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Abstract

Background. Attention-deficit hyperactivity disorder (ADHD) is highly heritable, though
environmental factors also play a role. Prenatal maternal stress is suggested to be one such
factor, including exposure to highly distressing events that could lead to post-traumatic stress
disorder (PTSD). The aim of this study is to investigate whether prenatal maternal PTSD is
associated with offspring ADHD.
Method. A register-based retrospective cohort study linking 553 766 children born in Sweden
during 2006–2010 with their biological parents. Exposure: Prenatal PTSD. Outcome: Offspring
ADHD. Logistic regression determined odds ratios (ORs) with 95% confidence intervals (CIs)
for ADHD in the offspring. Adjustments were made for potential covariates, including single
parenthood and possible indicators of heredity measured as parental ADHD and maternal
mental disorders other than PTSD. Subpopulations, excluding children with indicators of
heredity, were investigated separately.
Results. In the crude results, including all children, prenatal PTSDwas associated with offspring
ADHD (OR: 1.79, 95%CI: 1.37–2.34). In children with indicators of heredity, the likelihood was
partly explained by it. Among children without indicators of heredity, PTSDwas associated with
offspring ADHD (OR: 2.32, 95% CI: 1.30–4.14), adjusted for confounders.
Conclusions. Prenatalmaternal PTSD is associatedwith offspring ADHDregardless of indicators
of heredity, such as parental ADHDormaternalmental disorder other thanPTSD.The association
is partly explained by heredity and socioeconomic factors. If replicated in other populations,
preferably using a sibling design, maternal PTSD could be identified as a risk factor for ADHD.

Introduction

The prevalence of attention deficit hyperactivity disorder (ADHD) is different in children/
adolescents and adults, both according to clinical and epidemiological studies [1]. However,
according to a meta-analysis from 2012, 5.9% of youths meet the diagnostic criteria for ADHD
[2]. According to another meta-analysis from 2009, the prevalence of this condition in adulthood
is 2.5% [3]. Twin studies from high-income countries have found that genes and their interaction
with the environment play a substantial role in causing ADHD – however, this varies over the life
course [1, 4, 5], and establishing causality for specific environmental factors is challenging. Large-
scale meta-analyses have found support for some risk factors, such as lead and phthalate
metabolite burden, maternal use of acetaminophen and valproate during pregnancy, and specific
air pollutants such as nitric oxide and organophosphate pesticides [1] but rejected other hypothe-
sized risk factors such as sugar consumption, perfluoroalkyl substances via breast milk in infancy
and maternal smoking during pregnancy [1]. However, whether childhood exposure to second-
hand cigarette smoke is a risk factor for ADHD is less clear [1]. Pregnancy complications such as
premature birth, low birth weight, and uterine hypoxia are also associated with ADHD develop-
ment in the child [1]. Furthermore, low parental socioeconomic status is associated with offspring
ADHD [1].

Post-traumatic stress disorder (PTSD) can develop after a very stressful or distressing event
[6]. Estimates of PTSD prevalence differ between countries. A large study comparing data from
24 countries reported a lifetime PTSD prevalence in the general population ranging from 0.3 to
9.2%, with a mean lifetime PTSD prevalence of 3.2% [7]. A Swedish study estimated the incidence
of specialized healthcare utilization for PTSD to be 0.7%, with a higher likelihood of utilization
amongwomen andmigrants to Sweden [8]. Studies reporting the prevalence of PTSD in pregnant
women are scarce, though one study estimates it to be 3.3% [9]. Important risk factors for PTSD
development include female sex, chronic or major physical illness, substance use disorder,
personal or family history of psychiatric disorders, adversity during childhood, cumulative
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exposure to potentially traumatic experiences, bereavement, and
witnessing injury or death [6]. Importantly, PTSD is also a risk
factor in and of itself, and a person diagnosed with PTSD has a
higher likelihood of a number of somatic conditions, including
cardiovascular disorders, type 2 diabetes, smoking [10], and sub-
stance use disorders [8, 11]. Thus, PTSD could both be a risk factor
for and a consequence of substance use disorder (SUD) [8]. ADHD
could also be a risk factor for PTSD among patients with SUD [12].

Studies have investigated the association between maternal
trauma, such as losing a relative during pregnancy, and offspring
ADHD [13]. Prenatal maternal stress has also been suggested as a
possible risk factor for ADHD in offspring [14] and thus prenatal
maternal PTSD (hereafter prenatal PTSD) may be a risk factor,
although one systematic review underlines the low number of studies
in this field, especially of those takingheritability into account [14]. To
the best of our knowledge, this is the first study to investigate an
association between prenatal PTSD and offspring ADHD.

In Sweden, all contact with health care professionals is recorded
in local and national administrative registers that cover the entire
population, creating a unique opportunity to conduct nationwide
studies, including the total population. Our study aims to investi-
gate the relationship between diagnosed prenatal PTSD and off-
spring childhood ADHD, and whether hereditary factors,
measured as ADHD in parents and maternal mental illness, could
explain offspring childhood ADHD. We also investigate whether
substance use during pregnancy and other perinatal and socio-
economic factors impact this association. We hypothesize that
prenatal PTSD is associated with offspring ADHD.

Methods

Study design and data sources

The study was a retrospective register-based cohort study. Data
were extracted from a large, longitudinal database of linked national
registers Psychiatry Sweden (PS) (https://ki.se/en/gph/psychiatry-
sweden-the-register-linkage-epicss-group). This includes data on
all people officially resident in Sweden after 1 January 1932,
anonymized by Statistics Sweden (SCB) for research purposes.
We obtained outcome, exposure, and covariate data from the
following registers:

From Statistics Sweden (SCB):

• Total population register together with the medical birth regis-
ter (see below) to identify cohort participants and obtain
demographic data, for example, birth date, sex, and birth
country.

• Multi-generation register to link participants to their parents.
• Longitudinal integrated database for health insurance and labor

market studies (LISA) used for sociodemographic data, includ-
ing disposable income.

From the National Board of Health and Welfare:

• National patient register (NPR) for psychiatric and somatic
diagnoses. NPR includes data from inpatient care (available
since 1973) and specialized outpatient care (available since
2001). However, the data on psychiatric outpatient care have
had sufficient quality and coverage since 2006.

• Prescribed drug register for data on prescribed and purchased
ADHD-related drugs since July 2005.

• Medical birth register for pregnancy/birth-related variables
such as reported smoking during pregnancy and pregnancy/
birth complications.

Study population

The study population included all children born in Sweden during
2006–2010 who were still living in Sweden on 31 December 2016
(n = 554 513) and their biological parents. Due to limitations in data
coverage, children born before 2006 were not included. Maternal data
were not available for 747 children, and these children were therefore
excluded. The final study population consisted of 553 766 children.

Due to the focus on factors other than hereditary behindADHD,we
created two subpopulations:

• children without parental ADHD (n = 535 651), and
• children with neither parental diagnosed ADHDnor diagnosed

maternal mental disorders other than PTSD (n = 506 222).

Exposure

The exposure variable was defined as diagnosed prenatal PTSD
(International Classification of Diseases, ICD-10, F43.1), dichotom-
ized to yes/no, where “yes” represented mothers who had received a
PTSDdiagnosis during the year of delivery or during the 2 years prior
to delivery. The validity of the PTSD diagnoses used in this study is
found to be high [15].

Outcome

The outcome offspring ADHD was identified in NPR by the ICD-10
code F90 and/or the use ofADHDmedication (ATCcodes:N06BA01,
N06BA02, N06BA04, N06BA07, and N06BA09). The outcome vari-
able was dichotomized as yes/no.

Covariates

Potential covariates were chosen based on ADHD risk factors
which prior studies have found support for.

Offspring birth year
The cohort was divided according to the year of birth of the child
(2006–2010).

Offspring sex assigned at birth
Female or male.

Maternal age (in years)
In four groups: <19, 19–35, >35, missing.

Paternal age (in years)
In four groups: <19, 19–35, >35, missing.

Parental ADHD
Dichotomized and defined in the same way as for offspring (see
Section “Outcome”):

• Maternal ADHD
• Paternal ADHD
• Maternal and/or paternal ADHD

Maternal mental disorders except PTSD
Dichotomized

• Anxiety disorders except PTSD (ICD-10: F40-F43 except F43.1)
• Depressive disorders (ICD-10: F32-33)
• Nonaffective psychotic disorder (ICD-10: F20-29)
• Maternal mental disorder except PTSD combined (ICD-10:

F40-F43 except F43.1, F32-33, F20-29)
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Maternal smoking during pregnancy
Self-reported smoking of at least one cigarette a day at the time of
the first antenatal visit dichotomized.

Maternal substance use
Dichotomized

• Alcohol use disorder (ICD-10: F10, G31.2, G62.1, G72.1, I42.6,
K29.2, K70, K86.0, O35.4, P04.3, Q86.0, T51.0, X45, Y91, Z50.2,
Z71.4)

• Other substance use disorders (ICD-10: F11-F19 except F17)
• Substance use combined

Maternal major somatic disorder
Dichotomized

• Diabetes mellitus (ICD-10: E10-E14)
• Respiratory disorder (ICD-10: J00-J99)
• Circulatory disorder (ICD-10: I00-I99 except I42.6)
• Maternal major somatic disorders combined

Pregnancy/birth complications
Dichotomized

• Low birth weight (ICD-10: P07, O14-O15)
• Low APGAR score (0–6 after 5 min)
• Gestational hypertension (ICD-10: O14-O15)

• Pregnancy/birth complications combined

Migrant status
• Maternal birth country: Dichotomized as the mother being

born in Sweden or not
• Paternal birth country: Dichotomized as the father being born

in Sweden or not

Parity
Three groups: 1st child, 2nd, or later order, missing.

Disposable family income
According to Statistics Sweden, this variable was defined as annual
disposable income based on total family income from all registered
sources, including wages, welfare benefits, other social subsidies,
and pensions. Individual disposable family income was derived by
weighting total family income according to household size and
composition, with younger children given lower weights than older
household members. Divided into quintiles. The lowest quintile
represented the lowest amount of disposable family income.

Statistical analysis

Descriptive statistics for all variables are reported in Table 1.
Exposed and unexposed groups were compared using Chi-square
test (results presented in Appendix Table A). We fitted the logistic

Table 1. Descriptive statistics for children born in Sweden during 2006–2010

Total population Exposed group (children with prenatal PTSD)

Total 553 766 (100) 1 224 (0.2)

n (%) With ADHD Without ADHD With ADHD Without ADHD

In total 14 719 (2.7) 539 047 (97.3) 57 (4.7) 1 167 (95.3)

Parental ADHD (comb.) 2 774 (18.8) 15 341(2.8) 22 (38.6) 128 (11.0)

Maternal mental disorder (comb.) 1 682 (11.4) 27 747 (5.1) 38 (66.7) 738 (63.2)

Smoking 4 534 (30.8) 81 473 (15.1) 25 (43.9) 379 (32.5)

Maternal substance use (comb.) 472 (8.2) 4732 (0.9) 15 (26.3) 103 (8.8)

Maternal somatic disorder (comb.) 216 (1.5) 5 472 (1.0) 2 (3.5) 36 (3.1)

Pregnancy complication (comb.) 2 049 (13.9) 54 639 (10.1) 10 (17.5) 143 (12.3)

Parental birth country, not Sweden 3 573 (24.3) 163 577 (30.3) 16 (28.1) 654 (56.0)

Offspring is female 3 606 (24.5) 266 127 (49.4) 13 (22.8) 566 (48.5)

Birth year offspring

2006 4 140 (28.1) 102 662 (19.0) 14 (24.6) 172 (14.7)

2007 3 510 (23.8) 104 690 (19.4) 9 (15.8) 202 (17.3)

2008 2 995 (20.3) 107 066 (19.9) 15 (26.3) 222 (19.0)

2009 2 330 (15.8) 110 183 (20.4) 10 (17.5) 261 (22.4)

2010 1 744 (11.8) 114 446 (21.2) 9 (15.8) 310 (26.6)

Disposable incomea

1st quintile (lowest) 4 716 (32.0) 131 897 (24.5) 26 (45.6) 628 (53.8)

2nd quintile 2 801 (19.0) 76 994 (14.3) 13 (22.8) 198 (17.0)

3rd quintile 2 981 (20.3) 104 571 (19.4) 12 (21.1) 158 (13.5)

4th quintile 2 584 (17.6) 124 230 (23.0) 3 (5.3) 111 (9.5)

5th quintile (highest) 1 600 (10.9) 99 446 (18.4) 3 (5.3) 68 (5.8)

aNo data available on disposable family income for n = 1 946.
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regression models to estimate odds ratios (ORs) with 95% confi-
dence intervals (CIs) for offspring ADHD (Table 2) for the total
population and for the two subgroups “children without parental
ADHD” and “children with neither parental diagnosed ADHD nor
diagnosedmaternal mental disorders other than PTSD.”A range of
potential covariates included in the register linkage were chosen as
potential confounders, based on risk factors of ADHD, which prior
studies have found support for. The initial Crude model included
exposure and outcome only. Model I included the covariates
decided a priori: child’s sex, year of birth, maternal age, paternal
age, family situation, disposable family income, and parental coun-
try of birth. Model II included all variables in model I and maternal
smoking during pregnancy, parity, pregnancy complications, and
major somatic disorders. For the total population and the subgroup
“children without parental ADHD,” we ran a modified version of
model III, with child’s sex, ADHD in parents (only in the total
population), and maternal mental disorders to see the effect of
ADHD in parents without the other confounders. For the total
population, we ran model IV, including all the factors in models I–
III. All statistical analyses were done with the software IBM SPSS
Statistics version 26.

Results

Table 1 shows the distribution of variables for the total population,
and among the exposed and unexposed. Among children exposed
to prenatal PTSD, more individuals were diagnosed with ADHD
than among the unexposed (4.7 and 2.7%, respectively). The preva-
lence of ADHD was almost six times higher among mothers with
PTSD than among those without (9.4% vs 1.6%). In mothers with
PTSD, it was 12 times more common to have any other mental
disorder compared to mothers without PTSD (63.4% vs 5.2%).
Three-quarters of children diagnosed with ADHD were male. All
investigated risk factors, except APGAR score and gestational
hypertension, were significantly more prevalent in mothers with
PTSD compared to their peers. For more detailed information
about the prevalence of specific diagnoses included among mater-
nal mental disorders, specific substances used by mothers, specific
maternal somatic disorders, and specific pregnancy/birth compli-
cations, as well as for p-values of the differences in prevalence

between the groups compared with the Chi-square test, please see
Appendix Table A.

In the total population, children exposed to prenatal PTSDhad a
79% (OR: 1.79, 95% CI: 1.37–2.34) higher likelihood of being
diagnosed with ADHD in the crude model (Table 2). In model I,
with child’s sex, year of birth, maternal age, paternal age, family
situation, disposable family income, and parental country of birth,
the association was attenuated but still significant (OR: 1.62, 95%
CI: 1.23–2.13). However, in the fully expandedmodel, when includ-
ing parental ADHD andmaternal mental disorders, the association
between prenatal PTSD and offspring ADHD was no longer sig-
nificant.

In the subpopulation “children without parental ADHD”, the
exposed had 42% higher odds of being diagnosed with ADHD (OR:
1.42, 95% CI: 1.01–2.00) compared to the unexposed, when the
model included child’s sex, year of birth, maternal age, paternal age,
family situation, disposable family income, and parental country of
birth (Table 2). However, this significant association disappeared
when including maternal mental health in the model.

Table 2 shows that, in the subpopulation “children without
parental ADHD or maternal psychiatric diagnosis other than
PTSD”, there was an association between prenatal PTSD and
offspring childhood ADHD in the crude model (OR: 2.72, 95%
CI:1.56–4.76) and in the model including child’s sex, year of birth,
maternal age, paternal age, family situation, disposable family
income, parental country of birth, maternal smoking, parity, preg-
nancy/birth complications and major somatic disorders (OR: 2.32,
95% CI:1.30–4.14).

For the association between parental PTSD and offspring
ADHD in the subpopulation “children without parental ADHD
or maternal psychiatric diagnosis other than PTSD”, individual
co-variates such as child’s sex, year of birth, maternal age, paternal
age, family situation, disposable family income, parental country of
birth, smoking, parity, pregnancy/birth complications, and major
somatic illness were included in the final model (see Table 3).When
disposable family income was compared to the highest quintile, for
each quintile, the lower the income, the higher the likelihood of
offspring ADHD. Single parenthood among mothers with PTSD
was associated with twice the likelihood for subsequent offspring
ADHD (OR: 2.04, 95% CI: 1.80–2.32) compared to cohabiting

Table 2. Odds ratios (ORs) with 95% confidence interval (CI) for offspring ADHD among children by exposure to prenatal PTSD

Population Crude Model I Model II Model III Model IV

Children without prenatal
PTSD

Reference group Reference group Reference group Reference group Reference group

Total population of children
with prenatal PTSD
(n = 553 766)

1.79 (1.37–2.34) 1.62 (1.23–2.13) 1.43 (1.09–1.88) 0.85 (0.65–1.13) 0.86 (0.65–1.14)

Children with prenatal PTSD
without parental ADHD
(n = 535 651)

1.48 (1.06–2.08) 1.42 (1.01–2.00) 1.25 (0.89–1.76) 0.87 (0.62–1.22) 0.92 (0.65–1.29)

Children with prenatal PTSD
without parental ADHD or
maternal psychiatric
diagnosis other than
PTSD (n = 506 222)

2.72 (1.56–4.76) 2.51 (1.42–4.45) 2.32 (1.30–4.14)a NA NA

Note: Model I – Including child’s sex, year of birth, maternal age, paternal age, family situation, disposable family income, and parental country of birth.
Model II – Model I + Maternal smoking during pregnancy, parity and pregnancy complications and major somatic disorders.
Model III – Including child’s sex, ADHD in parents (only in the total population) and maternal mental disorder.
Model IV – Including all the factors in models I–III.
aAs this group is without ADHD in parents or any maternal mental disorder, model II is the mutually inclusive model for this group.
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parents. Smoking during pregnancy/birth was also associated with
a higher likelihood of offspring ADHD (OR: 1.92, 95% CI: 1.83–
2.02). Having at least one parent born abroad was associated with a
significantly lower likelihood of offspring ADHD (OR: 0.81, 95%
CI: 0.77–0.86). If the child was female, the likelihood was also
significantly lower (OR: 0.30, 95% CI: 0.29–0.32).

Discussion

Our study aimed to investigate the relationship between diagnosed
prenatal PTSD and offspring ADHD in childhood, and if this could
be explained by hereditary factors, adjusted for known risk factors
for ADHD such as perinatal pregnancy-related factors and socio-
economic factors [1]. As hypothesized, an association between
maternal prenatal PTSD and childhood ADHD in offspring was
found. Hereditary factors, measured as parental ADHD andmater-
nal mental disorders other than PTSD, seem to be the major
contributors to such associations in the total study population.
Nonetheless, in the subpopulation “children without parental
ADHD or maternal psychiatric diagnosis other than PTSD,” the
likelihood of childhood ADHD was doubled among those with
prenatal PSTD even after controlling for a range of strong con-
founders such as single parenthood and low disposable income [1].

Several studies have investigated the association betweenmater-
nal stress and offspring ADHD [14], but not prenatal PTSD and
offspring ADHD. To the best of our knowledge, this is the first
study to examine whether PTSD in the years immediately before/
during pregnancy could be a risk factor for ADHD in offspring,
while also taking the influence of hereditary factors into account. If
replicated, this means additional support for the hypothesis that
stress is one of the environmental risk factors for ADHD. There are
several theories as to why prenatal stress or PTSD could be asso-
ciated with offspring ADHD. One such theory predicts that
immune activation inwomenwith stress is associated with neonatal
functional brain connectivity and offspring behavior [14]. Another,
the fetal programming hypothesis, speculates that since the fetus
adapts to the prenatal environment, for example, through epigen-
etic changes, prenatal stress could generate lasting offspring adap-
tations such as shorter attention spans [16, 17]. Stress-related
hormones could also play a part in this association [18]. It is
speculated that, with more anxiety, the placenta becomes more
permeable to cortisol and thus increases fetal exposure [18]. Low
birth weight has been associated with ADHD [19, 20], and there is
evidence supporting a link between prenatal maternal stress and
low birth weight [21-23].

Distributions of several characteristics were significantly differ-
ent between mothers with and without prenatal PTSD. Diagnosed
ADHD, smoking during pregnancy, substance use, mental dis-
orders, low disposable income, major somatic disorders, and being
born outside of Sweden were more commonly observed in mothers
with PTSD than in mothers without. This indicates that PTSD
rarely is an isolated condition in otherwise healthy people, which
makes it difficult to study PTSD alone. ADHD heredity (diagnosed
ADHD in parents) confounded the crude association between
prenatal PTSD and offspring ADHD. Considering the fact that
about 50% of adults with ADHD have a comorbid mental disorder
[24], it is likely that the association between prenatal maternal
mental disorder and offspring ADHD is partly explained by shared
heredity.

In the subgroup analysis of children without diagnosed ADHD
in parents or maternal mental illness, prenatal PTSD also doubled

Table 3. Odds ratios (ORs) with 95% confidence interval (CI) for offspring ADHD
among children without parental ADHD or maternal psychiatric diagnosis other
than PTSD for each variable in model II for offspring

Variable Parameter OR (95% CI)

Children without parental
ADHD

Without maternal mental
disorder

Reference group

Without maternal mental
disorder other than
PTSD

2.32 (1.30–4.14)

Sex Boy Reference group

Girl 0.30 (0.29–0.32)

Birth year offspring 2006 Reference group

2007 0.80 (0.75–0.84)

2008 0.64 (0.61–0.68)

2009 0.46 (0.43–0.49)

2010 0.32 (0.30–0.34)

Maternal age <19 1.14 (0.94–1.38)

19–35 Reference group

>35 0.87 (0.82–0.93)

Missing –

Paternal age <19 0.76 (0.51–1.12)

19–35 Reference group

>35 1.05 (1.00–1.10)

Missing 0.87 (0.73–1.03)

Family situation Cohabiting Reference group

Single parent 2.04 (1.80–2.32)

Other family situation 1.61 (1.47–1.77)

Missing 1.42 (1.30–1.55)

Disposable income 1st quintile (lowest) 2.14 (1.99–2.31)

2nd quintile 1.99 (1.85–2.15)

3rd quintile 1.71 (1.59–1.84)

4th quintile 1.25 (1.16–1.34)

5th quintile (highest) Reference group

Missing data 1.76 (1.20–2.60)

Migration status Both parents born in
Sweden

Reference group

One parent born in
Sweden

0.81 (0.77–0.86)

Both parents born outside
Sweden

0.54 (0.50–0.58)

Smoking Non-smoking during
pregnancy

Reference group

Smoking during
pregnancy

1.92 (1.83–2.02)

Parity First child Reference group

2nd child or later order 0.75 (0.71–0.78)

Missing 0.58 (0.50–0.68)

Pregnancy complications No Reference group

Yes 1.16 (1.11–1.21)

Major somatic disorders Yes Reference group

No 0.78 (0.64–0.94)
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the likelihood of childhood ADHD. In addition, several confoun-
ders doubled the likelihood of ADHD in the child, including single
parenthood and low disposable income. The reason that single
parenthood doubles the likelihood of offspring ADHD is unknown,
but may be related to the fact that low disposable family income is
known to be more common among single parents, and an associ-
ation between parental low disposable income and offspring
ADHD is found in previous studies [25, 26]. In addition, we found
that reported smoking during pregnancy is associated with off-
spring ADHD. However, sibling- and twin-designed studies have
shown that the association between smoking during pregnancy and
ADHD is likely due to confounding because smoking during preg-
nancy is associated with ADHD/externalizing problems in the
mother [25]. We therefore conclude that smoking during preg-
nancy is a confounding factor in our study as well.

Strengths and limitations

An important strength of this study is the use of comprehensive
register linkage, making it possible to study large numbers of
participants over time. Using health registers minimizes the risk
of recall bias, the PTSD diagnoses did not rely on mothers remem-
beringwhether they had PTSDduring pregnancy. Furthermore, the
large number of participants makes it more probable that true
associations are found even if some misclassification occurs. Very
few participants were excluded due to missing data. Another
advantage of using record linkage is that the data includes many
potential confounders in offspring and parents.

Although the sample was large, the number of mothers with
prenatal PTSD who had offspring diagnosed with ADHD was only
57. Also, the multivariate logistical regression models included a
range of covariates – thus lowering statistical power, possibly in
turn increasing the risk of type II errors.

An important limitation is that we did not test for an interaction
between genetic and environmental factors in the children. Neither
did we have the opportunity to consider the severity of prenatal
PTSD. Both factors are likely to introduce residual confounding.
Sibling design/twin studies could constitute a better approach
because this would include common heredity and many shared
environmental factors.

This study relies on the health care system to have diagnosed
both PTSD and ADHD accurately. This could be a limitation, as it
might lead to underestimation of ADHD in both children and
parents (as a confounder), as well as of PTSD in parents. With
regard to the underestimation of ADHD in children in our study,
the vast majority of the children diagnosed with ADHD were boys.
It has been suggested that ADHD is underdiagnosed in girls. If this
is the case in the study population, that would indicate an ascer-
tainment bias, so that girls with ADHD are classified as not having
ADHD. If this is the case, that could also lead to an underestimation
of the total association.

PTSD is likely to be an underdiagnosed condition in psychiatry
[8]. In our study, prenatal PTSD prevalence was 0.2%. This is a very
low figure when compared to previous research that has found
prevalence in prenatal mothers worldwide to be around 3% [7] but
the same as the incidence of specialized healthcare utilization for
PTSD in Sweden [8]. Studies finding higher prevalence often used
data from prenatal PTSD screenings and not register data of
specialized health care utilization for PTSD [8]. Register-based data
only include cases so severe that the patient seeks care; hence,
milder cases may not be included. This discrepancy might also

suggest underreporting of PTSD in the present study. Thus, if there
is an association, as the study implies, this might only be present
among mothers with severe forms of PTSD. If a higher proportion
of mothers with prenatal PTSD were identified, the association
between prenatal PTSD and offspring ADHD could be stronger.
However, it is also possible that the association would be weaker
because those mothers who are classified as having PTSD in the
current study are those with the most serious form of the disorder.

The children in our study were 6 to 10 years of age, and this is a
limitation because the study did not include cases of ADHD diag-
nosed at an older age. Although this age range corresponds to the
age when many boys are diagnosed with ADHD, girls and children
with less hyperactivity are often diagnosed later [27]. This limita-
tion leads to a possible underestimation of ADHD, and this could
weaken the association found. ADHD was for a long time mainly
diagnosed in children, and only later became more commonly
diagnosed among adults [1]. Thus, ADHD diagnoses among par-
ents are probably underestimated. However, the lower prevalence
in adults might also be due to the fact that only about one in six
youths with ADHD still meet the full diagnostic criteria for ADHD
at age 25 [1]. Still, this could lead to the consequence that, in the
subpopulation of children without parental ADHD, there are still
children whose parents do have ADHD. This is most likely among
persons with less severe symptoms because they are the least likely
to be detected. As ADHD often is comorbid with other mental
disorders, we tried to handle this likely underestimation of ADHD
among the parents by excluding mothers with a mental disorder,
that is, having a subpopulation of children with neither parental
diagnosed ADHD nor diagnosed maternal mental disorders other
than PTSD. This subpopulation probably has a lower underesti-
mation of ADHD.

Despite PTSD being more common among migrants and, in
particular, refugees [8] as compared with the Swedish-born major-
ity population, it could still be under-detected among migrants
[8]. Studies also show that ADHD is under-detected among chil-
dren with a migrant background [28]. The under-detection of
PTSD among migrant mothers and ADHD among migrant chil-
dren could weaken the possible association in the total population.

The association between parental PTSD and offspring ADHD
could be impacted by SUD. SUD is a risk factor for PTSD, and
PTSD could also be a risk factor for SUD. Since substance use
during pregnancy is a risk factor for offspring ADHD [27], there is a
possibility that any association we have found is confounded by
SUD. We have thus tried to include SUD in the models – however,
doing so did not alter the association significantly, possibly due to
low PTSD prevalence. Further research needs to find additional
ways to eliminate this bias.

Implications

If the finding that maternal PTSD is a risk factor for ADHD is
replicated in other populations, this could lead to new insights in
the etiology of ADHD, in understanding the risk factors for ADHD,
and in developing possible strategies to prevent ADHD. Further
studies should focus on the elimination of unmeasured confound-
ing, possibly using a sibling design.

Conclusion

Prenatal PTSD was associated with offspring ADHD. In children
with exposure to parental ADHD or maternal mental disorders,
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ADHDwas better explained by these hereditary factors. In children
without parental ADHD or maternal mental disorders, there was
still an association between prenatal PTSD and offspring ADHD,
even after adjustment for a range of factors such as low disposable
income. If replicated in other populations where sibling compari-
son design is possible, maternal PTSD could be more conclusively
identified as a risk factor for offspring ADHD.

Supplementary material. The supplementary material for this article can be
found at http://doi.org/10.1192/j.eurpsy.2024.21.

Data availability statement. Data cannot be shared publicly under the terms
and conditions of ethical approval for Psychiatry Sweden.

Author contribution. S.R. conceived and designed the study. A.C.H. obtained
funding from FORTE. A.C.H. and S.R. acquired data. S.R. prepared the data.
M.B. and A.M. did the statistical analysis and drafted the data tables. M.B. and
A.M. wrote themanuscript under the supervision of A.C.H. and S.R. A.C.H. and
S.R. edited the manuscript. All authors critically revised the paper for important
intellectual content and approved the final version.

Financial support. This work was supported by Forskningsrådet Hälsa,
Arbetsliv och Välfärd (FORTE) 2017-00632.

Competing interest. The authors have no conflicts of interest to declare.

Ethics statement. This study was approved by the Stockholm Regional
Ethical Review Board (register number 2010/1185–31/5). The authors assert
that all procedures contributing to this work comply with the ethical standards
of the relevant national and institutional committees on human experimenta-
tion and with the Helsinki Declaration of 1975, as revised in 2008.

References

[1] Faraone SV, Banaschewski T, Coghill D, Zheng Y, Biederman J, Bellgrove
MA, et al. The world federation of ADHD international consensus state-
ment: 208 evidence-based conclusions about the disorder. Neurosci Bio-
behav Rev. 2021;128:789–818.

[2] Willcutt EG. The prevalence of DSM-IV attention-deficit/hyperactivity
disorder: A meta-analytic review. Neurotherapeutics. 2012;9(3):490–9.

[3] Simon V, Czobor P, Balint S, Meszaros A, Bitter I. Prevalence and
correlates of adult attention-deficit hyperactivity disorder: Meta-analysis.
Br J Psychiatry. 2009;194(3):204–11.

[4] Faraone SV, Larsson H. Genetics of attention deficit hyperactivity dis-
order. Mol Psychiatry. 2019;24(4):562–75.

[5] Larsson H, Chang Z, D’Onofrio BM, Lichtenstein P. The heritability of
clinically diagnosed attention deficit hyperactivity disorder across the
lifespan. Psychol Med. 2014;44(10):2223–9.

[6] Bisson JI, Cosgrove S, Lewis C, Robert NP. Post-traumatic stress disorder.
BMJ. 2015;351:h6161.

[7] Burri A, Maercker A. Differences in prevalence rates of PTSD in various
European countries explained by war exposure, other trauma and cultural
value orientation. BMC Res Notes. 2014;7:407.

[8] Rahman S, Zammit S, Dalman C, Hollander AC. Epidemiology of posttrau-
matic stress disorder: A prospective cohort study based on multiple nation-
wide Swedish registers of 4.6 million people. Eur Psychiatry. 2022;65(1):e60.

[9] Yildiz PD, Ayers S, Phillips L. The prevalence of posttraumatic stress
disorder in pregnancy and after birth: A systematic review and meta-
analysis. J Affect Disord. 2017;208:634–45.

[10] van den Berk-Clark C, Secrest S, Walls J, Hallberg E, Lustman PJ, Schnei-
der FD, Scherrer JF. Association between posttraumatic stress disorder
and lack of exercise, poor diet, obesity, and co-occuring smoking: A
systematic review and meta-analysis. Health Psychol. 2018;37(5):407–16.

[11] Debell F, Fear NT, Head M, Batt-Rawden S, Greenberg N, Wessely S,
Goodwin L. A systematic review of the comorbidity between PTSD and
alcohol misuse. Soc Psychiatry Psychiatr Epidemiol. 2014;49(9):1401–25.

[12] Bolstad I, Lien L, Bramness JG. ADHD symptoms as risk factor for PTSD
in inpatients treated for alcohol use disorder. Psychiatry Res. 2021;300:
113904.

[13] Li J, Olsen J, Vestergaard M, Obel C. Attention-deficit/hyperactivity
disorder in the offspring following prenatal maternal bereavement: A
nationwide follow-up study in Denmark. Eur Child Adolesc Psychiatry.
2010;19(10):747–53.

[14] Manzari N, Matvienko-Sikar K, Baldoni F, O’Keeffe GW, Khashan AS.
Prenatal maternal stress and risk of neurodevelopmental disorders in the
offspring: A systematic review andmeta-analysis. Soc Psychiatry Psychiatr
Epidemiol. 2019;54(11):1299–309.

[15] Hollander AC, Askegard K, Iddon-Escalante C, Holmes EA, Wicks S,
Dalman C. Validation study of randomly selected cases of PTSD diagnoses
identified in a Swedish regional database compared with medical records:
Is the validity sufficient for epidemiological research? BMJ Open. 2019;
9(12):e031964.

[16] Van den Bergh BR, Marcoen A. High antenatal maternal anxiety is related
to ADHD symptoms, externalizing problems, and anxiety in 8- and
9-year-olds. Child Dev. 2004;75(4):1085–97.

[17] Van den Bergh BRH, van denHeuvelMI, LahtiM, BraekenM, de Rooij SR,
Entringer S, et al. Prenatal developmental origins of behavior and mental
health: The influence of maternal stress in pregnancy. Neurosci Biobehav
Rev. 2020;117:26–64.

[18] Glover V, O’Donnell KJ, O’Connor TG, Fisher J. Prenatal maternal stress,
fetal programming, and mechanisms underlying later psychopathology –
A global perspective. Dev Psychopathol. 2018;30(3):843–54.

[19] Halmoy A, Klungsoyr K, Skjaerven R, Haavik J. Pre- and perinatal risk
factors in adults with attention-deficit/hyperactivity disorder. Biol
Psychiatry. 2012;71(5):474–81.

[20] Thapar A, Fowler T, Rice F, Scourfield J, van den Bree M, Thomas H, et al.
Maternal smoking during pregnancy and attention deficit hyperactivity
disorder symptoms in offspring. Am J Psychiatry. 2003;160(11):1985–9.

[21] Ae-Ngibise KA, Wylie BJ, Boamah-Kaali E, Jack DW, Oppong FB, Chill-
rud SN, et al. Prenatal maternal stress and birth outcomes in rural Ghana:
Sex-specific associations. BMC Pregnancy Childbirth. 2019;19(1):391.

[22] CookN, Ayers S, Horsch A.Maternal posttraumatic stress disorder during
the perinatal period and child outcomes: A systematic review. J Affect
Disord. 2018;225:18–31.

[23] Lima SAM, El Dib RP, Rodrigues MRK, Ferraz GAR, Molina AC, Neto
CAP, et al. Is the risk of low birth weight or preterm labor greater when
maternal stress is experienced during pregnancy? A systematic review and
meta-analysis of cohort studies. PLoS One. 2018;13(7):e0200594.

[24] Polyzoi M, Ahnemark E, Medin E, Ginsberg Y. Estimated prevalence and
incidence of diagnosed ADHD and health care utilization in adults in
Sweden – A longitudinal population-based register study. Neuropsychiatr
Dis Treat. 2018;14:1149–61.

[25] Haan E, Westmoreland KE, Schellhas L, Sallis HM, Taylor G, Zuccolo L,
Munafo MR. Prenatal smoking, alcohol and caffeine exposure and off-
spring externalizing disorders: A systematic review and meta-analysis.
Addiction. 2022;117:2602–13.

[26] Russell AE, Ford T, Williams R, Russell G. The association between socio-
economic disadvantage and attention deficit/hyperactivity disorder (ADHD):
A systematic review. Child Psychiatry Hum Dev. 2016;47(3):440–58.

[27] Faraone SV, Asherson P, Banaschewski T, Biederman J, Buitelaar JK,
Ramos-Quiroga JA, et al. Attention-deficit/hyperactivity disorder. Nat
Rev Dis Primers. 2015;1:15020.

[28] Jablonska B, Kosidou K, Ponce De Leon A, Wettermark B, Magnusson C,
Dal H, Dalman C. Neighbourhood socioeconomic characteristics and
utilization of ADHD medication in schoolchildren – A population multi-
level study in Stockholm County. J Attent Disord. 2020;24(2):265–76.

European Psychiatry 7

https://doi.org/10.1192/j.eurpsy.2024.21 Published online by Cambridge University Press

http://doi.org/10.1192/j.eurpsy.2024.21
https://doi.org/10.1192/j.eurpsy.2024.21

	Prenatal maternal PTSD as a risk factor for offspring ADHD: A register-based Swedish cohort study of 553766 children and their mothers
	Introduction
	Methods
	Study design and data sources
	Study population
	Exposure
	Outcome
	Covariates
	Offspring birth year
	Offspring sex assigned at birth
	Maternal age (in years)
	Paternal age (in years)
	Parental ADHD
	Maternal mental disorders except PTSD
	Maternal smoking during pregnancy
	Maternal substance use
	Maternal major somatic disorder
	Pregnancy/birth complications
	Migrant status
	Parity
	Disposable family income

	Statistical analysis

	Results
	Discussion
	Strengths and limitations
	Implications
	Conclusion
	Supplementary material
	Data availability statement
	Author contribution
	Financial support
	Competing interest
	Ethics statement
	References


