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Long-term prenatal effects of antidepressant use on the risk of
affective disorders in the offspring: a register-based cohort

study
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To investigate the association between intrauterine antidepressant exposure and offspring affective disorders over an 18-year
follow-up period using Danish national registers. We included 42,988 singletons born during 1998-2011 and followed-up until
2016, death, emigration, or date of first affective disorder diagnosis. Children were categorised into two groups according to
maternal antidepressant use within 2 years before and during pregnancy: continuation (use before and during pregnancy) or
discontinuation (use before but not during pregnancy). The outcome was an affective disorders diagnosis in the offspring based on
secondary/tertiary care records and primary care prescription data. Hazard ratios (HR) of affective disorders were estimated using
Cox regression models. To consider confounding by shared environmental or genetic factors, we investigated the effect of paternal
antidepressant use on the risk for affective disorders. Affective disorders were diagnosed in 1538 children. Children whose mothers
continued antidepressants during pregnancy had an increased risk of affective disorders (HR = 1.20, 95% Cl = 1.08-1.34), compared
with children whose mothers discontinued before pregnancy. Similarly, continued paternal antidepressant use during pregnancy
was associated with higher risk for offspring affective disorders (HR = 1.29, 95% Cl = 1.12-1.49), compared to discontinuation.
Based on data from primary and secondary/tertiary care, maternal antidepressant use during pregnancy was associated with an
increased risk of affective disorders in the offspring. As similar associations were observed in children whose fathers continued
antidepressant use across the pregnancy period, the observed association may be attributable to the underlying parental
psychopathology, rather than the direct intrauterine exposure to antidepressants.
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INTRODUCTION

Major depressive disorder is highly prevalent, with one in five
people experiencing an episode at some point in their life, and
almost twice as common in women than in men [1]. Antidepres-
sants are usually given as first-line treatment, including during
pregnancy, either to prevent the recurrence of depression or as
acute treatment in newly depressed patients [2]. Antidepressant
use during pregnancy is widespread, with estimated prevalence
rates ranging between 2 and 13% [3]. Since antidepressants cross
the placenta and the blood-brain barrier [4], concern exists about
sequelae of intrauterine antidepressant exposure on the unborn
child.

A substantial number of studies have found associations
between intrauterine antidepressant exposure and adverse
neonatal outcomes [5], as well as poorer neurodevelopmental
and psychiatric outcomes, including higher risk for autism
spectrum disorder (ASD) and attention deficit hyperactivity
disorder (ADHD) [6, 7]. However, research has demonstrated
through sequential adjustment for confounding by indication (i.e.,
unadjusted, restricted to women with a depression diagnosis to
control for the potential effect of the underlying illness or factors
associated with it, restricted to women with a depression

diagnosis, using propensity score stratification to further control
for proxies of depression severity and other potential confoun-
ders), that the reported associations are, in large part, driven by
the underlying maternal disorder [8, 9]. This is supported by
observations that maternal psychopathology increases the risk of
adverse outcomes in the child, including adverse birth outcomes,
poorer long-term cognitive development, and the risk for
psychopathology [10], via shared genetic and environmental
factors [11].

Considering confounding by indication, our recent systematic
review showed that affective disorders were the only offspring
psychopathology significantly associated with prenatal exposure
to antidepressants [8]. Mechanistically, it is conceivable that
intrauterine antidepressant exposure renders the foetal brain
specifically vulnerable for affective disorders: antidepressants
target the serotonergic system [12], and serotonin mediates basic
processes such as neurogenesis and synaptogenesis [13]. Prenatal
exposure to antidepressants modulates this serotonin regulation
at crucial neurodevelopmental stages, which may lead to an
increased risk of affective psychopathology later in life [14].

Affective disorders are common in adolescence, their preva-
lence increasing with age [15]. Due to the limited follow-up
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duration of most longitudinal and register-based studies in
existence today, affective disorders are currently under-
investigated as long-term outcomes of intrauterine antidepressant
exposure. Moreover, for outcome definitions, population-based
studies of long-term outcomes have primarily relied on diagnoses
by mental health care providers in secondary or tertiary care
settings such as hospitals. However, this approach underestimates
the number of individuals with affective disorders treated in
primary care settings.

The aim of this study was to investigate the association
between intrauterine antidepressant exposure and offspring
affective disorders in the Danish national registers with a follow-
up period of up to 18 years, the longest follow-up period to date.
We focussed on affective disorders in this study because
outcomes with childhood-onset, such as ASD and ADHD, have
been investigated extensively. Affective disorders were defined
based on records from secondary/tertiary care providers (e.g.
hospital records) and prescription data (including from primary
care settings) [16]. We compared children whose mothers
continued antidepressant use during pregnancy to children
whose mothers discontinued antidepressant use before preg-
nancy to limit confounding by the underlying maternal illness
(confounding by indication). We further investigated the effect of
paternal antidepressant use on the risk for an affective disorder in
the offspring to quantify confounding by shared environmental or
genetic factors.

METHODS

Sample

We carried out a population-based cohort study using data from
Danish national registers. All live births and residents in Denmark
are assigned a unique identification number in the Danish Civil
Registration System [17], which permits linkage of individual-level
data. We identified all liveborn singletons during 1998-2011 (n =
908,310) from the Danish Medical Birth Registry [18]. We excluded
7092 children who had missing or likely erroneous gestational age
(<154 or >315 days); 2107 children with chromosomal abnorm-
alities (ICD-10 [International Classification of Diseases, 10th
revision] codes Q90-Q99) identified from the Danish National
Patient Register [19]; and 7969 children missing links to their
fathers. We included a total of 853,226 singletons born to 524,142
mothers. The study was approved by the Danish Data Protection
Agency. By Danish law, no informed consent is required for a
register-based study using anonymized data.

Antidepressant use

Information on maternal antidepressant use was obtained from
the Danish National Prescription Registry [20]. This register
includes a record of all prescriptions dispensed in Denmark since
1995. It contains the anatomical therapeutic chemical (ATC)
classification codes, the number of defined daily doses per
package, the number of packages dispensed, and the dispensing
date. The detailed ATC codes are shown in Supplementary Table A,
but in short, the ATC code for SSRIs was NO6AB, and those for non-
SSRI antidepressants were NO6AA, NO6AF, NO6AG and NO6AX. The
start of antidepressant use was indicated by the dispensing date.
We defined antidepressant use during pregnancy as a prescription
dispensed on any date from one month before pregnancy until
delivery. The first day of the mother's last menstrual period was
used to indicate the start of pregnancy. To capture recent
episodes, we included antidepressant prescriptions dispensed
from two years before pregnancy to delivery. Children were
categorised into two mutually exclusive groups according to
dispensing of an antidepressant prescription to the mother from 2
years to one month before pregnancy (referred to as ‘before
pregnancy’) and during pregnancy: (i) discontinuation, with use
before but not during pregnancy, (ii) continuation, with use both
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before and during pregnancy. We calculated the number of days
exposed per prescription by multiplying the number of defined
daily doses per package by the number of packages dispensed.
We calculated the exact number of days exposed by adding the
durations of all antidepressant prescriptions. To examine whether
the associations seen were confounded by shared environmental
or genetic variables, we repeated the analyses on paternal
antidepressant use during the same window as the exposure
[21]. We hypothesised that if any potential long-term effects on
the child are due to intrauterine exposure, maternal antidepres-
sant use during pregnancy should have a greater influence than
paternal antidepressant use in the same period.

Primary and secondary outcomes

The primary outcome of interest was the occurrence of affective
disorders in the offspring as defined by two approaches.
Occurrence of affective disorders was ascertained (1) based on
records from secondary/tertiary care providers, specifically, the
first date of a relevant diagnosis: mood disorders (F30-F39),
neurotic, stress-related and somatoform disorders (F40-F48),
mixed disorders of conduct and emotions (F92), or emotional
disorders with onset specific to childhood (F93), or (2) based on
prescription data, after the child reached 5 years of age:
redemption of prescriptions for antidepressants (ATC code
NO6A) and anxiolytics (NO5B). We also considered each of these
diagnoses and prescription types separately. Information on
psychiatric diagnoses came from the Danish Psychiatric Central
Research Register [22]. This register holds information on all
inpatient and outpatient psychiatric treatment in Denmark.
Information on antidepressant and anxiolytic prescriptions were
obtained from the Danish National Prescription Registry.

Potential confounders

We identified potential confounders in our analyses using directed
acyclic graphs. The majority related to maternal characteristics:
history of a formal psychiatric diagnosis at delivery, retrieved from
the Danish Psychiatric Central Research Register (ICD-8 codes
290-315; ICD-10 codes F00-F99); age at delivery (continuous
variable); primiparity (yes/no); inpatient and outpatient psychiatric
treatment from two years before pregnancy until delivery (yes/no);
prescriptions for other psychotropic drugs (ATC codes NO5 and
NO06 excluding NO6A) during pregnancy (yes/no); prescriptions for
antiepileptic drugs (ATC code NO3) during pregnancy (yes/no);
number of non-psychiatric hospital visits during pregnancy (0-1,
2-3, or =4); tobacco use during pregnancy (yes/no); marital status
(married or cohabiting/single, divorced, or widowed); highest
education (mandatory education/above mandatory education);
and calendar year of delivery (1998-2002, 2003-07, or 2008-11).
In addition, we included paternal psychiatric history at delivery.
Data on these covariates came from the registers mentioned
above as well as from Statistics Denmark’s registers on socio-
economic status [23].

When producing estimates for paternal antidepressant use, we
also adjusted for maternal antidepressant use during pregnancy
(unexposed, discontinuation, continuation, or new user group),
paternal age at delivery (continuous variable), and paternal
inpatient or outpatient psychiatric treatment from two years
before pregnancy to delivery (yes/no).

Statistical analysis

We used Stata 15 for statistical analyses. We followed children in
the antidepressant discontinuation and continuation groups from
birth until the first of the following events: end of the data (31st
December 2016), death, emigration, or the date of first diagnosis
of affective disorders/prescription of antidepressant or anxiolytic.
We used Cox regression models to calculate hazard ratios (HRs)
with 95% confidence intervals (Cls), with child’s age as the time
scale. We evaluated proportionality by visually inspecting ‘log-log’
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Table 1. Characteristics of study population according to maternal antidepressant use before and during pregnancy.
Characteristics Antidepressant discontinuation group® Continuation groupb
(n =27,096) (n=15,892)
Mean (SD) maternal age at delivery, years 29.8 (5.2) 30.5 (5.2)
Primiparity 12,199 (45.0) 7121 (44.8)
Maternal psychiatric history at delivery 8388 (31.0) 7585 (47.7)
Maternal inpatient psychiatric treatment from 2 years before 1199 (4.4) 1232 (7.8)
pregnancy to delivery
Maternal outpatient psychiatric treatment from 2 years before 4406 (16.3) 4508 (28.4)
pregnancy to delivery
Dispensing of other psychotropic prescriptions during pregnancy 617 (2.3) 1040 (6.5)
to the mother
Dispensing of antiepileptic prescriptions during pregnancy to 30 (0.1) 67 (0.4)
the mother
Number of maternal non-psychiatric hospital visits during pregnancy
0-1 5667 (20.9) 3126 (19.7)
2-3 12,069 (44.5) 7035 (44.3)
>4 9360 (34.5) 5731 (36.1)
Maternal smoking during pregnancy
Yes 7923 (29.2) 4822 (30.3)
No 18,036 (66.6) 10,466 (65.9)
Missing 1137 (4.2) 604 (3.8)
Maternal marital status at delivery
Married or cohabiting 21,253 (78.4) 12,360 (77.8)
Single, divorced, or widowed 5843 (21.6) 3532 (22.2)
Maternal highest education at delivery
Mandatory education 8938 (33.0) 4772 (30.0)
Above mandatory education 17,646 (65.1) 10,858 (68.3)
Missing 512 (1.9) 262 (1.6)
Calendar year of delivery
1998-2002 5733 (21.2) 2270 (14.3)
2003-2007 10,616 (39.2) 5753 (36.2)
2008-2011 10,747 (39.7) 7869 (49.5)
Paternal psychiatric history at delivery 2223 (8.2) 1445 (9.1)
Paternal antidepressant use
No antidepressant use 24,429 (90.2) 13,903 (87.5)
Use before but not during pregnancy 1201 (4.4) 677 (4.3)
Use both before and during pregnancy 958 (3.5) 952 (6.0)
Use during but not before pregnancy 508 (1.9) 360 (2.3)
Sex of child
Male 13,967 (51.5) 8228 (51.8)
Female 13,129 (48.5) 7664 (48.2)
Values are numbers (percentages) unless stated otherwise.
2Children whose mothers used antidepressants before but not during pregnancy.
PChildren whose mothers used antidepressants both before and during pregnancy.

plots. To account for the dependence between siblings, we
used the Huber sandwich estimator for the correction of standard
errors. All p-values were based on Wald’s tests, and we considered
p<0.05 (two-sided test) to be statistically significant. For the
covariates, tobacco use and education, 5.2% and 3.4% of
values were missing, respectively; we applied 20 imputations
using the Markov Chain Monte Carlo technique for imputing
missing values [24]. To evaluate whether the underlying maternal
psychiatric disorders were associated with offspring psychiatric
disorders, we calculated the HRs with the children whose mothers
discontinued antidepressant use prior to pregnancy as the
reference group.

SPRINGERNATURE

Comparisons between antidepressant continuation and
discontinuation groups

To control for how the underlying maternal psychiatric disorders
influence risk of our outcome (occurrence of affective disorders in
the offspring), we carried out detailed analyses comparing the
antidepressant continuation group to the discontinuation group,
adjusting for the above-mentioned covariates. To examine
whether the associations between antidepressant exposure and
affective disorders depended on the timing of exposure, we
divided the exposure window into three groups based on the last
menstrual period: first trimester only (one month before
pregnancy to 90 days after last menstrual period); second or third
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Table 2. Hazard ratios of any affective disorders among children born to mothers with continuous antidepressant use, compared with mothers with
discontinuous antidepressant use (n =42,988).
Antidepressant use during pregnancy Cases  Total number  Person years  Crude hazard ratio  Adjusted hazard ratio (95% Cl)*
Antidepressant discontinuation group 977 27,096 280,988 1
Antidepressant continuation group 561 15,892 151,294 1.27 1.20 (1.08, 1.34)
Timing of antidepressant use

Use in first trimester only 172 3512 38,499 1.16 1.12 (0.95, 1.32)

Use in second or third trimester only 12 466 4479 0.93 0.89 (0.50, 1.58)

Use in more than one trimester 377 11,914 108,317 1.35 1.26 (1.11, 1.43)
Class of antidepressant use

SSRI monotherapy 435 12,320 118,217 1.25 1.19 (1.06, 1.34)

Non-SSRI monotherapy 79 2272 21,039 1.28 1.21 (0.96, 1.52)

Use both SSRI and non-SSRI antidepressants 47 1300 12,039 1.49 1.31 (0.97, 1.76)
Duration of antidepressant use

<90 days 182 3931 42,671 1.14 1.09 (0.93, 1.28)

91-180 days 104 3024 28,961 1.20 1.13 (0.93, 1.39)

>181 days 275 8937 79,663 1.42 1.33 (1.16, 1.53)

Per 30-day increase - - - 1.02 1.02 (1.01, 1.03)

"Adjusted for maternal age at delivery, primiparity, in- and outpatient psychiatric treatment from 2 years before pregnancy until delivery, prescriptions for
other psychotropic drugs during pregnancy, prescriptions for antiepileptic drugs during pregnancy, number of non-psychiatric hospital visits during
pregnancy, smoking during pregnancy, marital status, highest education, calendar year of delivery and paternal psychiatric history at the time of delivery.

trimester only (91-180 days after last menstrual period or 181 days
after last menstrual period to childbirth); and more than one
trimester. We considered a child to be exposed to antidepressants
in a specific trimester if the dispensing date fell within the
trimester or if the number of days prescribed overlapped that
trimester. To study whether the associations varied with different
classes of antidepressants, we categorised antidepressant treat-
ment into SSRI monotherapy, non-SSRI antidepressant mono-
therapy, and both SSRI and non-SSRI antidepressant treatment. To
determine whether the associations were modified by the
duration of use, we divided the duration of antidepressant use
during pregnancy into 90 days or less, 91-180 days, and 181 days
or more. We also included the duration as a continuous variable,
per 30-day increase, in the models to see whether duration
response relations existed.

Sensitivity analyses

We carried out three sensitivity analyses to test the robustness of
our results. First, to reduce the misclassification of antidepressant
exposure, we restricted our analyses to mothers who filled at least
two prescriptions for antidepressants during pregnancy. This
aimed to exclude mothers who decided not to take antidepres-
sants in pregnancy and, therefore, did not renew their prescrip-
tions. Second, to reduce misclassification of antidepressant
discontinuation, we redefined the exposure windows. For children
to be included in the discontinuation group, mother had to use
antidepressants from two years to three months before preg-
nancy, but not from three months before pregnancy until delivery.
Third, as mothers who had inpatient psychiatric treatment may
have more severe symptoms, we repeated our analyses, excluding
the 4304 pregnancies of mothers with inpatient psychiatric
treatment from 2 years before pregnancy until delivery.

RESULTS

Table 1 lists the psychiatric and demographic characteristics of the
study population. Of the 853,226 children, 42,988 children born to
mothers who used antidepressants two years before pregnancy
were included in the final analyses. Among them, 15,892 (1.9%)
were born to mothers who used antidepressants during
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pregnancy. Approximately 1.7% (n=14,818) of mothers used
SSRI monotherapy, 0.3% (n = 2915) used non-SSRI antidepressant
monotherapy, and 0.2% (n = 1452) used both SSRI and non-SSRI
antidepressants. The children were followed for a maximum of 18
years. The mean age at first affective disorder was 12.0 (SD = 3.8)
years. The children in the antidepressant discontinuation and
continuation groups contributed a total of 4.3 x 10° person-years
at risk. Overall, 1,538 children were identified as having an
affective disorder based on records from secondary/tertiary care
providers or prescription data from primary care settings. Of the
1538 children with affective disorder, 1074 had a diagnosis from
secondary/tertiary care providers, while 464 were identified using
prescription data from primary care settings.

Comparisons between antidepressant continuation and
discontinuation groups

The risk for affective disorders among offspring in the continua-
tion group was higher than that in the discontinuation group
(adjusted HR = 1.20, 95% Cl = 1.08-1.34) (Table 2).

Children exposed to antidepressants during more than one
trimester had the highest risk of affective disorders compared to
the discontinuation group, while the children exposed during the
first trimester only, or the second or third trimester only did not
have a significantly different risk for affective disorders (Table 2).
The risk of affective disorders did not differ between children
exposed to SSRI monotherapy, non-SSRI antidepressant mono-
therapy, or SSRI and non-SSRI use (Table 2). For different durations
of antidepressant use, a higher risk was seen among children
whose mothers were in the continuation group and took
antidepressants for more than 180 days during the pregnancy
and pre-pregnancy periods (adjusted HR=1.33, 95% Cl=
1.16-1.53) (Table 2).

When examining the risks of prescription and disorder
subcategories (Table 3), we found increased risks in the
continuation group compared with the discontinuation group
for antidepressant use (adjusted HR=1.47, 95% Cl=1.18-1.83),
mood disorder (adjusted HR = 1.46, 95% Cl = 1.05-2.03), neurotic,
stress related and somatoform disorder (adjusted HR = 1.18, 95%
Cl=1.01-1.39), and emotional disorder with onset specific to
childhood (adjusted HR=1.57, 95% Cl=1.18-2.10), but not
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Table 3. Hazard ratios of diagnoses of affective disorders and prescriptions for antidepressants and anxiolytics among children of mothers with
continued antidepressant use, compared with mothers with discontinued antidepressant use.
Antidepressant use during pregnancy Cases Total number Person years Crude hazard ratio Adjusted hazard ratio (95% Cl)*
Prescription of antidepressant:
Antidepressant discontinuation group 220 27,096 283,563 1 1 (ref)
Antidepressant continuation group 132 15,892 152,598 1.49 1.47 (1.18, 1.83)
Prescription of anxiolytic:
Antidepressant discontinuation group 220 27,096 283,138 1 1 (ref)
Antidepressant continuation group 119 15,892 152,517 1.07 1.07 (0.85, 1.34)
Diagnosis of mood disorder (F30-F39):
Antidepressant discontinuation group 93 27,096 283,946 1 1 (ref)
Antidepressant continuation group 58 15,892 152,825 1.58 1.46 (1.05, 2.03)
Diagnosis of neurotic, stress related and somatoform disorder (F40-F48):
Antidepressant discontinuation group 480 27,096 282,881 1 1 (ref)
Antidepressant continuation group 260 15,892 152,292 1.26 1.18 (1.01, 1.39)
Diagnosis of mixed disorders of conduct and emotions (F92):
Antidepressant discontinuation group 82 27,096 283,857 1 1 (ref)
Antidepressant continuation group 41 15,892 152,836 1.04 0.90 (0.62, 1.32)
Diagnosis of emotional disorder with onset specific to childhood (F93):
Antidepressant discontinuation group 111 27,096 283,725 1 1 (ref)
Antidepressant continuation group 93 15,892 152,701 1.75 1.57 (1.18, 2.10)
"Adjusted for maternal age at delivery, primiparity, in- and outpatient psychiatric treatment from 2 years before pregnancy until delivery, prescriptions for
other psychotropic drugs during pregnancy, prescriptions for antiepileptic drugs during pregnancy, number of non-psychiatric hospital visits during
pregnancy, smoking during pregnancy, marital status, highest education, calendar year of delivery and paternal psychiatric history at time of delivery.
Maternal antidepressant use Cases Adjusted HR (95% Cl) Paternal antidepressant use Cases Adjusted HR (95% CI)
Discontinuation group : 977 1 (reference) : 388 1 (reference)
Continuation group : 561 1.20 (1.08, 1.34) : . 416 1.29 (1.12, 1.49)
Timing of antidepressant use : :
1st trimester only t 172 1.12(0.95, 1.32) —t——— 34 1.09 (0.77, 1.54)
2nd/3rd trimester only : 12 0.89 (0.50, 1.58) —:—o— 31 1.15 (0.80, 1.66)
More than one trimester I 377 1.26 (1.11, 1.43) | —e— 351 1.34 (1.15, 1.55)
I I
Class of antidepressant | |
SSRI monotherapy : 435 1.19 (1.06, 1.34) : —— 276 1.38 (1.18, 1.62)
Non-SSRI monotherapy t 79 1.21(0.96, 1.52) —t—— 100 1.12 (0.89, 1.39)
Both SSRIs and non-SSRIs : 47 1.31(0.97, 1.76) —:—0— 40 1.23(0.88, 1.73)
Duration of antidepressant use | :
<=90 days | 182 1.09 (0.93, 1.28) ———— 87 1.14 (0.91, 1.45)
91-180 days : 104 1.13(0.93,1.39) —:—o— 67 1.13(0.87, 1.47)
>=181 days | 275 1.33(1.16, 1.53) | —— 262 1.41(1.20, 1.67)
I I
Per 30 day increase ! - 1.02 (1.01, 1.03) ’ - 1.01 (1.01, 1.03)
r l 1 r l 1
5 1 2 5 1 2
Fig. 1 Hazard ratios (HRs) of affective disorder among children of mothers and fathers with continued antidepressant use, compared to

the respective antidepressant discontinuation group. The HRs for children with maternal antidepressant use is depicted on the left, while
the HRs for children with paternal antidepressant use is depicted on the right.

prescription of anxiolytics (adjusted HR=1.07, 95% Cl= group. The associations between paternal antidepressant use and

0.85-1.34), or a diagnosis of mixed disorders of conduct and
emotions (adjusted HR =0.90, 95% Cl = 0.62-1.32).

To consider effects of the underlying maternal illness on our
defined outcomes, as well as effects of more general susceptibility
to affective disorders through genes and environment, we
investigated paternal antidepressant use during the pregnancy
period. We found that paternal antidepressant use during
pregnancy was similarly associated with higher risk for affective
disorders with an adjusted hazard ratio in the continuation group
of 1.29 (95%Cl =1.12-1.49), compared with the discontinuation

SPRINGERNATURE

affective disorders in offspring were slightly but not significantly
higher than the associations between maternal antidepressant use
and affective disorders in offspring (Fig. 1).

Sensitivity analyses

To address potential misclassification of antidepressant exposure,
we restricted our analyses to mothers who filled at least two
prescriptions for antidepressants during pregnancy. Among
mothers who continued antidepressant use during pregnancy,
74.9% (n = 11,900) received two or more prescriptions. Redefining

Neuropsychopharmacology (2021) 46:1518-1525



antidepressant exposure as two prescriptions gave an adjusted
hazard ratio for affective disorders in the continuation group of
1.27 (95%Cl =1.12-1.43), compared with the discontinuation
group. To reduce misclassification of antidepressant discontinua-
tion, we redefined the exposure windows. Sensitivity analyses
showed similar results when we redefined antidepressant
discontinuation as use of antidepressants before pregnancy with
no use from three months before pregnancy until delivery or
excluded pregnancies in mothers with inpatient psychiatric
treatment from two years before pregnancy until delivery
(Supplementary Table B).

DISCUSSION

In this prospective Danish population-based study of 42,988
children born in 1998-2011, and followed up until 2016, we
examined the effects of intrauterine antidepressant exposure on
the risk for affective disorders. We found an increased risk for
affective disorders among children born to mothers who
continued antidepressants during pregnancy, compared with
mothers who discontinued antidepressant use before pregnancy,
and a similar pattern in fathers.

Previous research using Finnish national register data found an
association between prenatal SSRI and increased rates of
depression, but not anxiety diagnoses by age 14.9 years [25].
However, the follow-up period in the current study is longer than
in previous research, thus capturing individuals with a later onset
of illness. Moreover, unlike previous studies, we broadened the
definition of affective disorders to include both diagnoses based
on records from secondary/tertiary care providers and on
prescription data from primary care settings, providing a more
complete estimate of the prevalence of affective disorders in the
offspring. We found that continued maternal use of antidepres-
sants during pregnancy was linked to an increased risk for
diagnoses of affective disorders in the offspring, based on
secondary/tertiary care records and based on antidepressant
prescription by primary care providers. Consequently, this is one
of the first studies to show a link between maternal antidepressant
use during pregnancy and antidepressant use in the offspring.

Comparing prenatally antidepressant-exposed individuals to
individuals born to mothers who discontinued antidepressants
before pregnancy may not sufficiently address confounding by
indication because women who continue antidepressants
throughout pregnancy may be fundamentally different from
women who discontinue [26]. Previous research has attempted to
circumvent this issue via innovative study designs deemed to
mitigate the problem of confounding by indication, for example
by using sequential adjustment for confounding by indication or
unexposed siblings, without ever fully removing the uncertainty
[8, 9]. The problem emerges because register-based studies lack
information about the severity of the underlying maternal
disorder. Yet, mothers with severe symptoms may be more likely
to continue treatment during pregnancy compared to mothers
with mild to moderate symptoms or compared to a less severe
episode, for example, during another pregnancy [27]. We
attempted to take the underlying maternal disorder into account
by adjusting for various psychiatric variables, including dispensing
of prescriptions for antiepileptic and other psychotropic drugs
during pregnancy, and inpatient and outpatient psychiatric
treatment before pregnancy. Following adjustment, the magni-
tude of the association was slightly attenuated, but the increased
risk of affective disorders in offspring remained. Nevertheless,
future research is required to understand how the severity of the
underlying maternal disorder impacts the risk for affective
disorders in the offspring.

The highest point estimates for affective disorders were
observed for children whose mothers took antidepressants for
more than 180 days and whose mothers took antidepressants in
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more than one trimester. Although only approaching statistical
significance, the highest risk for affective disorders was observed
among children exposed to both SSRI and non-SSRI antidepres-
sants, indicating that these mothers were treated with poly-
pharmacy or switching drugs. A longer treatment duration,
polypharmacy or drug switching may reflect persistent symptoms
and limited or no treatment response in the mothers [28],
consistent with greater severity of the disorder. Consequently, we
specultate that the observed associations may be attributable to
the severity of the underlying maternal disorders, rather than
intrauterine effects of the medication.

Repeating the analysis in fathers revealed an increased risk for
affective disorders in children whose fathers continued antide-
pressant use during pregnancy, compared with fathers who
discontinued, similar in magnitude to maternal antidepressant
continuation. These findings suggest that the associations
observed for maternal use of antidepressants are likely driven
by the underlying maternal psychopathology, which may be
confounding the relation between intrauterine antidepressant
exposure and offspring psychopathology, and may be transmitted
to the child via shared genetic and/or environmental factors.
Consequently, when comparing the effects of maternal versus
paternal antidepressant use during the pregnancy period, our
findings do not support the idea of a causal intrauterine effect of
antidepressants on long-term mental illness in the child. Instead,
our findings indicate that the observed increased risk of affective
disorders in children presented in Fig. 1 are driven by the
underlying parental disorder (confounding by indication) via
shared environmental/genetic factors.

Strengths and limitations of the study

In a large population-based sample, we examined affective
disorders as defined by records from secondary/tertiary care
providers and prescription data from primary care settings. This
approach may provide more accurate estimates of the prevalence
of affective disorders in the offspring than records from
secondary/tertiary care providers alone. Moreover, the indepen-
dent and prospective collection of exposure and outcome data
reduced the chances of ascertainment and recall bias. Lastly, this
study has a follow-up period of up to 18 years, the longest to date,
allowing us to investigate mental health outcomes with a later
onset. Future studies should also investigate other outcomes, such
as ASD and ADHD, using this long follow-up period.

A number of limitations should be considered alongside these
results. Firstly, register-based designs such as this cannot assess
symptoms severity [26] and it is conceivable that mothers who
continue antidepressant use throughout pregnancy have a more
severe disorder than those who discontinue [27]. While we aimed
to control for effects of the underlying indication by comparing
women with antidepressant use before but not during pregnancy
to women who used antidepressants throughout pregnancy,
confounding by severity may still be present. Secondly, we
employed prescription data to define antidepressant exposure.
Exposure misclassification may result from certain patients filling
prescriptions without actually taking the antidepressants, a
limitation present in all observational pharmaco-epidemiological
studies. Yet, the extent of misclassification is most likely small
because in Denmark antidepressant treatment compliance during
pregnancy is high [29]. Moreover, results remained the same when
we redefined antidepressant exposure on the basis of two
prescriptions. Based on a measure defined by the World Health
Organization, we estimated the duration of antidepressant
treatment as the number of defined daily doses, relating to the
average amount of a drug needed for long-term therapeutic use.
However, prescribed daily doses might differ [30], which also may
lead to misclassification of treatment duration. The assumption
may have biased our estimate of the effect of the treatment
durations on affective disorders. Thirdly, mothers who have been
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treated for psychopathology may be more likely to seek treatment
for their children, introducing detection bias. However, we
examined affective disorders with onset specific to childhood
and those with later onset [31]. Similar associations were observed
irrespective of age at onset, suggesting that detection bias is
unlikely. Fourthly, like in other observational studies, unmeasured
confounding cannot be ruled out. Fifthly, it is currently unclear
how generalisable our findings are to populations that differ from
the Danish population, for example, with regards to cultural
diversity or genetic makeup. Lastly, while our sample size is large,
some subgroup analyses are based on a small number of cases.

CONCLUSION

Maternal antidepressant use during pregnancy was associated
with an increased risk of affective disorders in offspring based on
data from primary and secondary/tertiary care settings. As similar
associations were observed in children whose fathers continued
antidepressant use across the pregnancy period, the observed
association may be attributable to the underlying parental
psychopathology, rather than the direct exposure to antidepres-
sants in utero.
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