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Abstract

Aim—This study aimed to evaluate the relationship between a human GRIK4 gene polymorphism 

(rs1954787) and responsiveness to antidepressant treatment in depressed patients.

Methods—A meta-analysis was carried out on five studies. Pooled odds ratios (ORs), 95% CIs 

and a χ2 test measuring heterogeneity were calculated. A test of publication bias was also 

conducted.

Results—Alleles and genotypes from a total of 2169 depressed patients were analyzed. The 

results showed that the C allele appeared more frequently than the T allele in responders to 

treatment (OR: 1.22; 95% CI: 1.035–1.445; z = 2.36; p = 0.018). Similarly, CC homozygotes were 

more likely than TT homozygotes to respond to treatment (OR: 1.45; 95% CI: 1.107–1.913; z = 

2.69; p = 0.007). No evidence of publication bias was detected.

Conclusion—Subjects possessing the C allele or CC genotype of the GRIK4 polymorphism 

rs1954787 are more likely to respond to antidepressant treatment relative to subjects harboring the 

T allele and TT genotype. Additional replication of this result is required before this association 

can be considered definitive, after which it may become possible to employ this marker in 

conjunction with other known predictors in order to anticipate the outcomes of treatment with 

antidepressant medications.
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Major depressive disorder is a common, often devastating psychiatric condition that affects 

10–15% of the population annually, with an estimated 14 million people afflicted at any 

given time [1]. Despite some significant advances in the field of psychopharmacology, 

antidepressant treatment is still far from ideal. For instance, in the 7-year STAR*D trial, 

researchers observed a remission rate of only 28–33% and a response rate of less than 50% 

[2]. While a prior meta-analysis revealed no effect of antidepressants in comparison to 

placebo [3], closer scrutiny of this study suggested a possible effect of study design, which 

when accounted for, yielded a stronger result [4]. Nonetheless, there is clearly a degree of 

uncertainty that must be addressed in order to maximize the efficacy of antidepressant 

treatment, and considerable room for improvement in predicting outcomes.

Research from the past decade has accumulated a large amount of evidence implicating the 

glutamate system as a putative mediating or moderating factor in depression. Several 

neuroimaging studies have observed reduced levels of glutamate or glutamate metabolites in 

the frontal and cingulate cortices of the brain in patients suffering from depression [5] and 

increased levels in the occipital and parietal cortices [6]. Furthermore, clinical studies have 

shown that antidepressant treatment results in a correction of glutamate imbalance, and that 

glutamate receptor antagonists such as ketamine have markedly stronger antidepressant 

effects than traditional monoaminergic antidepressants [7]. Antidepressants may interact 

with glutamate systems in several ways, such as inducing long-term potentiation of 

glutamate receptors, interfering with presynaptic glutamate release and/or reducing stress-

related glutamate levels [8].

The glutamatergic system has also been implicated in pharmacogenomics studies of 

depression treatment. Results from the STAR*D trial, for instance, identified an association 

of treatment response with polymorphisms in the GRIK4, GRIN2A and GRIK1 genes, each 

of which encodes proteins contributing to glutamatergic signaling. The aim of these trials 

was to discover genetic markers that facilitate the prediction of an individual’s response to 

pharmacological therapies in the hope that treatment can be tailored to the individual (i.e., 

personalized medicine). While marker discovery is always a significant event, replication of 

newly discovered genetic associations in subsequent studies has been more difficult to 

achieve, as exemplified by the results for GRIK4. An SNP in GRIK4 was initially found to 

be associated with nonresponse to antidepressant therapy in humans [9]; however, 

subsequent studies examining GRIK4 in this context have thus far been unable to replicate 

this result [10–12], save for one study [13]. It is unclear whether the initial association is a 

case of the winner’s curse, where a true association went unreplicated due to the low power 

of follow-up studies, or if it was simply a false-positive result.

Pharmacogenomic data regarding GRIK4 have so far been inconsistent, and arriving at any 

definitive conclusions has been inhibited by small sample sizes, making this an ideal 

candidate for a meta-analysis. To our knowledge, no meta-analysis of GRIK4 and its 
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association with antidepressant response has been published to date. A more recent meta-

analysis of three major genome-wide association studies (the GENDEP project, the MARS 

project and the STAR*D trial) found no notable associations with any genes [14]. Thus, 

there remains considerable uncertainty regarding the putative relationships between all 

genes (including GRIK4) and antidepressant treatment response.

Presently, we have meta-analyzed five independent studies of the allelic association of one 

GRIK4 polymorphism (rs1954787) that has been previously associated with antidepressant 

responsiveness. By performing meta-analyses, we aimed to determine whether the divergent 

evidence for an association among these studies was due to their low power to detect a weak 

but reliable association, etiologic heterogeneity or random error in the absence of a true 

effect.

Methods

Literature search

In order to identify candidate studies for meta-analysis, a search was performed in the 

National Library of Medicine’s PubMed online catalog and Google Scholar using the terms 

‘GRIK4’ and ‘antidepressant OR treatment’ in articles dating from January 1966 to March 

2014. Abstracts were read in order to select appropriate articles that examined human 

GRIK4 gene polymorphisms in association with antidepressant response. Articles were then 

read in order to ensure candidacy for inclusion in the meta-analysis. Article bibliographies 

were also scanned in order to identify any additional studies that may have been missed 

during the initial search. Finally, data were also sought from genome-wide association 

studies where GRIK4 was likely to have been included. Data from STAR*D have been 

included [9]. Data from the MARS project were not publicly available; however, the major 

depressive patients from the project made up the sample used in the included sample from 

one study [12]. Data from GENDEP were not publicly available or otherwise obtainable. 

This process resulted in 17 articles that were potentially eligible for inclusion in the meta-

analysis. Five articles were removed because they studied something other than 

pharmacological response in depression. Three articles were reviews and did not present 

original data. One article studied animal models. Three articles were reviews of the 

STAR*D data set and presented data that were redundant with an article that was already in 

use in this analysis. In total, 12 articles were removed from the search pool.

Inclusion criteria

Studies must have met all of the following criteria in order to be included in the analysis: 

published in a peer-reviewed journal; present original data; and publish enough data for an 

effect size to be calculated. If data were not present or in a usable format, requests for 

additional information were submitted to the original authors. Requests were made and 

additional data were supplied by the original authors for three of the included studies 

[9,10,12]. The data received were genotype and allele totals divided by responders versus 

non-responders. All studies genotyped patients with major depressive disorder as a primary 

diagnosis or those who met the criteria for a major depressive episode at the time of 

inclusion. One study included patients who were diagnosed with bipolar disorder in its 
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sample; however, this subsample made up less than 10% of the sample population. The 

remaining 90% of the sample was diagnosed with major depressive disorder [12]. After 

application of inclusion criteria, five studies remained [9–13].

Coding of study characteristics

In order to delineate the potential moderating influences of various sample characteristics on 

the size of the effects obtained in the case–control studies under consideration, each study 

was coded on the following variables: the ancestry of the sample; the mean age of the 

control group; and a gender ratio (calculated as female cases/male cases). Responders were 

defined using the original authors’ criteria. Original response definitions and descriptive 

characteristics of the studies are presented in Table 1.

Statistics

Data from each study were first divided into a two-by-five table by treatment response 

(response vs non-response) and genotype or allele (CC, CT, TT, total C and total T). The 

strength of the association for each study was summarized using the odds ratio (OR) 

statistic, where an OR >1.0 indicated a positive association with treatment response. The 

prior literature had implicated the C allele as increasing the odds of anti-depressant response 

[9], and as such is identified as the ‘risk’ allele in this meta-analysis. Thus, in our analyses, 

an OR >1.0 represents an increased probability of observing the C allele or CC genotype in 

responders.

Studies were meta-analyzed using a random-effects model according to the methods 

described by DerSimonian and Laird [15], with a 95% CI calculated as described by Woolf 

[16]. Heterogeneity of ORs was measured using a χ2 test of goodness of fit, and the 

significance of pooled ORs was assessed using a z-test. The influence of individual studies 

on the pooled OR was determined by sequentially removing each study and recalculating the 

pooled OR and 95% CI.

Publication bias within the group of ORs was assessed by the method in which the standard 

normal deviate (SND) of the OR (z score) is regressed on the precision of the OR (POR; the 

inverse of the standard error of the OR) [17]. Since POR increases with sample size, the 

regression of z on POR should run through the origin in the absence of bias (i.e., small 

samples with low precision have large standard errors and small SNDs, whereas large 

samples with high precision have small standard errors and large SNDs). The slope of the 

regression line indicates the size and direction of the association and, in the presence of bias, 

the intercept of the regression will be significantly different from zero, as determined by the 

t-test. The type I error rate was set at 0.05. All statistical analyses were conducted using 

Stata 11.0 (Stata Corp., TX, USA).

Results

In the collective sample of 1361 responders and 808 nonresponders to antidepressant 

treatment (Table 1), a significant association with treatment response was observed for the C 

allele of rs1954787 (OR: 1.22; 95% CI: 1.035–1.445; z = 2.36; p = 0.018; Figure 1). The 

degree of measured heterogeneity was not significant (χ2 = 5.63; p = 0.229). The ORs and 
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95% CIs from each study and from the pooled analysis of all five studies are shown in Table 

2. The power of each study for detecting the original effect was calculated and is also shown 

in Table 2 (all values <33.31%). As shown in Table 3, a significant difference in the 

likelihood of treatment response was also observed between CC and TT homozygotes (OR: 

1.45; 95% CI: 1.107–1.913; z = 2.69; p = 0.007; Figure 2). No significant amount of 

heterogeneity was detected in this analysis (χ2 = 3.63; p = 0.459). For both the C allele and 

CC homozygosity, the direction of effect across all five studies was consistent, although the 

studies differed widely in their estimates of the magnitude of the effects. A model of CC 

homozygotes versus T carriers (TT and TC genotypes) reached marginal significance (z = 

1.85; p = 0.064), but this contrast was also marked by marginally significant heterogeneity 

(χ2 = 8.21; p = 0.084). No significant differences in treatment response were observed 

between CC homozygotes and CT heterozygotes (z = 1.44; p = 0.149) or between CT 

heterozygotes and TT homozygotes (z = 0.82; p = 0.414).

A test of influence showed that removing the original study [9] from the meta-analysis 

caused the pooled effect of the C allele among the remaining four studies to decrease in size 

(OR: 1.19; 95% CI: 0.93–1.50) and to lose significance (z = 1.40; p = 0.162). However, the 

magnitude of the effect decreased only minimally (original pooled OR: 1.22). Because of 

this, it is likely that the loss of significance could be attributed to a loss of sample size and 

statistical power for detecting an effect, rather than a loss of actual effect. Removing the 

same study also caused the pooled effect of the CC genotype against the TT genotype to 

decrease (OR: 1.25; 95% CI: 0.84–1.86) and to lose significance (z = 1.11; p = 0.27). No 

evidence of publication bias was observed in any of the meta-analyses (all p-values >0.293). 

Although our power to detect publication bias was small, studies aimed at replicating the 

original effect reported no significant result, save for one. We therefore believe that it is 

unlikely that publication bias played a role in publishing the included studies, given that this 

phenomenon would increase the rate at which studies with significant results are published.

Discussion

In this study, we aggregated and meta-analyzed the data from five studies examining the 

association between the GRIK4 SNP rs1954787 and antidepressant treatment response. 

Through meta-analysis, we are better able to detect any small but significant effects that 

might otherwise be masked by heterogeneity, and we are able to determine whether the 

general appearance of an absence of effect was due to the low power of individual studies 

for detecting these small effects. Results of the analysis showed that the C allele occurred 

more frequently among depressed patients who responded to antidepressant treatment than 

those who did not. Similarly, we detected a significant enrichment of CC homozygotes 

relative to TT homozygotes among those who responded to treatment. These results support 

the initial findings of STAR*D [9], which first revealed the candidacy of GRIK4 as a 

genetic factor in antidepressant response. In that genome-wide study, the C allele of 

rs1954787 was identified as the allele that was associated with improving the odds of 

treatment response; however, no such relationship could be observed (with statistical 

significance) in subsequent targeted replication efforts [10–12], save for one study [13]. The 

fact that we were able to ‘rediscover’ this association by pooling data suggests that the 

inability to consistently observe an effect may have been attributable to the relatively small 
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sample sizes and subsequently lower power for detecting an effect in these individual 

efforts. This is further supported by the fact that when the largest study was removed from 

the analysis, no significant effects were preserved.

In addition to the allelic effect, we also observed an association of the CC genotype with 

treatment response, especially compared with TT homozygotes. Comparisons of each 

homozygote group with the heterozygote CT group were not significant, so it is premature to 

speculate on the genetic mechanism (additive, dominant, recessive or otherwise) by which 

the C allele might affect this phenotype. It is important to point out that this meta-analysis, 

despite being a more powerful sample than any prior individual study, could benefit from 

the addition of further studies and samples in order to gain power for resolving this 

mechanism more clearly.

Additional limitations of our analysis must also be considered. Given the nature of meta-

analysis, we were unable to control for any weaknesses or design flaws that might have been 

embedded within any individual study; therefore, our analyses are only as strong as the data 

we have pooled. We were unable to detect any quality issues with any of the included 

studies; however, the fact remains that errors in any included study would also be 

represented in the meta-analysis. Furthermore, there are several variables that could not be 

controlled for across the studies and therefore are not consistent. For instance, treatment 

varied across studies by drug, dosage and trial length. The original STAR*D study treated 

patients exclusively with citalopram, a selective serotonin reuptake inhibitor, while one 

study solely utilized duloxetine, a serotonin–norepinephrine reuptake inhibitor [10]. While 

both types of drugs are utilized as antidepressants, they have different mechanisms of action. 

The remaining three studies utilized a ‘naturalistic’ approach in which the antidepressant 

type was determined for each individual subject. Furthermore, some studies allowed 

concomitant drug treatment, such as anxiolytics, mood stabilizers and (in one study) 

antipsychotics [12]. Finally, one study [11] defined treatment response in a different manner 

from the remaining four studies. Our ability to detect consistent and significant associations 

of treatment response with the C allele and CC homozygosity by meta-analysis is perhaps 

more impressive in light of these differences, which may also indicate the robustness of 

these effects.

While most studies included here excluded subjects with psychotic depression or any form 

of psychosis, one study did not [12]. This observation may be the root of the marginal 

heterogeneity (χ2 = 8.21; p = 0.084) observed in the analysis of CC homozygotes versus T 

carriers, which is supported by the fact that when the one study [12] was removed from the 

pool, the heterogeneity decreased considerably (χ2 = 2.70; p = 0.439). In addition, GRIK4 
and other glutamatergic genes have previously been associated with the efficacy of 

haloperidol, an anti-psychotic [18]. Furthermore, the SNP of interest in this analysis 

(rs1954787) is part of a haplotype that has been associated with schizophrenia [19]. It is also 

worth noting, however, that due to our small sample size, our power to detect heterogeneity 

was low. It is therefore possible that some of our negative analyses of heterogeneity may 

represent a type II error.
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In summary, the results of our analyses support variation in GRIK4 as a factor in 

determining anti-depressant response; however, more work is needed in order to clarify the 

genetic mechanism of action. There is an increasing amount of evidence in support of the 

glutamatergic system’s involvement in depression and antidepressant response, as seen most 

notably in the clinical use of ketamine [7]. This has focused considerable research on this 

system as a source of potential targets for depression treatment. Our work adds to this 

knowledge base, but also raises additional questions. For example, does GRIK4 variation 

directly and independently mediate antidepressant mechanisms or does it cooperate with 

variations in glutamatergic genes, such as GRIN2A, or monoamine genes, such as HTR2C? 

Why is GRIK4 in particular associated with antidepressant response, while other 

glutamatergic genes appear not to be related to the phenotype? Is the SNP implicated here 

functional or is it merely a marker for a nearby functional variant? Does this effect persist in 

ancestral groups other than those analyzed so far? Finally, will this effect continue to be 

supported with the addition of other sources of data? As research in this particular area 

continues, these are important concerns that should be addressed.

Conclusion

The results from this meta-analysis suggest that the initial findings of STAR*D [9] may not 

have been a type I error; rather, GRIK4 does indeed appear to be associated with 

antidepressant response in depressed patients. Specifically, the C allele appears more 

frequently than the T allele in patients who respond to antidepressant treatment, and CC 

homozygotes have greater odds of also responding to treatment when compared with TT 

homozygotes. Upon further replication, this observation may prove beneficial in the 

formation of future personalized antidepressant treatments.

Future perspective

Additional analyses – and cumulative meta-analyses – will allow us to build a more concrete 

picture of GRIK4’s role in this domain, including the genetic mechanism and potential 

moderators of its effect. To our knowledge, only five published studies directly examined 

the human GRIK4 gene in conjunction with antidepressant response, with three of which 

being unable to detect any significant association on their own. The results presented in this 

analysis suggest that GRIK4 may indeed be a genetic contributor to antidepressant response; 

however, additional studies need to be conducted on the topic that must include large 

samples of various ancestries. In the future, it is likely that pharmacogenomics will be a 

critical, even central, factor in the advancement of antidepressant treatment. Given the 

nature of the results presented here and of the recent literature surrounding the glutamatergic 

system in general, it would seem that GRIK4 and other glutamate-related genes may provide 

a target pathway for novel approaches towards the treatment of depression and other mood 

disorders.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Executive summary

Aim

• A GRIK4 polymorphism has been identified as a potential factor in 

antidepressant responsiveness. Since its discovery, several studies have sought 

to replicate this finding.

• Results from these studies have been mixed; however, this may have been due 

to low statistical power or significant heterogeneity. This study aims to resolve 

these issues and explore whether the GRIK4 polymorphism rs1954787 is a 

factor in determining response to antidepressant treatment.

Methods

• A literature search was conducted for all studies interrogating the GRIK4 SNP 

rs1954787 and its association with antidepressant responsiveness in depressed 

patients through PubMed and Google Scholar up until March 2014.

• A meta-analysis was performed using Stata 11.0 (Stata Corp., TX, USA). 

Pooled odds ratios (ORs), 95% CIs and χ2 tests were calculated using a random 

effects model.

Results

• Five studies were analyzed, totaling 2169 subjects (1361 responders and 808 

nonresponders).

• A significant association was observed for the C allele versus the T allele (OR: 

1.22; 95% CI: 1.035–1.445; z = 2.36; p = 0.018).

• A significant association was observed for the CC genotype versus the TT 

genotype (OR: 1.45; 95% CI: 1.107–1.913; z = 2.69; p = 0.007).

• A marginal association was observed between CC genotype and T carriers (CT 

and TT genotypes; OR: 1.329; 95% CI: 0.983–1.797; z = 1.85; p = 0.064), but 

was also marked by marginal heterogeneity (χ2 = 8.21; p = 0.084).

• No significant differences were found between CT genotype and TT genotype 

(OR: 1.108; 95% CI: 0.866–1.419; z = 0.82; p = 0.414) nor between the CC 

genotype and CT genotype (OR: 1.280; 95% CI: 0.915–1.791; z = 1.44; p = 

0.149).

• No evidence of publication bias was observed (all p-values >0.293).

Conclusion

• The GRIK4 polymorphism rs1954787 may be a genetic factor in determining 

antidepressant responsiveness.

• Individuals with the C allele and CC genotype are more likely to respond to 

antidepressant treatment than those with the T allele and TT genotype, 

respectively.
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Figure 1. Meta-analysis of five studies interrogating the C allele of the GRIK4 SNP rs1954787 in 
association with antidepressant responsiveness
OR: Odds ratio.
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Figure 2. Meta-analysis of five studies interrogating the CC genotype versus the TT genotype of 
the GRIK4 SNP rs1954787 in association with antidepressant responsiveness
OR: Odds ratio.
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