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ABSTRACT
Objective: To evaluate the effect of prenatal exposure tecsiee serotonin reuptake inhibitors

(SSRIs) on children’s behavioral, emotional, anciaalevelopment by age 5 years, and over
time since age 1.5.

Method: The prospective Norwegian Mother and Child Cohtutdg was linked to the Medical
Birth Registry of Norway. We included women whooepd depressive/anxiety disorders before
and/or during pregnancy. Children born to women wbed SSRIs in early (weeks 0-16), mid
(weeks 17-28), or late (> week 29) pregnancy werepared to unexposed. Children’s
internalizing and externalizing behaviors (ChildhBeior Checklist) and temperament traits
(Emotionality, Activity and Shyness Temperament Qioenaire) were measured at 1.5, 3, and 5
years. Mean scores were calculated and standardi¢edit general linear marginal structural
models to account for time-varying exposure andawomders, and censoring; three-level
growth-curve models.

Results: We included 8,359 mother—child dyads, and 4,12Ridn had complete outcome data
at age 5. Children exposed to SSRIs in late pregnaad an increased risk for
anxious/depressed behaviors by age 5 comparedingkposed (adjustgd 0.50, 95% CI: 0.04,
0.96). Such risk was not evident for earlier tinsrf exposure. There was no evidence for a
substantial prenatal SSRI effect on externalizeogial, and emotional problems.

Conclusion: These findings suggest no substantial increaskdaisexternalizing, emotional,

and social problems in preschool-age children valhg prenatal SSRI exposure. While the role
of chance and potential unmeasured confoundingatdrenruled out, late-pregnancy SSRI
exposure was associated with greater anxious/degatdésehaviors in the offspring.

Key words: SSRI antidepressants, pregnancy, child’s behasomial development, MoBa



INTRODUCTION

Antidepressants, mainly selective serotonin reugptakibitors (SSRIS), are often required
to treat psychiatric disorders in pregnaheyith estimates of use ranging from 1-4% in Eurtape
up to 8% in the United Staté8 SSRIs cross the placenta and the blood-braindbamid may
interfere with fetal brain maturation by alteritigtserotonin signaling systém.

It has been suggested that children prenatallyseghto SSRIs have greater internalizing
and depressive-anxious behaviors at pre- and salniyol-age than the unexpo$édyut not a
more clinically problematic temperaméfiffwo recent studi¢s**have shown that at early
adolescence, children prenatally exposed to SSRIsal25% and 84% increased hazard for
receiving a diagnosis for any psychiatric disoroledepression, respectively, compared to
children born to women who discontinued SSRIs pgageregnancy. Findings on internalizing

and externalizing behaviors are, however, incoest§t’***°

and the extent to which prenatal
SSRI exposure may impact childhood-limited or stesit behavioral disorders, not least
attention-deficit/hyperactivity disorder (ADHD) autism spectrum disorder in the offspring,
remains unresolved to date'’ %

Because emotional and behavioral problems in eaxdlylate childhood are linked to
later-life psychiatric diagnoses and poor socifiistchent? a better understanding of the role of
modifiable risk factors, such as antidepressanbg&xe in pregnancy on these outcomes, is crucial.
Although SSRI treatment may vary during gestatimanprevious study has so far explored time-
dependent effects on children’s behavioral andagalgvelopment, and it is not yet understood
whether early or late SSRI exposures confer difiigielong-term risks.

Here we aimed to explore i) the time-varying effeicprenatal SSRI exposure on child

behavioral, emotional, and social development y&gears, accounting for time-dependent
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severity of depressive and anxiety symptoms anchedication, and loss to follow-up; and ii)
children’s developmental trajectories from agett.5 years according to prenatal SSRI
exposure status.
METHOD
Study Population and Data Collection

This study is based on the Norwegian Mother anddGohort Study (MoBa) and on
records in the Medical Birth Registry of Norway (RBl). MoBa is a prospective population-
based pregnancy cohort study conducted by the Npawenstitute of Public Healtff. Pregnant
women were recruited from all over Norway in 19982 through a postal invitation in
connection with a publicly offered routine ultrasduat 17-18 weeks of gestation. Data were
gathered prospectively via two prenatal (Q1, Q) faur postnatal (Q4-Q7) self-administered
questionnaires (Figure 1jFathers-to-be also completed one prenatal questicn The current
study is based on version 9 of the quality-assded files released for research. The cohort now
includes 114,500 children (41,600 by age 5), 95/20¢hers and 77,300 fathérsThe
participation rate for all invited pregnancies i94 Of those agreeing to participate, the
response rate was 92-95% for Q3 and Q1, and 77956t Women with unfavorable baseline
characteristics (e.g., not in a relationship, l@u@ation) and poorer mental health (e.g., more
severe depressive symptoms) were more likely todieo follow-up in MoBa. This study
obtained a license from the Norwegian Data Inspat#and approval from The Regional
Committee for Medical Research Ethics. All partaifs gave written informed consent prior to
participation.

The MBRN is based on compulsory notification oflaié births, stillbirths, and induced

abortions?® Data from MoBa were linked to the MBRN via the wents personal identification
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number. Figure 1 outlines the exclusion criteriacbieve the 1.5 to 5- and 5-year samples.
Depressive and Anxiety Disorders

In MoBa Q1 and Q3, women were presented with afigrevious/concurrent illnesses,
including specifically depression, anxiety, or atheental disorders (hereafter,
depressive/anxiety disordef8)To emulate the design and conceptualize a hygo#het
randomized clinical trial using observational d&t& this study included pregnancies within
women reporting depressive/anxiety disorders bedaéor during pregnancy.
Severity of Depressive and Anxiety Symptoms

Severity of maternal depressive and anxiety symptaas measured at two time points
in pregnancy via the short versions of The HoplEgsptom Checklist-25 (SCL-25), i.e., the 5-
(SCL-5) and 8-item (SCL-8) scales at week 17 and&Xpectively. These symptoms were also
measured postnatally at all follow-up poifitdore information on the SCL is outlined in
Supplement 1, available online.
SSRI Exposure

Information on SSRI exposure and indication for wse collected from Q1 (week 0-13+)
and Q3 (week 13-29#f Women reported the name of the medication takertiaring of use in
four-week intervals throughout pregnancy. Drugsifasation was based on the Anatomical
Therapeutic Chemical (ATC) Classification Syst&rExposure to SSRIs during pregnancy was
defined as exposure to a drug belonging to the giid@ip NO6AB. Exposure to non-SSRIs was
defined as exposure to any other antidepressahnirvtiie ATC group NO6A. Co-use of SSRIs
and non-SSRIs was also captured.

To reflect the temporal sequence between measuterhdapressive symptoms and

medication use, we defined the following time psiot exposure (Figure S1, available online):
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early (weeks 0-16), mid (weeks 17-28), and latev€ek 29) pregnancy. Exposure at any time in
pregnancy was also explored. Pregnancies exposhusasely to non-SSRIs were grouped
separately. Power analysis for the specific expoaundows is outlined in Table S1, available
online.
Developmental Outcomes

Repeated assessment of children’s developmentovakicted at ages 1.5, 3, and 5 years
by maternal report. The Child Behavior ChecklisB(IL.) for preschool children (CBCL/1.5-5),

a widely-used and validated measure of childreglsaior?*33

and the short form of the
Emotionality, Activity, and Shyness Temperament Qio@naire (EAS), were uséd>>MoBa
included selected CBCL items representing the nma@rnalizing and externalizing domains and
related subdomains (i.e., emotionally reactive j@ms{depressed, somatic complaints; attention
and aggression) (Figure S2, available onlfidjlothers were asked to rate whether each item
reflected their child’s behavior during the lasbtmonths, from never/rarely=1 to very true/often
true=3. The Norwegian CBCL version has been shoirate satisfactory predictive validity in
distinguishing between adolescents with/withoutchéatric disorders (I0percentile cut-off,
sensitivity: 71%, specificity: 92%)

The EAS scale measured the temperament traitstgctwmotionality, shyness, and
sociability (Figure S2, available onlin&)Mothers were asked to rate whether each itemegpli
to their child’s behavior during the last two masitrom not at all typical = 1 to very typical = 5.
The internal consistency of the Norwegian versibthe EAS was moderate, and the short EAS
was highly correlated to the original instrumerdr¢elation: 0.92-0.95J* For both the CBCL

and EAS, mean scores were calculated and standdrdizgher z-scores indicated greater

endorsement of each (sub)domain (e.g., more ifteimgaproblems, more sociable).



Covariates

A sufficient set of confounding factors was ideetifwith the aid of directed acyclic
graphs® These were maternal body mass index (BMI), panitsternal education and gross
yearly income, marital status, folic acid use, smgland alcohol use in pregnancy, illicit
substance use, and paternal education (all asoedtas MoBa); co-medication in pregnancy
with analgesics, anxiolytics and sedatives, antpstics and non-SSRI antidepressants
(Supplement 1, available online); severity of maékdepressive and anxiety symptoms in
pregnancy as measured by the SCL-5/8; and lifetiistery of major depression (LTH of MD),
as measured in Q1 via five key depressive symptdosely corresponding to thzSMv-111
criteria for lifetime major depressidhAdditional factors (e.g., child sex, breastfeeding
maternal postnatal mental health) were also takiEnaccount under alternate model
specifications (Table S2, available online). Infatian on missing values on covariates and the
imputation procedure is provided in Supplementvajlable online.
Data Analysis

In the analysis at age 5 years, we fit marginaicstiral models (MSM) with two time
points to account for i) time-varying SSRI expostildime-varying confounders (i.e,
depressive and anxiety symptoms in pregnancy, cizatgsh with analgesics, anxiolytics and
sedatives), which are affected by prior SSRI trestimand iii) loss to follow-up (Figure S1,
available onlinef®>°We estimated the probability of SSRI treatmentgsi pooled logistic
regression in which the outcome was current treatnvéh an SSRI in mid or late pregnancy,
and covariates were maternal baseline factors;viangng and time-fixed confounders, and
history of SSRI treatment in early pregnancy (Madet Table S2, available online). We also

calculated the probability of remaining in the st@able S3, available online), and then derived
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stabilized inverse probability of treatment (IPT®Ad censoring (IPCW) weight for each
pregnancy at each time point. The final stabiliseight was the product of the IPTW and IPCW.
A generalized linear model with robust standardrsrwas fitted applying this final weight.

In the longitudinal analysis, we fitted three-ley@tcasions of child’s assessment,
pregnancy—child dyad, mother) growth curve modsisgifull information maximum likelihood
and an unstructured covariance, with a randomdaf#r(levels 2 and 3), and a random slope
(level 2)*° Time (i.e., child’s age in years) was scaled festgtional age and postnatal
guestionnaire completion date, and modelled asraomis. Adjusted models included an
interaction term between time and SSRI exposuiifg'slage at baseline, and the sufficient set
of confounders as fixed effects. For each exposwtseme pair, we predicted and plotted the
average adjusted standardized scores over timg tlemimrgns package for Stata.

The crude and adjusted beta coefficients with 99%eQresent the standardized mean
difference in the developmental outcomes betweddren prenatally exposed to an SSRI and
those unexposed to any antidepressant in the \&atilme windows. Statistical significance was
set to p<.05. All statistical analyses were perfdmsing Stata version 14.

We employed as a negative control pregnancies exijpiosSSRIs in the six-month
period before pregnancy, but not during pregnaSSR| discontinuers). We examined the
robustness of our findings in a set of sensitiaityl exploratory sub-analyses, as described in
detail in Supplement 1, available online. To adslteége impact of unmeasured confounding, we
applied probabilistic analysis using the boundiactdr (Supplement 1, available onliff&).
RESULTS

The study sample included 8,359 pregnancy—childislyéthin 7,944 women (Figure 1).

The women in our sample were more often disadvaatée.g., lower education, more LTH of
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MD) compared to the excluded group with no depweganxiety disorders (70,844/79,203).
Baseline sociodemographic, lifestyle, and healdratteristics of the 1.5 to 5 (n=8,359) and 5
year (n=4,128) samples are shown in Table 1 (S&®RI)Table S4 (non-SSRI; available online).

SSRIs were the most common antidepressant expwspregnancy (n=290, 7.0%) in the
5-year sample, mainly as monotherapy. Depressidraariety were the main indications for
SSRI use (n=281, 6.8%). Similar figures for the- &iad 3-year samples and non-SSRI
monotherapy are presented in Table S5, availablieeoTable S6, available online, outlines the
distribution of key variables in relation to misgiess. Figure S3, available online, shows
severity of depressive and anxiety symptoms at vigednd 30 by prenatal SSRI exposure.

In the analysis at age 5 years, children of motivrs used SSRI in late pregnancy had a
significantly increased risk of anxious/depressekadviors (adjustefl: 0.50, 95% CI: 0.04, 0.95)
compared to the unexposed (Table 2). There wasictoassociation with other developmental
outcomes, or following mid-pregnancy SSRI expostliehles S2-3 and S7, available online,
describe main and alternative model specificatwoitis corresponding weights, and balance of
covariates before and after weighting, respectively

Behavioral, emotional, and social outcomes werawarage assessed by age 1.6 (sd: 0.1),
3.1 (sd: 0.2) and 5.1 (sd: 0.3), with the highgs for Q7 completion at 6.5 years. Results of the
longitudinal analysis (fixed and random effect® presented in Tables S8-10, available online.
For each year increase in age, children expos8&RlI late in gestation had a 0.06 standardized
effect increase on the CBCL anxious/depressed cada unexposed (interaction, adjusfed
0.06, 95% CI: -0.00, 0.16; p=.058) (Figure 2), amdilarly on the internalizing domain. At
baseline, mid or late in utero exposure to SSRferoed a protective effect for attention (Figure

3), and thereby externalizing problems in the offgp this effect attenuated as the children
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grew older. There was no interaction between pe¢i&8RI at the various exposure windows
and child’s emotional and social traits.

We found no association between the SSRI discoattigroup and child’s CBCL
outcomes (Supplement 1 and Table S11, availablegnResults of the various sensitivity and
sub-analyses by mutually exclusive exposure groams by days of SSRI use, are presented in
Supplement 1 and Figures S4-5, available onlineuReof the longitudinal analyses including
women with or without depressive/anxiety disordmes outlined in Figures S6-14, available
online. The bounding factor analysis showed thatraneasured confounder that was strongly
associated (relative risk about 3.4-4.4) with SBRéate pregnancy and anxious/depressed
behaviors could completely explain away the obskassociation, but a weaker confounder
could not.

DISCUSSION

This study is the first to report the time-deperidgfect of SSRI exposure on behavioral,
emotional, and social outcomes in preschool childa&d provides novel insights into the effect
of this exposure on child-specific developmentajeictories since age 1.5. Although the role of
chance and unmeasured confounding cannot be rutedve found children of mothers using
SSRI in late pregnancy to be at greater risk foticars/depressed behavioral problems by age 5
years compared with unexposed. Likewise, theselgmseemed to increase as the children
grew older following late-pregnancy SSRI exposare] reached a substantial marginal effect
only at age 5 years or greater. There was no ew@fm such an effect following early or mid-
pregnancy exposure to SSRI. It is reassuring treatgtal SSRI did not confer a substantial
increased risk for greater externalizing behaviloigreschool-age children or for more

problematic temperament in terms of emotionalibgiability, activity or shyness, and this was
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consistently evident across the various exposundavis.

The observed risk for anxious/depressed behavioegb 5 years was of medium
magnitude, corresponding to an odds ratio of*2ds, translated into absolute terms, eight
children would be expected to have this behavipiralblem for every 100 women treated with an
SSRI in late gestation (assuming a 5% prevalentieeodutcome among the unexposedy.

Although some prior studi&&**12

accounting for maternal perinatal depression arfdfuilial
confounders support this association, other stiititésould not do so. Confounding by
indication and disease severity are indeed of itapoe. Although the similarity in effect size
between non-SSRI and SSRI in pregnancy suggesteetiidual confounding by disease severity
is small, this comparison could not be done inti@fato late pregnancy. It is therefore possible
that severity of maternal underlying disorder geettplains our positive association.

Prior studies exploring the effect of duration armchester of SSRI prenatal exposure on
child’s outcomes have produced conflicting finding5*?*Timing and duration are clearly
related, and we attempted to tease those effeats laypadditionally exploring the SSRI effect
by length and mutually exclusive windows of expes@ur findings, coupled with those in
animal model$? may point to a plausible late-pregnancy fetal eubility to SSRI and/or
susceptibility to serotonin disruption. The thiroiester of pregnancy is indeed a crucial time
for fetal brain maturation. Alternative explanatagre, however, possible: residual confounding

45,46
n

by depression severity or stress at the very emggstation;” " the substantial genetic

component of internalizing psychopatholdgynmeasured confounding by postnatal

environmental conditions such as poor parentingien;*®°

or chance. Strong predictors of
child’s psychopathology (e.g., poor parenting: odid®, 1.5-3.0%%*°and of SSRI late exposure

could attenuate but not explain away our obsergsd@ation. Nonetheless, there is the need to
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replicate this finding on late SSRI exposure anpl@e its potential interplay with stressful
early-life events such as poor neonatal adaptatigit

Prenatal SSRI exposure has not been shown to nelyatiffect externalizing or attention
behavior§®111318205% temperameftin children at various age stages independently of
maternal mood disorders, which aligns with our ifigg at age 5. The literature on this topic is,
however, conflicting, as other studies have idadif positive association, albeit of modest
magnitude, with ADHD in the offsprintf:*’**Some of these studies have cleverly addressed the
bias posed by confounding by indication and/or emrental/genetic factors on this
associatiort/ * yet the uptake of advanced methids deal with time-varying exposures and
confounders has been so far sc&rda/e found no evidence for a substantial time-depend
effect of prenatal SSRI exposure on externalizielgaviors and problematic temperament traits
in preschool-age children. In the longitudinal s#d, a protective effect of SSRI exposure in
mid or late pregnancy on externalizing and attenpimblems was evident at age 1.5 years, yet
this effect switched in direction with the childixreasing age. Given this trajectory, the
association may be attributable to better mataraital health in the first postpartum years
following adequate pharmacotherapy during gestatdmch in turn may affect reporting of
externalizing psychopathology in the offspririy.

A major strength is that we accounted for matedeglressive/anxiety disorders, and
measured their symptom severity at two time pam{gegnancy via a validated instrument.
Although the latter measurement cannot replacenaal interview and is not designed to
measure perinatal mood/anxiety specifically, ityies a reliable measure of the severity of
these condition®’>°We applied methods to deal with time-varying expesand confounders,

and study drop-out, and examined child-specifiettaries. We addressed attrition by including
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all cases with data at one or more of the outcame-points and conducted multiple imputation.
We carried out several sensitivity and sub-analysexplore the robustness of our findings, and
explored the impact of unmeasured confounding @edofia negative control. However,
residual confounding by depression severity, genetivironmental, or familial factors cannot
be ruled out.

Several limitations need mentioning. Maternal dsgire/anxiety disorders were self-
reported; however, our study population was 8%hefinitial data source, which equals
estimates of these disorders based on clinicahdisig® The early pregnancy SSRI effect could
not be estimated in the weighted analysis. Exposuselassification could be an additional
concern. Use of antidepressants was self-repdntaglever, the potential for exposure
misclassification is lower for chronic than for shterm medications’ Also, most women self-
reporting SSRI use in MoBa did fill prescriptioms fthese medicatiorn.Information on dosage
is not available in MoBa. The outcome measureshad development were parent-reported;
although the risk of outcome misclassification aatrive ruled out, this was probably non-
differential. The number of CBCL items in the arsidyby age 5 was greater than in the
longitudinal analysis. The MoBa study has a lovpogse rate (41%), with a possible self-
selection of the healthiest wom@tits potential for bias has been thoroughly exmldrg
comparing MoBa with the total Norwegian birthingoptation® and although the prevalence
estimates could not necessarily be generalizedntesures of associations tested were valid in
MoBa. Although we accounted for study drop-outesebn bias may have impacted our results.
Our small sample size precluded analyses of myteattiusive SSRI exposure windows, non-
SSRI antidepressants, or individual SSRIs, as agflibling-control designs.

To conclude, children born to women having depueganxiety disorders and treated
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with SSRI late in pregnancy had an increased rislgious/depressed behavioral problems at
preschool age, compared with children of women dépressive/anxiety disorders who did not
use SSRI. This association has to be confirmedfated by future research, but at present may
provide some insights into potentially importantipds of fetal vulnerability to SSRI exposure.
This potential risk needs to be balanced agaipstential detrimental effect of untreated
maternal depression. There was no evidence for audiffect in relation to earlier SSRI
exposure, or in relation to externalizing, socald emotional problems; this information may
assist clinicians when evaluating the risk of tmeet with SSRI at specific timing during

gestation.
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Table 1: Characteristics of the 1.5 to 5, and 5-Year Sampye&ntidepressant Exposure During

Pregnancy

1.5 to t-year sample
(n=8,359}

Depressive/anxiety disorders

5-year sample
(n=4,128}

Depressive/anxietystirders

Unexposed SSRI-exposed Unexposed SSRI-exposed
(n=7,640 (n=605 (n=3,775, (n=290

Maternal characteristics
Age (years); mean + sd 30.1+£4.¢ 30.3 4. 30.6 £4.¢ 30.8+4.’
BMI at conception; mean + sd 241 +4! 244+ 4. 24.0x4. 243+ 4.
Primiparous; no (%) 3750 (49.1 331 (54.7 1944 (51.5 168 (57.9
Married/Cohabiting; no (%) 7097 (92.9 532 (87.9 3523 (93.3 263 (90.7
Educational level® no (%)

University/Collegt 4393 (57.5 332 (54.9 2451 (64.9 183 (63.1

Lower than University/Colle¢ 3205 (41.9 273(45.1 1303 (34.5 107 (36.9
Gross yearly income’ no (%)

Average 5632 (73.7 460 (76.0 2624 (69.5 215 (74.1

Low 1134 (14.8 86 (14.2 652 (17.3 43 (14.8

High 636 (8.3 46 (7.6 399 (10.6 29 (10.0
Smoking status at week 30; no (%)

No 5624 (73.6 396 (65.5 2967 (78.€ 199 (68.6

Yes 809 (10.6 102 (16.9 298 (7.9 38 (13.1

Stopped in pregnan 900 (11.8 83 (13.7 391 (104 43 (14.8
Alcohol use in pregnancy; no (%)

No/very limited us 6387 (83.6 508 (84.0 3184 (84.3 246(84.9

Medium us 922 (12.1 70 (11.6 455 (12.1 38 (13.1

Weekly usi 109 (1.4 11 (1.8 60 (1.6 4(1.4
Folate intake” (yes); no (%) 6318 (82.7 494 (81.7 3328 (88.2 248 (85.5
LTH of MD ¢ (yes);no (%) 1701 (22.3 276 (45.6 900 (23.8 147 (50.7
SCL-5 at GW 17; z-score + st -0.03+0.9 0.32 £ 1.1 -0.04 £0.9 0.42+1.2.
SCL-8 at GW 30; z-score + st -0.03+0.9 0.26 £ 1.1! -0.03 £ 0.9 0.30 £ 1.1
Comedication in pregnancy; no (%

Anxiolytics and sedativi 204 (2.7 74 (12.2 84 (2.2 34(11.7

Antipsychotic: 118 (1.5 27 (4.5 60 (1.6 9(3.1

NSAIDs/analgesic 4000 (52.4 344 (56.9 1990 (52.7 170 (58.6

Antiepileptic drug 50 (0.7 16 (2.6 22 (0.6 724

lllicit substance' 140 (1.8 22 (3.6 62 (1.6 9(3.1
Child and postpartum characteristics
Breastfeeding months up to child’s 5.3 2. 5.0 2. 5.5+ 2. 5.1+2.¢
age of 6 months; mean + sd
Infant gender (male); no (%) 3923 (514 296 (48.9 1903 (50.4 143 (49.3
Any malformation (yes); no (%) 366 (4.8 30(5.0; 196 (5.2 13 (4.5
Premature birth (yes); no (%) 362 (4.7 33 (5.5 194 (5.1 18 (6.2

Nursery/kindergarten attendance; no (%)
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1.5 to 5-year sample 5-year sample
(n=8,359} (n=4,128}
Depressive/anxiety disorders  Depressive/anxietystirders
Unexposed SSRI-exposed Unexposed SSRI-exposed

Never between-5 years of a¢ 1987 (26.0 157 (26.0 587 (15.6 37 (12.8
Any time between-5 years of a¢ 5200(68.1 409 (67.6 2735 (72.5 214 (73.8
Always between -5 years of ac 453 (5.9 39 (6.5 453 (12.0 39 (13.5

Paternal characteristics

Educational level; no (%)
University/Colleg: 3396 (44.5 223 (36.9 1891 (50.1 116 (40.0

Lower thanUniversity/Colleg: 4151 (54.3 371 (61.3 1851 (49.C 172 (59.3

Note: Numbers may not add up to total due to missalues. Missing values ranged from 0.5-1% foramet| and paternal
education, to 2-4% fdifetime history of major depression (LTH of MD)cahol use, smoking status in pregnancy, incomd, an
body mass index (BMI) at conception. For the skersion (5- and 8-item) of The Hopkins Symptom Gdist(SCL-5 and
SCL-8), missing values were: 5% and 12% (1- to &gample); 4% and 6% (5-year sample). NSAID = tevo&lal anti-
inflammatory drugs; SSRI = selective serotonin takg inhibitor.

@Unexposed and SSRI-exposed do not add up to tota sharacteristics of non-SSRI exposed are de=tih Table S4.
®ncludes ongoing or completed education.

‘Average=$14,800-$49,900 USD; Low$14,800 USD; High $50,000 USD.

dUse before and/or during first trimester.

°Defined as Kendlers Lifetime Major Depression Scaiere of 3 or more simultaneous depressive synptfrduration of
more than 2 weeks.

findicates before and/or during pregnancy.
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Table 2: Effect of Time-Dependent Selective Serotonin Rekgotahibitor (SSRI) Exposure on
Developmental Outcomes by Age 5 Years (N=4,065)

Crude Model¢

Weighted Models**

B (95% CI) B (95% CI)

CBCL

Internalizing behaviors

SSRI, mi-pregnanc 0.15 +0.05, 0.34 -0.14 -0.76, 0.4¢

SSRI, late pregnan 0.22 (0.01, 0.47 0.39 +0.25, 1.02

Emotionally reactive

SSRI, mi-pregnanc -0.06 +0.23, 0.11 -0.02 ~0.54, 0.5C

SSRI, late pregnan -0.02 +0.21, 0.18€ 0.05 +0.50, 0.61

Anxious/depressed

SSRI, mi-pregnanc 0.18 1-0.05, 0.41 -0.27 -0.67, 0.13

SSRI late pregnanc
Somatic complaints

0.27 (0.00, 0.5

0.50 (0.04, 0.9¥

SSRI, mi-pregnanc 0.23 (0.02, 0.4 0.01 -0.56, 0.58

SSRI, late pregnan 0.24 (0.02, 0.47 0.27 -0.30, 0.84

Externalizing behaviors

SSRI, mi-pregnanc 0.07(-0.11, 0.25 -0.20 -0.78, 0.38

SSRI, late pregnan 0.10 +-0.09, 0.3C 0.21 +0.40, 0.82

Attention problems

SSRI, mi-pregnanc 0.08 +0.11, 0.26€ -0.23 +1.05, 0.5¢

SSRI, late pregnan 0.10 +-0.10, 0.31 0.26 +0.64, 1.17

Aggressive behavior

SSRI, mi-pregnanc 0.05 +0.13, 0.23 -0.08 -0.44, 0.28

SSRI, late pregnan 0.08 +0.12, 0.27 0.07 ~0.30, 0.45
EAS TRAITS

Activity

SSRI, mi-pregnanc 0.06 -0.13, 0.25 -0.19 -0.56, 0.18

SSRI, late pregnan 0.07 +0.14, 0.27 0.13 -0.31, 0.57

Emotionality

SSRI, mi-pregnanc -0.08 +0.27, 0.12 -0.28 ++0.93, 0.37

SSRI, late pregnan -0.05 +0.26, 0.1€ 0.12 ~0.60, 0.85

Shyness

SSRI, mi-pregnanc 0.14 +0.04, 0.33 0.30 +0.29, 0.90

SSRI, late pregnan 0.16 1-0.04, 0.36 -0.08 -0.79, 0.63

Sociability

SSRI, mi-pregnanc -0.17 +0.37, 0.04 -0.47 -1.04, 0.1C

SSRI, late pregnan 0.16 +0.38, 0.0€ 0.25+0.42, 0.92

Note: CBCL = Child Behavior Checklist; EAS = Ematadity, Activity and Shyness Temperament Questinena
®Pregnancies on non-SSRI monotherapy (n=63) weladad. The effect of SSRI exposure in early preggaannot be
estimated in the marginal structural models (MSkBlgsis due to lack of measurement of depressirgsyms at baseline.
bReference: unexposed pregnancies in the correspptidie window.

‘MSM weighted with stabilized inverse probabilitytofatment and censoring weight.

'.01 < p-value < .05. *p-value=.034.
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Figure 1: Flow-chart to achieve the 1.5 to 5 and the 5-yaar@es. Note: Conditions of
exclusion may overlap. GW = gestational week; MBRNledical Birth Registry of Norway; Q
= questionnaire’Q1 is the first Norwegian Mother and Child Cohanic®/ (MoBa)
guestionnaire completed at gestational week 1 ¢oitspletion implies enrolment in the study.
About 10,000 pregnancies with a MBRN record did cmtplete Q1°Women who did not
report any medication for treatment of depressimxifty but checked the boxes related to
timing of use of medication either before or durprggnancy‘indicates 1,299 twin and 14
triplet pregnancies.

Figure 2: Longitudinal trajectories on the Child Behavior Ckiest (CBCL) anxious/depressed
by timing of selective serotonin reuptake inhibiBSRI) exposuré®?Reference: unexposed
pregnancies in the corresponding time wind®ite predicted standardized score are estimated
marginal mean standardized scores.

Figure 3: Longitudinal trajectories on the Child Behavior Ckiest (CBCL) attention by timing
of selective serotonin reuptake inhibitor (SSRp@sure®?Reference: unexposed pregnancies
in the corresponding time windo@The predicted standardized scores are estimategimaar
mean standardized scores.
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MBRN record and enrolled in MoBa
(Q1 at GW 17)2

n=103,631
None of the follow-up (1.5, 3, 5 years) questionnaires received, n=21,339
Missing data on all outcomes at all follow-ups, n=236
. . . . b _
: Indefinable exposure for depressive/anxiety disorders,® n=143
Completely unknown timing of antidepressant exposure, n=56
Unknown timing of antidepressant exposure in pregnancy, n=61
Multiple pregnancy records, n=2,640°¢
n=79,203
No reported depressive/anxiety disorders before/during pregnancy (Q1/Q3)
n=70,844

Pregnancies within women self-reporting a

depressive/anxiety disorder before/during

pregnancy, ending in a live-born infant Longitudinal analysis,

N=8,359 (100%) —| 1.5- to 5-year sample
N=8,359

Questionnaire completion

Antenatal:
Q3 at GW 30, n=8,096 (97%)

Postnatal: Cross-sectional analysis,
Q4 at 6 months, n=7,845 (94%) ——| 5-year sample
Q5 at 1.5 years, n=8,155 (98%) n=4,128

Q6 at 3 years, n=5,749 (69%)
Q7 at 5 years, n=4,128 (49%)




