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The Relationship of Attention-Deficit/
Hyperactivity Disorder With Posttraumatic Stress
Disorder: A Two-Sample Mendelian
Randomization and Population-Based Sibling
Comparison Study

Frank R. Wendt, Miguel Garcia-Argibay, Brenda Cabrera-Mendoza, Unnur A. Valdimarsdóttir,
Joel Gelernter, Murray B. Stein, Michel G. Nivard, Adam X. Maihofer, Post-Traumatic Stress
Disorder Working Group of the Psychiatric Genomics Consortium, Caroline M. Nievergelt,
Henrik Larsson, Manuel Mattheisen, Renato Polimanti, and Sandra M. Meier
ABSTRACT
BACKGROUND: Attention-deficit/hyperactivity disorder (ADHD) and posttraumatic stress disorder (PTSD) are
associated, but it is unclear if this is a causal relationship or confounding. We used genetic analyses and sibling
comparisons to clarify the direction of this relationship.
METHODS: Linkage disequilibrium score regression and 2-sample Mendelian randomization were used to test for
genetic correlation (rg) and bidirectional causal effects using European ancestry genome-wide association studies
of ADHD (20,183 cases and 35,191 controls) and 6 PTSD definitions (up to 320,369 individuals). Several additional
variables were included in the analysis to verify the independence of the ADHD-PTSD relationship. In a
population-based sibling comparison (N = 2,082,118 individuals), Cox regression models were fitted to account for
time at risk, a range of sociodemographic factors, and unmeasured familial confounders (via sibling comparisons).
RESULTS: ADHD and PTSD had consistent rg (rg range, 0.43–0.52; p , .001). ADHD genetic liability was causally
linked with increased risk for PTSD (b = 0.367; 95% CI, 0.186–0.552; p = 7.68 3 1025). This result was not
affected by heterogeneity, horizontal pleiotropy (Mendelian randomization Egger intercept = 4.34 3 1024, p =
.961), or other phenotypes and was consistent across PTSD datasets. However, we found no consistent
associations between PTSD genetic liability and ADHD risk. Individuals diagnosed with ADHD were at a higher
risk for developing PTSD than their undiagnosed sibling (hazard ratio = 2.37; 95% CI, 1.98–3.53).
CONCLUSIONS: Our findings add novel evidence supporting the need for early and effective treatment of ADHD, as
patients with this diagnosis are at significantly higher risk to develop PTSD later in life.

https://doi.org/10.1016/j.biopsych.2022.08.012
Although 50% to 85% of individuals experience traumatic
events over a lifetime, lifetime posttraumatic stress disorder
(PTSD) prevalence is approximately 7% (1,2), suggesting dif-
ferential resilience to stress and vulnerability to the disorder (2).
Attention-deficit/hyperactivity disorder (ADHD) has been sug-
gested to be a putative risk factor for PTSD (3) due to its as-
sociation with risk-taking behavior (RTB) and impulsivity
resulting in higher likelihood of experiencing traumatic events
(4). Stimulant medication for ADHD has been suggested to
increase the risk of developing PTSD (5), although associations
with PTSD have also been observed for unmedicated ADHD
(6). While cross-sectional studies suggested an association
between ADHD and PTSD (3), few prospective studies exam-
ined this link. A family study including 402 children diagnosed
with ADHD and their siblings found a significant association
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between ADHD and increased risk of PTSD at 10-year follow-
up (odds ratio = 2.23) (7). Similarly, an analysis examining 4612
U.S. soldiers found that the presence of ADHD before
deployment was associated with a higher risk of after-
deployment PTSD (6). Other well-powered studies failed to
observe such an association (3,8). As these prior results were
mainly based on either military or clinical samples as well as
self-reported data, it remains unclear whether the co-
occurrence of clinically diagnosed ADHD and PTSD is pre-
sent in the general population.

Mendelian randomization (MR) and sibling comparisons are
powerful research designs that can allow causal inference from
observational data (9–11). To elucidate the nature of the rela-
tionship between ADHD and PTSD, we examined the potential
causal role of ADHD for subsequent PTSD 1) using a 2-sample
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MR approach based on data from the largest available meta-
analyses of genome-wide association studies (GWASs) for
these traits (12–14) and 2) a population-based sibling com-
parison design. We also tested for influence of other variables
on the pathway from ADHD to PTSD.

METHODS AND MATERIALS

Primary GWASs

We leveraged large nonoverlapping ADHD and PTSD GWASs
from individuals of European descent. The ADHD data con-
sisted of 55,374 individuals (20,183 cases defined by ICD-10
code F90.0 or structured or semistructured clinical interviews
and 35,191 controls) (12). In contrast to ADHD, for PTSD there
were multiple adequately powered GWAS datasets available
including different PTSD phenotype definitions (case-control
status but also PTSD subdomains and/or symptom severity).
Specifically, the PTSD case-control GWAS from the Million
Veteran Program (MVP) analyzed 36,301 cases and
178,107 controls algorithmically defined using the U.S. Veter-
ans Administration Healthcare electronic health records (14).
The PTSD quantitative GWASs were 1) Psychiatric Genomics
Consortium (PGC) for PTSD v2.5 excluding Yale-Penn and
iPSYCH cohorts that were included in the ADHD study (N =
173,709) (13); 2–4) MVP avoidance, hyperarousal, and reex-
periencing symptom subdomains (N = 168,689) (14); and 5)
MVP PTSD Checklist 17-item questionnaire total score (PCL-
17) of 168,689 individuals (14). In our analyses we included all
these PTSD GWASs to ensure the generalizability of results
across phenotype definitions and demographic characteristics
(military/nonmilitary) used in individual studies. All GWASs
considered in this study included principal components of
ancestry as covariates together with age and sex. Note that
prior work has investigated whether cohort-specific details
related to PTSD (e.g., military vs. civilian cohorts) contribute to
different genetic architectures (14). Notably, the genetic cor-
relation between MVP PTSD traits and PGC PTSD traits is
extremely high (14).

Linkage Disequilibrium Score Regression Analysis
and Polygenic Scoring

We used linkage disequilibrium score regression to assess the
genetic correlations of ADHD and PTSD phenotypes (15) using
the European ancestry linkage disequilibrium reference panel
from the 1000 Genomes Project (16). Polygenic score (PGS)
analysis was performed using genome-wide association sta-
tistics and the gtx R package incorporated in PRSice (17). Both
directions for possible causality were investigated in the PGS
analysis: 1) ADHD as the base and PTSD phenotypes as the
target and 2) ADHD as the target and PTSD phenotypes as the
base (Supplement 1).

Mendelian Randomization

The R package TwoSampleMR (18) was used to estimate
bidirectional causal effects between traits. In the Supplemental
Methods in Supplement 1, we describe details for genetic in-
strument selection. Briefly, all genetic instruments consisted of
linkage disequilibrium–independent single nucleotide poly-
morphisms (SNPs) associated with the exposure at some p
Biological Psyc
value defined by the best-fit PGS between base and target
phenotypes. As this relaxed genetic instrument selection
threshold potentially violates the above MR assumptions, we
applied the MR–Robust Adjusted Profile Score, which is a
method designed to identify and estimate confounded asso-
ciations using weak genetic instrument variables (19). If effect
size of a variant was estimated from meta-analysis, we verified
where possible the consistency of SNP-phenotype association
across meta-analyzed cohorts. SNP I2 estimates indicated a
lack of variability due to between-study heterogeneity (ADHD
I2 adjusted p value . .780). MR-heterogeneity testing was
used to evaluate possible violation of the MR assumptions.
Leave-one-out testing was used to detect outlier SNPs. Causal
estimates were reported after removing SNPs underlying sig-
nificant heterogeneity and/or leave-one-out results (20–22).
Unless otherwise noted, we report inverse variance weighted
(IVW) effect estimates.

Multivariable MR

To investigate further whether other factors might be underlying
or mediating the ADHD/PTSD relationship, we conducted a
multivariable MR (MVMR) considering 1) household income and
educational attainment (EA) as covariates and 2) RTB and life-
time trauma as mediators [details of GWASs (12,14) are given in
the Supplemental Methods in Supplement 1]. Note that RTB
was used here instead of individual risky behaviors (e.g.,
number of sexual partners or automobile speeding propensity)
to avoid reduction in MVMR power through inclusion of many
highly correlated traits. MVMR was performed for the
ADHD/PTSD relationship using only MVP PCL-17 as the
outcome phenotype of interest due to the strong statistical
power and the lack of sample overlap with the GWASs for all
selected potentially confounding exposures. For each variable,
we tested the 2-sample MR effect on PCL-17 in the absence of
heterogeneity and horizontal pleiotropy using a genetic instru-
ment defined by the best-fit PGS. After estimating the uni-
variable MR effect of each variable on PCL-17, we tested their
effect with respect to the ADHD/PTSD relationship using the
MVMR approach implemented in the MendelianRandomization
R package (23). All mediators and covariate traits were included
in a single MVMR analysis.

Swedish Population-Based Sibling Comparison
Cohort

Using the Swedish Total Population Register and the Swedish
Cause of Death Register, we identified 2,082,087 individuals
born between 1987 and 2007 who were alive and living in
Sweden at age 6 with information on their biological relatives.
Individuals were followed up from the age of 6 until PTSD
diagnosis, death, emigration, or December 31, 2013, which-
ever occurred first. Parents and full siblings were identified
using the Swedish Multi-generation Register (24), and we
created a family identification variable using the unique per-
sonal identity number (PIN) from each biological parent (25).
Individuals with ADHD were identified using the National Pa-
tient Register (26) based on a registered diagnosis (ICD-10
code F90) or any record of a prescribed ADHD medication
(methylphenidate hydrochloride [Anatomical Therapeutic
Chemical [ATC] code N06BA04], amphetamine [ATC code
hiatry February 15, 2023; 93:362–369 www.sobp.org/journal 363
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N06BA01], dextroamphetamine sulfate [N06BA02], atom-
oxetine hydrochloride [ATC code N06BA09], and lisdexamfet-
amine [ATC code N06BA12]) in the Prescription Drug Register
(26). Previous research has indicated high specificity for this
register-based ADHD definition in Sweden (27) and shown that
patterns of etiological influences remain similar whether people
with ADHD are identified through diagnoses or ADHD medi-
cation prescriptions (28). Only physicians who specialize in
psychiatry or neurology responsible for ADHD treatment are
authorized to prescribe the medication in Sweden, which
supports that prescription of ADHD medication is a valid in-
dicator of ADHD diagnoses (29). PTSD was defined as the
presence of an ICD-10 diagnosis code for PTSD (F43.1) in the
National Patient Register. Information about the covariates
sex, highest parental EA, and household income were obtained
from the Swedish Total Population Register and Longitudinal
Integration Database for Health Insurance and Labor Market
Studies (30). The mediator traumatic events during the study
period were defined as the cumulative sum of the number of
ICD-10 codes for sexual abuse, fire or explosion, trans-
portation accident, exposure to a toxic substance, traumatic
brain injury, physical assault, assault with a weapon, or death
of a parent. Finally, based on the National Crime Register, we
defined the mediator RTB as any criminal conviction until the
end of follow-up, marriage before age 18, divorce before age
20, or pregnancy before age 18 by using data from civil status
and the Multi-generation Register (24) (Supplement 1).
Longitudinal Analyses in Population-Based Sibling
Comparison Cohort

A time-varying Cox regression model with age as the under-
lying time scale was fitted to determine the ADHD/PTSD
relationship at the population level. Estimates were presented
as hazard ratio (HR) with 95% confidence intervals. First, a
crude model adjusted for sex and year was fitted followed by a
model adjusted with 1) ADHD, cumulative traumatic events,
and RTB allowed to vary over time and 2) sex, birth year,
household income, and parental EA defined as time-fixed
covariates. To examine unmeasured familial confounding, we
performed a Cox model with separated strata for each cluster
of siblings (i.e., individuals with the same family identification
number). Proportionality assumption was tested using scaled
Schoenfeld residuals. Data management and statistical ana-
lyses were performed using SAS software version 9.4 (SAS
Institute Inc.) and R version 4.1.0 (R Foundation for Statistical
Computing). We were not able to evaluate the PTSD/ADHD
relationship, as the onset of PTSD occurred before the ADHD
diagnosis in only 31 individuals (0.001%), consistent with
current literature (31). Furthermore, we were not able to eval-
uate several specific RTBs of interest, such as the number of
sexual partners (data not available) and drinking/smoking be-
haviors (lack of validated registry data). The Regional Ethical
Review Board in Stockholm, Sweden, approved this study.
Requirement for informed consent was waived for the current
study because it was a secondary analysis of existing data.
Analyses followed the STROBE (Strengthening the Reporting
of Observational Studies in Epidemiology) reporting guidelines
(https://www.strobe-statement.org/).
364 Biological Psychiatry February 15, 2023; 93:362–369 www.sobp.o
RESULTS

Genetic Correlation

Among PTSD phenotypes, PCL-17 had the highest genetic
correlation with ADHD (rg = 0.52, SE = 0.037, p = 1.83 3

10237). There were no significant differences in rg when using
other phenotype definitions of PTSD or its symptom domains
(p difference [pdiff] between .122 and .399) (Figure S1 in
Supplement 1; Tables S1 and S2 in Supplement 2). Further-
more, RTB, household income, EA, and lifetime trauma were
genetically correlated with ADHD and PTSD (ADHD: rrgr =
0.3–0.52, p , 1.02 3 10219; PTSD: rrgr = 0.24–0.67, p ,

8.88 3 1029).

Association of ADHD PGS With PTSD

ADHDPGSwas associated with all PTSDphenotypes (Figure S2 in
Supplement 1; Table S3 in Supplement 2). The strongest associ-
ation was between ADHDPGS and MVP PCL-17 (r2 = 0.076%, p =
9.61 3 10230, p-value threshold (pT) = .001). All significant MR
estimates comparing genetic instruments from ADHD and PTSD
phenotypes support a positive causal effect of ADHD on PTSD
(Figure 1; Tables S1 and S2 in Supplement 2). Using a subset of
482 SNPs associated with ADHD (pT , .001), the strongest as-
sociationwasobservedbetweenADHD/PCL-17 (IVWb=0.367;
95% CI, 0.186–0.552; p = 7.68 3 1025). This result was not
affected by heterogeneity (Q481 = 384.0, p = .99) or horizontal
pleiotropy (MR Egger intercept = 4.34 3 1024, p = .96). Consis-
tencies with PTSD phenotypes, all association estimates, and
results of tests for heterogeneity and horizontal pleiotropy are re-
ported in TableS4 inSupplement 2 andTableS5 inSupplement 1.

Association of PTSD PGS With ADHD

All PTSDPGS from the primary polygenic score analysis were
associated with ADHD after multiple testing correction (5%
false discovery rate) (Figure S2 in Supplement 1; Table S3 in
Supplement 2). The strongest association was using PGS
derived from PCL-17 (r2 = 0.195%, p = 2.47 3 10223, pT =
.001). Associations between genetic instruments associated
with PTSD phenotypes and ADHD were heterogeneous across
PTSD definitions and MR methods. After removal of outliers
contributing to heterogeneity and horizontal pleiotropy, the
association of PTSD with ADHD was significant only with
respect to certain phenotype definitions, and some of these
significant associations were very small (Figure 1; Table S3 in
Supplement 2): PGC PTSD v2.5/ADHD (IVW b = 0.456; 95%
CI, 0.205–0.708; p = 3.72 3 1024); MVP PCL-17/ADHD (IVW
b = 0.005; 95% CI, 0.002–0.008; p = 8.13 3 1024); MVP PTSD
Case/Control/ADHD (IVW b = 0.024; 95% CI, 0.011–0.038;
p = 4.51 3 1024). Results of additional MR analyses are
described in Supplemental Results in Supplement 1.

MVMR Analysis of ADHD Effect on PTSD

RTB, household income, EA, and lifetime trauma were evalu-
ated for a 2-sample univariable association on PTSD as
measured by the PCL-17. Table S6 in Supplement 2 describes
the PGS analysis defining each genetic instrument for uni-
variable 2-sample MR between covariate traits and PCL-17.
RTB, household income, EA, and lifetime trauma all exhibited
significant associations with PCL-17 (Table S5 in Supplement
rg/journal
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Figure 1. Attention-deficit/hyperactivity disorder
(ADHD) and posttraumatic stress disorder (PTSD)
Mendelian randomization (MR) results. (A) Causal
effect of ADHD on PTSD phenotypes (left) and PTSD
phenotypes on ADHD (right). All estimates lack evi-
dence of heterogeneity and horizontal pleiotropy
among the genetic instruments. For clarity, inverse
variance weighted (IVW) and MR–Robust Adjusted
Profile Score (MR-RAPS) (which accounts for weak
genetic instruments) estimates are shown graphi-
cally, and estimates across MR methods are pro-
vided in Table S4 in Supplement 2. Odds ratios and
95% confidence interval (CI) are reported for each
MR test. The number of single nucleotide poly-
morphisms contributing to each genetic instrument
is shown in parentheses for each PTSD trait on the y-
axis. Asterisks indicate significance after multiple
testing correction accounting for all trait pairs and all
MR causal inference methods applied (6 PTSD
traits 3 2 directions tested 3 6 MR methods = 72
tests). (B) Directed acyclic diagram of multivariable
MR results for ADHD and PTSD including bidirec-
tional paths to covariates (green arrows) and direct
causal paths to mediators (blue arrows) of the
ADHD/PTSD relationship. All mediators and co-
variate traits were included in a single multivariable
MR analysis. G indicates subsets of single nucleo-
tide polymorphisms associated with one or more of
the exposures. U indicates the effect of an unob-
served confounder. PCL, PTSD Checklist; PGC,
Psychiatric Genomics Consortium.
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1). In the MVMR analysis simultaneously considering all con-
founders and mediators, the effect of ADHD on PCL-17 (IVW
b = 0.372; 95% CI, 0.191–0.524; p = .001) was independent of
other variables tested with no difference in effect size magni-
tude relative to the univariable estimate (pdiff = 0.62) (Table S5
in Supplement 1; Table S7 in Supplement 2). The multivariable
did not nullify the associations of any other phenotype, but
significantly reduced the association of RTB (pdiff = 9.32 3

10230) and household income (pdiff = 5.99 3 10212) on PCL-17
(Table S7 in Supplement 2).

Association of ADHD With PTSD Based on a
Population-Based Sibling Comparison Design

Among 2,082,118 individuals (1,518,115 individuals nested
within 665,342 families with at least 2 siblings [mean = 2.28,
range 2–15]), 79,006 (3.79%) were diagnosed with ADHD
(Table 1). Individuals with ADHD had a higher prevalence of
PTSD (prevalence = 15.02; 95% CI, 14.19–15.9) compared
with individuals without ADHD (prevalence = 1.62; 95% CI,
1.56–1.67; prevalence ratio = 9.30; 95% CI, 8.70–9.93). As
the proportionality assumption was not met for the variable
sex, we stratified the analyses on sex to accommodate a
distinct baseline hazard function for each stratum level. In
the crude model, individuals diagnosed with ADHD showed
Biological Psyc
an increased rate of PTSD compared with individuals with no
diagnosis of ADHD (HR = 6.92; 95% CI, 6.34–7.56). The
association between ADHD and PTSD attenuated after
adjustment for demographic factors, cumulative traumatic
events, and RTB (HR = 4.32; 95% CI, 3.93–4.75). This as-
sociation was similar between males and females (HRmales =
4.44; 95% CI, 3.98–4.96; HRfemales = 3.79; 95% CI,
3.16–4.55), with no statistically significant differences be-
tween them (p = .154). Results from the sibling comparison
showed an increased risk for developing PTSD in individuals
diagnosed with ADHD compared with their undiagnosed full
siblings (HR = 2.37; 95% CI, 1.58–3.55) after adjustments
(Figure 2; Table 2).

DISCUSSION

Most of the data suggesting an association between ADHD
and PTSD risk are from observational studies (3). While sta-
tistical associations do not imply causality, the hypothesis that
ADHD is an antecedent risk factor for PTSD is supported by
findings that ADHD onset was consistently observed earlier
than PTSD onset (31). With 2-sample MR and population-
based sibling comparisons, we found consistent evidence for
an association between ADHD genetic liability and an
increased risk of PTSD. Importantly, we demonstrate that the
hiatry February 15, 2023; 93:362–369 www.sobp.org/journal 365
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Table 1. Descriptive Statistics for Population-Based Sibling
Study

Characteristic
Without ADHD,
n = 2,003,112

With ADHD,
n = 79,006

Person-Years 21,436,933 912,035

Sex

Female 985,912 (49.22%) 25,505 (32.28%)

Male 1,017,200 (50.78%) 53,501 (67.72%)

Parental Education

High 464,991 (23.21%) 10,555 (13.36%)

Low 290,567 (14.51%) 16,632 (21.05%)

Medium 1,208,479 (60.33%) 49,605 (62.79%)

No information 39,075 (1.95%) 2214 (2.80%)

Disposable Parental
Income (SEK)

2119 (1669, 2634) 1924 (1441, 2396)

No information 39,075 (1.95%) 2214 (2.80%)

Traumatic Events

Sexual abuse 4508 (0.23%) 889 (1.13%)

Fire or explosion 20,409 (1.02%) 1336 (1.69%)

Transportation accident 153,933 (7.68%) 10,271 (13.00%)

Exposure to toxic
substance

181,797 (9.08%) 15,082 (19.09%)

Traumatic brain injury 107,552 (5.37%) 7260 (9.19%)

Physical assault 13,043 (0.65%) 1734 (2.19%)

Assault with a weapon 2403 (0.12%) 391 (0.49%)

Death of a family member
,18 years old

45,758 (2.28%) 3312 (4.19%)

Risk-Taking Behaviors

Criminal conviction 114,875 (5.73%) 15,053 (19.05%)

Pregnancy before age 18 2201 (0.11%) 332 (0.42%)

Divorce before age 20 201 (0.01%) 22 (0.03%)

Marriage before age 18 612 (0.03%) 27 (0.03%)

PTSD

Without PTSD 1,999,875 (99.84%) 77,819 (98.50%)

With PTSD 3237 (0.16%) 1187 (1.50%)

Values are presented as n, n (%), or median (IQR).
ADHD, attention-deficit/hyperactivity disorder; IQR, interquartile

range; PTSD, posttraumatic stress disorder; SEK, Swedish krona.

Figure 2. Effect of attention-deficit/hyperactivity disorder on post-
traumatic stress disorder based on a population-based sibling comparison
design. Hazard ratio and 95% confidence interval (CI) for the association
between attention-deficit/hyperactivity disorder and posttraumatic stress
disorder.
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positive relationship between ADHD and PTSD is concordant
across several MR methods that apply various adjustments to
account for different pleiotropic scenarios that may affect the
instrumental variables. In line with these findings, studies of
trauma-exposed cohorts found a significantly increased risk of
PTSD in individuals with ADHD (3). This indicates that the
increased risk for PTSD in individuals with ADHD cannot be
explained solely by an increased rate of trauma exposure in
this population or RTB tendencies, household income, or EA in
individuals with ADHD (32) or PTSD (33). While we observed
support for mediation by these factors, more research is
needed to identify the role of plausible mediators. This is
important as it may lead to new secondary prevention targets.

Conversely, our findings regarding the association with
PTSD on ADHD were highly inconsistent. In most of the cases,
the associations observed are null or very small. This could be
explained by the genetic effects shared across the psycho-
pathology spectrum and is potentially in line with the contro-
versy around the idea that ADHD could arise de novo in
366 Biological Psychiatry February 15, 2023; 93:362–369 www.sobp.o
adulthood. Population-based studies suggested that ADHD in
adulthood may be idiopathic and that the adult-onset form of
the disorder is categorically different from the childhood-onset
form (34–36). However, adult-onset ADHD is rare and usually
arises in the context of a complex psychiatric history and not
on its own (37). Thus, our findings might reflect these differ-
ences by observing an increased risk of ADHD in individuals
with PTSD depending on ADHD age of onset and psychiatric
comorbidity. In other words, our results indicate that in-
dividuals diagnosed with ADHD are clearly at a higher risk to
develop PTSD later in life, while the risk of individuals diag-
nosed with PTSD to subsequently develop ADHD seems much
more rare and likely to be negligible. The most common sce-
nario underlying the comorbidity of ADHD and PTSD can
accordingly be estimated as an initial ADHD diagnosis fol-
lowed by a PTSD diagnosis. Preventive efforts should there-
fore primarily focus on this directionality.

Although causal factors underlying the association between
ADHD and PTSD remain unclear, several possibilities can be
considered. Preclinical work in rodents indicated that prenatal
nicotine exposure resulted in an ADHD-like phenotype (38) in
mice as well as impairment in fear extinction learning (39), traits
strongly resembling the fear extinction deficiencies of patients
(40). In humans, abnormalities in fear circuits during extinction
learning and extinction recall (41) similar to those documented
in PTSD have been observed in individuals with ADHD (42). A
long-lasting effect of methylphenidate on fear extinction has
been described (43), suggesting that adequate treatment of
ADHD might lower the subsequent risk of developing PTSD in
individuals with ADHD; however, the permissive effects of
ADHD medications have also been described (5). Preliminary
data also suggest a therapeutic benefit of methylphenidate in
treatment of PTSD (44). Further research is needed to better
understand the neurobiological underpinnings that are com-
mon to ADHD and PTSD. Such research could more accurately
describe vulnerable neural circuitry that may be helpful in the
development of targeted prevention and treatment strategies
for PTSD in individuals with ADHD.
rg/journal
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Table 2. Summary of Results From the Cox Proportional Hazards Model

Overall Females Males Sibling Analysis
Siblings,

Age Difference ,11 Years
Siblings,

Age Difference ,6 Years

Unadjusteda 6.92 (6.34–7.56) 7.57 (6.83–8.39) 5.51 (4.64–6.55) – – –

Confoundersb 6.72 (6.14–7.36) 7.39 (6.65–8.20) 5.20 (4.35–6.22) 2.81 (1.94–4.05) 2.75 (1.90–3.97) 2.78 (1.89–4.09)

Fully adjustedc 4.32 (3.93–4.75) 3.79 (3.16–4.55) 4.44 (3.98–4.96) 2.37 (1.62–3.47) 2.33 (1.59–3.42) 2.37 (1.58–3.55)

Values are presented as hazard ratio (95% confidence interval).
aModel adjusted for year and sex.
bModel adjusted for year, sex, disposable parental income, and parental education.
cModel adjusted for year, disposable parental income, cumulative count traumatic events, parental education, early marriage, early divorce, early

pregnancy, and criminal conviction.
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Our findings could have an important clinical impact by
encouraging clinicians to screen for PTSD in individuals with
ADHD and/or monitor its symptoms more closely. By under-
lining the increased risk for PTSD in ADHD, our results might
help guide the development of screening and preventive ef-
forts, potentially reaching individuals at high risk. This rela-
tionship was independent of several covariates and mediating
variables, of which the most notable was the large causal ef-
fect of RTB on PCL-17. While RTB is one major behavioral
source of exposure to traumatic experiences, it also strongly
correlates with the externalizing behaviors commonly
observed in individuals diagnosed with ADHD. This might be of
particular interest considering the recent traumatic event of the
COVID-19 pandemic. The extent to which the presence of
ADHD may define a PTSD subtype that might benefit from
different treatments needs to be explored in future research.

Our study investigating the relationship between ADHD and
PTSD has several strengths. We conducted a causal inference
analysis using the largest available GWASs that showed a
consistent causal association between ADHD and PTSD
assessed in cohorts developed using different study designs
(12,14). We also used complementary 2-sample MR methods
for sensitivity analysis (45). The MVMR analysis enabled us to
establish that the association of ADHD with PTSD could not be
accounted for by many potential confounding factors (RTB,
household income, EA, and lifetime trauma). Additionally, the
sibling comparison analyses permitted us to rule out any po-
tential familial confounding effects. Finally, the population-
based cohort design provided additional context to the
ADHD/PTSD findings by extending the associations from
military and clinical samples (who were primarily included in
the GWASs) to the general population.

Thereare also limitations to this study.Differentmeasureswere
used to define ADHD, PTSD, and confounding factors across
analyses. The population-based study ADHDdiagnoses relied on
register-based records, and an overestimation of the association
between ADHD and PTSD is possible, as more severely affected
individuals are more likely to seek treatment. Similarly, the
population-based sibling comparison cohort was significantly
younger than the individuals included in the GWAS samples.
However, despite this age discrepancy, we observed a remark-
able consistency in our findings. Future studies couldbenefit from
longitudinal cohort studies involvingadeeperclinical phenotyping
to supplement register-based records. While we were able to
examine specific symptom dimensions of PTSD in our MR ana-
lyses, we could not assess the impact of specific symptom di-
mensions of ADHD or age of onset because no well-powered
GWASs were available for these phenotypes, to our knowledge
Biological Psyc
(46). Large differences in the effect magnitude of ADHD symptom
dimensions on PTSD may attenuate the overall estimates for the
unstratified analysis. Although our different sensitivity analyses
did not indicate the presence of relevant biases, our MR and
sibling comparison findings could still be affected by unmeasured
confounders. Therefore, our findings, while largely consistent
across methods, cannot definitively establish a causal relation-
ship of ADHD with subsequent PTSD. Finally, the analyses were
conducted using GWAS data of European ancestry and the
Swedish population, and thus the generalizability of our results to
other populations might be limited.

This MR and population-based sibling comparison study
found robust evidence for an association between ADHD and
increased risk for PTSD. The findings are clinically relevant
because they may help identify individuals who are at high risk
of developing PTSD and may benefit from preventive efforts.
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