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ARTICLE INFO ABSTRACT
Keywords: There is a well-known association of traumatic experiences and posttraumatic stress disorder (PTSD) with body
Trauma size and composition, including consistent differences between sexes. However, the biology underlying these

Anthropometric traits
Sex

Mendelian randomization
PTSD

associations is unclear. To understand the genetic underpinnings of this complex relationship, we investigated
genome-wide datasets informative of African and European ancestries from the Psychiatric Genomic Consortium,
the UK Biobank, the GIANT Consortium, and the Million Veteran Program. We used genome-wide association
statistics to estimate sex-specific genetic correlations (rg) of traumatic experiences, social support, and PTSD with
multiple anthropometric traits. After multiple testing corrections (false discovery rate, FDR q < 0.05), we
observed 58 significant rg relationships in females (e.g., childhood physical abuse and body mass index, BMI rg =
0.245, p = 3.88 x 1071% and 21 significant g relationships in males (e.g., been involved in combat or exposed to
warzone and leg fat percentage; ry = 0.405, p = 4.42 x 10719). We performed causal inference analyses of these
genetic overlaps using Mendelian randomization and latent causal variable approaches. Multiple female-specific
putative causal relationships were observed linking body composition/size with PTSD (e.g., leg fat percenta-
ge—PTSD; beta = 0.319, p = 3.13 x 107°), traumatic experiences (e.g., childhood physical abuse—waist
circumference; beta = 0.055, p = 5.07 x 10~%), and childhood neglect (e.g., “someone to take you to doctor
when needed as a child”—BMI; beta = —0.594, p = 1.09 x 107°). In males, we observed putative causal effects
linking anthropometric-trait genetic liabilities to traumatic experiences (e.g., BMI—childhood physical abuse;
beta = 0.028, p = 8.19 x 10~3). Some of these findings were replicated in individuals of African descent although
the limited sample size available did not permit us to conduct a sex-stratified analysis in this ancestry group. In
conclusion, our findings provide insights regarding sex-specific causal networks linking anthropometric traits to
PTSD, traumatic experiences, and social support.

1. Introduction or disturbing (e.g., exposure to or threatened with death, actual or
threatened serious injury, and/or sexual violence) (Harper, 2014).
Traumatic events include any experiences that are deeply distressing Trauma exposure can have significant consequences for mental health.
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Depending on trauma type and pre-trauma risk factors, a portion of
trauma-exposed individuals develop posttraumatic stress disorder
(PTSD) (Kilpatrick et al., 2013). The lifetime prevalence of PTSD is
higher in women (10-12%) than in men (5-6%) (Olff, 2017). It is un-
clear whether this difference in prevalence reflects a differential
vulnerability for the disorder per se, or whether because women are
more likely to be exposed to events with a high conditional risk for PTSD
(Tolin and Foa, 2006). Twin studies estimated that PTSD heritability
ranges from 24% to 72% (Segman and Shalev, 2003; Stein et al., 2002;
True et al., 1993; Xian et al., 2000) with females presenting two to three
times higher estimates than males (Broekman et al., 2007; Cornelis et al.,
2010; Duncan et al., 2015). The interplay between biological mecha-
nisms related to early stressful experiences and changes in stress
response systems (e.g., hypothalamus-pituitary-adrenal axis, sympa-
thetic nervous system, and sex hormone regulation) (Feng et al., 2019;
McEwen, 1998; Ramikie and Ressler, 2016; Solomon, 1989; Solomon
et al., 2017) and environmental factors, such as nature of trauma (Tolin
and Foa, 2006) could play an important role in PTSD sex differences.

There is growing evidence that body mass index and body compo-
sition are associated clinically and genetically with psychiatric traits
(Peters et al., 2020), as depression (Luppino et al., 2010; Speed et al.,
2019), ADHD (Nigg et al., 2016), and PTSD (Polimanti et al., 2017). The
variability across anthropometric traits could reflect the complex
interplay among genetic susceptibility, pre-trauma risk factor, response
to traumatic experiences (Midei and Matthews, 2011), and PTSD
(Hartwig et al., 2017; Kubzansky et al., 2014; Pooley et al., 2018). In
particular, traits related to body composition and fat accumulation (e.g.,
body mass index, BMI; waist circumference, WC; waist-hip ratio, WHR)
are known to be associated with psychological stress and certain psy-
chiatric disorders and behavioral traits (Hiibel et al., 2019; Polimanti
et al., 2017). Additionally, anthropometric measures related to body
development and growth (e.g., height) are strongly affected by early
traumatic events (Gunstad et al., 2006; Kubzansky et al., 2014). The
mechanisms linking trauma exposure or PTSD and body composition are
complex. For example, alterations in neurobiological systems might lead
to dysregulation in the neuroendocrine regulation (Aliev et al., 2020)
and changes in eating (Dallman et al., 2003; Taylor, 2010; Wichers et al.,
2009), affecting BMI (Kubzansky et al., 2014; Roenholt et al., 2012) and
weight (Mitchell et al., 2016; Wolf et al., 2017).

Since both PTSD and anthropometric traits show major sex differ-
ences, understanding the complex network linking PTSD and anthro-
pometric traits could contribute to disentangling the mechanisms
responsible for sex differences in the vulnerability to PTSD. In this study,
our primary aim was to estimate sex-specific genetic overlap and to infer
putative causal associations of anthropometric traits with PTSD and
traits related to trauma and social support.

2. Methods
2.1. Study design

This study was designed to estimate differences between sexes for
genetic overlap and putative causal influences linking anthropometric
measures to traits related to traumatic experiences, social support, and
PTSD using large-scale genome-wide data derived from multiple co-
horts: the UK Biobank (UKB), Genetic Investigation of Anthropometric
Traits (GIANT), the Psychiatric Genomics Consortium for PTSD (PGC-
PTSD), and the Million Veteran Program (MVP). Similar to previous
studies (Dong et al., 2021; Langdon et al., 2019; Shen et al., 2020; Zheng
etal., 2020), we tested a wide range of traits to generate new hypotheses
regarding the possible mechanisms linking anthropometric traits to
PTSD and related phenotypes. The wide spectrum of our investigation
aims to generate novel hypotheses to understand the pathways involved
in the associations among body measurements, PTSD, and correlated
traits.

We implemented a multi-step analytic design. Firstly, we applied
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linkage disequilibrium score regression (LDSC) to estimate SNP-
heritability and genetic correlation (ry) among anthropometric traits,
PTSD, traumatic experiences, and social support. For trait pairs with
significant r,, we used the latent causal variables (LCV) method to
investigate whether the r; between two traits is mediated by a latent
variable with a causal effect on one of the traits tested (O’Connor and
Price, 2018). We used LCV results to select trait pairs to be tested with
bidirectional polygenic risk scores (PRS). Best-fit PRS was used to
determine the genetic instruments to employ for Mendelian randomi-
zation (MR) tests. Lastly, we applied MR analyses to investigate the
causal relationships among the traits using genetic instruments based on
a PRS analysis (Carvalho et al., 2020; Muniz Carvalho et al., 2021;
Polimanti et al., 2019b; Wendt et al., 2019) (Supplemental Fig. 1).
Across these different analyses, we applied a false discovery rate (FDR)
multiple testing correction to account for the correlation among the
hypotheses tested. FDR q values are derived from the distribution of the
original p-values and a significance threshold of FDR 5% can adequately
control for multiple testing independently from the number of tests
performed (Chen et al., 2010).

2.2. Data sources

PTSD. We used the genome-wide association statistics from a sub-
sample of the two most recent GWAS of PTSD: the PGC-PTSD freeze 1.5
dataset (Nievergelt et al., 2019) and PGC-MVP meta-analysis for PTSD
(Stein et al., 2021). In our analyses, we considered GWAS data generated
from participants of European descent from PGC cohorts (12 823 cases
and 35 648 controls; 40% female) and African-ancestry PGC-MVP
meta-analysis (11 920 PTSD cases and 39 116 controls). Additional in-
formation regarding these datasets is available in the Supplemental
Methods. We decided to not use the larger PGC-PTSD freeze 2 that in-
cludes participants from PGC cohorts and UKB cohort to avoid biases
related to the sample overlap between exposure and outcome traits in
the PRS and MR analyses. Overlap of participants between the two
samples can increase false-positive results in both PRS and MR analyses
(Burgess et al., 2016; Choi et al., 2020).

Anthropometrics traits. We used GWAS datasets from GIANT and UKB.
GIANT is an international consortium investigating genetic variants
associated with human body size and shape measures, such as BMI,
height, and traits related to WC (see https://portals.broadinstitute.org/
collaboration/giant/index.php/Main_Page). We used sex-stratified Eu-
ropean-ancestry genetic data from up to 171 977 females and 152 893
males (Locke et al., 2015; Shungin et al., 2015). UKB is an international
health resource that provides genetic information and data about a wide
range of diseases, lifestyle habits, and behaviors in up to 502 543 in-
dividuals (aged 40-69 years) (Allen et al., 2014; Bycroft et al., 2018).
Details regarding GWAS quality control criteria and methods are re-
ported in the Supplemental Methods. We investigated sex-stratified
GWAS association statistics of anthropometric traits derived from up
to 193 000 female and 166 440 male UKB-EUR participants of European
descent as defined by principal component analysis of the genetic data.
The UKB traits investigated (Supplemental Table 1) are included in two
data categories: “body size measures” and “impedance measures”. The
“body size measures” category (UKB Field ID: 100010) includes data on
body composition measures that were taken manually (i.e., stand-
ing/sitting height, waist/hip circumference, weight, and body mass
index). The “impedance measures” category (UKB Field ID: 100009)
include data on whole-body bio-impedance measures obtained by the
Tanita BC418MA body composition analyzer (i.e., basal metabolic rate,
body type, weight, body fat mass, body fat percentage, fat-free mass,
water mass, predicted muscle mass and impedance for the right arm,
right leg, left arm, left leg and trunk). Information regarding GIANT and
UKB GWAS of anthropometric traits is reported in Supplemental Table 1.
To explore the association identified in other ancestry groups, we
investigated genome-wide association statistics generated from the
analysis of UKB participants of African descent (N = 6570). Details
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regarding these datasets are available in the Supplemental Methods.

Traits related to trauma and social support. We examined sex-stratified
GWAS data derived from the UKB traits included in the category
“traumatic events” (UKB Field ID: 145; Supplemental Table 1). These
traits were assessed in up to 65 000 female participants and 51 000 male
participants of European descent. These traits were assessed using the
previously validated UKB online mental health questionnaire (Davis
et al.,, 2019). These include traits related to traumatic exposure,
response to traumatic events, and social support.

2.3. Linkage disequilibrium score regression

Linkage Disequilibrium Score Regression (LDSC) (Bulik-Sullivan et
al, 2015a, 2015b) (available at https://github.com/bulik/Idsc) was used
to calculate the SNP-heritability estimates and r; using GWAS associa-
tion statistics. SNP-heritability corresponds to the proportion of
phenotypic variance captured by the associated SNPs in the GWAS
(Yang et al., 2017). The ry is a measure of the genetic components shared
by two phenotypes investigated (van Rheenen et al., 2019). We inves-
tigated the SNP-heritability for anthropometric traits (38 traits from
UKB-EUR and 7 traits from GIANT consortium), PTSD (PGC Freeze 1.5),
and 21 traits related to traumatic experiences and social support. As
recommended by LDSC developers (Bulik-Sullivan et al, 2015a, 2015b),
we conducted the genetic correlation analysis only with the traits with
heritability z-score>4 (Bulik-Sullivan et al, 2015a, 2015b). We per-
formed Z-tests to calculate the sex differences in SNP-heritability based
on the estimates and the standard errors derived from the female- and
male-specific LDSC analyses. A FDR multiple testing correction (q <
0.05) was applied to determine the statistical significance of the ry
calculated.

2.4. Latent causal variable (LCV)

The latent causal variable (LCV) method postulates that the rg be-
tween two traits can be mediated by a latent variable that has a causal
effect on the traits tested (O’ Connor and Price, 2018). LCV estimates the
genetic causality proportion (GCP) using z-score converted per-variant
effects and regression weights for genome-wide association statistics
(O’Connor and Price, 2018). We performed an initial causal inference
analysis for significant ry identified via LDSC. This method differs from
MR in that it uses genome-wide information rather than a select subset
of the most powerful available genetic instruments. A multiple testing
FDR correction (q < 0.05) was applied to all GCP estimates.

LCV tests the null hypothesis that GCP = 0 (i.e., there is no latent
causal effect between traits). P-values and z-scores indicate the signifi-
cance of the test where z-scores > 0 indicate GCP# 0. GCP estimates
range from —1 to 1. The magnitude of GCP indicates the proportion of
causality between two traits. The sign of each GCP estimate indicates the
causal direction inferred from each test with GCP>0 indicating that trait
1 causes trait 2 and GCP< 0 indicating that trait 2 causes trait 1. GCP
estimates were interpreted if the h? z-score for both traits in a pair were
>7. In Results section, we describe all LCV results in their interpreted
causal direction reporting only positive GCP estimates. All LCV data and
their interpretation are reported as Supplementary Material.

2.5. Polygenic risk score (PRS)

Based on the significant ry and LCV results, PRS was computed to
define the genetic instruments for MR tests. To increase the variance
explained by genetic instruments, we tested PRS instrument considering
multiple p-value thresholds. PRS was calculated using the gtx R package
embedded in PRSice v1.25 software. PRS calculates an approximate
estimate of the variance explained from a multivariate regression model,
and its results can identify evidence for shared genetic etiology between
trait pairs. PRS was calculated using the following parameters: clumping
with an LD cutoff of R? = 0.001 in 10 000-kb windows excluding the
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major histocompatibility complex region of the genome because of its
complex LD structure. The LD reference panels for European and African
ancestries were derived from the reference populations available from
the 1000 Genomes Project. To avoid overlapping individuals, we
compared the GWAS datasets available depending on the cohorts: i)
anthropometric traits from GIANT vs. UKB-EUR traits related to trau-
matic experiences and social support; ii) anthropometric traits from
UKB-EUR and GIANT vs. PGC-PTSD Freeze 1.5; iii) anthropometric traits
from UKB-AFR vs. AFR MVP-PGC PTSD. We applied FDR multiple testing
corrections to correct the p-value for the number of PRS p-value
thresholds tested, considering q < 0.05 as the significance threshold.
The PRS association identified in European-ancestry and African-
ancestry datasets and surviving multiple testing correction were tested
further in the subsequent MR analyses.

2.6. Mendelian randomization (MR)

MR uses genetic variants to infer causal relationships between an
exposure and an outcome of interest (Zheng et al., 2017). MR relies on
genetic variants satisfying three assumptions: (i) genetic variants are
associated with an exposure in a specific way, (ii) the genetic variants
are not associated with confounding factors linking exposure and
outcome, and (iii) the genetic variants are associated with the outcome
only through their association with the exposure (Davies et al., 2018).
Similar to previous studies (Carvalho et al., 2020; Muniz Carvalho et al.,
2021; Polimanti et al, 2017, 2019a, 2019c; Ravera et al., 2018; Tamman
et al., 2021; Wendt et al., 2019), to maximize our statistical power, we
defined the genetic instrument on the basis of the best-fit PRS estimates
surviving multiple testing correction. This permitted us to verify that our
instrumental variables do not violate the first MR assumption. To
confirm the reliability of the results obtained, we used different MR
methods: random-effect inverse variance weighted (IVW) (Hemani
et al., 2018), MR-Egger (Hartwig et al., 2017), weighted median
(Bowden et al., 2016), simple mode (Bowden et al., 2016), and weighted
mode (Bowden et al., 2016). These different approaches have different
sensitivities with respect to different causal scenarios that may be pre-
sented. We also conducted MR sensitivity tests to detect the presence of
confounding horizontal pleiotropic effects in genetic variants (MR-Egger
regression intercept and MR-PRESSO (Pleiotropy RESidual Sum and
Outlier) global test) (Verbanck et al., 2018) and to investigate the het-
erogeneity of variants (IVW heterogeneity test) [32]. A leave-one-out
analysis was also conducted to identify potential outliers among the
variants. These sensitivity analyses permitted us to verify possible biases
introduced by the presence of horizontal pleiotropy and heterogeneity
violating the second and third MR assumptions. FDR multiple testing
correction was applied to account for the number of MR tests performed.
The MR analysis was conducted in accordance with the STROBE
(STrenghtening the Reporting of Observational studies in Epidemiology)
- MR reporting guidelines (Davey Smith et al., 2019).

3. Results
3.1. SNP-heritability and genetic correlation

The SNP-heritability was calculated for PTSD, anthropometric traits,
and outcomes related to traumatic experiences and social support for
both sexes, observing four traits with significant sex differences (FDR q
< 0.05; Supplemental Table 2). Consistently with the estimates reported
in the PGC-PTSD GWAS (Nievergelt et al., 2019), female
SNP-heritability of PTSD was much higher than that observed in males,
15.4% vs. 1.03% (Psex-difference = 1.43 X 10’3). Among anthropometric
traits, waist circumference adjusted for BMI (WCadjBMI) showed higher
heritability in males than in females (17.7% vs. 11.4%, Dsex-difference =
491 x 107°). Among traumatic experiences, physical violence and
belittlement by partner or ex-partner as an adult showed higher
SNP-heritability in females than in males (UKB-EUR Field ID 20523:
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4.9% vs. 0.7%, Dsex-difference = 3.21 % 1074; UKB-EUR Field ID 20521:
6.5% vs. 2.5%, Psex-difference = 9.72 X 1074, Conversely, no sex differ-
ences were observed with respect to the SNP-heritability of traits related
to social support (Supplemental Table 2).

In the sex-stratified r; analysis, the number of significant observa-
tions was more than twice significant ry in the female analysis than in the
male analysis (Nfemales = 472 Vs. Nmales = 189; Fig. 1, Supplemental
Table 3). Considering the top rg results for traumatic experiences, the
female-specific analysis identified highly significant genetic overlap
between childhood traumatic experiences (i.e., UKB-EUR Field ID:
20488 - “physically abused by a family member as a child”) and BMI
(UKB-EUR Field ID: 21001; rg = 0.245, p = 3.88 x 10~ '°) while war-
related trauma (i.e., UKB-EUR Field ID: 20527 — “been involved in
combat or exposed to warzone”) was genetically correlated with pe-
ripheral fat distribution (UKB-EUR Field ID: 23111 - leg fat percentage;
rg = 0.405, p = 4.42 x 10719 in males. With respect to social support,
both female and male analyses showed genetic correlation with pe-
ripheral fat distribution as the strongest result (female — UKB-EUR Field
ID: 20525 - “able to pay rent/mortgage as an adult” vs. UKB-EUR Field
ID: 23111 - leg fat percentage, ry = —0.31, p = 3.95 x 10~7; male — UKB-
EUR Field ID: 20491 — “Someone to take to doctor when needed as a
child” vs. UKB-EUR Field ID: 23111 - leg fat percentage, rg = —0.34, p =
3 x 10~%). Considering PTSD rg, we observed 19 genetically correlated
traits in females while no result survived multiple testing correction in
males. Similarly, to what was observed with respect to traumatic ex-
periences and social support, the strongest finding was related to pe-
ripheral fat distribution (UKB-EUR Field ID: 23111 - Leg fat percentage;
rg=0.224,p = 4.74 x 1075 Fig. 1, Supplemental Table 3).

3.2. Latent causal variable analysis

To test whether the significant rg results were due to causal effects
rather than shared genetic mechanisms, we applied the LCV method and
observed that 39 (females) and 16 (males) combinations tested present
significant putative causal effects (FDR q<5%; Fig. 2, Supplemental
Table 4).

In females, we found that two trauma traits have large causal effects
on traits linked to body composition with the strongest result being
“Witnessed sudden violent death” (UKB-EUR field ID: 20530) — Leg
predicted mass (UKB-EUR field ID: 23114, GCP = 0.23, p = 3.45 X
10~*7). Also, the genetic liability to a social support trait (UKB-EUR field
ID: 20491 — “Someone to take to doctor when needed as a child”)
showed a putative effect on peripheral fat distribution (UKB-EUR field
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ID: 23111 - Leg fat percentage; GCP = 0.76, p = 1.72 x 107%). In
addition, the genetic liability to certain anthropometric traits (Supple-
mental Table 4) showed an association with a small but significant effect
to witnessing sudden violent death (top-result: UKB-EUR field ID 23105
“Basal metabolic rate” — UKB-EUR field ID 20530 “Witnessed sudden
violent death”; GCP = 0.094, p = 6.45 x 10712),

Differently from females where multiple traumatic experiences
showed putative causal effects on anthropometric traits, we observed
that only three traits related to trauma have causal effects on body size
and composition (Supplemental Table 4) with the strongest effect
observed for “Been in serious accident/believed to be life-threatening”
(UKB-EUR Field ID: 20526) with respect to anthropometric traits —
waist circumference (UKB-EUR Field ID: 48; GCP = 0.729, p = 3.11 x
10'Y. However, genetic liabilities to certain anthropometric traits
(Supplemental Table 4) were associated with risk of childhood physical
abuse in males (UKB-EUR field ID: 20488) with the strongest effect
observed for waist circumference (UKB-EUR Field ID: 48) — childhood
physical abuse (GCP = 0.318, p = 1.69 x 10~%). In relation to social
support, we observed that the genetic liability to “been in a confiding
relationship as an adult” (UKB-EUR field ID: 20522) had a moderate
effect on standing and sitting height (UKB-EUR field ID: 50 and 20015,
respectively; GCP = 0.44, standing height, p = 2.47 x 1072 GCP =
0.623, p = 7.82 x 1029), suggesting a possible nurture effect where
parental genotypes affect height development. However, the genetic
liability to trunk fat-free mass and trunk predicted mass (UKB-EUR field
IDs: 23129 and 23130, respectively) also showed small but significant
effects on been in a confiding relationship as an adult (gcp.pm = 0.011,
p=1.33 x 1075, gep.pm = 0.015, p = 1.17 x 1074 respectively).

3.3. Mendelian randomization (MR)

Similar to the strategy used in previous studies (Carvalho et al.,
2020; Muniz Carvalho et al., 2021; Polimanti et al., 2019b; Wendt et al.,
2019), we used PRS results to define genetic instruments for MR causal
inference among the traits that showed significant genetic correlations
and LCV. Accounting for the number of PRS thresholds tested, we
identified 42 and six genetic instruments (i.e., sets of SNPs) significant
after FDR multiple testing correction (q < 0.05) in females and males,
respectively (Supplemental Table 5). These were applied with respect to
different MR approaches and further tested for potential biases using
appropriate sensitivity analyses. We applied FDR multiple testing
correction (q < 0.05) to account for the number of MR tests performed.
Fig. 3 and Supplemental Table 6 describe the significant MR findings.
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Fig. 1. Sex-stratified genetic correlations of traits related to traumatic events and anthropometric traits surviving FDR multiple testing correction in both sexes.
Linear regression (dashed line) is included in relation to the genetic correlation of each traumatic-event trait with the anthropometric traits reported in the figure.
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In the female-specific analysis, we identified evidence of putative
causal effects of multiple traits related to body fat distribution on PTSD.
The strongest effect on PTSD was observed for peripheral fat distribution
(UKB-EUR Field ID: 23111 - Leg fat percentage; IVW beta = 0.319, p =
3.13 x 10~%). We also observed a nominally-significant reverse effect of
PTSD on “trunk fat percentage” (IVW beta = 0.0042, p = 0.014). With
respect to traumatic experiences, childhood physical abuse (UKB-EUR
Field ID: 20488) has a potential causal effect on WC (IVW beta = 0.055,
p =5.07 x 10~%). Conversely, the genetic liability to hip circumference
was associated with a higher risk of having witnessed sudden violent
death (UKB-EUR Field ID: 20530; IVW beta = 0.0134, p = 8.62 x 1074).
Additionally, the genetic liability to body shape traits (WC and BMI-
adjusted WHR) showed a negative effect on childhood social support
(UKB-EUR Field ID: 20491 “Someone to take to doctor when needed as a
child”, WCadjBMI - IVW beta = —0.020, p = 6.7 x 10~%; WHRadjBMI -
IVW beta = —0.032, p = 4.03 x 107°). Conversely, childhood social
support (UKB Field ID: 20491) is associated with reduced BMI (IVW
beta = —0.594, p = 1.09 x 107°). Because the genetic instruments of
childhood social support included only five variants, we verified the
estimate using the MR-RAPS (Robust Adjusted Profile Score) method
that is designed to address possible biases induced by weak genetic in-
strument (Zhao et al., 2020). MR-RAPS approach confirmed the negative
effect of childhood social support (UKB Field ID: 20491) on BMI (beta =
—0.449, p-value: 0.001).

In the male-specific analysis, genetic liability to BMI showed a pu-
tative effect on childhood physical abuse (UKB-EUR Field ID: 20488;
IVW beta = 0.0287, p = 8.19 x 10~3)' An inverse effect direction was
observed with respect to experiencing war-related events (UKB-EUR

Field ID: 20527) with hip circumference adjusted for BMI (HIPadjBMI;
IVW beta = —0.11, p = 2.5 x 1072).

3.4. PRS and MR analyses in individuals of African descent

Leveraging informative datasets for anthropometric traits (UKB) and
PTSD (MVP-PGC), we tested the genetic overlap and causal effect in
individuals of African descent. Due to the limited sample size available,
we cannot stratify these datasets by sex and cannot perform LDSC and
LCV analyses. Our PRS analyses (Supplemental Table 7) showed bidi-
rectional relationships of PTSD with several anthropometric measure-
ments of the whole body (fat-free mass, water mass, and fat mass), arm
(fat-free mass), and leg (fat-free mass). Conversely, we observed an
unidirectional effect of PTSD PRS on BMI and standing height. An
opposite direction was observed for trunk measures (fat-free mass and
predicted mass) and hip circumference where their PRS was associated
with PTSD. Following up these significant PRS associations with a MR
analysis, we observed only few putative causal effects surviving multiple
testing correction (FDR q < 0.05; Supplemental Table 8). These were
mostly the association of fat measures to PTSD: arm fat mass (IVW beta
=0.03,p =23 x 1075), leg fat mass, IVW beta = 0.04, p = 2.85 x
10’6), and trunk fat percentage (IVW beta = 0.024, p = 1.91 x 1075).

4. Discussion
PTSD is a multifactorial condition affecting both mental and physical

health (Boscarino, 2004). PTSD and traumatic experiences have been
associated with higher BMI and obesity (Mamun et al., 2007; Perkonigg
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Fig. 3. Significant Mendelian randomization (MR) tests based on the inverse variance weighted method (IVW; FDR q < 0.05). Effect size (beta) and 95% confidence
interval are reported for each MR test. We reported sex-specific estimates only when the initial PRS analysis to define the genetic instruments survived multiple

testing correction (See Study Design and Supplemental Fig. 1).

et al., 2009; Vieweg et al., 2006) with sex differences in the specific
relationships among PTSD, body composition, and other domains of
human health (Duncan et al.,, 2015; Suliman et al., 2016). Clinical
studies reported that women with PTSD and a history of childhood
trauma have increased BMI, adiposity, and WHR (Buta et al., 2018;
Dedert et al., 2010; Dobie et al., 2004; Duncan et al., 2015; Kubzansky
et al., 2014; Masodkar et al., 2016; Roenholt et al., 2012). In the present
study, we used large-scale genomic datasets to understand the
sex-specific associations linking PTSD, traumatic experiences, and social
support with body size and composition. Our analyses highlighted that
there are many more genetic correlations and putative causal effects
among these traits in females than in men. This may be due to the higher
vulnerability to PTSD in women than in men (OIff, 2017; OIff et al.,
2007) and/or to the higher heritability of PTSD in women than in men
(Koenen et al., 2008; Sartor et al., 2011; Tambs et al., 2009; True et al.,
1993; Xian et al., 2000). Additionally, similarly to PTSD-related traits,
body size and composition displayed more pronounced genetic effects in

women than in men (Randall et al., 2013). With respect to the effect
direction linking PTSD-related traits to body size and composition, we
found a complex network of putative causal effects. In some cases,
PTSD-related traits showed putative causal effects on body size and
composition, while in other circumstances the effects were reversed.
This suggests that the sex differences observed are not due to a single
widespread mechanism linking PTSD, traumatic experiences, and social
support with body size and composition. Conversely, we hypothesize
that the putative causal effects observed reflect a diverse array of
overlapping mechanisms linking PTSD-related traits to multiple bio-
logical systems reflected by the individual-variability of body size and
composition between sexes. Indeed, anthropometric traits can reflect
multiple pathways related to steroid hormone regulation, adipogenesis,
lipid storage, muscle metabolism, composition, and contractile speed,
skeletal growth and maturation, and lipolysis (Polimanti et al., 2016;
Randall et al., 2013). Under this scenario, the effects of PTSD, traumatic
experiences, and social support on body size and composition may be
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due to the pathogenic changes induced on the regulation of these bio-
logical pathways. However, we also observed instances where genetic
liabilities to certain anthropometric traits are associated with an
increased risk of PTSD, traumatic experiences, and low social support.

With respect to PTSD, genetic associations with peripheral fat dis-
tribution indicate possible causal effects on PTSD risk in females. This
putative effect direction appears to be female-specific (i.e., no effect was
observed in males). Conversely, both female and male analyses showed
the genetic liability to certain anthropometric traits to be associated
with the risk of traumatic experiences. In particular, we observed pu-
tative causal effects on childhood physical abuse in both sexes. This
reverse direction may reflect the complex relationship of anthropo-
metric traits with other factors, including socioeconomic status (Tyrrell
et al., 2016), parental effects on childhood environment (Turner et al.,
2012), and propensity to report traumatic events (Gavranidou and
Rosner, 2003). Previous studies showed that socioeconomic status is a
key mediator in the association of PTSD-related traits with inflammatory
biomarkers and behavioral traits (Muniz Carvalho et al., 2021; Poli-
manti et al., 2019¢). A recent brain-wide analysis showed that socio-
economic status has a pervasive effect on the genetics of psychiatric
disorders, behavioral traits, and brain imaging phenotypes (Wendt et al.,
2020). Based on these previous findings, the putative causal effect of
anthropometric traits on PTSD and traumatic experience observed in our
study may be affected by the pervasive association of socioeconomic
status on the genetics of traits investigated. As mentioned, other factors
could also play an important role. For example, the relationship could
also reflect that in certain cultures people with high BMI may be more
likely to be bullied or victimized and therefore traumatized.

To summarize our results, in females of European descendent, we
found that fourteen anthropometric traits related to BMI, weight, leg
and arm fat, trunk have a potential causal small effect on PTSD. We
observed, in females, that trunk fat percentage genetically predicted has
bidirectional causal effects on PTSD. In addition, we did not observe
causality of anthropometric traits genetically determined on PTSD, in
male individuals of European ancestry. However, interesting results
suggest that severe trauma, as war zone exposure, in males was nega-
tively linked to body circumference, but this association was not
observed in females. Further, SNPs associated with social support may
cause lower BMI, and the reverse causality of this social support was
observed in association with body circumference. Lastly, physical abuse
in childhood is the unique trait that overlapped in females and males, it
was linked with BMI and WC. In the analysis conducted in individuals of
African ancestry, we observed that arm and leg fat mass, and trunk fat
percentage genetically determined appear to have a small causal effect
on PTSD, consistent with the associations observed in females of Euro-
pean descendent, suggesting that the genetic overlap and putative causal
effects linking anthropometric traits to PTSD are shared across different
populations.

Although our results contribute to a better understanding of sex-
specific mechanisms linking PTSD to the inter-individual variability of
body size and composition, we also acknowledge several limitations.
There are well-known differences in anthropometric traits (e.g., height,
BMI, body fat distribution) across human populations (Lee et al., 2014;
Luo et al., 2019; Sarink et al., 2021) due to genetic and environmental
factors (Hur et al., 2008; Jelenkovic et al., 2016; Kang et al., 2010; Segal
et al., 2009; Silventoinen et al., 2016). In particular, there is evidence
that ancestry-specific genetic variation contributes partially to the pre-
disposition to BMI and height, and other anthropometric traits (Guo
et al., 2021). Although we show that genetic effects specific to African
ancestry present associations linking anthropometric traits and PTSD
concordant with those observed in individuals of African descent, these
should be considered only as suggestive evidence. Indeed, the limited
sample size available is likely to have strongly affected our findings. For
example, UKB-AFR data included information regarding only 6570
participants, and this may have limited the possibility to identify puta-
tive causal effects of PTSD on the anthropometric traits tested.
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Additionally, the complex genetic background of recently admixed in-
dividuals such African-British participants from UKB and
African-American individuals enrolled in the MVP and PGC studies
cannot be fully modeled by the reference panels used for PRS and MR
methods. With respect to both ancestry groups investigated, the high
PTSD polygenicity likely affected the statistical power of our causal
inference analysis due to the small average per-variant effect. Finally,
although we used multiple causal inference methods to account for
different pleiotropy scenarios, there may be still unaccounted biases that
may affect our results.

In conclusion, our study represents the largest genetic investigation
of the sex-specific relationships among posttraumatic stress disorder,
traumatic experiences, and social support with respect to body size and
composition. We observed consistent results between analyses con-
ducted in different ancestry groups, although the limited sample size
available did not permit us to explore sex differences in individuals of
African descent. These findings suggest a complex network of associa-
tions where PTSD-related traits are affected or affect anthropometric
traits due to their links with multiple biological pathways. These include
both shared genetic mechanisms and putative causal effects that appear
more pronounced in women than in men. This suggests that both bio-
logical mechanisms and pre-trauma risk factors contribute to the higher
vulnerability to PTSD observed in women.
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