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Abstract

Objective: Indirect evidence suggests that common genetic variation contributes to individual 

differences in antidepressant efficacy among individuals with major depressive disorder, but 

previous studies may have been underpowered to detect these effects.

et al. Page 2

Am J Psychiatry. Author manuscript; available in PMC 2023 August 11.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Method: A meta-analysis was performed on data from three genome-wide pharmacogenetic 

studies (the Genome-Based Therapeutic Drugs for Depression [GENDEP] project, the Munich 

Antidepressant Response Signature [MARS] project, and the Sequenced Treatment Alternatives 

to Relieve Depression [STAR*D] study), which included 2,256 individuals of Northern European 

descent with major depressive disorder, and antidepressant treatment outcomes were prospectively 

collected. After imputation, 1.2 million single-nucleotide polymorphisms were tested, capturing 

common variation for association with symptomatic improvement and remission after up to 12 

weeks of antidepressant treatment.

Results: No individual association met a genome-wide threshold for statistical significance in 

the primary analyses. A polygenic score derived from a meta-analysis of GENDEP and MARS 

participants accounted for up to approximately 1.2% of the variance in outcomes in STAR*D, 

suggesting a weakly concordant signal distributed over many polymorphisms. An analysis 

restricted to 1,354 individuals treated with citalopram (STAR*D) or escitalopram (GENDEP) 

identified an intergenic region on chromosome 5 associated with early improvement after 2 weeks 

of treatment.

Conclusions: Despite increased statistical power accorded by meta-analysis, the authors 

identified no reliable predictors of antidepressant treatment outcome, although they did identify 

modest, direct evidence that common genetic variation contributes to individual differences in 

antidepressant response.

Antidepressant medications have repeatedly demonstrated greater efficacy than placebo 

in the treatment of major depressive disorder (1, 2). However, individual patients vary 

widely in antidepressant treatment response, and only about one-third of patients achieve 

symptomatic remission with an initial treatment(3).Several indirect lines of evidence suggest 

that genetic variation may contribute to this variability. These include observations of 

familiality of response to antidepressants in relatively small family studies (4–6), as well 

as animal studies indicating quantitative trait loci associated with antidepressant-related 

behavioral phenotypes (7, 8).

However, to date, no consistently replicated findings have emerged from genetic association 

studies of antidepressant efficacy. One possible explanation is that if antidepressant response 

is a polygenic phenotype associated with common variation, individual studies have been 

underpowered to detect all but the largest effects. In other heritable phenotypes, such as type 

2 diabetes, coronary artery disease, rheumatoid arthritis, and inflammatory bowel disease, 

the combination of studies in meta-analyses has led to success in identifying association 

with common variation, even when individual studies have been unsuccessful in identifying 

such association (9–11).The same has held true for neuropsychiatric disorders, including 

schizophrenia and bipolar disorder (12, 13).

In an effort to identify single-nucleotide polymorphisms (SNPs) associated with 

antidepressant response, we combined results from the three genome-wide pharmacogenetic 

studies of antidepressant efficacy in major depression published to date: the Genome-Based 

Therapeutic Drugs for Depression (GENDEP) project (14, 15), the Munich Antidepressant 

Response Signature (MARS) project (16, 17), and the Sequenced Treatment Alternatives 

to Relieve Depression (STAR*D) study (18, 19). We hypothesized that a meta-analysis 
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would identify robust associations that are more likely to replicate in independent data 

sets. To pursue the competing goals of maximum power and minimum heterogeneity, we 

performed two analyses: a broader analysis that included all patients in order to reveal 

non-treatment-specific pharmacogenetic associations and a narrower analysis restricted to 

patients treated with either of two selective serotonin reuptake inhibitors (SSRIs) (citalopram 

or escitalopram).

Method

Samples

The GENDEP project is a 12-week multicenter part-randomized open-label 

pharmacogenetic trial with two active treatment arms: protocol-guided escitalopram (10–

30 mg/day) and the tricyclic antidepressant nortriptyline (50–150 mg/day), which is a 

norepinephrine-reuptake inhibitor. Treatment was provided for 12 weeks on an outpatient 

basis (14). Inclusion criteria were a diagnosis of moderate to severe unipolar depression 

according to ICD-10/DSM-IV criteria, as determined by the Schedules for Clinical 

Assessment in Neuropsychiatry interview (20), age 18 to 75 years, and Caucasian 

ancestry, defined as having four grandparents of white European origin. The primary 

outcome measure was the Montgomery-Åsberg Depression Rating Scale (MADRS) (21), 

administered weekly by psychiatrists and psychologists with high reliability. Of the 811 

recruited adult patients, 706 (87%) passed phenotype and genotype quality control and 

were included in genome-wide analyses (15). GENDEP was approved by ethics boards of 

the participating centers, and written informed consent was obtained from all participants. 

Demographic and clinical characteristics of the study participants are summarized in Table 

1.

The MARS project is a prospective naturalistic study of a representative sample of 

adult inpatients admitted to hospitals in southern Germany for depression (16). Inclusion 

criteria were a diagnosis of a major depressive episode (first-episode major depressive 

disorder, recurrent major depressive disorder, or bipolar disorder) based on DSM-IV criteria 

and a clinical interview by trained psychiatrists; age 18 to 75 years; and Caucasian 

ancestry. Treatment was selected naturalistically by clinicians and included flexible dosage 

of antidepressants and augmenting agents (16). The primary outcome measure was the 

Hamilton Depression Rating Scale (HAM-D), administered weekly by trained psychiatrists 

and psychologists. Of the 842 participants recruited by 2008, 339 were included in a 

previously reported genome-wide pharmacogenetic study (17), and additional samples from 

this cohort have been genotyped since then, resulting in 604 (72%) samples from patients 

with unipolar depression available for the present meta-analysis. MARS was approved 

by the ethics committee of Ludwig Maximilians University, and all participants provided 

written consent after the study protocol and potential risks were explained. Demographic 

and clinical characteristics of the study participants are summarized in Table 1.

The STAR*D study is a pragmatic trial of protocol-guided antidepressant treatment for 

outpatients with major depression (19). The study included 4,041 treatment-seeking adult 

outpatients, recruited in 18 primary care and 23 psychiatric clinical sites across the United 

States. Inclusion criteria were a diagnosis of nonpsychotic unipolar major depressive 
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disorder diagnosed by a clinician and confirmed with a checklist of DSM-IV criteria; age 18 

to 75 years; and a minimum score of 14 on the HAM-D. The present meta-analysis uses data 

from the first treatment step, which included protocol-guided citalopram (20–60 mg/day) 

(22). Depression severity in STAR*D was rated every 2 weeks using the clinician-rated and 

self-report versions of the 16-item Quick Inventory for Depressive Symptomatology (QIDS) 

(23). The primary outcome measure was the 17-item HAM-D, administered by trained 

independent evaluators at study entry and at the end of each treatment step (19). However, 

since data from QIDS were available for more participants and this assessment tool was 

found to be closely equivalent to HAM-D, most STAR*D reports rely on it primarily (22, 

24). Genetic material was collected from 1,948 (48%) participants; of whom 1,491 (37% 

of the original STAR*D sample, including 980 of white/European ancestry) passed quality 

control and were included in previously reported genome-wide analyses (18). The study 

was approved by institutional ethics review boards at all centers. Written consent was 

obtained from all participants after the procedures and any associated risks were explained. 

STAR*D genotype and phenotype data are available through the National Institute of Mental 

Health Human Genetic Initiative (https://www.nimhgenetics.org/). Demographic and clinical 

characteristics of the study participants are summarized in Table 1.

Common Inclusion Criteria

Although the inclusion and exclusion criteria of the three component studies overlapped, 

there were several differences. To minimize heterogeneity, we imposed three common 

inclusion criteria for our meta-analysis.

First, homogeneous ethnicity was required for each component analysis to minimize the risk 

of confounding due to population stratification. White European/Caucasian ethnicity was an 

inclusion criterion in the GENDEP and MARS studies. Of the STAR*D genetic sample, 

72% of participants were non-Hispanic white/European Americans, 16% were black/African 

Americans, and 12% were Latino/Hispanic. Thus, the STAR*D sample included in our 

meta-analysis was limited to 980 white/ European Americans (72% of those who were 

otherwise eligible).

Second, unipolar major depression (i.e., the absence of a personal history of hypomanic, 

manic, or mixed episodes) was a requirement in the GENDEP and STAR*D studies. In the 

MARS study, 11% of participants had bipolar disorder. Since response to antidepressants 

may differ between unipolar and bipolar depression (25), our meta-analysis was restricted 

to individuals with unipolar depression. As a result, 604 (89% of those who were otherwise 

eligible) MARS participants were included in our analysis.

Third, a minimum depression severity score of 14 on the 17-item HAM-D, corresponding 

to recommendations for a quantitative definition of moderate depression (26, 27), was an 

inclusion criterion in the MARS and STAR*D studies but not in the GENDEP study. Since 

specific antidepressant response is associated with severity (1), only individuals with a score 

≥14 at baseline were included in our meta-analysis. As a result, 672 (95% of those who were 

otherwise eligible) GENDEP participants were included in our analysis.
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Demographic and clinical characteristics of the GENDEP, MARS, and STAR*D participants 

that passed our common inclusion criteria are summarized in Table 1.

Phenotype Definition

The therapeutic response to antidepressants evolves over a number of weeks, and the 

optimal definition of outcome has been subject to debate (28–30). Traditionally, outcome of 

antidepressant treatment in clinical trials has been defined as a categorical (yes/ no) variable, 

based on a predefined cutoff value on a rating scale at study exit (e.g., a HAM-D score ≤7 

defines remission) or a cutoff value on the relative improvement expressed as a proportion of 

severity score reduction from study entry (e.g., an improvement of ≥50% defines response). 

Categorical measures are easily presented and understood but use only part of the available 

information and are strongly influenced by study duration, dropouts, and initial severity 

(31, 32). Continuous measures of change (e.g., percentage of change from baseline) capture 

more information and can be adjusted for baseline variables and the effects of dropouts 

or discontinuation before planned study exit, but they are more difficult to present and 

translate into clinical decisions. Since investigators differ in their preferences and the three 

component studies differed in the use of either continuous (14, 30) or categorical (17, 18) 

outcome measures, our meta-analysis plan specified two primary outcome measures: one 

continuous and one categorical.

The primary continuous outcome measure was percentage improvement on the clinician-

rated depression scale in each study over up to 12 weeks of treatment, corrected for age, 

sex, and recruitment center. The MADRS was used in the GENDEP study, the HAM-D in 

the MARS study, and the 16-item clinician-rated QIDS in the STAR*D study. In case of 

dropout before week 12, the missing data were estimated from earlier measurements, based 

on the best linear unbiased predictor from mixed-effects models as previously described and 

recommended (14, 15, 33). All individuals with at least one valid postbaseline measurement 

of depression severity were included in this analysis.

The primary categorical outcome measure was remission, defined as a HAM-D score ≤7 

on the last available measurement of depression severity or an equivalent score on the 

MADRS (a score of 10) or on the clinician-rated QIDS (a score of 5), with no imputation 

of missing data. Since the potential to achieve remission depends on the duration of active 

treatment, only individuals with valid data on depression severity after at least 4 weeks of 

antidepressant treatment were included.

In addition, two secondary outcomes of interest were defined to evaluate genetic 

contribution to the early changes over the first 2 weeks of antidepressant treatment. The 

secondary continuous outcome was percentage change in depression severity over the first 2 

weeks of treatment, corrected for age, sex, and recruitment center. The secondary categorical 

outcome was early partial response, defined as a 25% improvement on the HAM-D (or 

equivalent rating on the MADRS or the clinician-rated QIDS) after the first 2 weeks of 

antidepressant treatment (17). All outcomes of interest and analytic methods were defined 

prior to initiating meta-analysis.
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Genotyping and Imputation

In the three component studies, DNA was extracted from blood or lymphoblastoid cell 

lines and genotyped on arrays measuring one-half million or more SNPs that tag the 

majority of common variants in the human genome. The GENDEP and MARS samples 

were genotyped using the Illumina Human610-Quad BeadChip (Illumina, Inc., San Diego). 

STAR*D samples were genotyped using the Affymetrix Human Mapping 500K Array 

and the Genome-Wide Human SNP Array 5.0 (Affymetrix, Santa Clara, Calif.). Quality 

control to exclude SNPs with low call rates, admixture, cryptic relatedness, and abnormal 

heterozygosity rates, as well as SNPs from contaminated or degraded samples or samples 

with low genotyping success, was carried out separately in each study as previously reported 

(15, 17, 18). Data on additional markers were imputed using BEAGLE 3.3 (34) and with 

HapMap phase-3 CEU (Centre d’Etude du Polymorphisme Humain from Utah population) 

as the reference data set, resulting in a common set of 1.2 million markers.

The analytic plan specified that any SNPs significant at a genome-wide significance level 

that relied on inaccurately imputed data (i.e., an imputation information score, 0.8) in 

one or more cohorts would be regenotyped. TaqMan was used in the GENDEP study, 

while the MARS and STAR*D studies used a Sequenom MALDI-TOF (matrix-assisted 

laser desorption/ionization time-of-flight) mass-spectrometer platform with iPlex technology 

(Sequenom, San Diego).

Statistical Analysis and Power

In each study, the effects of genotypes on treatment outcomes were tested using linear 

regression for continuous outcomes and logistic regression for categorical outcomes, 

applied using PLINK (35). To account for uncertainty of imputation, these analyses were 

performed for dosage data, with estimated probability of each genotype. To minimize the 

risk of confounding through population stratification, significant principal components or 

dimensions describing the structure of each data set were included as covariates. We also 

controlled for age, sex, and recruitment center, either by adjusting outcome prior to analyses 

(for continuous outcomes) or by inclusion of these factors as covariates (for categorical 

outcomes), since they are more likely to be confounders than intermediate phenotypes 

on the pathway between a genetic disposition and response to treatment. Factors such as 

personality and comorbidity were not included in the analyses, since they are more likely to 

be intermediate phenotypes with a strong genetic contribution and may represent mediators 

rather than moderators of association.

We carried out a fixed-effects meta-analysis using the weighted Z method in METAL (36), 

which represents the standard approach in genome-wide studies and allows comparison 

with other reports. To test whether the assumption of homogeneity of effect underlying 

fixed-effects meta-analyses was met, we also carried out heterogeneity tests (Cochrane’s Q 

statistic and the I2 heterogeneity index) and, for completeness, random-effects meta-analyses 

using PLINK (35).

Two meta-analyses were performed. First, an overall analysis of data from 2,256 participants 

tested the hypothesis that common genetic variants contribute to the outcome of treatment 
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with various antidepressant drugs across the three component studies. Second, we performed 

a drug-specific meta-analysis of the escitalopram-treated GENDEP participants (N=374) and 

the citalopram-treated STAR*D participants (N=980) to test the hypothesis that common 

genetic variants predict outcome of treatment with SSRIs. A genome-wide significance 

threshold was set at the generally accepted p value of 5×10−8 (37). A suggestive significance 

and reporting threshold was set at a p value of 5×10−6, which is two orders of magnitude 

below the genome-wide significance level and approximately corresponds to a level at 

which one association per genome-wide analysis is expected by chance (37). Results of 

associations with a p value < 1×10−4 are reported in the data supplement that accompanies 

the online edition of this article.

Assuming consistent effect across studies (38), our meta-analysis had a power of 86% to 

detect an additive genetic effect explaining 2% of the variance in the continuous outcome 

at the genome-wide significance level (p<5×10−8) and 86% power to detect an outcome 

explaining 1.5% of the variance at the suggestive level of significance (p<5×10−6) in the 

entire sample. Assuming a minor allele frequency of 0.25, the test of additive genetic effect 

on the categorical outcome of remission had 81% power to detect an odds ratio of 1.35 at 

the genome-wide significance level (p<5×10−8) and 84% power to detect an odds ratio of 1.3 

at the suggestive level of significance (p<5×10−6). The analysis restricted to SSRI-treated 

participants had a power of ≥80% to detect an additive genetic effect explaining 3.5% of the 

variance or a SNP (minor allele frequency=0.25) associated with an odds ratio of 1.5 at the 

genomewide significance level (p<5×10−8).

Both the overall meta-analysis and the meta-analysis restricted to SSRI-treated patients 

had a power of 99% to detect, at a genome-wide level of significance, clinically 

significant associations (39). However, multiple weak pharmacogenetic associations may 

remain undetected. Therefore, in addition to single variant analyses, polygenic scores 

were constructed to test the joint effect of multiple weak associations across the genome. 

Specifically, for the primary outcomes, polygenic scores were constructed based on a meta-

analysis of the two smaller studies (GENDEP and MARS) with the number of risk alleles 

weighted by strength of association after removing SNPs with low minor allele frequency 

(<0.02), excluding the major histocompatibility complex region, and pruning for linkage 

disequilibrium (R2<0.25) so that SNPs that share more than 80% of the variance were not 

included, leaving 117,000 independent SNPs for potential inclusion in polygenic scores (13). 

Polygenic scores were calculated as a weighted (by effect size) sum of risk alleles across 

markers associated at a p-value threshold. Ten scores were calculated based on progressive 

p-value thresholds (<0.0001, 0.001, 0.01, 0.05, 0.1, 0.2, 0.3, 0.4, 0.5, and 1.0). The resulting 

scores were tested as predictors of improvement and remission in STAR*D using linear and 

logistic regression, respectively. The proportion of variance explained was estimated as R2 in 

linear regression and as the Nagelkerke pseudo R2 in logistic regression. This means that the 

two estimates are not directly comparable.
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Results

Meta-Analyses

Primary outcomes: improvement and remission with up to 12 weeks of 
antidepressant treatment in the entire sample.—First, we performed a meta-

analysis of 12-week outcomes in the entire sample of 2,256 patients with major depressive 

disorder (Table 1). Quantile-quantile plots (see Figure S1 in the online data supplement) and 

lambda scores between 0.99 and 1.02 revealed no departures from uniform distributions of p 

values across approximately 1.2 million genotyped and imputed markers.

The results of the fixed-effects meta-analysis are summarized in Figure 1 and Table S1 

in the online data supplement. The relatively rare imputed SNP rs17651119 (minor allele 

frequency=0.014) located in an intronic region of the myosin X (MYO10) gene at 5p15.1 

was associated with percentage improvement in the initial analysis (p=1.78×10−8),but 

follow-up genotyping-yielded a reduced association (beta=–0.24; p=0.045) because of 

an absence of associationin STAR*D. Suggestive associations (p<5×10−6) with percent 

improvement were found for four independent SNPs (rs2546057, rs12410462, rs17634917, 

and rs264272; p≤3.87×10−6). For the outcome measure of remission, four independent 

SNPs met the suggestive threshold (rs9601248, rs2125000, rs17710780, and rs9466930; 

p≤4.45×10−6).

Polygenic scores constructed based on a meta-analysis of improvement and remission in 

the GENDEP and MARS studies significantly predicted improvement and remission in 

STAR*D (Figure 2). For remission, the scores with the 10 progressive p-value thresholds 

included 46; 388; 3,469; 15,122; 27,876; 50,449; 70,463; 88,195; 104,156; and 156,601 

SNPs. For both improvement and remission, the strongest prediction was achieved with 

the threshold of p<0.05, for which the scores included approximately 15,000 independent 

markers and explained between 0.5% and 1.2% of variance in outcomes (Figure 2). The 

proportion of variance explained in linear (R2) and logistic (pseudo R2) regression are not 

directly comparable.

Secondary outcomes: early improvement and partial response after 2 weeks 
of treatment in the entire sample.—No genome-wide significant association was 

found for the 2-week outcomes (Figure 3 and Table S2 in the online data supplement). 

For percentage improvement at 2 weeks, three suggestive associations were identified 

(rs7174755, rs10065906, and rs12513663; p≤2.47×10−6). For early partial response (25% 

improvement at 2 weeks), three such associations were also noted (rs10065906, rs10174573, 

and rs166040; p≤2.47×10−6). One of these, rs10065906, located in an intergenic region at 

5q33.3, revealed suggestive associations with both secondary outcomes (early improvement: 

p=1.99×10−6; early partial response: p=5.29×10−8).

12-week outcomes with SSRIs.—All of the 980 participants from the STAR*D study 

and 374 (out of 672) participants from the GENDEP study were treated with an SSRI 

(citalopram or escitalopram). In our meta-analysis of these 1,354 individuals, we searched 

for polymorphisms associated with the efficacy of SSRIs, using the two primary and two 

secondary phenotypes. The same analytic methods and quality-control criteria used for the 
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entire sample were applied here. Quantile-quantile plots and lambda scores between 1.01 

and 1.04 revealed near uniform distributions of p values, suggesting no effects of population 

stratification (see Figure S2 in the online data supplement).

For the primary continuous outcome of relative improvement over up to 12 weeks of 

treatment, no SNP was associated at the genome-wide level of significance (see Table S3 

and Figure S3 in the online data supplement). Five suggestive associations were detected 

(rs17538444, rs1034394, rs264272, rs6598266, and rs398426; p≤4.51×10−6), including 

an intronic SNP (rs17538444; p=4.17×10−7) in the ENOX1 gene, encoding an electron 

transporter and oxidase.

For the primary categorical outcome of remission after up to 12 weeks of treatment, no 

SNP predicted outcome at a genome-wide level of significance (see Table S3 and Figure 

S3 in the online data supplement). Three suggestive associations (rs1525293, rs364477, 

and rs8012941; p≤4.48× 10−6) included an intronic SNP (rs8012941; p=4.48×10−7) in the 

KCNH5 gene, which encodes a voltage-gated potassium channel.

2-week outcomes with SSRIs.—The secondary continuous outcome of improvement 

over the first 2 weeks of treatment was strongly associated with SNPs in an intergenic region 

on chromosome 5, including one SNP associated at a genome-wide level of significance 

(rs12054895, beta=0.24; p=2.65×10−8; see Table S4 and Figure S4 in the online data 

supplement). SNP rs12054895 tags a region of 200 kb, including 16 additional SNPs in 

linkage disequilibrium (R2.0.60; see Table S4 and Figure S5 in the online data supplement), 

with 15 of them showing suggestive associations with early improvement (p≤9.19×10−7). 

In addition, there were suggestive associations with five independent markers (rs7174755, 

rs4585146, rs17692896, rs10484358, and rs1673101; p≤4.18×10−6), including intronic 

SNPs in genes GMPR (guanosine monophospate reductase, rs10484358; p=1.46×10−6) and 

ITGA11 (integrin alpha 11, rs7174755; p=2.53×10−7).

For the secondary categorical outcome of early partial response at 2 weeks, there were 

no genome-wide significant associations and two markers associated at a suggestive level 

of significance (rs6799788, rs10065906; p≤1.69×10−6; see Table S4 and Figure S4 in the 

online data supplement).

Discussion

This meta-analysis integrates the majority of currently available genome-wide association 

data on antidepressant response in individuals with major depressive disorder, and, to our 

knowledge, represents the largest combined pharmacogenetic sample for any psychotropic 

medication. Notwithstanding substantial differences in the design of the three primary 

studies analyzed, it was possible to establish common inclusion criteria, outcome measures, 

imputation procedures, and clinical analytical methods to minimize heterogeneity.

Taken together, the three cohorts yielded statistical power to allow detection of individual 

variants explaining between 1% and 2% of variance in antidepressant response. In primary 

and secondary analyses, no single variant met the criteria for genome-wide significance. 

Confirmatory genotyping of rs17651119, located in an intronic region of the myosin X 
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(MYO10) gene at 5p15.1, did not support an initial genome-wide association signal in 

imputed data.

The failure to identify individual common variants of large effect is consistent with other 

genome-wide association studies of complex diseases. Typically, meta-analyses of 5,000 

or more case and comparison subjects have been required to begin to reliably detect the 

more modest associations anticipated in such disorders (9–12). The primary rationale for 

the present meta-analysis was the success in detecting associations with more extreme 

treatment-response phenotypes in smaller cohorts outside of psychiatry. For example, a 

modestly sized cohort was sufficient to identify association with a variant contributing 

risk for myopathy in statin-treated patients (40). The lack of strong associations in the 

present meta-analysis suggests that unlike dramatic drug toxicity phenotypes, antidepressant 

response will likely be moderated by numerous modest genetic effects.

A methodology examining the composite effects of a large number of variants of more 

modest effect, even when individual variants have not been identified, has been described 

and validated in disorders such as schizophrenia (13). We applied this approach to generate 

polygenic scores based on the meta-analyzed MARS and GENDEP cohorts and examined 

the variance accounted for in the third independent cohort, STAR*D. The polygenic risk 

score accounts for between 0.5% and 1% of variance. While previous investigations have 

examined familiality of antidepressant response (4–6), as far as we are aware, our results 

represent the first direct demonstration of common genetic risk influencing antidepressant 

response, suggesting that strategies using larger cohorts and more homogeneous or extreme 

phenotypes may succeed in identifying specific variants.

One encouraging preliminary result comes from our analysis restricted to SSRI-treated 

individuals drawn from the STAR*D cohort and escitalopram-treated individuals in 

GENDEP. This analysis identified a variant associated with early SSRI response (within 

the first 2 weeks of treatment) at a threshold considered to be genome-wide significant, 

although it would not survive further correction for the number of phenotypes examined. 

This variant tags a linkage disequilibrium block of approximately 200 kb, including 15 SNPs 

(r2>0.60) showing suggestive associations with the same phenotype. This region appears 

to be in an intergenic region on chromosome 5, between 31 and 175 kb from a cluster of 

predicted genes (e.g., LOC643401) but with no evidence of transcription. As with most such 

reported findings, if it can be replicated, further investigation will be required to understand 

its functional significance.

An important limitation in our meta-analysis is the absence of placebo from any of the 

three antidepressant studies we examined. Hence, we cannot exclude the possibility that 

the associations identified are with placebo responsiveness, rather than true drug effects, 

given the high rate of placebo-like response in antidepressant trials (41). However, even if 

the associations we report are with placebo-like response, they would still be of interest 

in that they might help to elucidate an important mechanism of improvement in psychiatry 

and potentially help enrich future investigations for individuals unlikely to demonstrate a 

placebo response (42–44).
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Another limitation is the heterogeneity inherent in combining data from trials that differ 

in design, recruitment strategy, and treatment selection. We used common inclusion 

criteria to make the samples of the three studies more comparable on the most important 

characteristics. While this does not completely eliminate between-study heterogeneity, 

pharmacogenetic effects that are narrowly specific to more homogeneous populations are 

unlikely to be applicable in practice. We elected to pool across treatment groups in order to 

maximize power to detect drug effects, based on the assumption that genetic moderators 

of response are similar across classes of antidepressants. However, this hypothesis is 

untested, and the heterogeneity of treatment reduced the power to detect drug-specific 

pharmacogenetic effects. We therefore performed a second meta-analysis that excluded the 

MARS cohort and was restricted to individuals treated with citalopram or escitalopram, 

two antidepressants with nearly identical pharmacological properties (45). STAR*D and 

GENDEP, outpatient studies of first-line antidepressants in nonpsychotic patients, have 

proven sufficiently homogeneous to allow robust replication of clinical associations (46).

Overall, our results suggest the complex genetic architecture of antidepressant response and 

the need for larger cohorts of systematically treated and prospectively observed subjects. 

Results from genome-wide studies of other phenotypes indicate that this approach can 

succeed when larger sample sizes are achieved. Our report may provide a foundation for 

such efforts in antidepressant response.
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FIGURE 1. Genome-Wide Meta-Analytic Results for Percentage Improvement and Remission 
After 12 Weeks of Antidepressant Treatment in Entire Analyzed Samples From Three Studiesa

a Data are from the Genome-Based Therapeutic Drugs for Depression (GENDEP) project, 

the Munich Antidepressant Response Signature (MARS) project, and the Sequenced 

Treatment Alternatives to Relieve Depression (STAR*D) study. Remission was measured 

using the Hamilton Depression Rating Scale. The y-axis plots indicate p values for 

associations on the negative logarithmic scale (–log10[p values]). Gene symbols indicate 

the gene on which the associated single-nucleotide polymorphism (SNP) (p≤5×10−6) is 

located, or, if the gene symbol is in parentheses, the nearest gene up to 100 kb away from the 

associated SNP. An imputed SNP located in an intronic region of the myosin X (MYO10) 

gene at 5p15.1 achieved a genome-wide effect, which could not be validated in confirmatory 

follow-up genotyping.
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FIGURE 2. Prediction of Percentage Improvement and Remission in STAR*D From Polygenic 
Scores Constructed Based on a Meta-Analysis of GENDEP and MARSa

a GENDEP=Genome-Based Therapeutic Drugs for Depression; MARS=Munich 

Antidepressant Response Signature; STAR*D=Sequenced Treatment Alternatives to Relieve 

Depression. The x-axis indicates the meta-analysis p-value threshold for single-nucleotide 

polymorphism inclusion. The y-axis indicates the percentage of variance explained in 

STAR*D.
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FIGURE 3. Genome-Wide Meta-Analytic Results of Percentage Improvement and Early Partial 
Response After 2 Weeks of Antidepressant Treatment in Entire Analyzed Samples From 
GENDEP, MARS, and STAR*Da

a GENDEP=Genome-Based Therapeutic Drugs for Depression; MARS=Munich 

Antidepressant Response Signature; STAR*D=Sequenced Treatment Alternatives to Relieve 

Depression. Early partial response was defined as a 25% improvement on the Hamilton 

Depression Rating Scale. The y-axis plots p values for associations on the negative 

logarithmic scale (–log10[p values]). Gene symbols indicate the gene on which the 

associated single-nucleotide polymorphism (SNP) (p≤531026) is located, or, if the gene 

symbol is in parentheses, the nearest gene up to 100 kb away from the associated SNP.
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