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Abstract

What distinguishes vulnerability and resilience to posttraumatic stress disorder (PTSD) remains 

unclear. Levering traumatic experiences reporting, genetic data, and electronic health records 
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(EHR), we investigated and predicted the clinical comorbidities (co-phenome) of PTSD 

vulnerability and resilience in the UK Biobank (UKB) and All of Us Research Program (AoU), 

respectively. In 60,354 trauma-exposed UKB participants, we defined PTSD vulnerability and 

resilience considering PTSD symptoms, trauma burden, and polygenic risk scores. EHR-based 

phenome-wide association studies (PheWAS) were conducted to dissect the co-phenomes of PTSD 

vulnerability and resilience. Significant diagnostic endpoints were applied as weights, yielding a 

phenotypic risk score (PheRS) to conduct PheWAS of PTSD vulnerability and resilience PheRS 

in up to 95,761 AoU participants. EHR-based PheWAS revealed three significant phenotypes 

positively associated with PTSD vulnerability (top association “Sleep disorders”) and five 

outcomes inversely associated with PTSD resilience (top association “Irritable Bowel Syndrome”). 

In the AoU cohort, PheRS analysis showed a partial inverse relationship between vulnerability and 

resilience with distinct comorbid associations. While PheRSvulnerability associations were linked 

to multiple phenotypes, PheRSresilience showed inverse relationships with eye conditions. Our 

study unveils phenotypic differences in PTSD vulnerability and resilience, highlighting that these 

concepts are not simply the absence and presence of PTSD.
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1. Introduction

During their lifetime, 90% of individuals are exposed to at least one traumatic experience 

that could lead to a diagnosis of posttraumatic stress disorder (PTSD) (Kessler et al., 

2005). However, the global PTSD prevalence is around 3.9% and about 5.6% in a known 

trauma-exposed population (Koenen et al., 2017). In other words, most individuals who 

perceive an event as a severe trauma will not develop PTSD. While most research focuses 

on PTSD diagnosis and symptoms, there are limited efforts in distinguishing PTSD 

vulnerability (in our study: PTSD cases with relatively low trauma exposure and low 

genetic PTSD risk) and resilience (in our study: PTSD controls with relatively high trauma 

exposure and high genetic PTSD risk) as distinct phenotypic outcomes (Choi et al., 2019). 

Distinguishing vulnerability and resilience is crucial for comprehending PTSD pathology 

and implementing clinically effective interventions. To fill this gap, we used genetic data, 

information regarding traumatic experiences and electronic health records (EHRs) to explore 

the comorbid phenomes of PTSD vulnerability and resilience and define phenotype risk 

scores (PheRS) for prediction in independent cohorts.

Genome-wide association studies (GWAS) of PTSD identified multiple genetic risk 

loci associated with PTSD risk (Nievergelt et al., 2024), permitting the exploration 

of the pleiotropic mechanisms linking PTSD to comorbid conditions (Pathak et al., 

2023). Additionally, by combining the additive effect of associated loci, polygenic risk 

scores (PRS) can quantify genetic susceptibility to PTSD. Correspondingly, PRS is 

demonstrated to be a valid tool for discriminating resilience trajectories in longitudinal 

studies (Schultebraucks et al., 2021). A previous study demonstrated the ability of EHR-
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based PheRS to predict the genetic component of PTSD and other internalizing disorders 

(Wendt et al., 2022). Indeed, PTSD exhibits comorbidity to various neurobehavioral and 

somatic disorders, including mood disorders, anxiety disorders, cardiovascular disorders, 

and metabolic syndrome (Hicks et al., 2023). Still, the phenome characteristics of PTSD 

vulnerability and resilience remain unknown.

In the present study, we advanced the understanding of PTSD vulnerability and resilience 

by dissecting their comorbid phenome (co-phenome) using EHR data available from UK 

Biobank (UKB) (Bycroft et al., 2018) and All of Us Research Program (AoU) (Denny et 

al., 2019). By integrating information regarding PTSD symptomatology, trauma burden, and 

PRS distribution, we distinguished PTSD vulnerable vs. resilient individuals among UKB 

participants. Further, we applied EHR data to uncover their medical phenomes through 

a phenome-wide association study (PheWAS). Based on their co-phenome, we applied 

machine learning models to calculate a phenotypic risk score (PheRS) to predict PTSD 

vulnerability and resilience among AoU participants.

2. Methods

2.1 Study populations

From >500,000 included participants in UKB (Bycroft et al., 2018), we extracted 

genetic and EHR data from 60,314 unrelated trauma-exposed individuals of European 

or African descent (born between 1936 – 1970, agemedian=57 [50 – 62]; 51% females) 

to define PTSD vulnerability and resilience. Selected trauma subtypes aligned with the 

Lifetime Event Checklist for DSM-5 and included being exposed to combat or war 

zones, witnessing sudden violent death, sexual abuse, physical violence, being diagnosed 

with a life-threatening illness, and being involved in a serious accident. The UKB 

participants investigated in the present study reported a history of one or more trauma types 

(Supplementary Table 1). PTSD symptoms were positively associated with all trauma items 

and negatively associated with male sex and age (Supplementary Table 2).

In the AoU cohort (Denny et al., 2019), 95,761 unrelated individuals of European ancestry 

with EHR and genetic data (born between 1905 – 2004, agemedian=63 [48 – 73]; 60% 

females) covering the same EHR diagnostic codes as in UKB were extracted. Detailed 

descriptions of UKB and AoU cohorts are described elsewhere (Bycroft et al., 2018; Denny 

et al., 2019). While UKB was stratified into a training and test dataset, the AoU cohort was 

fully used as a independent test dataset for further phenome exploration. Data processing 

and genetic quality control of UKB and AoU are available in Supplementary Material p 3.

The study was conducted between October 15, 2022, and December 2, 2023. The study has 

been conducted under UKB application number 58146 and is approved by the Norwegian 

Regional Committees for Medical and Health Research Ethics (REK 467496). UKB and 

AoU participants provided written informed consent as reported in the articles describing 

these cohorts (Bycroft et al., 2018; Denny et al., 2019).
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2.2 Polygenic risk scoring

To quantify PTSD genetic predisposition, we calculated PRS leveraging GWAS data 

available from the Psychiatric Genomics Consortium PTSD (PGC-PTSD) workgroup. In 

the European-ancestry (EUR) PRS analysis, we used data generated from a GWAS of 

37,044 PTSD cases and 903,658 controls that did not include UKB participants (Nievergelt 

et al., 2024). EUR PRS was calculated using the PRS-CS method (Ge et al., 2019). We 

also compared PRS-CS results with those obtained from a different PRS method, PRSice-2 

(Choi & O’Reilly, 2019). The results obtained from the two PRS approaches were consistent 

with each other (Supplementary Figure 6). In African-ancestry (AFR) PRS analysis, we 

used data generated from a GWAS of 3,163 PTSD cases and 9,459 controls that did not 

include UKB participants (Nievergelt et al., 2019). AFR PRS was calculated using the 

PRS-CSx method to combine EUR and AFR GWAS from the PGC-PTSD workgroup. PRS 

estimates were corrected for age, sex, and the top-10 within-ancestry principal components 

(PCs) and the residuals were normalized (Supplementary Figure 3–5). Because of the lack 

of corresponding ancestry-specific PTSD GWAS and their limited sample size in the UKB 

cohort, PTSD PRS was not calculated in other ancestry groups.

2.3 Defining PTSD vulnerable and resilient individuals

In the UKB cohort, we defined PTSD vulnerability and resilience based on three criteria: 

PTSD symptoms, trauma burden, and PTSD genetic predisposition, as by PRS (Fig. 1). In 

line with previous research from the PGC-PTSD workgroup (Nievergelt et al., 2019), PTSD 

cases in UKB were defined as having a symptom score ≥13 in an adapted version of the 

PTSD checklist. Trauma burden was estimated as the number of trauma types reported 

considering six severe trauma items assessed in the UKB mental health questionnaire 

(Supplementary Table 1, Supplementary Figure 1). Reporting ≥2 trauma types was set as 

the cutoff to define a high trauma burden. Regression analysis revealed a positive association 

between PTSD PRS and the total trauma score (Supplementary Table 3). A high PTSD 

genetic predisposition was defined as a PTSD-PRS above the median PRS observed in 

PTSD cases. Conversely, a low PTSD genetic predisposition was defined as a PTSD PRS 

below the median PRS observed in PTSD controls.

The PTSD resilient group included UKB participants with high PTSD genetic risk (i.e., 

PRS>median PRS in PTSD cases), high trauma burden (≥two trauma types reported), and 

low PTSD symptom severity (PTSD symptom score <13). The PTSD resilient group was 

compared to equal-risk non-resilient individuals defined as UKB participants with high 

PTSD genetic risk (i.e., PRS>median PRS in PTSD cases), high trauma burden (two or more 

trauma types reported) but high PTSD symptom severity (PTSD symptom score ≥13).

The PTSD vulnerable group included UKB participants with low PTSD genetic risk (i.e., 

PRS<median PRS in PTSD controls), low trauma burden (only one trauma type reported), 

and high PTSD symptom severity (PTSD symptom score ≥13). PTSD vulnerable group was 

compared to equal-risk non-vulnerable individuals defined as UKB participants with low 

PTSD genetic risk (i.e., PRS<median PRS in PTSD controls), and low trauma burden (only 

one trauma type reported) but with low PTSD symptom severity (PTSD symptom score 

<13).
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2.4 Electronic Health Records

UKB EHR data were extracted from hospital inpatient records, cancer registers, death 

registers, self-reported medical conditions, and primary healthcare records. The registries 

included ICD10 and ICD9 codes, which were converted to 1,987 unique phecodes (EHR-

derived phenotypes intended to capture clinically meaningful concepts for research [R]) 

using maps provided by UKB (UK Biobank, 2019) and further to 589 phecodes through 

publicly available phecode maps (Zheng et al., 2020). Similar to past analyses (Hyppönen 

et al., 2019; Xu et al., 2022; Zheutlin et al., 2019), these PheMap algorithms permitted 

us to convert redundant and heterogenous ICD codes into phecodes (Zheng et al., 2020). 

In AoU, ICD10 and ICD9 codes mapped to 1600 and 1661 phecodes, respectively, using 

the PheWAS catalog resources (Wei et al., 2017; Wu et al., 2019). In total, 1707 unique 

phecodes were extracted. In line with previous studies (Zheutlin et al., 2019), we considered 

only phecodes with more than 100 cases in both UKB and AoU to maximise the statistical 

power of the PheRS analysis and avoid biases due to extreme case-control imbalance.

2.5 EHR-based phenome-wide association studies of PTSD vulnerability and resilience

We conducted two parallel EHR-based PheWAS in UKB. First, one for PTSD vulnerability 

(vulnerable vs. equal-risk non-vulnerable individuals) and second, for PTSD resilience 

(resilient vs. equal-risk non-resilient individuals), applying logistic regression models where 

the phecode was the independent and vulnerability or resilience status was the dependent 

variable. Vulnerability or resilience status was coded 1, while non-vulnerable or non-

resilient was coded 0. We also included sex, age, birth year, recruitment centre, Townsend 

Deprivation Index (as a proxy for socioeconomic status, SES), and within-ancestry genetic 

PCs 1–10 as covariates. False discovery rate (FDR) correction was applied for the number of 

phecodes tested in each PheWAS (FDR q<0.05).

2.6 Elastic net regression to investigate PTSD vulnerability and resilience

To investigate PTSD vulnerability and resilience based on their co-phenomes, we used 

glmnet R package (Friedman et al., 2010) to apply elastic net regression (ENR) models 

due to the ability to select relevant features while handling multicollinearity (Lebovitch 

et al., 2021). The ENR models combined L1 (lasso) and L2 (ridge) penalties, setting 

alpha=0.5. UKB cohort was divided into training and testing samples (75% and 25%, 

respectively). Phecodes showing nominally significant associations (p<0.05) in the PheWAS 

were entered in the ENR models. As mentioned, vulnerability and resilience analyses were 

tested separately (i.e., vulnerability-associated phecodes were entered in the ENR model for 

vulnerability prediction and resilience-associated phecodes were entered in the ENR model 

for resilience prediction).

2.7 Phenotypic risk scoring

A phenotype risk score (PheRS) represents an individual-level estimate of the likelihood 

of a trait derived from EHR data (Lebovitch et al., 2021). In the present study, PheRS 

were calculated as the weighted sum of the co-phenome, where weights were the elastic 

net beta-values issued from the vulnerability or resilience PheWAS. Specifically, the PheRS 

formula was: ∑i = 1

Np wpXi, p, where Np is the number of phecodes associated with the trait of 
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interest, xi,p is 0 if the phecode was not related to the phenotype of interest, and wp is the 

elastic net beta-value (Wendt et al., 2022).

2.8 Testing UKB-derived PheRS scores in All of Us Research Program

After defining PheRSvulnerability and PheRSresilience in the UKB cohort, we tested them in 

AoU participants. Considering both UKB and AoU cohorts, 176 and 144 shared phecodes 

were available for the EHR-based PheWAS of PTSD vulnerability and resilience analysis. 

To perform PheRS PheWAS, phecodes with more than 100 cases in AoU were investigated, 

excluding the phecodes applied to calculate PheRS. This included 950 and 936 phecodes 

for the PheWAS of PheRSvulnerability and PheRSresilience, respectively. In each PheWAS, 

we tested each phecode as the dependent variable and the PheRS as the independent 

variable. Sex, age, income (as a proxy for SES) and within-ancestry genetic PCs 1–10 

were included in the logistic regression models as covariates. Differently from the discovery 

analysis in UKB cohort, we did not include birth year as a covariate to maximize the 

statistical power of the analysis performed in AoU cohort. FDR correction was applied 

to adjust for multiple testing across phecodes tested in each PheWAS (FDR q<0.05). The 

correlation between PheRSvulnerablility and PheRSresilience was calculated by Spearman’s 

rank correlation coefficient. Because no information regarding trauma burden and PTSD 

symptom severity is available in the AoU cohort, we could not calculate PTSD vulnerability 

and resilience phenotypes to further test the PheRS. However, to assess their PheRS 

transferability in an independent cohort, we tested PTSD vulnerability and resilience PheRS 

with respect to phecodes not entered as inputs in the ENR models.

3. Results

Considering information regarding PTSD symptom severity, trauma burden, and PTSD PRS 

distribution in 60,314 trauma-exposed UKB participants, we defined 1,232 vulnerable and 

16,543 equal-risk non-vulnerable subjects of European ancestry. In resilience analysis, we 

classified 7,990 resilient and 1,833 equal-risk non-resilient subjects of European descent that 

were investigated in the PTSD resilience analysis. In UKB participants of African descent, 

we classified 77 resilient individuals, 19 equal-risk non-resilient subjects, 15 vulnerable 

individuals, and 108 equal-risk non-vulnerable subjects. Because of the limited sample size 

in the African ancestry sample, we could not investigate phecode associations and derive 

African-specific PheRS.

After applying FDR multiple-testing correction (FDR q<0.05), we identified three phecodes 

associated with PTSD vulnerability and five phecodes associated with PTSD resilience (Fig. 

2, Supplementary Table 4 and 5). Two phecodes were significantly associated with both 

traits, showing opposite effect directions. “Type 2 diabetes” (phecode 250.2) and “Sleep 

disorders” (phecode 327) were both positively associated with vulnerability (beta=0.56, 

p=6.43×10−4 and beta=0.72, p=2.65×10−5, respectively) and inversely associated with 

resilience (beta=−0.40, p=0.001 and beta=−0.49, p=0.005, respectively). “Cerebral artery 

occlusion, with cerebral infarction” was specifically associated with PTSD vulnerability 

(phecode 433.21 beta=0.95, p=8.2×10−4), while resilience-associated phecodes comprised 

“Irritable Bowel Syndrome” (phecode 564.1 beta=−0.46, p=3.44×10−5), “Spondylosis and 
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allied disorders” (phecode 721 beta=−0.43, p=4.82×10−4) and “Migraine” (phecode 340, 

beta=−0.40, p=7.96×10−4).

Based on the PheWAS results and the optimal feature inclusion settings, 14 phecodes 

were selected in the vulnerability-specific ENR model (Supplementary Table 6) and 15 

phecodes in the resilience-specific ENR model (Supplementary Table 8). Three phecodes 

were included in both models but displayed orthogonal effects (Supplementary Table 9). In 

the UKB testing sample, PheRSvulnerability was significantly higher in vulnerable individuals 

than in equal-risk non-vulnerable sample (meanvulnerable=0.14, meannon-vulnerable=0.09, t-

test=3.5, p=3.7×10−4). Similarly, PheRSresilience was significantly higher in resilient sample 

than equal-risk non-resilient subjects (meanresilient=−0.15, meannon-resilient=−0.27, t-test=5.8, 

p=9.2×10−9). Consistent results were observed when normalizing PheRS distributions using 

different procedures and comparing samples using a non-parametric test (Supplementary 

Table 9). To avoid possible biases due to the PheRS distributions, the subsequent analyses 

considered variables normalized by applying quantile normalization (Supplementary Figures 

7 and 8). ENR prediction performance for PTSD vulnerability showed mean absolute 

error=0.13, mean squared error=0.066, and root mean squared error=0.26. ENR prediction 

performance for PTSD resilience revealed mean absolute error=0.29, mean squared error 

=0.15 and root mean squared error =0.38.

In AoU, PheRSvulnerability and PheRSresilience were calculated in 16,193 and 17,385 

individuals of Europen descent, respectively, representing the specific phecodes needed 

in the weight-generating ENR model. As mentioned above, we could not derive African-

specific PheRS due to the limited sample size of this population group in our discovery 

cohort. Because performing cross-ancestry PheRS analysis can introduce biases when 

applied to minority groups [R], we decided to limit the analysis to AoU participants 

of European descent. In this population group, a partial inverse correlation was shown 

between PheRSvulnerability and PheRSresilience (Spearman’s ρ=−0.33), demonstrating that the 

phenotype scores capture two distinct aspects of PTSD psychopathology (Supplementary 

Table 13). After evaluating distinct normalization procedures for PheRS, we applied quantile 

normalization for the PheRS scores (Supplementary Figure 9 and 10). After multiple testing 

corrections (FDR q<0.05), the PheRSvulnerability and PheRSresilience PheWAS revealed 

associations to 35 and 17 distinct phecodes, respectively (Fig. 3, Supplementary Tables 

10 and 11). There was no overlap among the FDR-significant associations identified in 

the two analyses. In the AoU cohort, PheRSvulnerability was positively associated with 

phecodes related to multiple health domains, including the circulatory system (e.g., phecode 

426.21 “First degree AV block” beta=0.41, p=1.09×10−5), genitourinary (e.g., phecode 586.4 

“Stricture/obstruction of ureter” beta=0.41, p=1.09×10−5), musculoskeletal (e.g., phecode 

711.1 “Pyogenic arthritis” beta=0.48, p=4.56×10−4), endocrine/metabolic (phecode 279.8 

“Other specified disorders involving the immune mechanism” beta=0.4, p=5.15×10−4), 

respiratory (phecode 506 “Empyema and pneumothorax” beta=0.41, p=5.57×10−4), sense 

organs (phecode 376 “Disorders of the orbit” beta=1.73, p=0.001), and neoplasms 

(phecode 189.2 “Cancer of bladder” beta=0.72, p=0.001). Beyond positive associations, 

PheRSvulnerability showed an inverse relationship with 13 phecodes. Eleven of them were 

related to the upper gastrointestinal tract with the top associations being phecode 353.2 

“Atrophic gastritis” (beta=−0.50, p=2.8×10−16), phecode 530.3 “Stricture and stenosis 

Løkhammer et al. Page 7

Psychiatry Res. Author manuscript; available in PMC 2024 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



of esophagus” (beta=−0.68, p=2.4×10−13) and phecode 530.2 “Esophageal bleeding 

(varices/hemorrhage) (beta=−0.55, p=1.1×10−12). There was a statistically significant 

overrepresentation of phecodes related to the digestive system among FDR-significant 

PheRSvulnerability associations (enrichment=2.93, p=5.9×10−4, Supplementary Table 12). The 

results were consistent (Supplementary Table 9) by applying Dunn’s test, a non-parametric 

test that is not affected by PheRS distribution.

In the AoU cohort, PheRSresilience was associated with 17 phecodes after FDR multiple 

testing corrections (FDR q<0.05, Supplementary Table 11). Among inverse associations 

(i.e., i.e., higher PheRSresilience was associated with less adverse health outcomes - that is, 

resilience to PTSD was associated with resilience to these other traits as well), thirteen 

of them were related to eye conditions and disorders with the most significant results 

being phecode 367.4 “Presbyopia” (beta=−0.56, p=3.2×10−25), phecode 379.2 “Disorders of 

vitreous body” (beta=−0.47, p=1.0×10−16) and phecode 367.2 “Astigmatism” (beta=−0.39, 

p=3.3×10−16). Other phecodes negatively associated with PheRSresilience included phecodes 

related to the skin (phecode 687.1 “Rash and other nonspecific skin eruption”, beta=−0.17, 

p=7.9×10−5) and the circulatory system (phecode 401.1 “Essential hypertension” 

beta=−0.17, p=4.3×10−5; phecode 427.2 “Atrial fibrillation and flutter” beta=−0.85, 

p=2.7×10−4). While these phecodes showed an inverse relationship with PheRSresilience, 

we also observed a positive FDR-significant association between PheRSresilience and 

phecode 618.2 “Uterine/Uterovaginal prolapse” (beta=1.23, p=1.0×10−16). Because of the 

associations with eye conditions and disorders, PheRSresilience FDR-significant results were 

enriched for phecodes related to sense organs (enrichment=9.67, presilience=3.09×10−12). 

Non-parametric analysis via Dunn’s test confirmed the robustness of the PheRSresilience 

associations (Supplementary Table 9).

4. Discussion

In this hypothesis-free data-driven investigation, we investigated a total of 156,075 

participants from two cohorts, developing a novel strategy to i) define PTSD resilience 

and vulnerability, ii) assess their co-phenomes, and iii) test the association of weighted 

co-phenome scores with an independent set of phecodes. In line with known PTSD 

comorbidities (Hicks et al., 2023), the analysis of PTSD resilience and vulnerability in 

UKB and AoU cohorts revealed significant associations with multiple health outcomes. 

While most of the associations showed directions in line with PTSD expected comorbidities 

(PTSD resilience associated with less adverse outcomes, PTSD vulnerability associated with 

more adverse outcomes), we observed different association patterns highlighting that PTSD 

resilience should not be viewed as the inverse of PTSD vulnerability, but rather, these are 

two distinct aspects reflecting the complexity of PTSD psychopathology.

In UKB, our EHR PheWAS analysis revealed multiple associations. Type 2 diabetes and 

sleep disorders were associated with both PTSD vulnerability and resilience with effect 

directions in line with previous research (i.e., positive association with PTSD vulnerability 

and an inverse relationship with PTSD resilience) (Cowdin et al., 2014; Germain et al., 

2017; Roberts et al., 2015; Scherrer et al., 2019; Vaccarino et al., 2014). There is consistent 

comorbidity between PTSD and type 2 diabetes, supported by multiple study designs 

Løkhammer et al. Page 8

Psychiatry Res. Author manuscript; available in PMC 2024 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



(Roberts et al., 2015; Scherrer et al., 2019; Vaccarino et al., 2014). Similarly, prior research 

has shown a bidirectional relationship between PTSD and sleep disturbances (Cowdin et al., 

2014; Germain et al., 2017).

Beyond shared associations, we also observed distinct relationships. In particular, PTSD 

vulnerability was explicitly positively associated with “Cerebral artery occlusion, with 

cerebral infarction”. There is a known association between PTSD and stroke-related 

outcomes pointing to different dynamics, including the role of PTSD in biological processes 

related to cerebral ischaemia injuries (Polopalli et al., 2022), the convergence between 

PTSD and stroke risk factors (Perkins et al., 2021), the development of PTSD symptoms 

after stroke events (Ben Assayag et al., 2022), and the impact of PTSD in increasing 

transient ischemic attack and ischemic stroke later in life (Rosman et al., 2019). In this 

context, our findings contribute to pointing to a unique aspect of PTSD vulnerability, not 

shared with PTSD resilience, that could play an important role in explaining the complex 

interplay between PTSD psychopathology and cerebral infarction risk. Conversely, PTSD 

resilience showed specific inverse associations with irritable bowel syndrome, spondylosis-

related disorders, and migraine. PTSD relationship with irritable bowel syndrome has been 

confirmed by a meta-analysis including 648,375 subjects, highlighting the role of shared 

pathophysiology and disease management (Ng et al., 2019). The relationship between PTSD 

and spondylosis-related disorders has been previously linked to autoimmune processes (Lee 

et al., 2016). Epidemiological studies highlighted a high prevalence of PTSD among patients 

with migraine, suggesting its role as a potential risk factor (Minen et al., 2016; Zarei et al., 

2016). Our study expands further on these previous findings, suggesting a direct relationship 

with PTSD resilience.

In the AoU cohort, the PheRS PheWAS revealed associations with multiple traits. Interesting 

associations with PheRSresilience included its inverse relationship with essential hypertension 

and atrial flutter, which is in line with the known comorbidity between PTSD and 

cardiovascular diseases (Edmondson & von Känel, 2017). A possible explanation of the 

association to resilience and not vulnerability, given previous association to PTSD, could be 

due to the heterogeneous nature of observed PTSD associations. Additionally, we observed 

an inverse association of PheRSresilience with multiple eye conditions. Previous studies 

revealed a higher PTSD prevalence in individuals with vision impairments (Bonsaksen 

et al., 2022). Also, a study of pupillometry in PTSD cases, trauma-exposed controls 

(PTSD resilient) and controls demonstrated an imbalance in the autonomous nervous 

system, revealing significant differences in pupil accommodation in the form of reduced 

parasympathetic activity (pupil construction) and increased sympathetic activity (pupil 

dilution) (McKinnon et al., 2020). Indeed, reviews have illustrated that stress could be both 

a cause and consequence of vision loss (Sabel et al., 2018). Interestingly, none of the eye 

conditions associated with PheRSresilience was associated with PheRSvulnerability (despite all 

being included), giving indications that the association is resilience-specific, distinguishing 

resilient individuals from PTSD cases with high trauma burden and PRS. Although 

speculative, the association might have a connection to already established and empirically 

validated PTSD treatment, namely eye movement desensitization and reprocessing therapy. 

For this approach, a key element is a stimulus of bilateral eye movement, usually by blinking 

lights, while the patients focus on the trauma memory. The therapy is effective in reducing 
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PTSD and trauma symptoms, although the mechanism is not fully understood (Wilson et 

al., 2018). Our findings may support further analyses to understand whether there is a 

relationship between eye movement desensitization and reprocessing therapy and PTSD 

resilience.

In line with the broad impact of PTSD on human health (Hicks et al., 2023), 

PheRSvulnerability was associated with increased odds of several adverse health outcomes 

related to a wide range of medical domains. This contributes to the strength of the direct 

implication of PTSD pathogenesis on multiple somatic conditions. However, unexpectedly, 

PheRSvulnerability was also inversely related to several gastrointestinal outcomes. This 

appears to contradict the well-reported link between chronic stress and gastrointestinal 

disorders (Crawford et al., 2023; Sun et al., 2018; Yamasaki et al., 2017). However, 

previous studies did not control for trauma burden and genetic risk. The negative association 

between upper gastrointestinal disorders and PheRSvulnerability might be explained by 

distinct gastrointestinal changes specific for trauma-exposed controls and PTSD cases with 

high genetic risk.

Our study has several limitations. Firstly, our study focused on only five trauma subtypes 

retrospectively measured from UKB due to availability, which could induce ascertainment 

imprecision for who is defined as vulnerable and resilient. Additionally, a specific trauma 

subtype could only be reported once. Second, the number of reported potentially traumatic 

life events was set as a proxy measure for trauma severity. Given that the experienced 

trauma severity is highly subjective, this proxy measure might not necessarily fully capture 

the trauma severity. Third, we did not investigate the phenome before versus after trauma 

exposure, thus our analysis cannot elucidate the phecodes related to the traumatic event. 

Fourth, neither UKB nor AoU analyses identified phecodes related to mental health. This 

could be due to the fact that our discovery analysis included only one mental health phecode 

(i.e., phecode 316, “Substance addiction and disorders”). While this was associated with 

PheRSvulnerability and PheRSresilience in the expected direction (beta=0.563 and −0.501, 

respectively), UKB and AoU EHR have limited our ability to investigate the relationship of 

PTSD vulnerability and resilience with other psychiatric and behavioral outcomes. Further 

studies may need to use data sources more informative for mental health research. Fifth, 

the current results are based on participants of European descent and may not translate 

to individuals of diverse ancestral backgrounds. Because of possible biases due to genetic 

differences and health disparities affecting minority groups, we decided to not perform 

cross-ancestry PheRS analyses. More powerful datasets informative of diverse populations 

will be needed to translate our approach across ancestry groups. Sixth, while we limited 

our analysis to individuals of European descent, differences between UKB and AoU 

recruitment strategies and UK-US sociocultural factors likely limited the transferability 

of PheRSvulnerability and PheRSresilience and contributed to some of the unexpected results 

observed in AoU cohort.

In conclusion, this study contributes to dissecting the complexity of PTSD pathogenesis. 

Specifically, we demonstrated that PTSD resilience and vulnerability can be distinguished 

using information regarding trauma burden and polygenic risk and that EHR data can be 

informative to characterize the different patterns of physical health comorbidities.
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Highlights

• PTSD vulnerability and resilience are associated with physical health 

outcomes

• The inverse correlation between PTSD vulnerability and resilience is only 

partial

• Trauma burden and polygenic risk can distinguish PTSD vulnerability and 

resilience
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Figure 1. Study design overview.
First, only trauma-exposed individuals were investigated to define PTSD+ cases and PTSD- 

controls based on PTSD symptom burden. Contrasting these groups, weighted by GWAS 

summary statistics of PTSD, we calculated a polygenic risk score for each study participant. 

Assessing three criteria – trauma burden, PTSD symptom levels and polygenic risk score – 

we defined PTSD vulnerability and resilience. An electronic health record-based phenome-

wide association study (PheWAS) was applied to each group, characterizing their medical 

co-phenome. Further, elastic net regression models were performed to generate phenotype 

weights to derive a phenotypic risk score (PheRS) applied in an independent EHR source to 

perform PheWAS of PTSD vulnerability and resilience PheRS. Created with BioRender.
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Figure 2. Electronic Health Record (EHR)-based phenome-wide association studies of PTSD 
vulnerability (panel A) and resilience (panel B) in trauma-exposed UK Biobank participants.
Arrows pointing upwards represent positive associations, while arrows pointing downwards 

represent negative associations. Each logistic regression model included vulnerability or 

resilience status as the dependent variable, phecodes as the independent variable, and 

included sex, age, Townsend deprivation index, birth year, recruitment centre and genetically 

derived principal components 1–10 as covariates. Phecodes are displayed by their estimate 

on a negative logarithmic scale of p-value on the y-axis, and phecode categories are 

represented on the x-axis. The red horizontal line indicates a significant threshold at FDR 

q<0.05. Significant associations are annotated only.
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Figure 3. Phenome-wide association studies of PTSD vulnerability and resilience phenotypic risk 
scores (PheRS; Panels A and B, respectively) in the All of Us Research Program cohort.
Arrows pointing upwards represent positive associations, while arrows pointing downwards 

represent negative associations. Each logistic regression model included phecode as the 

dependent variable, PheRSvulnerability (A) or PheRSresilience (B) as the independent variable 

and sex, age, income, and within-ancestry genetically derived principal components 1–10 

as covariates. Phecodes are displayed by their estimate on a negative logarithmic scale 

of p-value on the y-axis, and phecode categories are represented on the x-axis. The red 

horizontal line indicates a significant threshold at FDR q<0.05. Labels are reported only for 

FDR-significant associations.
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