CES-D symptomatology. Thus, if a significant effect of 

SLEs result in predicting genotype, we interpret this as there being a correlational effect of 

genotype and SLEs on probability of CES-D levels.

Results

Sample and genotype

Table 1 provides means, standard deviation, and frequencies on key variables from the first 

assessment point for individuals in the phenotypic and genotypic samples. Generally, the 

genotypic samples were slightly younger, lower in mean for depressive symptoms, and 

similar with respect to mean of SLEs to the phenotypic sample. Table 1 also provides the 

differential frequency distribution of short and long 5-HTTLPR variants by race/ethnic 

subgroup (Short alleles: AA=54%, HL=11%, NHW=49%).

Inclusion in the genetic sample was examined for its relationship to the main study 

variables. Inclusion status was weakly related to being younger (r=−0.15), but after 

adjusting for age, inclusion status was not predicted by higher CES-D level (r=−0.08), 

number of SLEs reported (r=−0.02), being female (r=0.01), or belonging to ethnic subgroups 

of AAs (r=−0.02), HLs (r=−0.05), or NHWs (r=0.06).

Association of recent SLEs and CES-D levels

Results testing the first hypothesis using the 1 degree of freedom trend test (continuous SLE 

variable) are presented in Table 2a. Findings were consistent across the NHW and HL 

samples and supported our first hypothesis. In the genotypic sample, when using a 

continuous measure of SLEs in the first set of models (Table 2a), each additional SLE 

conferred increased odds of being at a higher CES-D level among the AA (OR=1.17, 95% 

CI 1.07, 1.29), HL (OR=1.19, 95% CI 1.13, 1.26), and NHW (OR=1.26, 95% CI 1.23, 1.29) 

samples. Females had greater odds of being in a higher CES-D level across all models. 

Older age contributed very little to CES-D level, increasing the odds by 1% among NHWs 

and was not significant among the HL and AA subgroups. Results in the genotypic sample 
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replicated the results in the phenotypic sample fairly closely, and thus only results of the 

genotypic sample are shown.

Results testing the first hypothesis using the 3 degree of freedom test (dummy coded SLE 

variable) are shown in Table 2b. In this second set of models, each level of SLEs was 

predictive of higher CES-D in HLs and NHWs (Table 2b). However, in the genotypic AA 

sample, experiencing only three SLEs or more was significant, contributing to a 117% 

increased odds for CES-D level (OR=2.17, 95% CI 1.39, 3.39). The combined contribution 

of age, sex, and exogenous stressors contributed to 4.9%, 2.8%, and 3.0% of the variation in 

probability of CES-D level for the AA, HL, and NHW genotypic samples, respectively.

To further examine why the impact of different levels of SLEs differed by ethnic group, we 

conducted ad hoc analysis in the genotypic sample such that SLEs were categorized into 

types of stressors: interpersonal, medical, and financial. Results showed that only 

interpersonal (OR=1.56, 95% CI 1.21, 2.01) and medical (OR=1.38, 95% CI 1.02, 1.87) 

SLEs were significant for CES-D in AAs, while financial SLEs were not (OR=1.08, 95% CI 

0.97, 1.21). When financial SLEs were removed from the total aggregate sum score, we 

found that 1 SLE compared to 0 was significant (OR=1.37, 95% CI 1.09, 1.72) as was 2 

SLEs compared to 0 (OR=3.51, 95% CI 1.82, 6.77). When stratified by type of SLEs for 

HLs, medical stressors (OR=1.71, 95% CI 1.56, 1.87) increased risk of depression to a 

greater degree than did interpersonal (OR=1.44, 95% CI 1.29, 1.59) or financial SLEs 

(OR=1.09, 95% CI 1.04, 1.13). For NHWs, interpersonal stressors (OR=1.73, 95% CI 1.65, 

1.81) increased risk of depression to a greater degree than did medical (OR=1.61, 95% CI 

1.55, 1.67) or financial SLEs (OR=1.09, 95% CI 1.07, 1.11).

Main effect of 5-HTTLPR and interaction between 5-HTTLPR and SLEs on CES-D levels

Figures 1a through 1c depict the differences in distribution of SLEs and CES-D levels by 

calculated 5-HTTLPR genotype, separately for each ethnic subgroup. Data in these figures 

are not adjusted for the effects of age, sex, or within person variation over time, but suggest 

that for AAs, the S/S genotype associates with less depressive symptomatology irrespective 

of level of stressor exposure, whereas for HLs the S/S genotype associates with greater 

symptomatology, also irrespective of level of stressor exposure. For NHWs, the S/S 

genotype does not differ in association to CES-D level compared to the L/S or L/L 

genotypes, at any level of stressor exposure.

Results evaluating the second hypothesis for this study were mixed with little evidence 

overall to support the hypothesis of a GxE interaction. Of note, because empirical evidence 

exists for the interaction effects of sex and age on 5-HTTLPR in predicting depressive 

symptoms (e.g., Brummet et al., 2008; Sjober et al 2006), we examined these relationships 

and did not find evidence of either. Findings from testing the second hypothesis will be 

discussed below, separately by ethnic subgroup, using the stepwise approach previously 

described.

African-American sample—In the allelic analysis (Table 3a) we found a significant 

main effect of 5-HTTLPR, but with an unexpected direction of effect. Each additional S 

allele decreased the odds of being at a higher CES-D level by 36% (OR=0.64, 95% CI 0.50, 
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0.82), holding age and sex constant. In the genotypic analysis (Table 3b), we found that the 

protective effect held for the S/S group only (OR=0.42, 95% CI 0.26, 0.69) and not the L/S 

group (OR=0.73, 95% CI 0.46, 1.14) among AAs.

Testing a dominance effect among AAs, we found a significant effect of the G2 variable 

(OR=0.58, 95% CI 0.38, 0.87), but not the G1 variable (OR=0.73, 95% CI 0.46, 1.14). After 

collapsing the genotypes (reflecting the implication that the genotype is acting through 

dominance from the L alleles), the 5-HTTLPR dominance effect can be interpreted as, those 

who possessed the S/S genotype (versus the L/L or L/S genotype) were at a 48% (OR=0.52, 

95% CI 0.36, 0.77) decreased odds for being at a higher level of CES-D (shown in Table 

3c).

Testing the effects of genotype with the continuous SLEs, we found that both the effect of 

the S/S genotype (OR=0.53, 95% CI 0.36, 0.78) versus alternate genotypes as well as SLEs 

(OR=1.18, 95% CI 1.07, 1.30) were significant among AAs (Table 3d). Testing the 

genotype with SLEs tested as ordinal predictor, we found that the S/S (OR=0.53, 95% CI 

0.36, 0.77) versus alternative genotypes was significant and when only three or more SLEs 

were reported (OR=2.15, 95% CI 1.37, 3.38), the effect of SLEs were significant for AAs 

(Table 3d). In this model, age, sex, genotype, and SLEs explained 7.3% of the variation in 

probability of CES-D level for AAs. Testing the interaction term between variation in 5-

HTTLPR and SLEs, there was no evidence of an interaction with SLEs when entered as 

either the continuous (F(1)=1.22, p=0.27) or ordinal scale (F(3)=0.37, p=0.78).

Hispanic-Latino sample—In the stepwise process of testing for main and interaction 

effects in HLs, we first tested the main effect of the 5-HTTLPR, then added the main effects 

of SLEs, and lastly tested the interaction between the two. From analyses of the genetic 

effects, there was no evidence for a main effect of variation in 5-HTTLPR on CES-D in 

either the allelic (OR=0.98, 95% CI 0.78, 1.23; Table 3a) or genotypic (L/S vs L/L 

OR=0.91, 95% CI 0.70, 1.18; S/S vs L/L OR=1.50, 95% CI 0.61, 3.69; Table 3b) analyses. 

There was an effect of sex, such that females had a 53% (OR=1.53, 95% CI 1.23, 1.91) 

increased odds of being at a higher CES-D level. This effect remained consistent across 

models. No dominance effect of 5-HTTLPR was evident (Table 3c). Effects of SLEs were 

significant when entered either as a continuous (Table 3d) or ordinal variable (Table 3e). 

Similarly, no effect was evident for the GxE effect when SLEs were included as continuous 

(F(1)=0.13, p=0.71) or ordinal (F(3)=0.48, p=0.69).

Non-Hispanic White sample—We conducted the same stepwise process as completed in 

AAs and HLs. In step one, there was no evidence of a main effect of 5-HTTLPR variation in 

either the allelic (OR=1.03, 95% CI 0.96, 1.09; Table 3a) or the genotypic (L/S vs L/L 

OR=1.05, 95% CI 0.91, 1.12; S/S vs L/L OR=1.05, 95% CI 0.92, 1.12; see Table 3b) 

analyses. Older age contributed very little to the odds of being at a higher CES-D level 

(OR=1.02, 95% CI 1.01, 1.02), whereas sex (from male to female) increased the odds by 

88% (OR=1.88, 95% CI 1.73, 2.04). These effects remained consistent across models. In 

step two, no dominance effect of 5-HTTLPR (comparing the effect of the S/S genotype to 

the other two) was evident (Table 3c). In step three, effects for both the continuous and 
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ordinal SLEs scales were significant (Tables 3d and 3e). For example, each additional SLE 

increased the odds of being in a higher CES-D level by 26% (OR=1.26, 95% CI 1.23, 1.29).

In step four, there were mixed findings on the moderator effect of the genotype (Tables 4a–

4f). Incorporating a dominance effect of genotype, there was no evidence to support the 

interaction when SLEs were entered either as continuous (F(1)=1.89, p=0.17; see Table 4a) 

or ordinal variables (F(3)=0.84, p=0.47; see Table 4b). Support for the interaction was found 

in the allelic (F(1)=6.05, p=.014; Table 4c) and genotypic analysis (F(2)=3.41, p=.033; 

Table 4e), but only when the interaction was tested using a continuous indicator for SLEs. 

The interaction was not detected when SLEs were coded categorically, either with the allelic 

analysis (F(3)=2.00, p=0.11; Table 4d) or the genotypic analysis (F(6)=1.57, p=0.15; Table 

4f).

Lastly, addressing the issue of GE correlation, we found no evidence of a correlation 

between SLEs reported and genotype in the AA group (OR=0.97, 95% CI 0.77, 1.23), HL 

group (OR=1.02, 95% CI 0.87, 1.18), or NHW group (OR=1.00, 95% CI 0.94, 1.06).

Discussion

This study is the largest to have been conducted on the effect of 5-HTTLPR and stress 

interaction in predicting depression symptoms. Findings from prior studies on this topic 

have been remarkably conflicting. In the present study, we were able to implement and 

compare results for the most common statistical approaches used to examine this GxE effect 

in the literature. At the same time, we were able to address issues of CES-D fluctuations 

over time within the same individual, GE correlation, reverse causation, and negativity bias, 

many of which are not consistently addressed by other study designs. From our analyses, we 

found that neither the effect of the genotype nor stress was consistent across race/ethnic 

groups. There was a significant effect of more SLEs predicting higher depressive symptom 

levels in all race/ethnic groups when SLEs were assessed as a continuous variable. However, 

when using a categorical SLE variable, only experiencing three or more SLEs had an effect. 

Among African-Americans, there was no evidence of GxE interaction, but there was a main 

effect of genotype, in the opposite direction expected. Among Hispanic/Latinos, recent 

stress consistently predicted CES-D level, but variation in 5-HTTLPR showed no evidence 

for a main effect or GxE effect. Among Non-Hispanic Whites, recent stress predicted CES-

D level, but no main effect of genotype. Also in Non-Hispanic Whites, there was some 

evidence for a GxE effect when SLEs were continuously coded, but not when categorically 

coded. Comparisons across the statistical methods employed here suggest possible reasons 

for conflicting findings in the literature. Further testing of these models is worthwhile, 

comparing results from ethnic subsamples, with the 5-HTTLPR length characterized through 

a direct genotyping processes.

Our findings that recent stressors contribute to higher depressive symptom levels is 

consistent with prior research on older adults (Alexopoulos 2005; Fiske et al. 2009; Kraaij et 

al. 2002; Surtees et al. 2006). However, our results suggest that the type of stressor matters 

(interpersonal and medical vs. financial), plus more stressors (two or more) have markedly 

greater depressogenic effects among African-Americans than does a single stressor. This 
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coincides somewhat with findings in the literature on the “ethnic paradox”, in which older 

African-Americans show relatively fewer depressive symptoms than members of other 

groups, despite experiencing more stressful environments and greater physical morbidity 

(Jackson et al. 2010; Keyes 2009). Moreover, evidence suggests that unhealthy behaviors 

moderate (buffer) the effects of stress, thereby compensating for what would otherwise be 

increased depressive symptoms (Jackson et al. 2010). Examining such three-way gene-by-

environment-by-behavioral interactions is beyond the scope of this study, though such 

evidence suggests plausible mechanisms to explain our finding. Also important with this 

finding is that it was detected only by the statistical approach of modeling categories of 

SLEs, as levels of exposure (versus a continuous count of stressors).

On the characterization of the 5-HTTLPR genotypes, some discussion is necessary with 

regard to the method used to estimate the bi-allelic motif in each of our three subsamples. 

Although we apply the best method currently known for characterizing the 5-HTTLPR on 

SNP data from commercially available chip arrays, it is possible that using the two-SNP 

haplotype that is in imperfect LD with 5-HTTLPR harbors some degree of error in 

characterizing the bi-allelic genotype. Initially, the tag SNPs were identified for their high 

LD with 5-HTTLPR based on an Australian sample (Vinkhuyzen et al, 2011; Wray et al., 

2010; Medland et al., 2009). Comparing the allele frequencies of HRS Non-Hispanic Whites 

(S=49%, L=51%) to those reported in other studies focused on participants from European 

descent (range of values for S allele=40–47%; (Brummett et al. 2008; Caspi et al. 2003; 

Chipman et al. 2007; Chorbov et al. 2007; Gelernter et al. 1997; Li et al. 2013; Nakamura et 

al. 2000; Otte et al. 2007; Rees et al. 1997; Ritchie et al. 2009; Scheid et al. 2007; Schild et 

al. 2014; Seneviratne et al. 2013; Seneviratne et al. 2009; Williams et al. 2003; Yang et al. 

2013); for table of allele frequencies across studies see Supplemental material), the HRS 

sample included very similar frequencies. However, sample ascertainment for HRS was 

designed to represent the US population of adults age 50 and over. Thus, although is unclear 

as to whether one study sample better represents the genotype distribution for 5-HTTLPR 

among Non-Hispanic Whites versus another, the haplotype appears to provide a good 

approximation of the alleles.

In contrast, when comparing the HRS Hispanic/Latino allelic variation (S=11%, L=89%) 

with other studies focused on participants from predominantly Spanish-speaking countries 

(range of values for S allele=43–60%; (Schild et al. 2014; Seneviratne et al. 2009); for table 

of allele frequencies across studies see Supplemental material), the HRS sample clearly 

contained fewer S alleles. However, when comparing the HRS Hispanic/Latino sample to 

the Mexican-American sample from 1000 Genomes (S=3%; Consortium 2012), the 

frequencies are more similarly and predominantly comprised of Long alleles. It is unclear 

whether these discrepancies in frequencies is an effect of measurement, due to lower 

reliability of the two-SNP haplotype for characterizing 5-HTTLPR in HLs (i.e., low LD in 

ethnic Latinos), or an effect of sampling, due to the ascertainment of the sample itself (e.g., 

survival or attrition issues in the HRS HL subsample, recruitment methods applied when 

oversampling HL participants, greater composition of individuals with Mexican ancestry). 

In either case, given this large discrepancy in allelic variation for HLs in the HRS versus 

other studies, no clear conclusions can be drawn from results of analyses run in the HL 
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subsample for this study; and thus, few interpretations will be discussed with regard to 5-

HTTLPR findings among HLs.

When comparing the allelic variation in HRS African-Americans (S=54%, L=46%) with 

African-American participants in other studies (range of values for S allele=23–48%; 

(Brummett et al. 2008; Cicchetti and Rogosch 2014; Gelernter et al. 1997; Hu et al. 2006; 

Walsh et al. 2014; Williams et al. 2003; Yang et al. 2013); for table of allele frequencies 

across studies see Supplemental material), the HRS AA sample was more similar in 5-

HTTLPR variation reported in studies in which participants were recruited from Michigan 

or Georgia (range of values for S allele=53–54%; Walsh et al. 2014), compared to studies in 

which participants were recruited from Connecticut, Tennessee, Mississippi, or Arkansas 

(range of values for S allele=70–77%; Gelernter et al. 1997; Walsh et al. 2014; Yang et al. 

2013). Interestingly, all studies varied greatly from the African subsample reported in 1000 

Genomes (S=99%; Consortium 2012). From these results, it is unclear as to whether the 

HRS subsample better represents the genotype distribution for 5-HTTLPR compared to 

other studies, or if the haplotype is truly a good approximation of 5-HTTLPR given the 

unknown LD. Although, we apply the best method currently known for characterizing the 

variation in 5-HTTLPR from a SNP array, findings from the analyses on AAs require 

replication in a sample using directly genotyped 5-HTTLPR alleles.

With regard to the main effects of the variation in 5-HTTLPR on depressive symptoms, our 

null findings in Non-Hispanic Whites are consistent with prior reports in older adults 

(Goldman et al. 2010; Kim et al. 2007; Power et al. 2010; Surtees et al. 2006), conducted in 

East Asian and French samples. In contrast, our finding that the S/S genotype is protective in 

African-Americans is a novel one among AAs specifically, as it has been reported 

previously only in other ethnic samples (e.g., Carli et al. 2011; Chorbov et al. 2007; Laucht 

et al. 2009; Phillips-Bute et al. 2008; Ritchie et al. 2009); among males but not females in 

(Sjöberg et al. 2006). Nonetheless, the result warrants further consideration, for which we 

offer two possible explanations. As observed by Taylor et al (Taylor et al. 2006), protective 

effects of the S/S genotype are typically detected in samples that also report positive early or 

recent life experiences. One hypothesis that has gained traction in the last several years is 

the notion that the S/S genotype not only confers sensitivity to negative environments, but 

also to positive environments (Bakermans-Kranenburg and Van IJzendoorn 2007; Belsky et 

al. 2009; Belsky and Pluess 2009; Ellis et al. 2011). Support for the differential 

susceptibility hypothesis has been demonstrated by Taylor and colleagues, who found that 

young adults with the S/S genotype who faced recent adversity tended to exhibit fewer 

depressive symptoms when also reporting positive experiences when compared to their L/S 

and L/L counterparts (Taylor et al. 2006). Therefore, without also assessing recent positive 

life events or supportive environmental factors, we would not be able to detect this effect.

A second explanation for the unexpected finding concerns the classification of genotypes. It 

is possible that the bi-allelic characterization of 5-HTTLPR for this study classifies the 

effects of rarer long alleles that have been shown to have lower transcriptional efficacy, 

similar to the S alleles. One of these variants has been identified as the G allele of rs25531 

(Kraft et al. 2005; Wendland et al. 2006), and exemplifies one limitation to using sequenced 

chip data as it has been shown that accuracy with which to tag this rarer allele is low 
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(Vinkhuyzen et al. 2011). Relevant to our unexpected finding however, is that although 

more rare in individuals of European ancestry (frequency between 0.09 to 0.14), the G allele 

has frequencies as high as 0.24 in African-Americans, and exhibits some evidence of 

codominance with the L and S alleles (Hu et al. 2005). Although this explanation is credible, 

a case can be made against this explanation. If it were likely that we had classified these rare 

alleles into the L/L genotype and there were a high frequency of them in our sample, one 

would expect our sample to have a disproportionately higher frequency of L/L or L/S 

genotypes overall, compared to other African-American samples. This does not seem to be 

the case as the genotypes in our African-American sample were 21% L/L, 51% L/S, and 

28% S/S compared to the frequencies in other studies for African-Americans, which have 

been estimated be 53% L/L, 37% L/S, and 9% S/S (Goldman et al. 2010). Another study 

examining the frequency of alleles in the African-Americans in the U.S. calculated 

frequencies of the S/S genotype to be as low as 4 to 10% (Lotrich, 2003). Nonetheless, it 

would be worthwhile for future population-based studies to include a tri-allelic 

characterization of 5-HTTLPR that has been directly genotyped in AAs to assess this 

possible explanation. Also, future studies in which the 5-HTTLPR variant is directly 

genotyped in AAs are needed to confirm our result.

With regard to the interaction effect of 5-HTTLPR variation and SLEs, there was no effect 

among African-Americans and not a consistent effect among Non-Hispanic Whites. The 

findings among African-Americans corroborates multiple studies that have found no GxE 

effect in older adults (Power et al. 2010; Surtees et al. 2006), yet the inconsistent results 

among Non-Hispanic Whites corroborate findings of the conflicting meta-analyses (Karg et 

al. 2011; Munafò et al. 2009; Risch et al. 2009). The findings among Non-Hispanic Whites 

could arguably be interpreted with their being a significant interaction if we had 

implemented only one type of statistical modeling, the 1 degree of freedom multiplicative 

model. Also, it is possible that we would have detected a significant interaction given a 

different set of conditions, such as assessing a broader range of acute stressors likely to 

occur, including hospitalization from accidents or falls, other medical diagnoses, changes in 

living arrangements, interpersonal stressors, or chronic stressors (Monroe and Reid 2008). It 

is possible that the restricted range of our predictors impedes possible positive findings; yet 

with the current design, we have been able to minimize spurious effects that would 

otherwise be due to GE correlation, in which the genotype is invariably related to an 

individual’s chosen environment that may be precipitously stressful. Thus, measuring only 

exogenous stressors provides an objective method of assessing GxE while addressing the 

temporal issue whereby SLEs precede CES-D symptoms and thus symptom levels do not 

beget the reporting of SLEs.

A potential limitation of this study concerns the use of a proxy haplotype to estimate 

variation in 5-HTTLPR. One concern is that a statistical algorithm based on imperfect LD 

was used to estimate the polymorphism rather than direct genotyping of the variant. A 

second concern is the applicability of the algorithm to the U.S. ethnic subsamples. It must be 

noted that the approach in this study is currently the best available approximation for 5-

HTTLPR using genotyped data from a chip array (see Vinkhuyzen et al., 2011) and 

incorporating available LD data from sources such as HapMap and 1000 Genomes. 

Particularly among the NHW and AA samples, the variation of alleles was similar to 
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multiple studies in which the variant was directly genotyped. However, within the HL 

sample, questions arise from the resulting allelic frequencies that require more in depth 

investigation, such as comparing the haplotype approach to directly genotyped individuals 

within the same HL sample. Such in depth investigation would be useful for all subsamples. 

Another potential limitation concerns the dependent variable of depressive symptomatology. 

While the modified CES-D scale confers some restricted variation in capturing all domains 

of depressive symptomatology compared to the longer versions, the scale has been validated 

to the longer inventory. That we found evidence of a relationship with exogenous SLEs 

across subsamples as well as with genotype in African-Americans leads us to believe that 

the measure adequately represents the intended assessment of depressive symptomatology. 

Furthermore, the majority of studies on this topic have used a dichotomously coded 

depression outcome. In our study, assessing levels of CES-D in lieu of a binary outcome 

enables us to assess how exogenous stressors are impacting the experiences of older 

individuals who are more prone to having these types of events occur. Third, as previously 

mentioned, measuring only exogenous stressors, such that excluding the effect of chronic or 

daily stressors may be less robust on overall depressive symptomatology and the feelings 

incurred by subjective stressors. However, our decision to use only recent and exogenous 

SLEs exhibits a strength in this design, as it also minimizes the issue that higher depressive 

symptoms over time could lead to either the reporting of more SLEs, or causing more SLEs 

to occur. Fourth, despite the power gained from using a repeated-measures design (Wong et 

al., 2003), when calculating post hoc power, using a continuous outcome of depressive 

symptoms, allelic effect of 5-HTTLPR, and continuous measure of SLE exposure, we were 

limited in detecting a GxE effect. In the largest subgroup of NHW, we had 99%, 81%, and 

32% power to detect the E, G, and GxE effect, respectively (in AAs and HLs, there was 31% 

and 7% power, respectively to detect the GxE effect). Finally, genotypic frequencies may be 

unique to the subsamples retained within the U.S. Health and Retirement Study for DNA 

sampling; therefore findings may not be externally applicable to other race/ethnic 

subpopulations. Nonetheless, the findings address the potential reason for conflicting results 

in prior research that has included different ethnic subpopulations.

Despite the lack of consistent findings for a GxE effect, the finding that genotype associates 

with CES-D among African-Americans offers implications for further research, including 

the need for replication among an older African-American sample in which the 5-HTTLPR 

variant was directly genotyped. Also, because one plausible explanation of the protective 

effect involves behaviors (ethnic paradox) and other environmental support factors 

(potential differential susceptibility interactions), further investigation of these alternate 

explanations would be needed for appropriate tailoring of targeted interventions (e.g., 

culturally and age-appropriate support interventions for older African-Americans). 

Irrespective of genotype, depression symptoms have greater consequences in older adults 

than in younger adults, and our findings on the effect of “uncontrollable” life stress on 

depressive symptoms among older adults, suggests there may be differential need for 

supportive resources given the types of stressors most depressogenic in each ethnic group 

(interpersonal for African-Americans and Non-Hispanic Whites, medical for Hispanic/

Latinos). Further examination on the levels and types of SLEs that confer depressogenic 

effects in the different ethnic groups will be important for informing intervention efforts.
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Figure 1. 
Figures 1a–1c. These figures depict the mean CES-D score, in relation to the number of 

stressful life events (SLEs) experienced, for each genotype. The mean scores include all 

available observations for each individual, and are not adjusted for age, sex, or within-

person variation.
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