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Abstract

The hypothalamic-pituitary-adrenal (HPA) axis has been of interest in attempts to identify genetic
vulnerability for posttraumatic stress disorder (PTSD). Although numerous HPA-axis genes have
been implicated in candidate gene studies, the findings are mixed and interpretation is limited by
study design and methodological inconsistencies. To address these inconsistencies in the PTSD
candidate gene literature, we conducted meta-analyses of HPA-related genes from both a
traditional single nucleotide polymorphism (SNP)-level analysis and a gene-level analysis, using
novel methods aggregating markers in the same gene. Database searches (PubMed and PsycINFO)
identified 24 unique articles examining six HPA-axis genes in PTSD; analyses were conducted on
four genes (ADCYAPIRI1, CRHR1, FKBP5, NR3C1)that met study eligibility criteria (original
research, human subjects, main effect association study of selected genes, PTSD as an outcome,
trauma-exposed control group) and had sufficient data and number of studies for use in meta-
analysis, within 20 unique articles. Findings from SNP-level analyses indicated that two variants
(rs9296158 in FKBP5and rs258747 in NR3CI) were nominally associated with PTSD, ps = .001
and .001, respectively, following multiple testing correction. At the gene level, significant relations
between PTSD and both NR3C1 and FKBP5 were detected and robust to sensitivity analyses.
Although study limitations exist (e.g., varied outcomes, inability to test moderators), taken
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together, these results provide support for FKBP5and NR3C1 in risk for PTSD. Overall, this work
highlights the utility of meta-analyses in resolving discrepancies in the literature and the value of
adopting gene-level approaches to investigate the etiology of PTSD.

Exposure to traumatic events is common, with approximately 70% of individuals reporting
exposure to at least one traumatic event in their lifetime (Benjet et al., 2016) and 5%-31% of
exposed individuals meeting criteria for posttraumatic stress disorder (PTSD; Kessler,
Sonnega, Bromet, Hughes, & Nelson, 1995). As not all trauma-exposed individuals develop
PTSD, researchers have sought to examine the factors that may distinguish between those
who do and do not develop PTSD, including underlying potential biological vulnerability.
Characterization of these biological underpinnings is expected to facilitate identification of
individuals who are most at risk, with an aim to effectively intervene and reduce or prevent
clinically significant posttraumatic symptomatology.

In terms of biological vulnerability, the role of the hypothalamic-pituitary-adrenal (HPA)
axis has been a source of interest. Specifically, exposure to an acute stressor initiates a
“fight-or-flight” response, prompting the hypothalamus to secrete corticotrophin-releasing
hormone (CRH), which stimulates release of adrenocorticotrophic hormone (ACTH) from
the pituitary gland, which, in turn, stimulates the subsequent release of cortisol from the
adrenal glands. These hormones, particularly cortisol, then exert effects via a negative
feedback loop within the HPA axis to regulate hormone release in the presence of future
stressors (Munck & Guyre, 1986). Following exposure to a traumatic event, however, some
individuals demonstrate more pronounced alterations in HPA-axis functioning, with these
alterations consequently associated with risk for the development of PTSD (Delahanty &
Nugent, 2006). Researchers have suggested that these individual differences in modulators
of response to stress, in part impacted by unique genetic background, might help explain
PTSD risk (Yehuda, Koenen, Galea, & Flory, 2011). Initial stress system reactivity and HPA
axis dysfunction leading to “turning off” of the stress response have been proposed as key
mechanisms that influence the effect of trauma exposure on the development of PTSD
(Carvalho, Coimbra, Ota, Mello, & Belangero, 2017).

Twin studies have demonstrated that components of the basic stress response are moderately
heritable (Holsboer, Lauer, Schreiber, & Krieg, 1995), as is PTSD (e.g., True et al., 1993);
these findings were supported by a recent molecular genetic investigation (Duncan et al.,
2018). The role of the HPA axis in the stress response and its relation to PTSD risk has led
genetic researchers to focus on genes involved in this system. Evidence for a link between
PTSD and variants within this system, such as a variant in the PAC1 receptor of pituitary
adenylate cyclase-activating polypeptide (ADCYAPIRI) and variants in the steroid receptor
chaperone FK506 binding protein 5 (FKBP5) has been compelling (for reviews, see
Banerjee, Morrison, & Ressler, 2017; Smoller, 2016). However, as with studies of other
candidate genes, some investigations have found no significant results, and the literature is
mixed (Skelton, Ressler, Norrholm, Jovanovic, & Bradley-Davino, 2012).

Although candidate gene studies still represent the most commonly used approach in the
identification of genetic variants that contribute to PTSD risk, this approach has several
limitations. Specifically, findings often are not replicated (Smoller, 2016), which leads to
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conflicting results (Cornelius et al., 2010) and likely high rates of false-positive findings
(Koenen, 2007). These limitations stem from small sample sizes and low power (Banerjee et
al., 2017), differences in study design and methodology (Cornelius et al., 2010), flaws in
interpretation, and publication practices (Sullivan, 2007). Thus, researchers are advised to
use caution in interpreting candidate gene findings, as they may overestimate the true
genetic effect size (for a review, see Sullivan, 2007). Despite these concerns, candidate gene
studies warrant continued investigation given their dense coverage of targeted genes and
ability to test mechanistic hypotheses (Koenen, 2007).

One approach to address the inconsistencies is to meta-analyze these studies (Koenen,
2007). Meta-analyses of PTSD-implicated genes have increased in recent years with the
investigation of other frequently studied PTSD candidate genes: serotonin (Gressier et al.,
2013), brain-derived neurotrophic factor (BDNF; Bountress et al., 2017), pituitary adenylate
cyclase-activating polypeptides (PACAP) receptor (ADCYAPIRI; Lind et al., 2017),
dopamine (Li et al., 2016), and gene-environment interactions of FKBP5 (Hawn et al.,
2019). One challenge in meta-analyzing a broad candidate gene system is the analysis of
different markers within genes, as relatively few studies examine the same variants, making
interpretation of findings across studies difficult (Koenen, 2007). In his commentary,
Sullivan (2007) posed the question of whether it is necessary to require precise replication of
the same genetic marker, genotype, and direction of association, or if less precise definitions
of replication suffice (e.g., any significant marker in the same gene). The approach of meta-
analyzing numerous markers within the same gene is a useful way to summarize existing
evidence and attempt to make broader conclusions with regard to systems of interest. Thus,
developing an approach to examining numerous markers within the same gene may serve as
a useful method in which to aggregate extant, and mixed, candidate gene information with
regard to the HPA axis.

The present study aimed to perform meta-analyses at both the level of single-nucleotide
polymorphisms (SNP) and of the genes they comprise. Specifically, genetic studies of PTSD
that focused on any markers within the HPA axis were identified, and meta-analyses that
examined variation within several genes involved in the HPA axis—ADCYAPIR1, CRHRI,
FKBP5, and NR3CI—were conducted. We first performed SNP-level meta-analyses,
utilizing existing methods. Next, because traditional meta-analytic approaches do not
translate to a gene-level analytic approach, as different SNPs are measured in different
studies for a given gene, novel methods were developed to aggregate markers in the same
gene. Given decades of support for the role of the HPA axis in PTSD, we expected both
SNP- and gene-level significance for at least some genes.

Search Strategy

We identified existing candidate gene studies that examined the main effects of HPA axis—
related genes associated with PTSD. A total of six HPA axis genes (ADCYAPIR1, CRHBP,
CRHR1, CRHRZ2, FKBP5, and NR3C1 [the glucocorticoid receptor gene; also known as
GCCR or GH]) were selected based on current reviews of genes linked to this system and
associated with PTSD (Almli, Fani, Smith, & Ressler, 2014; Sheerin, Lind, Bountress,
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Nugent, & Amstadter, 2017; Voisey, Young, Lawford, & Morris, 2014). Following a two-
step search strategy of association studies for (a) HPA axis genes broadly and (b) targeted
genes more specifically, potential studies were identified through the databases PubMed,
which is the primary database for biomedical and genetic studies in psychiatry, and
PsycINFO, given its focus on traumatic stress and PTSD. Search terms were as follows:
[posttraumatic stress disorder OR PTSD OR traumatic stress] AND [gene OR genetic] AND
[HPA axis OR hypothalamic pituitary adrenal axis]. The targeted gene search included the
following search terms (replacing the HPA axis terms): [ADCYAPIRI OR PAC1 OR
pituitary adenylate cyclase-activating polypeptide type 1 receptor]; [ CRHBP OR
corticotropin-releasing hormone binding protein OR corticotrophin-releasing hormone
binding protein]; [CRHR1 OR corticotropin releasing hormone receptor 1 OR corticotrophin
releasing hormone receptor 1]; [CRHR2 OR corticotropin releasing hormone receptor 2];
[FKBP5 OR FK506 binding protein 5]; [ GCCR OR glucocorticoid receptor OR NR3C1 OR
nuclear receptor subfamily 3 group C member 1]. An initial search that included articles
published up to June 2016 was conducted; additional date-restricted searches were
conducted to identify any new studies that were published between this initial search and
January 11, 2017, and again on July 1, 2019. We identified 276 unique articles in the initial
search and 62 and 103 unique articles, respectively, in the two date-restricted follow-up
searches (see Figure 1 for details on search and screening steps). We also examined the
reference sections of PTSD genetics review articles.

Inclusion and Exclusion Criteria

Two review authors (ML and CS) independently screened results to select studies for
possible inclusion. The following inclusion criteria were applied to titles and abstracts: 1)
Original research; 2) Use of human subjects; 3) Association study including one of six genes
(ADCYAPIRI1, CRHBP, CRHR1, CRHRZ2, FKBP5, NR3CI); 4) PTSD as an outcome; and
5) Trauma-exposed control group (with the exception of studies of the Grady Trauma Project
which were retained given high level of trauma exposure overall). The primary outcome was
effect size resulting from main effects of an HPA axis gene on PTSD (interactions were
excluded). When the criteria were unclear, articles were more thoroughly examined and a
consensus determination was made. Supplemental material was also reviewed for relevant
data. See Figure 1 for details on screening, eligibility, and final N.

Data Extraction and Coding

The two review authors extracted the following information from each study, based on a
predetermined coding manual developed and agreed upon by all authors: citation, sample
size, gene and SNP examined, alleles, ancestry, gender, outcome assessed (diagnostic status
or severity count), timing (current or lifetime), statistics (type of analysis, estimate, p value),
recruitment type, and trauma type. The quality of the included studies was evaluated in four
key areas: methodological, clinical, genetic, and statistical. Study authors were contacted to
request further information when data necessary for effect-size computation were missing.
Following data extraction and entry, the reviewers separately checked the information for
agreement across coders. There was 94% agreement between the two reviewers for articles
from the initial search. Discrepancies were resolved through discussion.
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Data Harmonization Across Papers

Individual studies used different analytic approaches (e.g., regression, ANCOVA) and
presented varying types of data (e.g., odds ratios, regression coefficients, raw frequency or
mean data). To put these analyses on a common scale in order to meta-analyze the effect
sizes, all summary results (e.g., p values) were converted to Pearson correlation coefficients
as measures of effect size, which, after a multiplication by \/sample size — 3, is equivalent to
a Gaussian zscore. In addition, data were standardized to have the same risk alleles
whenever markers were identified by authors or literature to be putative “risk markers.” In
some included studies, SNPs were only reported as “nonsignificant.” As such, their sign and
sometimes magnitude were unknown. In these studies, we conservatively set the zscore for
such SNPs to 0.

Many of the included studies also reported multiple findings, such as effect sizes for both
PTSD severity and diagnosis, PTSD outcomes across the lifetime and isolated to specific
time periods, or both additive and dominant models. To adhere to the assumption of
independence, which refers to the assumption that each measure of effect is representative of
independent studies, we prioritized studies with sufficient data to calculate effect size and
implemented a protocol to handle studies with multiple effect sizes (see Supplementary
Table S1). The resulting studies included in the meta-analyses nonetheless still varied with
regard to outcome (i.e., diagnosis or symptom severity; current or lifetime) and modes of
inheritance (i.e., some used an additive model, examining the effect of having 0, 1, or 2 risk
alleles, whereas others compared a high-risk genotype status to a low-risk genotype status).
The same allele was chosen as the reference allele in both additive and dominant models.
Due to variations in both trait and mode of inheritance, our meta-analytic approach used
random-effects modeling, an approach that is useful when traits and modes of inheritance
vary, to combine summary SNP statistics among different studies.

Data Analysis

SNP-level meta-analyses.—All analyses were conducted in R (\Version 3.6.1). As
variables describing differences between studies were numerous (e.g., genetic model tested,
diagnosis or severity outcomes, gender and ethnicity distributions), meta-analyses by SNP
were performed using a random effect in the call to omnifunction in R, an integrated meta-
analysis package for conducted correlational research synthesis. This function outputs the
Gaussian (under the null hypothesis) z scores for each SNP. Due to the limited number of
studies for most SNPs, moderator analyses are unlikely to be very informative and, thus,
were not carried out. To address the likelihood that negative findings were never reported,
the sensitivity of our findings was tested for a range of such unreported studies (i.e., from 0
to 0.6, or 60%, of the meta-analysis presented herein).

Gene-level meta-analyses.—Custom R scripts, based on formulas developed
specifically to conduct these analyses, were developed for the study aims. In addition to the
considerations mentioned earlier, additional steps were taken for the gene-level analyses. To
conduct gene-level analyses, zscores for all SNPs from a gene were combined in a
Mahalanobis-type statistic. However, to accurately estimate the covariance (i.e., correlation)
matrix of the zscores used in the Mahalanobis test, two major issues needed to be overcome.
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First, not all SNPs were measured in all studies, resulting in decreased correlations between
SNP meta-analysis statistics as compared to the scenario in which all SNPs are measured
across all studies. Second, even when measured in all studies, their linkage disequilibrium
(LD) structure (i.e., correlations) was different among different ethnicities.

Addressing L D between SNPsthat were not measured in all studies.: In order to conduct
gene-level testing, a zscore for meta-analysis of each SNP was computed as a weighted sum
of statistics from individual studies. Based on the assumption that zscores between different
studies were independent or uncorrelated, the correlation between SNP meta-analysis
statistics could be estimated from a reference panel. However, an increased false positive
rate would be likely when the missing pattern of SNPs within studies was not accounted for.
To prevent against such an increase in Type | errors, we computed the exact correlation
between SNP meta-analysis statistics in the presence of missingness, as briefly described
later and in the Supplementary Materials.

LetYjki=1,..., ng, k=1,..., o, be the trait vector for the kth cohort of ni ( > 0) subjects,
Gijjkand Zjx, i=1,..., ng, j=1,..., m be the matrix of genotypes for the ny subjects at m

SNPs, and the corresponding vector of zscores of testing the association of SNPs with the
trait. Let = be the correlation matrix of G+, which, near the null hypothesis of no association

between trait and genotype (H), is also the covariance matrix of Z;«. However, as some
SNPs were not measured in all studies, let Tji be the indicator of SNP j being measured in
study k (i.e., Ijx = 1 if SNP j is measured in study k and 0 otherwise). The meta-analysis z

o
_ 2k = 1WKZjkljk

VIR = 1wk Tk

statistics from individual studies. Then, under Hy, given that zscores between different

score is of the form z’; , where wy, are the weights used for combining

studies are independent or uncorrelated, the correlation between Z';, and Z';, is

0
2k=1 Wk21j1k1j2k2j1j2

0 2 [0 2
\/Zk=1Wk21j1k \/Zk=1Wk21j2k

2 itip = Corl(25,.2'5,) = E(2',Z'j,)

This formula is further described in the Supplementary Materials (Supplemental Methods,
Formula 1).

L D estimation in mixed-ancestry cohorts.: The correlations for the largest observed
ancestral groups (Europeans and African Americans) were computed using 1000 genome
Phase I release (Version 3) as the reference panel (Abecasis et al., 2010). Subsequently, the
overall covariance of the statistics in mixed-ancestry studies were computed as detailed in
the Supplementary Materials (Supplemental Methods, Formula 2; Lee et al., 2015).

As shown in Figure 1, 415 article abstracts were screened. The full text of 41 articles were
then reviewed, and 27 met initial eligibility criteria. Following further assessment, 23 unique
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articles across four genes were included in the present analyses. Two genes, CRHBP and
CRHRZ, were excluded from meta-analyses as only one published study for each gene was
found. Studies of the four remaining genes included sufficient data from unique samples for
SNP and/or gene-based meta-analysis, resulting in a total of 10 samples (nine manuscripts)
included in the meta-analysis for ADCYAPIRI, six samples in the meta-analysis of
CRHR1, 10 samples (nine manuscripts) in the meta-analysis of FKBP5, and four samples in
the meta-analysis of NR3CI (presented in Table 1).

Quality Assessment

Information regarding quality evaluation of the studies is available in Supplementary Table
S2. Briefly, all included studies clearly described recruitment processes but only half clearly
described inclusion/exclusion criteria. All studies except for two identified a
psychometrically sound self-report instrument or clinical interview; the two that did not
reported the use of diagnostic criteria to measure PTSD. All but one study described sample
ethnicity, all but one study assessed for deviations from Hardy—\Weinberg, and the majority
of studies assessed for comorbidities and applied corrections for multiple comparisons. We
do not believe that differences in study quality affected our results.

SNP-Level Results

The SNP meta-analyses indicated that some variants within all four genes attained nominal
significance: FKBP5 (rs9296158), p=.001; CRHRI1 (rs4074461), p=.020; NR3C1
(rs258747) p=.001; and ADCYAPIRI (rs2267735), p=.003 (see Supplementary Table S3
for further detailed results). However, only two of these variants (FKBP5rs9296158 and
NR3C1rs258747) remained significant after Bonferroni adjustment for multiple testing: .05/
total number of SNPs, p=.001. The SNPs did not retain significance in a sensitivity analysis
when assuming a nontrivial rate of unreported studies. Furthermore, homogeneity tests using
Cochran’s Q were conducted and did not show evidence for significant heterogeneity across
SNPs that were analyzed in more than one study (Supplementary Table S3). The one
exception was for rs12938931 in CRHRI, which was not significant in the SNP-level meta-
analysis. Thus, no additional analyses were conducted. A forest plot of pvalues for each
study organized by gene is presented in Figure 2.

Gene-Level Results

Gene-level meta-analyses showed that NR3CI, CRHRI and FKBP5 yielded significant
signals following Bonferroni correction: at .05/4 genes, p=.0125 (Table 2). Sensitivity
analyses (i.e., examination of different thresholds of percentage of unreported null findings)
suggested that the signal in CRHR was rather marginal as it did not retain significance if
there were unreported null studies of a sample size larger than 15% of the sample size in this
meta-analysis. More robust signals were found for NR3CI and FKBPS5, which were found to
retain significance in the context of unreported null studies of a sample size 40% of the
meta-analysis sample size. Given that SNP-level tests did not show significant heterogeneity
(with one exception noted previously), it is not likely to be of concern for the gene-level
analyses, as they represent a combination of SNPs
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Discussion

The goal of the present work was to conduct meta-analyses of HPA-related genes, including
both traditional SNP-level analysis and new gene-level analysis methods developed for the
present research. The findings from the current investigation suggest a significant relation
between PTSD and NR3CI and FKBP5 at the gene level. A significant association with
PTSD was also observed in the gene-level meta-analysis of CRHR1. However, sensitivity
analyses suggested this finding is not robust to consideration of unreported null studies even
when assuming a relatively small number of unreported samples. Although the gene-level
analyses did not support an overall effect of ADCYAPIRI on PTSD risk, we recently
published a more extensive analysis of ADCYAP1RI in which we focused on the SNP
rs2267735 and expected sex differences in this gene (Lind et al., 2017). Two additional
genes (CRHBPand CRHR2) were excluded from analyses due to inadequate numbers of
published studies at the time of this research.

A generally similar pattern of findings was observed in the SNP-based analyses, which is not
surprising given that gene-level analyses aggregate the statistical information from the
individual SNPs. Specifically, our findings supported significant associations between PTSD
and FKBP5 (rs9296158) and NR3C1 (rs258747), although these effects were near borderline
in significance after adjustments for multiple testing and would not withstand sensitivity
analyses aimed at estimating whether findings are robust to unpublished null findings.
Further, ADCYAPIRI (rs2267735) and CRHRI (rs4074461) showed suggestive
associations with PTSD but did not survive multiple-testing correction. However, if these
genes would have been analyzed alone such that the SNP p value was adjusted only for the
number of variants in these genes, both would have been deemed significant, replicating the
findings of existing studies (e.g., Lind et al., 2017).

Perhaps the most important finding observed herein is the valuable contribution of adopting
gene-level approaches to examining the associations of markers with PTSD. It is perhaps not
surprising to observe more robust effects using a gene-based approach, as many markers
examined within genes are explicitly intended to “tag” an area of influence, and this
approach benefits from enhanced power of these multiple markers.

Importantly, there are a number of limitations in the gene-based analyses conducted here,
such as challenges in considering directionality of each SNP within a gene and a
nontraditional forest plot as well as a host of common considerations in molecular genetic
studies related to accounting for ancestry, incorporating linkage disequilibrium, and
challenges in modeling the potential presence of interactions of markers. Further, the
included studies varied with regard to outcome and mode of inheritance. We also recognize
that type of trauma exposure may influence results, but because most studies consisted of
samples with varied trauma histories, we could not examine this in the present study. Due to
the limited number of studies for most SNPs, moderator analyses could not be examined
here. The examination of moderators, such as potential differences as a function of trauma
type or outcome (i.e., symptom count compared to diagnosis), as well as sensitivity analyses
examining the impact of PTSD outcome (e.g., diagnosis, symptom severity) would be
important future work if larger samples become available. It is worth note that the strongest
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findings were observed for the two genes with the fewest supporting studies; although
efforts were made to counteract the file-drawer problem, it is still possible this meta-analytic
approach was nonetheless impacted by Type 1 error. Finally, this study examined main
effects of HPA genes. Gene-by-environment interaction studies (GXE), although of interest,
have methodological considerations and limitations (e.g., coding of outcome and risk allele,
failure to check and correct for statistical interactions; Eaves, 2006), which can lead to
difficulties with interpretation and are outside the scope of this paper. Research that can
address these and other intricacies is called for; our group recently applied a gene-level
approach to GxE effects of FKBP5 interaction with trauma exposure in a meta-analysis of
PTSD (Hawn et al., 2019).

The findings from the present investigation provide support at the gene level for HPA
markers, particularly FKBP5and NR3C1, as candidate genes associated with PTSD and
help to resolve apparent inconsistencies in the candidate-gene literature. Importantly, other
markers included in the original intent for analysis either did not have sufficient numbers of
studies (CRHBP, CRHRZ2), were observed to approach significant (though not robust)
effects (CRHRI), or were not significant with tests of main effects but have been previously
been shown by our group to demonstrate effects (ADC YAP1RI) in sex-stratified
approaches. Accordingly, it is expected that as new publications permit better power for
incorporation of moderation, future meta-analytic studies that adopt gene-based, and even
likely SNP-based, approaches will continue to inform our understanding of the potential for
variation within the HPA axis to be associated with PTSD. The longstanding critique of
candidate approaches is not addressed using this approach. However, meta-analyses, as used
here, may begin to address some critiques through enhancing power to detect small
individual gene effects and explicitly testing the degree to which findings may be robust to
the “file drawer problem” of unpublished null results.

Although outside the scope of this study, the methods used herein could be applied to a
range of candidate genes and systems. In future studies, these methods may be adapted to
incorporate markers from other molecular approaches, such as genome-wide association
studies (GWAS). We note that to date, the majority of significant variants identified in
GWAS of PTSD are found in genes not traditionally included in previous candidate-gene
approaches, and, in fact, none of the candidate genes have been directly supported in the
GWAS literature.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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articles reviewed; N = 14
excluded due to):

Not an assoc. study (n =
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Not enough data (n = 1)
No control group (n = 4)
Not trauma-exposed
controls (n=1)

Review (n = 1)

Not unique sample (n = 1)
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Abstracts screened (N = 401
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Review articles (n = 158)
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Figurel.
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Data extracted and
coded but not included
in meta-analysis
(N=4)

PRISMA-style flowchart presenting the search and screening process for studies included in
the meta-analysis of hypothalamic-pituitary-adrenal (HPA) axis genes and posttraumatic
stress disorder (PTSD). Although some studies met multiple exclusion criteria, the number
shown reflects the higher-level exclusion criterion for each excluded study. Studies for
which data were extracted and coded but ultimately not included in the final analysis were
omitted for various reasons (e.g., data determined to be insufficient for analyses and unable
to be obtained from study authors, ktoo small to meta-analyze for CRHR?2).
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Forest plot of pvalues by gene and study. This plot presents the p values from the single-

nucleotide polymorphism (SNP)-based meta-analysis, organized by study and gene of
interest. The magenta line is set at a threshold of p=.160, which is considered suggestive as
corresponding to the Akaike information criterion (AIC). The points at the p value of 1.0 are
those that were set conservatively at 1.0 in studies that did not provide a p value (i.e.,
reported only that results were “not significant”). It is noted that due to the novelty of
combining various numbers of measured SNPs across genes and studies, this forest plot is
presents p values and not effect sizes, as is standard practice.
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Table 2
Gene-Level Meta-Analytic Overall Results
Gene Number of Unique SNPs Analyzed p Sensitivitya
ADCYAPIRI 17 860 NA
CRHR1 22 017 140
FKBP5 4 011 290
NR3C1 5 003 410

Note. SNP = single-nucleotide polymorphism.

a . . . . . .
Represents the percentage of the meta-analysis sample size at which unreported null study sample sizes would make the signal nonsignificant.
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