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Abstract

Background: Posttraumatic stress disorder (PTSD) and major depressive disorder
(MDD) are commonly reported co-occurring mental health consequences following
psychological trauma exposure. The disorders have high genetic overlap. We
investigated whether the genetics of PTSD were associated with reported trauma in
individuals with MDD. Since trauma is associated with recurrent MDD, we also
investigated whether the genetics of PTSD were associated with episode recurrence.
Methods: Genetic correlations were estimated between PTSD and MDD in the
presence and MDD in the absence of reported exposure to psychological trauma, and
recurrent and single-episode MDD, based on genetic data from UK Biobank Mental
Health Questionnaire respondents (N=157,358). Genetic correlations were replicated
using PTSD data from the Psychiatric Genomics Consortium and Million Veteran
Program. Polygenic risk scores were generated to investigate whether individuals with
MDD who have higher genetic risk for PTSD were more likely to report psychological
trauma than those with lower genetic risk.

Results: Individuals with MDD with a higher genetic risk for PTSD were significantly
more likely to report exposure to psychological trauma than those with lower risk
[OR=1.06 (1.03-1.09) Empricial p<0.001]. PTSD was significantly more genetically
correlated with recurrent MDD than with MDD in the absence of reported psychological
trauma [ry differences = ~0.2, p<0.008]. Participants who had experienced recurrent
depressive episodes reported significantly higher trauma rates than participants who
had experienced a single episode [chisquare>167, p<0.001].

Conclusions: Genetic risk for PTSD in individuals with MDD may influence the way

in which traumatic life events are perceived, responded to and reported.
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Introduction

Symptoms of posttraumatic stress disorder (PTSD) and major depressive disorder
(MDD) are the most commonly described co-occuring problems following exposure to
psychological trauma (Ben Barnes et al., 2018). Across epidemiological samples,
approximately 50% of individuals with PTSD have a comorbid diagnosis of MDD
(Kessler et al., 1995; Breslau et al., 1997; Rytwinski et al., 2013). Similar, or
occasionally higher, estimates are observed in primary care settings (Stein et al.,
2000; Alim et al., 2006). Previously, high comorbidity rates have been attributed to the
classification of shared symptoms into the two diagnostic categories (Flory and
Yehuda, 2015), such as negative mood, sleep disturbances, irritability, and
concentration difficulties (American Psychiatric Association, 2013). However, several
studies demonstrate that the ~50% comorbidity rate does not diminish after excluding
these shared symptoms from clinical diagnoses (Grubaugh et al., 2010; Elhai et al.,
2011) suggesting the observed symptom overlap does not provide an adequate
explanation. An alternative explanation might be genetic overlap between the
disorders. Twin studies have previously indicated that PTSD shares genetic influences
with MDD (r=0.77) and related conditions (Koenen et al., 2008; Wolf et al., 2010). More
recently, methods based on genome-wide association studies (GWAS) have been
used to explore genetic correlations (rg), a quantitative measure of the genetic
relationship between two polygenic traits (van Rheenen et al., 2019). Research from
the Psychiatric Genomics Consortium (PGC) reported strong, positive genetic
correlations of PTSD with depressive symptoms (r;=0.80) and with MDD (ry=0.62)
(Nievergelt et al., 2019), thus supporting results from twin studies. As well as shared
genetics, another potential factor involved in PTSD-MDD comorbidity is exposure to

trauma. There is a complex relationship between trauma exposure and mental health
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sequelae. Exposure to trauma is common (Breslau et al., 1991; Kessler et al., 1995).
50-90% of people will experience a traumatic event in their lifetime but only 8-12% will
go on to develop PTSD (Shah et al., 2012), suggesting that certain individuals are at
greater risk of developing PTSD than others following exposure (Auxémeéry, 2012;
Duncan et al., 2018b; Nievergelt et al., 2019). Similarly, stressful and traumatic events
are significant risk factors for MDD (Horesh et al., 2008; Shapero et al., 2014; Hovens,
2015), but the majority of people who are exposed do not develop the disorder
(Kessler, 1997). Therefore, similar to PTSD risk, the effects of trauma on MDD risk are
moderated by individual liability (Colodro-Conde et al., 2018). Previous research has
shown that reported traumatic events are not only heritable themselves (Jay Schulz-
Heik et al., 2009; Power et al., 2013; Dalvie et al., 2020) but also increase the SNP-
based heritability of MDD (Coleman et al., 2020), demonstrating that genetic factors
influence not only on the risk of both being exposed, but also on the risk of developing

a mental health disorder following exposure.

Aims

The ~50% PTSD-MDD comorbidity rate demonstrates that not everyone responds to
psychological trauma in the same way. This may be due to genetic liability in trauma
sensitivity. No study has investigated whether the extent to which PTSD and MDD
overlap genetically is associated with exposure to psychological trauma. We
addressed this by examining genetic correlations between PTSD and four MDD
phenotypes in the UK Biobank, with replication using the largest PTSD GWASSs to data
from the PGC and the Million Veteran Program (MVP). Given evidence from clinical
studies, we hypothesized that PTSD and MDD with reported trauma would have higher

genetic overlap compared to PTSD and MDD without reported trauma, which would
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add further evidence for the existence of genetic variants associated with trauma
sensitivity. We also explored the genetic overlap of PTSD with single-episode MDD
and with recurrent MDD. Research has shown that the type, frequency, and severity
of traumatic events are associated with the frequency and severity of subsequent
depressive episodes (Nanni et al., 2012; Hovens et al., 2015; Otte et al., 2016), with
childhood maltreatment being particularly associated with MDD recurrence (Danese,
2020). Accordingly, our second hypothesis was that PTSD would have greater genetic
overlap with recurrent MDD compared to single-episode MDD, under the assumption
that rates of trauma are higher among individuals with recurrent MDD. We tested the
validity of this assumption in UK Biobank participants with MDD. To further address
our research question, we generated PTSD polygenic risk scores (PRS) in UK Biobank
participants with MDD to examine whether there is an association between genetic
risk for PTSD and the reporting of traumatic events. Following the logic of our previous
hypotheses, we expected individuals with MDD with higher genetic risk for PTSD
would be more likely to report experiencing psychological trauma and would be more
likely to have experienced recurrent depressive episodes than those with lower

genetic risk for PTSD.

Methods

This study used summary statistics from previous GWAS of 1) self-reported PTSD in
UK Biobank (Nievergelt et al., 2019), 2) MDD with reported psychological trauma
exposure, 3) MDD without reported psychological trauma exposure (Coleman et al.,
2020), 4) recurrent MDD, and 5) single-episode MDD (Coleman et al., 2019). All
phenotypes were based on UK Biobank participants who responded to the follow-up

online Mental Health Questionnaire (N=157,358). PTSD phenotypes can reflect the
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99 characteristics of the sample and data collection method. To examine whether our
100 findings were consistent across differing PTSD phenotypes, we repeated the genetic
101  correlations using additional sets of summary statistics (Table1). We used results from
102 a GWAS of mainly clinical samples of PTSD undertaken by the PGC, known as PGC
103 1.5 PTSD (Nievergelt et al., 2019). We also repeated our analyses using the meta-
104 analysis of PGC 1.5 and UK Biobank PTSD, known as PGC 2 PTSD (Nievergelt et al.,

105 2019). Finally, we used a set of summary statistics from a GWAS of United States

106 veterans by the MVP, based on electronic health records (Stein et al., 2020).

107  Using the MVP PTSD summary statistics, we generated PRS for participants who met
108 criteria for MDD in the UK Biobank. The number of cases and controls and the SNP-
109 based heritability (on the liability scale) of each GWAS can be found in Table 1. All
110 summary statistics were produced from GWAS on individuals of European ancestries.
111  Details of the contributing studies and phenotype definitions can be found in the

112 Supplementary Methods. Brief details are presented in Table 1.

113  Reported trauma exposure in the individuals with MDD in the UK Biobank

114

115 We tested the assumption behind our second hypothesis, which states that the rates
116  of trauma exposure are higher among individuals who experience recurrent as
117  opposed to single-episode MDD. In the UK Biobank, participants were categorised as
118 having experienced either recurrent or single-episode MDD, as defined by Coleman
119 et al. (2019). For seven traumatic life events, which were included in the Coleman et
120 al. (2020) definition of “reported trauma exposure” (Table 3), we compared reporting
121  rates between those in who met criteria for recurrent MDD and those who met criteria

122 for single-episode MDD. We performed chi-square tests in R to establish whether
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123  there were differences in trauma reporting rates. Chi-square tests were considered
124  statistically significant if they reached or surpassed the Bonferroni-corrected alpha
125 (0.05/7=0.007; i.e. to correct for the seven chi-square tests performed).
126
127  Throughout this paper, any mention of trauma exposure in participants from the UK
128 Biobank refers specifically to retrospective self-reported psychologically traumatic
129 events due to the nature of data collection via an online questionnaire. The events
130 being reported may have occurred before, after, or concurrently with MDD episodes
131  (Coleman et al., 2020).

132

133 Table 1: Information about the four posttraumatic stress disorder (PTSD) and four

134 major depressive disorder (MDD) genome-wide association study (GWAS) summary

135 statistics, including the original publication, characteristics of the sample, number (N)

136  of cases and controls in original GWAS, liability scale SNP-based heritability (h?sne)

137 and standard error (SE) from High Definition Likelihood. Details of how observed scale

138 h2snp estimates were converted to the liability scale are presented in the

139 Supplementary Methods.
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Sample
characteristics

N Cases

N Controls

h%sne
(liability
scale)

SE

UK Biobank
PTSD

Nievergelt et
al. (2019)

Sample comprises
individuals who met
criteria for probable
PTSD. PTSD
phenotype based on
self-report answers to
PTSD Checklist (PCL)
6 (Civilian version) in
the UK Biobank
Mental Health
Questionnaire.

10,389

115,799

0.20

0.009

Psychiatric
Genomics
Consortium
1.5 PTSD

Nievergelt et
al. (2019)

Sample comprises 59
studies of PTSD. Most
cases were clinically
ascertained through
telephone or face-to-
face interviews.

12,823

35,648

0.06

0.011

Psychiatric
Genomics
Consortium
2 PTSD

Nievergelt et
al. (2019)

Sample comprises
combined UK Biobank
and Psychiatric
Genomics Consortium
1.5 samples.

23,212

151,447

0.06

0.006

Million
Veteran
Program
PTSD

Stein et al.
(2020)

Sample comprises
United States
Veterans. PTSD was
algorithmically defined
based on electronic
health records.
Confirmed war- and
combat exposure:
27.5%

No exposure: 29.3%
Unknown exposure:
43.1%

36,301

178,107

0.06

0.015

MDD with
reported
trauma

Coleman et
al. (2020)

Sample comprises
participants who met
criteria for MDD
based on answers to
the Composite
International
Diagnostic Interview
Short Form (CIDI-SF)
and reported at least
two traumatic life
events (Table 3) in the
UK Biobank Mental
Health Questionnaire.

13,393

10,701

0.24

0.017

MDD
without

Coleman et
al. (2020)

Sample comprises
participants who met

9,487

39,677

0.15

0.020
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criteria for MDD
based on answers to
the Composite
International
Diagnostic Interview
Short Form (CIDI-SF)
and reported no
traumatic life events
(Table 3) in the UK
Biobank Mental
Health Questionnaire.

Recurrent
MDD

Coleman et
al. (2019)

Participants met
criteria for MDD
based on answers to
the Composite
International
Diagnostic Interview
Short Form (CIDI-SF)
and reported more
than one depressive
episode in the UK
Biobank Mental
Health Questionnaire.

17,451

63,482

0.22

0.009

Single-
episode
MDD

140

141  Genetic correlations

142

Coleman et
al. (2019)

Participants met
criteria for MDD
based on answers to
the Composite
International
Diagnostic Interview
Short Form (CIDI-SF)
and reported one
depressive episode in
the UK Biobank
Mental Health
Questionnaire.

12,024

63,482

0.10

0.008

143  GWAS summary statistics (Table 1) were used to calculate genetic correlations based

144  on single nucleotide polymorphisms (SNP-based rg) using the High Definition

145  Likelihood (HDL) software and the 1,029,876 quality controlled UK Biobank imputed

146  HapMap3 SNPs reference panel. This reference panel is based on genotypes in UK

147  Biobank, which were imputed to HRC and UK10K + 1000 Genomes (Ning et al., 2020).

10
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148
149  First, we calculated genetic correlations between PTSD and (i) MDD with reported
150 trauma, (ii) MDD without reported trauma, (iii) recurrent MDD, and (iv) single-episode
151 MDD within the UK Biobank. We then replicated these genetic correlations using the
152 PGC 1.5 PTSD phenotype, the combined PGC 2 phenotype and the MVP phenotype.
153  Genetic correlations were tested for a significant difference from 0 (default in HDL)
154 and for a difference from 1 (in Microsoft Excel, converting ry to a chi-square as [(rg —
155 1)/ se]?). An explanation of HDL inference of genetic correlations can be found in Ning
156 et al. (2020). Genetic correlations were considered significantly different to O or to 1 if
157 they surpassed the Bonferroni-corrected alpha in each analysis (0.05/4=0.0125; i.e.
158 to correct for the four tests in each independent set of correlations).
159
160 To test the significance of the differences between the genetic correlations we
161  performed a block-jackknife, which uses resampling to recalculate standard errors for
162  the differences between two rgestimates. Within each of the four groups of correlations
163  (i.e. for the four different PTSD phenotypes) we compared ry estimates in a pairwise
164 fashion (i.e. each correlation pair was compared with all other pairs within the group).
165 This resulted in six different block-jackknife tests per PTSD phenotype. Differences
166  between genetic correlations were considered statistically significant if they surpassed
167 the Bonferroni corrected alpha (0.05/6=0.0083; i.e. to correct for the six tests).
168
169 The Supplementary Methods contains further details of the HDL analysis, including
170 percentage overlap between the summary statistics and the HapMap3 reference
171  panel.

172

11
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173  We also ran these analyses using Linkage Disequilibrium Score Regression (LDSC),
174  another command line tool for estimating heritability and genetic correlations from
175  GWAS summary statistics (Bulik-Sullivan et al., 2015). In our study, we favoured HDL
176  for estimating genetic correlations. Unlike LDSC, HDL uses a full likelihood-based
177 method to estimate genetic correlations that fully accounts for linkage disequilibrium
178 (LD) across the genome. When compared to LDSC, HDL reduces the variance of the
179  genetic correlation by approximately 60% (Ning et al., 2020). Consequently, HDL is
180 better powered to detect significant differences between correlations, which was a
181  central aim of our study. The LDSC results and an explanation of any differences from
182 HDL are presented in the Supplementary Results.

183

184  Polygenic risk scores

185 We calculated individual PRS for PTSD using the MVP summary statistics in
186 individuals with MDD from the UK Biobank. For this, we used PRSice v2.3.1 and
187  controlled for the first six principal components, genotyping batch and assessment
188  centre. PRS were calculated at 11 p-value thresholds (5x10%, 1x10°, 1x10-3, 0.01,
189 0.05, 0.1, 0.2, 0.3, 0.4, 0.5, 1). Phenotype permutations were used to produce an
190 empirical p-value for the association at the best-fitting PRS, which accounts for testing
191 at multiple thresholds (Euesden et al., 2015). Once the best-fitting PRS had been
192  calculated, we then performed logistic regressions to examine whether genetic risk for
193 PTSD was more strongly associated with MDD with reported trauma compared to
194 MDD without reported trauma, and to examine whether genetic risk for PTSD was
195 more strongly associated with recurrent compared to single-episode MDD. The
196 standardised beta coefficients were converted to odds ratios (OR) in R and 95%

197  confidence intervals (Cl) were calculated. The full six pairwise comparisons, as in the

12


https://doi.org/10.1101/2020.11.25.20229757
http://creativecommons.org/licenses/by/4.0/

i, e s ok SR ot v 5 0 T Nt 8 e T 3 e s A
tis made available under a GG-BY 4.0 International icense .

198  block-jackknife analysis in this study, were not possible due to MDD cases in the UK
199  Biobank belonging to overlapping MDD subtypes. Therefore, we limit the PRS analysis
200 to these two comparisons.
201
202  We performed power calculations using the Additive Variance Explained and Number
203  of Genetic Effects Method of Estimation (AVENGEME) programme in R (Dudbridge,
204  2013). Details of this are presented in the Supplementary Methods. The MVP
205 summary statistics were chosen due to their power and there being no overlap
206  between the individuals in this sample and the target sample (UK Biobank). Since one
207 target sample was used to produce PRS for the two regressions a Bonferroni
208 adjustment was used correcting for 2 tests and giving a final threshold of p<0.025.

209

210 Results

211  Trauma exposure in the UK Biobank

212 Seven traumatic life events comprised the overall definition of “trauma exposure” in
213 Coleman et al. (2020) (Table 3). Individuals who reported two or more events were
214  considered “trauma-exposed”. Each of the seven life events were significantly more
215 commonly reported by UK Biobank participants who reported having experienced
216  recurrent MDD than those who had experienced single-episode MDD. This confirms
217  our assumption that the group of participants in the UK Biobank with recurrent MDD
218 demonstrate a higher rate of psychological trauma exposure than those in the single-

219  episode group.

220 Table 2: Difference in reporting rates of traumatic life events between individuals with

221 recurrent and single-episode major depressive disorder (MDD) in UK Biobank Mental
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Health Questionnaire Respondents (N=157,358). Differences were considered
significant if they surpassed the Bonferroni adjusted alpha (p<0.007)
Trauma Traumatic event | Endorsement in | Endorsement | y? P-value
category single-episode in recurrent statistic
MDD (%) MDD (%)

Childhood Felt hated by a 2,352 (8%) 5,239 (18%) 405 3.52x107®
emotional family member as
abuse a child
Childhood Did not feel loved | 3,122 (11%) 6,702 (23%) 497 3.73x10""°
emotional as a child
neglect
Childhood Was sexually 1,217 (4%) 2,690 (9%) 175 6.39x10"°
sexual molested as a
abuse child
Adulthood | Was belittled by a | 3,887 (13%) 7,591 (26%) 371 1.27x1082
emotional partner or ex-
abuse partner
Adulthood | Was physically 2,005 (7%) 3,987 (14%) 167 4.29x10738
physical abused by a
abuse partner or ex-

partner
Adulthood | Was forced to 890 (3%) 2,283 (8%) 240 3.26x10%
sexual have sex against
abuse my will by a

partner or ex-

partner
Sexual Ever been a 2,247 (8%) 4,764 (16%) 292 1.05x107°°
assault victim of sexual

assault

Genetic correlations

All genetic correlations were significantly different from 0. The genetic correlations

between both PGC 1.5 and PGC 2 PTSD and single-episode MDD were found to not

differ significantly from 1, although this finding is likely due to the large standard errors

of the ry estimates, reflecting low power. All other genetic correlations were

significantly different to one (Table 4).
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<Figure 1>

Figure 1: High Definition Likelihood (HDL) genetic correlation (r;) estimates of four
PTSD phenotypes 1) UK Biobank posttraumatic stress disorder (PTSD), 2) Psychiatric
Genomics Consortium (PGC) PTSD 1.5, 3) PGC PTSD 2 and 4) Million Veteran
Program (MVP) PTSD with the four major depressive disorder (MDD) phenotypes.

Standard errors are shown in the error bars surrounding the r, estimates for each

genetic correlation.
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Table 3: High Definition Likelihood genetic correlation estimates (ry)_and standard

errors (SE) of 1) UK Biobank posttraumatic stress disorder (PTSD), 2) Psychiatric

Genomics Consortium (PGC) 1.5 PTSD, (3 PGC 2 PTSD and 4) Million Veteran

Program (MVP) PTSD with the four major depressive disorder (MDD) phenotypes. P

(diff 0) refers to p-value for test of ry different from 0. P (diff 1) refers to p-value for test
of ry different from 1. Genetic correlations were considered significant if they
surpassed the Bonferroni adjusted threshold (p<0.0125).
PTSD Phenotype MDD phenotype rg SE P (diff 0) P (diff 1)
UK Biobank PTSD MDD with reported 0.6040 0.06 4.92x1028 6.02x10°"3
trauma
UK Biobank PTSD MDD without reported 0.4701 0.07 2.43x10"° 9.23x107"3
trauma
UK Biobank PTSD Recurrent MDD 0.7134 0.05 1.03x104° 2.55x10°
UK Biobank PTSD | Single-episode MDD 0.6466 | 0.07 |8.35x10% 3.15x10”7
PGC 1.5 PTSD MDD with reported 0.5520 0.07 1.35x10°"3 1.91x10°
trauma
PGC 1.5 PTSD MDD without reported 0.4841 0.11 1.22x10° 3.16x10°
trauma
PGC 1.5 PTSD Recurrent MDD 0.6937 0.08 2.94x10°" 1.91x10*
PGC 1.5 PTSD Single-episode MDD 0.7560 0.14 7.09x108 0.08
PGC 2 PTSD MDD with reported 0.6497 0.08 3.39x107"° 2.18x10°
trauma
PGC 2 PTSD MDD without reported 0.5509 0.11 5.12x107 4.24x10°
trauma
PGC 2 PTSD Recurrent MDD 0.7915 0.08 8.45x107%2 0.01
PGC 2 PTSD Single-episode MDD 0.8147 0.11 5.27x107"3 0.1
MVP PTSD MDD with reported 0.5397 0.09 8.77x10° 9.24x107
trauma
MVP PTSD MDD without reported 0.4859 0.09 2.41x10 3.58x10°
trauma
MVP PTSD Recurrent MDD 0.5600 0.05 6.57x1072° 1.33x10°"6
MVP PTSD Single-episode MDD 0.6291 0.11 1.59x108 8.61x10™*
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266  Differences between genetic correlations of PTSD and MDD phenotypes

267 The genetic correlation between PTSD and recurrent MDD was significantly greater
268 than that between PTSD and MDD without reported trauma when using the UK
269 Biobank, PGC 1.5 and PGC 2 phenotypes. All other genetic correlations were not
270  significantly different from each other (Supplementary Table 1). Genetic correlation
271  estimates of PTSD with MDD with reported trauma were consistently larger than those
272 with MDD without reported trauma, albeit not significant (p=0.14 — 0.65) (Table 4,
273  Supplementary Table 1). In contrast, no consistent pattern of genetic correlation was
274  observed between PTSD and recurrent versus single-episode MDD (Table 3,

275  Supplementary Table 1).

276  Polygenic risk scores

277 Inindividuals with MDD in the UK Biobank, those with a higher genetic risk for PTSD
278  were significantly more likely to report trauma than those with a lower PTSD risk
279 (OR=1.06 (1.03-1.09) Empirical p<0.001; Table 5). In contrast, those with a higher
280 genetic risk for PTSD were more likely to have experienced recurrent episodes but
281  this was not significant (OR=1.02 (1.00-1.05) Empirical p=0.28; Table 5). The variance
282  explained by the PRS was low, ranging from 0.02% to 0.13% based on varying the
283  assumed population prevalence of the target phenotype. See Supplementary Results
284  for full details of this analysis, including the number of SNPs in each PRS and the

285 Nagelkerke’'s R? for a range of population prevalence (Supplementary Table 4).

286
287

288
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289 Table 5: Results of posttraumatic stress disorder (PTSD) polygenic risk score (PRS)

290 regression analysis on individuals in the UK Biobank with major depressive disorder
291 (MDD), including the odds ratio (OR) and 95% confidence intervals (Cl), p-value (P)

292 and empirical p-value accounting for testing at multiple thresholds (Empirical P). OR

293 were considered significant if the Empirical P surpassed the Bonferroni adjusted
294  threshold (Empirical p-value<0.025).

295
Regression OR (95% Cl) P Empirical P
MDD with reported trauma vs. MDD 1.06 (1.03 - 1.09) | 2.11X10° | 0.001
without reported trauma
Recurrent MDD vs. single-episode MDD 1.02 (1.00 - 1.05) | 0.05 0.28

296

297 Discussion

298

299  This study investigated whether the genetics of PTSD were more strongly overlapping
300 with the genetics of MDD with reported trauma compared to MDD without reported
301 trauma. This was based on clinical observations of high comorbidity among individuals
302 who had been exposed to traumatic events, and evidence from genomic studies that
303 the disorders strongly overlap in terms of additive genetic variants. We also
304 investigated whether genetic risk for PTSD was associated with the risk of reporting
305 trauma exposure, a trait known to be heritable, in UK Biobank participants with MDD.
306 Across multiple PTSD GWAS, the difference in genetic correlation between PTSD and
307 MDD with reported trauma and MDD without reported trauma was not significant. This
308 indicates that any true difference is not large — however, we were underpowered to

309 detect small differences in genetic correlation which means we cannot draw strong
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310 conclusions from this analysis alone. By contrast, the findings from the PRS analysis
311 demonstrated that individuals with MDD with a higher genetic risk for PTSD were
312  significantly more likely to report traumatic life events than those who had a lower
313  genetic risk for PTSD.
314
315 In addition to these findings, we note that UK Biobank participants who met criteria for
316  recurrent MDD reported significantly higher rates of trauma exposure in comparison
317 to individuals who met criteria for single-episode MDD. This corroborates previous
318 psychiatric research which pinpoints exposure to stressful or traumatic events as a
319 key risk factor for subsequent recurrent MDD (Nanni et al., 2012; Hovens et al., 2015;
320 Otte et al., 2016). Based upon this, we expected PTSD to show a greater genetic
321 correlation with recurrent MDD phenotype compared to the single-episode MDD
322  phenotype. However, we found no evidence of this in the genetic correlation analysis.
323  Furthermore, findings from the PRS analysis show that genetic risk for PTSD was not
324  more strongly associated with recurrent compared to single-episode MDD.
325
326  Previous research has postulated that PTSD-MDD comorbidity represents a specific
327 trauma-related psychiatric trait (Flory and Yehuda, 2015), perhaps indicating a
328  sensitivity to traumatic or stressful events. In our study, we used UK Biobank data on
329 traumatic life events which participants self-reported via the online Mental Health
330 Questionnaire. Previous research from twin studies has shown that the reporting of
331 trauma has a heritable basis (Jay Schulz-Heik et al., 2009). More recently, genomic
332  studies have suggested that at least part of this heritability can be attributed to additive
333  genetic variants, reporting a SNP-based heritability estimate at around 18% for lifetime

334 trauma (Coleman et al., 2020), and around 6% specifically for childhood trauma
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335 (Dalvie et al., 2020). The findings in our study from the PRS analysis suggest that
336 genetic liability for PTSD is associated with the reporting of psychological trauma in
337 those who have MDD. Experiencing trauma is common, but only a minority of
338 individuals develop PTSD (Auxémeéry, 2012; Duncan et al., 2018a; Nievergelt et al.,
339  2019). The PTSD summary statistics used to generate PRS in this study are therefore
340 capturing these individual differences in genetic risk for extreme, negative responses
341 totraumatic events. Since it is known that genetic variants are involved in the reporting
342  of events as traumatic and given that trauma is prerequisite for a diagnosis of PTSD,
343 the PTSD risk scores are therefore, in part, representative of individual differences in
344  sensitivity to trauma. UK Biobank participants with higher genetic risk for PTSD may
345 therefore be likely to evaluate events as emotionally distressing and report them
346  accordingly in the Mental Health Questionnaire, compared to individuals with lower
347  genetic risk for PTSD.

348

349  This finding is interesting in light of our hypothesis that PTSD would show higher
350 genetic overlap with MDD with reported trauma compared to MDD without reported
351 trauma. Although the genetic correlation analysis yielded no conclusive results, the
352 findings from the PRS analysis provide tentative evidence for an association between
353 the genetics of PTSD and the experience of traumatic life events in those who have
354 MDD. In the genetic correlation analysis, all four PTSD phenotypes (UK Biobank, PGC
355 1.5 and 2, and the MVP), had greater genetic overlap with MDD with reported trauma
356 compared to MDD without reported trauma. However, the differences between the
357 correlations were not significant. This may be due to the limited power of the original

358 GWASSs from which the summary statistics were created. Given the findings from the

359 PRS analysis, it is possible that the greater genetic correlation between PTSD and
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360 MDD with reported trauma, compared to MDD without reported trauma, might have
361 been significant if the MDD summary statistics had been produced from larger, better
362 powered GWASs. Therefore, replication with larger MDD GWASs will be useful in
363 understanding whether the differences between the correlations are due to chance.
364 The Genetic Links to Anxiety and Depression (GLAD) study, which aims to recruit
365 40,000 participants, will provide an opportunity to achieve this with sufficient power in
366  the future.

367

368  Afurther interesting finding from this study is the significantly higher genetic correlation
369 between PTSD and recurrent MDD compared to PTSD and MDD without reported
370 trauma, a finding which was consistent across the UK Biobank and PGC PTSD
371 phenotypes. This finding might reflect similarities in severity between PTSD and
372 recurrent MDD. It is known that exposure to trauma, especially in childhood, is related
373 to MDD that is severe and treatment resistant, as well as recurrent, in later life (Nanni
374 etal., 2012; Danese, 2020). Potentially, the MDD without reported trauma phenotype
375 may include participants who have had milder experiences of MDD, while the recurrent
376 MDD phenotype may capture participants with more severe MDD. Like recurrent MDD,
377 PTSD is a severe and disabling psychiatric disorder, where full, clinically significant
378 symptoms can present for months up to years following exposure. It is known that
379 symptoms often persist for years after remission (Kessler et al., 2017). Taking this into
380 consideration, PTSD and recurrent MDD might share greater genetic overlap due to
381 similarities in symptom severity and persistence. These similarities may be shared to
382 alesser extent between PTSD and MDD without reported trauma, which could explain

383 the significant difference between the genetic correlations. Although these conclusions

384  are speculative, an interesting next step would be to calculate the genetic relationship
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385 of PTSD with mild and severe MDD in a large cohort with detailed symptom level data
386 on both MDD and PTSD.
387

388  Merits and limitations

389 We were able to use a variety of PTSD definitions from the largest GWAS of PTSD to
390 date, obtained from samples which recruited participants who were exhibiting differing
391 levels of severity and were recruited in distinct ways. These factors may influence the
392 phenotype’s genetic sharing with MDD. To participate in the UK Biobank, individuals
393 visited recruitment centres for a number of hours to undergo physical assessments,
394 provide data and a DNA sample (Sudlow et al., 2015). This level of investment may
395 mean that people who were experiencing severe emotional and functional impairment
396 were unlikely to participate. Contrastingly, the majority of the PGC’s participants were
397 recruited directly from clinically ascertained studies of PTSD, using telephone
398 diagnostic interviews and face-to-face clinical assessments (Nievergelt et al., 2019).
399 Consequently, it is reasonable to assume that, on average, the participants comprising
400 the PGC’s data report more severe symptoms than individuals drawn from the
401 population without specific ascertainment for mental ill health (as is the case with the
402 UK Biobank). The benefit of using PTSD phenotypes from samples ascertained using
403  different recruitment methods is that it allowed us to examine how the genetics of MDD
404  differentially relates to PTSD depending on sample-specific features. We saw that the
405 significant difference in genetic correlation between PTSD and recurrent MDD and
406 MDD without reported trauma replicated when using the PGC samples, suggesting

407  this result is not only applicable to UK Biobank participants with PTSD.
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408 Nonetheless, the MDD and trauma-related phenotypes were defined in UK Biobank
409 participants, who show a “volunteer selection bias” (Fry et al., 2017) which refers to
410 the tendency of research participants to be more health-conscious and have a higher
411 level of social capital than non-participants (Manolio et al., 2012). Furthermore,
412  individuals who completed the follow-up Mental Health Questionnaire, compared with
413 UK Biobank participants overall and the general population, are more likely to have a
414  university degree, come from a higher socioeconomic background and report fewer
415 disabilities and fewer chronic health problems (Davis et al., 2019). Therefore, although
416 the UK Biobank offers the opportunity to amalgamate genetic and phenotypic in a
417 large, homogenous, single-population cohort, its demographic features mean the

418 MDD and trauma phenotypes may not be representative of the experiences of wider

419 populations.

420 In contrast to the UK Biobank and PGC, the MVP sample was limited to United States
421  veterans (Stein et al., 2020). Therefore, an interesting finding was that the significant
422  difference in the genetic correlations between PTSD with recurrent MDD and with
423  PTSD and MDD without reported trauma did not replicate when using the MVP PTSD
424  phenotype. There are a number of potential explanations for this. War and combat-
425 related PTSD may be genetically distinct from PTSD arising from other types of
426  catastrophic events. For instance, the World Mental Health Survey showed that war-
427  and combat-related PTSD tends to be longer-lasting than other types (Kessler et al.,
428 2017), with a mean symptom duration of 161.7 months for those with combat
429 experience. These factors may alter the way the disorder overlaps genetically with
430 MDD. As shown in Table 1, at least a quarter of the sample had been exposed to
431 combat (Stein et al., 2020). Another factor to consider is the demographics of the

432  sample, which overly represents males (94.4%), unlike the UK Biobank, PGC 1.5 and
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433 PGC 2 samples, which have an almost even sex division. Previous GWAS findings
434  suggest that the genetics of PTSD may differ between men and women (Nievergelt et
435 al., 2019). Therefore, the lack of replication using the PTSD data from the MVP may
436  be attributable to sample-specific characteristics, including sex, severity and trauma

437  type. Overall, using varied PTSD phenotypes in our study has been helpful in

438 understanding how the genetics of differentially relate to MDD.

439 The interpretation of the results in this study is also affected by limitations of the
440 measure of trauma. Trauma exposure was measured retrospectively, which can lead
441 to inaccurate reporting of events (Colman et al., 2016). The relative age of the
442  participants in the UK Biobank (40-69 at baseline) may compromise the accuracy of
443  recall of the events, particularly those in childhood (Table 2). A second issue is the
444  lack of temporal information regarding the onset of MDD in relation to traumatic
445  experiences, which means we cannot infer causality between them. This should be
446  recognised when considering the significantly higher rates of trauma among UK
447  Biobank participants with recurrent MDD compared to single-episode MDD. We
448 cannot assume that this association is causal or that the traumatic events happened
449 before the onset of MDD. To overcome this problem we could have limited the
450 definition of trauma to the three childhood items (Table 2) which would allow more
451 robust measurement of the influence of trauma exposure on the later development of
452  MDD. However, Coleman et al. (2020) reported that limiting the GWAS of MDD with
453  reported trauma to only the events in the Childhood Trauma Screener (Table 2) did
454  not significantly alter the SNP-based heritability of MDD, suggesting that the inclusion
455  of the adulthood events is valid when investigating the relationship between reported

456  trauma and MDD (Coleman et al., 2020). Overall, although this method of assessing

24


https://doi.org/10.1101/2020.11.25.20229757
http://creativecommons.org/licenses/by/4.0/

medRxiv preprint doi: https://doi.org/10.1101/2020.11.25.20229757; this version posted November 30, 2020. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in
perpetuity.
It is made available under a CC-BY 4.0 International license .

457  trauma exposure is not ideal, it is the only feasible method for collecting large amounts

458  of data required for genomic analyses such as those in this study.

459  Lastly, our results may not generalise to non-European populations, since the GWASs
460 were based on participants of European ancestries only. This limitation, which means
461 the experiences of non-European individuals fail to be accounted for in genetics
462  research, is increasingly being acknowledged. Another recent PTSD GWAS from the
463 MVP also included individuals of African ancestries (Stein et al., 2020). Sample sizes
464  are small but will hopefully grow as the field responds to the need for inclusivity and

465  diversity in its research.

466  Summary

467 We emphasise three note-worthy findings. Firstly, individuals in the UK Biobank who
468 have experienced recurrent depressive episodes report significantly higher rates of
469 traumatic life events compared to those who have experienced a single depressive
470 episode. This corroborates previous research which has found that trauma is strongly
471  associated with the development of recurrent MDD (Otte et al., 2016; Danese, 2020).
472  Secondly, we report medium to high genetic correlations between PTSD and the four
473 MDD phenotypes (rg=0.47-0.81). This is consistent with previous genome-wide
474  analyses demonstrating that PTSD and MDD are strongly genetically overlapping.
475 Lastly, we report that higher genetic risk for PTSD is associated with reporting
476  exposure to trauma in individuals with MDD. This could be considered evidence for a
477 heritable basis for trauma sensitivity which influences the way in which a person

478  perceives and responds to traumatic events.
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479 Data availability

480 Genome-wide association study (GWAS) summary statistics for the posttraumatic
481  stress disorder (PTSD) phenotypes were obtained from the PTSD working group of
482  the Psychiatric Genomics Consortium and the Million Veteran Program. GWAS
483 summary statistics for major depressive disorder (MDD) were obtained from the
484  corresponding author (J.C.) at King’'s College London. UK Biobank data is available to

485 bona fide researchers with an approved application.

486  Author contributions

487 J.M., J.C., and G.B. were responsible for study conception and design. J.C., G.B.,
488 M.B.S., The Million Veteran Program and the PTSD working group of the PGC were
489 responsible for acquisition of the data. J.M., and J.C. and M.S. were responsible for
490 data analysis. All authors were involved in the interpretation of the data. J.M. was
491 responsible for drafting of the paper, under the close supervision of J.C. and G.B. All
492  authors read, edited and approved the final manuscript before submission. All authors
493 agree to be accountable for all aspects of the work, and in ensuring that questions
494 related to the accuracy or integrity of any part of the work are appropriately

495 investigated.

496 Ethics

497 The UK Biobank is approved by the North West Multi-centre research Committee. All
498 procedures performed in studies involving human participants were in accordance with
499 the ethical standards of this committee and with the 1964 Declaration of Helsinki and

500 its later amendments or comparable ethics standards. All participants provided written
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501 informed consent to participate in the study. This study has been completed under UK

502 Biobank approved study application 16577 (Professor Gerome Breen).
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