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ABSTRACT
BACKGROUND: Previous epidemiological research has linked posttraumatic stress disorder (PTSD) with specific
physical health problems, but the comprehensive landscape of medical conditions associated with PTSD remains
uncharacterized. Electronic health records provide an opportunity to overcome clinical knowledge gaps and uncover
associations with biological relevance that potentially vary by sex.
METHODS: PTSD was defined among biobank participants (N = 145,959) in 3 major healthcare systems using 2 ICD
code-based definitions: broad ($1 PTSD or acute stress codes vs. 0; ncases = 16,706) and narrow ($2 PTSD codes vs.
0; ncases = 3325). Using a phenome-wide association study design, we tested associations between each PTSD
definition and all prevalent disease umbrella categories, i.e., phecodes. We also conducted sex-stratified phenome-
wide association study analyses including a sex 3 diagnosis interaction term in each logistic regression.
RESULTS: A substantial number of phecodes were significantly associated with PTSDNarrow (61%) and PTSDBroad

(83%). While the strongest associations were shared between the 2 definitions, PTSDBroad captured 334 additional
phecodes not significantly associated with PTSDNarrow and exhibited a wider range of significantly associated
phecodes across various categories, including respiratory, genitourinary, and circulatory conditions. Sex differences
were observed in that PTSDBroad was more strongly associated with osteoporosis, respiratory failure, hemorrhage,
and pulmonary heart disease among male patients and with urinary tract infection, acute pharyngitis, respiratory
infections, and overweight among female patients.
CONCLUSIONS: This study provides valuable insights into a diverse range of comorbidities associated with PTSD,
including both known and novel associations, while highlighting the influence of sex differences and the impact of
defining PTSD using electronic health records.

https://doi.org/10.1016/j.bpsgos.2024.100337
Posttraumatic stress disorder (PTSD) occurs following highly
stressful and/or traumatic events. PTSD impairs occupational
performance, social relationships, and overall quality of life and
also frequently occurs with comorbidities (1), defined broadly
here as co-occurring health conditions. Common PTSD
comorbidities include psychiatric conditions such as depres-
sion and anxiety (2,3) and physical health problems including
cardiovascular disease (4) and gastrointestinal conditions (5).
However, the comprehensive landscape of PTSD comorbid-
ities, particularly in healthcare contexts, remains incompletely
characterized (6). This limits clinical insights into the complex
needs of patients with PTSD (i.e., what other medical concerns
to consider in formulating a treatment plan) as well as empirical
insights into medical conditions that may serve as risk factors
for PTSD and/or share underlying biological mechanisms with
PTSD (7).

Electronic health records (EHRs) provide a unique oppor-
tunity to uncover such associations with clinical and potential
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biological relevance. EHRs offer large samples and longitudinal
data including all diagnoses that a patient receives while active
in a healthcare system, recorded using standardized diag-
nostic billing codes that can be examined in tandem across
multiple systems. Such codes can be used in different ways to
identify posttraumatic psychopathology (8). While PTSD is
designated by specific billing codes, providers may choose to
assign a broader code to reflect diagnostic uncertainty, higher
likelihood of insurance coverage, stigma reduction, or other
factors, meaning that some PTSD cases may be missed when
a narrow set of codes is focused on. In addition to identifying
specific codes, we can consider how frequently they are
assigned to an individual. Accordingly, a broader definition
might include a single diagnosis of any stress-related disorder
versus a narrow definition that requires multiple diagnoses of
PTSD specifically. This has implications for epidemiological (9)
and genomic studies that leverage these definitions to
identify PTSD cases and controls from EHRs [for example,
y of Biological Psychiatry. This is an open access article under the
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genome-wide association study (GWAS) (10,11)], where a
broader definition can inclusively capture more cases, thereby
enhancing discovery power, but may also introduce nonspe-
cific associations (12). How we identify individuals with post-
traumatic psychopathology using EHRs, i.e., with more
inclusive versus narrow definitions, may impact our ability to
resolve relevant comorbidities and the translatability of
resulting genetic findings.

In addition to a need to resolve wide-ranging PTSD
comorbidities, important sex differences may also exist in such
comorbidities. The burden of PTSD varies by sex (3,13), with
rates of lifetime PTSD being about twice as high in females as
in males (14). Understanding why PTSD prevalence differs by
sex is complex; rather than simply capturing intrinsic biological
sex differences in risk, differences may reflect gendered envi-
ronments that include trauma exposure (e.g., interpersonal
violence) (15–19) or available supports. Male, female, and
intersex patients may also have different experiences within
healthcare systems, including where and how care is received,
access to care, and their diagnostic journey for PTSD. As
such, the medical conditions that co-occur with PTSD may
also differ (20).

In this multisite study, we sought to investigate the re-
lationships between different PTSD phenotypes and the
medical phenome using data from 145,959 patients enrolled in
biobanks across 3 major EHR-based healthcare systems. Our
objectives were to comprehensively identify medical comor-
bidities associated with PTSD and to examine whether these
associations varied based on broad versus narrow definitions
and by sex. Finally, we explored how each PTSD definition was
related to polygenic signals to understand implications for
downstream genomic and clinical research.

METHODS AND MATERIALS

Samples

The current study includes 145,959 biobank research partici-
pants with available genetic and longitudinal EHR data (21)
from 3 major health systems: Vanderbilt University Medical
Center (VUMC; n = 73,488), Mount Sinai (MSSM; n = 42,586),
and Mass General Brigham (MGB; n = 29,885). Each site em-
ploys a data floor to ensure a baseline level of data for
phenome-wide analyses: MGB requires at least 3 codes .30
days apart, with at least 1 code after January 1, 2005; VUMC
requires at least 3 codes; and MSSM requires at least 3 en-
counters .30 days apart. Sample characteristics (Table 1),
phenotype category code (phecode) frequencies (Table S1 in
Supplement 2), and study information (Supplement 1) for each
site are provided.

PTSD Exposures

PTSD case-control phenotypes were defined using 2 ICD
code-based definitions. Individuals who met broad PTSD
criteria (PTSDBroad) had $1 PTSD code (309.81, F43.1, F43.10,
F43.11, F43.12) or stress-related disorder code (310.2, F07.81,
309, 309.1, 309.2, 309.21, 309.22, 309.23, 309.24, 309.28,
309.29, 309.3, 309.4, 309.82, 309.83, 309.89, 309.9, F43,
F43.0, F43.2, F43.20, F43.21, F43.22, F43.23, F43.24, F43.25,
F43.29, F43.8, F43.9), while control participants had no such
2 Biological Psychiatry: Global Open Science September 2024; 4:1003
code; individuals who met narrow PTSD criteria (PTSDNarrow)
had $2 PTSD codes only, and control participants had no
codes for PTSD, other stress-related disorders, or post-
concussive injury.
Main Phenome-Wide Association Study Analyses

We used a phenome-wide association study (PheWAS) design
to test logistic regression associations between PTSDNarrow or
PTSDBroad (predictor) and all phecodes (outcome) as previ-
ously defined (22). Cases for each outcome phecode had $2
ICD codes belonging to that phecode category, while controls
had 0 codes in that category (individuals who had only 1 code
were excluded). We required at least 100 cases per phecode
per site. We also excluded phecodes derived from the same
ICD codes used to define PTSDNarrow (phecode 300.9 [Post-
traumatic Stress Disorder]) and PTSDBroad (phecodes 300.8
[Acute Reaction to Stress], 304 [Adjustment Reaction], and
300.9 [Posttraumatic Stress Disorder]) to eliminate circularity of
exposure and outcome. We adjusted the models for age,
genetically inferred ancestry (admixed American, African [AFR],
East Asian, European [EUR], South Asian, where available at
each site), sex, and the top 5 principal components (PCs) to
adjust for residual differences. As sensitivity analyses, each
site also tested PheWAS models in which 1) genetic PCs were
not included as covariates, or 2) record density was included
as a covariate. We applied a Bonferroni threshold to establish
statistical significance, correcting for 1330 tests (Bonferroni-
corrected p , 3.76 3 1025; PTSDNarrow) and 1369 tests
(Bonferroni-corrected p , 3.65 3 1025; PTSDBroad), respec-
tively. We assessed enrichment of phecode categories of as-
sociations that reached Bonferroni-level significance and the
top 25% of associations using a binomial test.

For all phecodes that appeared in $2 sites in the analysis
(1369 phecodes were available for$2 sites; 944 were available
for all 3 sites), we meta-analyzed across sites using fixed ef-
fects in the PheWAS R package (23). To assess heterogeneity,
we calculated I2 statistics in METAL (24) to identify associa-
tions that differed in effect size between health systems.
Phecodes with I2 , 0.1 were considered significantly hetero-
geneous. While we observed significant heterogeneity among
effect size estimates across sites for both PTSDNarrow and
PTSDBroad PheWAS, directions of effect and top associations
across sites were largely uniform (Table S2 in Supplement 2).
Sex-Stratified and Sex-Interaction PheWAS
Analyses

We conducted sex-stratified PheWAS analyses (83,117 fe-
males, 64,839 males), adjusting for age, ancestry, and the top
5 PCs. Patient sex was categorized as sex assigned at birth for
all sites; a small number of intersex individuals and individuals
who declined to state their sex were excluded from this anal-
ysis. We conducted logistic regression with a sex 3 diagnosis
interaction term (predictor) to test its association with each
significant phecode (outcome) from the full and/or sex-
stratified analyses. Interaction effect sizes were meta-
analyzed using an inverse-variance weighted model using a
STDERR scheme with METAL software (24).
37 www.sobp.org/GOS
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Table 1. Sample Characteristics by Site

VUMC MGB MSSM

Full Sample

Full Sample, n 73,488 29,885 42,586

Current Age, Years, Mean (SD) [Range] 59.66 (19.53) [18–100] 61.55 (16.73) [22–105] 58.52 (17.04) [18–92]

Sex, Female, n (%) 42,106 (57.3%) 16,413 (54.9%) 24,598 (57.76%)

Ancestry, n (%)

Admixed Americans N/A 1797 (6.0%) 8623 (20.24%)

African 11,284 (15.4%) 1562 (5.2%) 11,100 (26.06%)

East Asian N/A 455 (1.5%) 557 (1.31%)

European 62,204 (84.6%) 25,787 (86.3%) 18,449 (43.32%)

Native American N/A N/A 1652 (3.88%)

South Asian N/A 284 (1.0%) 1000 (2.35%)

Number of ICD Codes, Mean (SD) [Range] 258.3 (375.2) [1–6937] 416 (540) [1–15,722] 197.13 (291.85) [3–7071]

PTSD Narrow Cases

PTSD Narrow, n 1399 1290 636

Current Age, Years, Mean (SD) [Range] 47.67 (16.65) [18.1–95.3] 52.07 (15.06) [23–94] 56.04 (12.9) [22–91]

Sex, Female, n (%) 987 (70.6%) 914 (70.9%) 396 (62.26%)

Ancestry, n (%)

Admixed Americans N/A 189 (14.7%) 206 (32.39%)

African 268 (19.2%) 116 (9.0%) 201 (31.6%)

East Asian N/A 7 (0.5%) 4 (0.63%)

European 1131 (80.8%) 974 (75.5%) 164 (25.79%)

Native American N/A N/A 28 (4.4%)

South Asian N/A 4 (0.3%) 7 (1.1%)

Number of ICD Codes, Mean (SD) [Range] 524.9 (648.8) [96,937] 855 (859) [10–11,073] 616.19 (724.66) [6–7071]

PTSD Broad Cases

PTSD Broad, n 6887 6616 3203

Current Age, Years, Mean (SD) [Range] 55.14 (18.5) [18.02–99.5] 59.90 (16.40) [23–101] 57.11 (16.18) [19–92]

Sex, Female, n (%) 4557 (66.2%) 4176 (63.1%) 2106 (65.75%)

Ancestry, n (%)

Admixed Americans N/A 670 (10.1%) 815 (25.44%)

African 1091 (15.8%) 558 (8.4%) 1020 (31.84%)

East Asian N/A 65 (1.0%) 18 (0.56%)

European 5796 (84.2%) 5285 (79.9%) 1029 (32.13%)

Native American N/A N/A 140 (4.37%)

South Asian N/A 38 (0.6%) 65 (1.74%)

Number of ICD Codes, Mean (SD) [Range] 538.2 (621.1) [4–6933] 753 (751) [5–11,073] 440.52 (487.27) [3–7071]

MGB, Mass General Brigham; MSSM, Mount Sinai; N/A, not available; PTSD, posttraumatic stress disorder; VUMC, Vanderbilt University Medical Center.
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Polygenic Score Analyses

We assessed genetic correlates of PTSD definitions in in-
dividuals of EUR and AFR ancestries based on PTSD poly-
genic scores (PGSs). We calculated PGSs inferring single
nucleotide polymorphism weights from EUR PGC (Psychiatric
Genomics Consortium) PTSD GWAS summary statistics (dis-
covery ncases = 23,212, ncontrols = 151,447) (25) as implemented
in PRS-CSx (26) and summing allele counts weights. We used
EUR ancestry GWASs for scoring in both EUR and AFR
ancestry groups because an AFR ancestry GWAS is not yet
adequately powered for calculating PGSs. For each available
ancestry group (AFR and EUR) within each health system, we
scaled the PGS (predictor) and tested its association with
PTSDNarrow or PTSDBroad (outcome) using logistic regression,
Biological Psychiatry: Global
including sex, age, and within-ancestry genotype-derived PCs.
We estimated phenotypic variance explained by PTSD scores
using Nagelkerke’s R2 (27) and meta-analyzed PGS associa-
tions with fixed effects using the metafor package (28).

RESULTS

Sample

To examine phenome-wide comorbidities of PTSD, we con-
ducted analyses that included 145,959 patients (3325 and
16,706 who met the PTSDNarrow vs. PTSDBroad definitions,
respectively) across 3 major healthcare systems: VUMC, MGB,
and MSSM (Table 1). The prevalence rates of PTSDNarrow and
PTSDBroad at MGB (4.32% and 22.14%, respectively) were
Open Science September 2024; 4:100337 www.sobp.org/GOS 3
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higher than those at the other 2 sites (VUMC: 1.9% and 9.37%,
MSSM: 1.49% and 7.52%).
Narrowly and Broadly Defined PTSD Have Wide-
Ranging Correlates Across the Medical Phenome

PTSDNarrow was significantly associated with 794 of 1330
(60%) phecodes, and PTSDBroad was significantly associated
with 1137 of 1369 (83%) phecodes (Bonferroni-corrected p ,

3.8 3 1025, 3.7 3 1025, respectively) (full summary statistics
are provided in Table S2 in Supplement 2). Top PTSDNarrow

associations included psychiatric and pain-related phecodes,
whereas top PTSDBroad associations included psychiatric and
pain-related phecodes as well as respiratory, genitourinary,
and circulatory phecodes (Figure 1). All phecode associations
with PTSD were positive: we observed an increased risk of
each of these phecodes among individuals with PTSD. Overall,
we observed concordance in the significant phecode associ-
ations across all 3 sites: 795 were concordant across 3 sites
versus 36 that were discordant (binomial p = 0), and 270 were
concordant for codes present in 2 sites only versus 3 that were
discordant (binomial p = 3.9 3 102157) for PTSDBroad; 556 were
concordant across 3 sites versus 76 that were discordant
(binomial p = 0), and 125 were concordant for codes present in
Figure 1. (A) Phenome-wide association meta-analysis results for the narrow
ation meta-analysis results for the broad PTSD definition. Phecodes are organize
on the x-axis using 2log10p. Red dashed line indicates the Bonferroni significan
enrichments for the top 25% of phecode associations for PTSDNarrow (mental diso
p = .0081) and PTSDBroad (mental disorders: p , .0001, symptoms: p , .0001,
endocrine/metabolic: p = .0312). GERD, gastroesophageal reflux disease.

4 Biological Psychiatry: Global Open Science September 2024; 4:1003
2 sites only versus 6 that were discordant (binomial p = 6.2 3

10267) for PTSDNarrow.
Narrowly-Defined PTSD Shows Strong Associations
With Neuropsychiatric Traits

PTSDNarrow was associated with over 88% of phecodes in the
mental disorders category (Table S3 in Supplement 2). Among
the top 25% of phecodes associated with PTSDNarrow, mental
disorders, symptoms, neurological, and respiratory phecode
categories were significantly enriched after Bonferroni correc-
tion (Table S3 in Supplement 2). The strongest associations
with PTSDNarrow were in the mental disorders category,
including personality disorders (antisocial/borderline person-
ality disorder, personality disorders); mood disorders (mood
disorders, depression); suicide-related phecodes (suicidal
ideation, suicidal ideation or attempt); substance use disorders
(substance addiction and disorders, alcohol-related disorders);
and anxiety disorders (agorophobia, social phobia, panic dis-
order, anxiety disorder, generalized anxiety disorder). Beyond
the mental disorders category, PTSDNarrow was associated
with 89% of phecodes in the infectious diseases category
(Table S3 in Supplement 2). Phecodes with the largest odds
ratios in association with PTSDNarrow were anxiety disorders,
posttraumatic stress disorder (PTSD) definition. (B) Phenome-wide associ-
d across the y-axis by their category, with the strength of association shown
ce threshold. Bonferroni (**) and nominally significant (*) phecode category
rders: p , .0001, symptoms: p = .0001, neurological: p = .0019, respiratory:
respiratory: p = .0007, neurological: p = .0269, musculoskeletal: p = .0324,

37 www.sobp.org/GOS
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antisocial/borderline personality disorder, personality disorder,
mood disorder, suicidal ideation, suicide or self-inflicted injury,
poisoning by psychotropic agents, and depression.

Additionally, PTSDNarrow showed strong associations with
phecodes in the neurological and symptom categories per-
taining to pain, including chronic pain, back pain, pain, and
nonspecific chest pain. Several respiratory phecodes also
emerged in association with PTSDNarrow, including asthma,
shortness of breath, and cough.
Broadly Defined PTSD Shows Strong Associations
With Neuropsychiatric Traits and Respiratory,
Digestive, Genitourinary, and Cardiovascular
Conditions

PTSDBroad was significantly associated with all phecodes in
the mental disorders category and over 90% of phecodes in
the infectious diseases, respiratory, injuries & poisonings,
symptoms, and digestive categories (Table S3 in Supplement
2). Among the top 25% of significant phecodes, the mental
disorders, symptoms, and respiratory phecode categories
were significantly enriched after Bonferroni correction
(Table S3 in Supplement 2). The top phecode associations with
PTSDBroad included mood disorders (depression, suicidal
ideation, anxiety disorders, bipolar disorder) and substance
use disorders (substance addiction and disorders, alcohol-
related disorders, alcoholism). The phecodes with the largest
odds ratios in association with PTSDBroad were antisocial/
Figure 2. Top phenome-wide association study (PheWAS) hits are shared be
Phecodes ranked by p value are plotted for PTSDBroad (x-axis) and PTSDNarrow (
(blue), PTSDBroad (red), both (purple), or neither (gray) are indicated. The number of
shown in the inset. ISD, intrinsic sphincter deficiency.

Biological Psychiatry: Global
borderline personality, personality, suicidal ideation, and anx-
iety disorders.

In addition to mental disorders, top associations with
PTSDBroad were related to a wide range of medical phecode cat-
egories, including sleep (insomnia, sleep disorders, malaise and
fatigue), pain (back pain, chronic pain, abdominal pain, pain, pain
in joint), respiratory system (cough, other symptoms of respiratory
system, acute upper respiratory infections of multiple or unspec-
ified sites, shortness of breath, pneumonia, asthma), digestive
system (gastroesophogeal reflux disease, diseases of esophagus,
esophagitis), and genitourinary system (urinary tract infection,
other symptoms/disorders of the urinary system, dysuria).

Clinical Phenome Associations Were Largely
Shared but Showed Some Differences Across PTSD
Definitions

Significant associations were largely shared between
PTSDNarrow and PTSDBroad, especially the top-ranking asso-
ciations (Figure 2). However, many more phecodes were
significantly associated with PTSDBroad (1133/1369 tested)
than with PTSDNarrow (794/1330), and 348 phecodes were
associated with PTSDBroad but not PTSDNarrow. The strongest
such associations included phecodes related to skin (neo-
plasms of skin, dyschromia, actinic keratosis, other non-
epithelial cancer of skin), chemotherapy, lung transplant, and
anemia of chronic disease; however, these phecodes were not
among the strongest hits for PTSDBroad. Only 5 phecodes were
significantly associated with PTSDNarrow but not PTSDBroad.
tween narrowly and broadly defined posttraumatic stress disorder (PTSD).
y-axis). Phecodes with a Bonferroni-significant association with PTSDNarrow

shared and distinct phecode associations for PTSDNarrow and PTSDBroad are

Open Science September 2024; 4:100337 www.sobp.org/GOS 5
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These included relatively uncommon genitourinary phecodes
such as urethral hypermobility/intrinsic sphincter deficiency
and pelvic peritoneal adhesions, as well as amblyopia, other
disorders of tympanic membrane, and other disorders of the
middle ear and mastoid.

Sex Moderates Associations Between Broadly
Defined PTSD and Several Other Phenotypes

We conducted sex-stratified PTSDNarrow and PTSDBroad Phe-
WAS analyses, meta-analyzed across sites (Figures S1 and S2
in Supplement 1; Table S4 in Supplement 2), and performed a
PTSD 3 sex interaction test that was restricted to only those
phecodes with a Bonferroni-significant main effect within either
sex (Figure 3). Seventeen phecodes differed significantly be-
tween males and females coded with PTSDBroad after meta-
analysis. Phenotypes that were more common among male
patients with PTSDBroad included osteoporosis, respiratory
failure, subarachnoid and intracranial hemorrhage, and pul-
monary heart disease. Phenotypes that were more common
among female patients with PTSDBroad included urinary tract
infection and other urinary symptoms, acute pharyngitis, acute
respiratory infections, and overweight, although the directions
of effect were not consistent across sites for some phecodes.
For PTSDNarrow, other symptoms/disorder of the urinary
Figure 3. Phecodes with a significant interaction between sex and posttraumat
or in meta-analysis across sites. Interaction term (PTSD 3 sex) coefficients and st
[MGB] = blue, Vanderbilt University Medical Center [VUMC] = green, Mount Sinai
are plotted in red. Bonferroni-significant interaction terms are indicated with a fill
and a negative interaction term indicates a higher prevalence in females. NOS, n

6 Biological Psychiatry: Global Open Science September 2024; 4:1003
system and other disorders of the bladder were the only
phecodes with a significant sex interaction, driven by higher
prevalence in males at MGB despite opposing associations
being observed at the other 2 sites.

Explanatory Power of PGSs Varies According to
PTSD Definition

We tested PGS associations with both PTSDNarrow and
PTSDBroad (Figure 4). PTSD PGSs were significantly associated
with both PTSDNarrow (meta-analytic B = 0.17, SE = 0.02, p =
8.61 3 10214, R2 range = 0.02–0.42%; total cases = 2230) and
PTSDBroad (meta-analytic B = 0.07, SE = 0.01, p = 3.4 3 10210,
R2 range = 0.00–0.08%; total cases= 11,858) in EUR sub-
samples, although the proportion of variance explained (R2)
was low. PGSs were not significantly associated among in-
dividuals of AFR ancestry for either PTSDNarrow (B = 0.07, SE =
0.06, p = .25, R2 range = 0.006–0.203%) or PTSDBroad (B =
0.04, SE = 0.03, p = .22, R2 range = 0.00–0.04%), likely due to
poor representation of AFR ancestry alleles in existing PTSD
GWASs.

DISCUSSION

In this study, we examined phenome-wide relationships be-
tween EHR-based PTSD and over 1300 medical phecodes
ic stress disorder (PTSD) defined narrowly (A) and broadly (B) in at least 1 site
andard errors are plotted for each site independently (Mass General Brigham
[BioMe] = purple), and those for a meta-analyzed interaction term coefficient
ed circle. A positive interaction term indicates a higher prevalence in males,
ot otherwise specified.

37 www.sobp.org/GOS

http://www.sobp.org/GOS


Figure 4. Posttraumatic stress disorder (PTSD) polygenic score meta-analysis association with PTSD definitions. (A) Biobank genetic data was used to
estimate polygenic scores for each individual based on the PGC (Psychiatric Genomics Consortium) PTSD genome-wide association study (GWAS). Polygenic
scores were then tested for association with PTSD case-control status in each biobank and then meta-analyzed with a fixed-effects model. (B) Meta-analysis
of association beta estimates for narrow (left) and broad (right) PTSD definitions in individuals of European (EUR) (top) and African (AFR) (bottom) ancestry.
Number of cases, number of controls, and Nagelkerke’s R2 for each site, definition, and ancestry are listed. FE, finite element; MGB, Mass General Brigham;
MSSM, Mount Sinai; VUMC, Vanderbilt University Medical Center.
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among over 145,000 participants across 3 health systems,
including 16,706 and 3325 individuals who met broad and
narrow definitions for PTSD, respectively. We identified known
and novel PTSD comorbidities that replicated across multiple
health systems and contextualized the relative strength of
PTSD-related associations across the medical phenome.
Additionally, we identified several phenotypes for which males
and females exhibited differing relationships with PTSD. These
results characterize a wide range of PTSD-related diagnostic
comorbidities in a health system setting and provide a useful
catalog of phenotype-phenotype relationships for interpreting
future biobank-based genetic association studies of PTSD.
Contextualizing Known and Novel PTSD
Comorbidities

Our results build upon known psychiatric (29–31) and
nonpsychiatric PTSD comorbidities. Psychiatric disorders
were consistently identified as the strongest comorbidities for
both broad and narrow PTSD definitions; among
Biological Psychiatry: Global
nonpsychiatric disorders, we observed a strong association of
both PTSD definitions with pain phenotypes, which encom-
pass physical sensory components, as well as cognitive and
emotional components (32–36). Given inflammatory/immune
links to PTSD (37), we were surprised to find that autoimmune
disorders such as rheumatoid arthritis and multiple sclerosis
were not significantly associated with PTSD. This suggests
that these comorbidities may be less common on a health
system scale or that these comorbidities present with specific
PTSD subtypes (for example, those with a specific immune
component or etiopathology) that are not well represented or
captured in our biobanks. We identified novel associations of
genitourinary phenotypes with PTSD, with a particularly strong
association with PTSDBroad, with significance levels compara-
ble to respiratory and cardiovascular comorbidities. It is
possible that these associations stem from shared risk factors,
i.e., that sexual assault or related traumatic experiences lead to
both genitourinary and psychiatric outcomes (38), or are arti-
factual associations resulting from cross-disorder correlations,
where conditions that appear significant are not directly
Open Science September 2024; 4:100337 www.sobp.org/GOS 7
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associated with the exposure but rather linked to other dis-
eases. It is also possible these associations reflect healthcare
pleiotropy, i.e., the association stems from an artifact of the
clinical settings where traumatic exposures are more
commonly/routinely discussed (i.e., obstetrics and gynecology
clinics).

Sex Differences in PTSD Comorbidities

Epidemiological evidence indicates that females exposed to
traumatic events are at higher risk for developing PTSD
compared with trauma-exposed males. We identified several
phenotypes for which associations with PTSDBroad differed
between males and females. For females, obesity had a
stronger association with PTSD than males. This relationship
has been previously reported for some studies of PTSD (39,40)
and other psychiatric phenotypes (41). We also found stronger
association of urinary symptoms with PTSD in females. This
may be due to genitourinary symptoms that occur at higher
rates following exposure to abuse (42); for example, interstitial
cystitis/bladder pain syndrome (43), vulvodynia (44), and
chronic pelvic pain (45,46), coupled with a greater prevalence
of sexual trauma among females (17,47) or perhaps due to the
clinical setting where trauma and genitourinary symptoms are
assessed. Respiratory failure, cranial hemorrhage, and pul-
monary heart disease were more prevalent among male
PTSDBroad cases. Together these results may reflect differen-
tial patterns of diagnosis of these disorders or PTSD, differ-
ences in the care received between sexes (for example, in
medical fields with sex specificity like gynecology) or sex dif-
ferences in PTSD pathology, and the downstream system-
wide consequences of having PTSD.

Scope of PTSD Phenotyping and Implications for
Genetic Studies

This study explored the role of phenotypic specificity in
resolving comorbid phenotypes. A narrow definition requiring
multiple PTSD codes likely captures individuals with more
severe and specific symptomatology. In contrast, the broad
definition, consisting of a single code inclusive of stress-
related reactions, may include individuals with a broader
range of symptom severity. Psychiatric genetic studies
increasingly tend to include broader definitions that facilitate
greater sample sizes but at the potential cost of specificity (12).
Both PTSD definitions showed strikingly high levels of
comorbidities. However, we found that top PTSDNarrow asso-
ciations were concentrated in mental disorders and pain-
related symptoms, whereas PTSDBroad associations were
spread across more phecode categories such as respiratory,
genitourinary, and circulatory conditions. Generally, the top
phecodes were consistent across both definitions, with the
broader definition associated with 300 additional phenotypes.

These association patterns have significant implications for
our understanding of broad versus narrow definitions of psy-
chiatric disorders and may shape future analytical and inclu-
sion/exclusion criteria, as well as how we should interpret
associations specific to PTSDBroad. The most significant of
these were skin conditions (dyschromia, actinic keratosis, etc.),
which may reflect racial differences in PTSD prevalence,
trauma exposure, or diagnostic rates (15). To assess relevance
8 Biological Psychiatry: Global Open Science September 2024; 4:1003
for future studies, we consider each definition. If PTSDBroad

captures both full PTSD and subthreshold PTSD cases (or, if
an accurate diagnosis is obtained using only one ICD code,
PTSDBroad may capture primarily full PTSD cases), then we
might conceptualize these associations as true PTSD associ-
ations, discoverable only thanks to this increase in power.
However, if the broad category involves decreased diagnostic
accuracy, PTSDBroad may simply add noise to the analysis
rather than identifying subthreshold or otherwise missed
cases, and these additional associations may not contribute
meaningfully to our understanding of PTSD and its comor-
bidities. At the genetic level, we observed that a PTSD PGS
[trained on a GWAS based mainly on studies of clinically
ascertained PTSD (25)] was significantly associated with both
PTSDBroad and PTSDNarrow status, although more strongly with
PTSDNarrow than with PTSDBroad. In the future, as sample sizes
for PTSD GWASs increase, focusing on more strictly defined
cases may become more feasible and may lead to increased
predictive power of PGSs.

Several factors suggest that the former, rather than the
latter, conceptualization is correct. First, addition of truly
random cases (i.e., introduction of noise) should reduce Phe-
WAS discovery power (48) rather than identify additional sig-
nificant associations. Second, both PTSDBroad and PTSDNarrow

have significant psychiatric associations; it does not appear
that one group is obviously more accurately ascertained than
the other. Third, we note that a primary difference between the
2 groups reflects frequency of diagnosis; a single ICD code for
PTSD does not necessarily imply an incorrect diagnosis,
subclinical presentation, or less severe symptoms (this could
be examined through in-depth chart reviews in the future);
rather, these patients may leave the medical system or be
referred elsewhere for treatment. In particular, we note that
MSSM is associated with the Department of Veteran Affairs,
where veterans experiencing combat-related PTSD may pur-
sue PTSD care instead of the initial diagnostic site.
Strengths and Limitations

The current study has several limitations. First, while studying
the full clinical phenome using EHR is a strength of our study,
our biobank-based patient populations may not be fully
representative of the general population. To some extent, we
mitigate this concern by comparing effect sizes and meta-
analyzing (48) across 3 healthcare settings that represent
distinct geographical areas (Boston, New York, Nashville) with
differing demographics and healthcare needs (e.g., the pro-
portion of veterans seeking care at these sites differs signifi-
cantly) and differing proportions of individuals with PTSD. In
particular, one site (MGB) has a much higher rate of PTSD
diagnosis (PTSDNarrow: 4.3% vs. 1.9%, 1.5% at VUMC, MSSM,
respectively). Consequently, we observe some heterogeneity
in the effect size of associations; however, effect directions are
largely consistent across all 3 sites, which is highly unlikely to
be due to chance.

Given the fact that most individuals seek care in a hospital
setting for some symptom or condition, EHR-based analyses
likely underestimate the proportion of healthy individuals and
will not identify subthreshold PTSD or patients with well-
managed PTSD receiving care in a different system. In our
37 www.sobp.org/GOS
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main analyses, healthcare utilization rates were not adjusted
for to avoid potential collider bias (see the Supplement 1), but
they likely inflated the type I error rate. Individuals in our study
may have uneven access to healthcare or to certain specialists
within a healthcare system; psychiatric or mental health ser-
vices in particular may be unevenly accessed due to differ-
ences in insurance coverage or stigma or immigration status.
Even when healthcare is accessed, patients may receive
differing levels of care, and stereotyping bias or institutional-
ized racism in healthcare may lead to under- or overdiagnosis
(48–50). These issues may be particularly exacerbated in
psychiatry, where certain presentations of PTSD may be more
readily diagnosed, potentially biasing our results toward that
subtype of PTSD.

Another limitation is the lack of temporal resolution. Un-
derstanding whether these associated phecodes occur before
or after PTSD onset would allow us to delineate associations
into antecedents versus potential consequences of PTSD
diagnosis. However, this is difficult in practice because pa-
tients may report existing diagnoses to a clinician upon
enrollment or may experience long diagnostic journeys. In the
latter case, a patient may experience PTSD symptoms for
several years before an accurate diagnosis of PTSD is made,
and other diagnoses received may either be comorbid with
PTSD or represent inaccurate diagnoses given to explain initial
symptoms (for example, major depressive disorder). Difficulty
pinpointing disease onset precludes analysis of temporal re-
lationships. Informed by this comprehensive map of associa-
tions, studies should be repeated in longitudinal cohorts with
detailed and repeated psychiatric questionnaires that provide
nuanced temporal resolution. Further exploration of the ge-
netic factors that contribute to PTSD and its comorbidities is
also warranted.
Conclusions and Future Directions

This multisite study investigated relationships between PTSD
phenotypes and medical comorbidities using data from over
145,000 patients from 3 major EHR-based healthcare systems.
Our findings provide insights into the diagnostic complexity of
PTSD and its associations with the clinical phenome. By
considering both broad and narrow definitions of PTSD, we
comprehensively identified known and novel diagnostic
comorbidities, particularly in the domains of mental disorders,
pain, respiratory, genitourinary, and cardiovascular conditions.
These associations were observed across multiple health
systems, highlighting their generalizability. Importantly, we
observed sex differences in the associations between PTSD
and certain medical phenotypes, which underscores the need
to consider sex-specific factors. Furthermore, our genetic an-
alyses revealed significant associations between PGSs derived
from GWASs and both broad and narrow definitions of PTSD.
Future research should include longitudinal analyses to
examine temporal relationships between PTSD and medical
comorbidities, thereby providing insights into the directionality
of these associations. Investigating sex-specific factors, such
as hormonal influences, trauma response differences, or care-
seeking patterns, will enhance our understanding of sex dis-
parities in PTSD and associated medical conditions, while
mechanistic studies could explore underlying biological
Biological Psychiatry: Global
pathways and shared genetic factors that contribute to the
observed associations. Overall, this study deepens our un-
derstanding of the diagnostic complexity of PTSD obtained
using EHRs and provides insights for research toward inte-
grated treatment approaches that address both PTSD diag-
nosis and its comorbidities.
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