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Abstract

Background: Up to 10% of women are exposed to selective serotonin reuptake
inhibitors (SSRIs) during pregnancy. Information on their effect on birthweight and ges-
tational age remains conflicting. The aim of this sibling-controlled prospective
cohort study is to address shared geneticand family-level confounding to investigate the
effects of prenatal SSRI exposure and maternal depression on birthweight and gesta-
tional age.

Methods: We used the Norwegian Mother and Child Cohort Study (MoBa) and the
Medical Birth Registry of Norway (MBRN). Our study population consisted of 27 756
siblings; 194 were prenatally exposed to SSRIs and 27 500 were unexposed to any anti-
depressant medication. Random and fixed effects analysis with propensity score adjust-
ment was used to evaluate the effectson birthweight and gestational age.

Results: SSRI exposure during two or more trimesters was associated with a decrease in
birthweight of 205 g [95% confidence interval (Cl) —372 to — 38] and a decrease in gesta-
tional length of 4.9 days (95% Cl—9.1 to — 1.4). Neither maternal SSRI use in one trimes-
ter, lifetime history of major depression nor depressive symptoms during pregnancy
were associated with these pregnancy outcomes (for non-pharmacologically treated
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depression in two periods in pregnancy, +5g (95% CI —56 to + 67) and +4.9 days (95%

Cl — 4.7 to + 14.7), respectively).

Conclusions: Prenatal exposure to SSRIs during two or more trimesters may decrease
birthweight and gestational length. Our results indicate that neither maternal depression
nor shared genetics and family environment fully explain this association.
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Key Messages

* Prenatal exposure to SSRIs during two or more trimesters may decrease birthweight and gestational length.
* Neither maternal depression nor shared genetics and family environment fully explain this association.

Introduction

Selective serotonin reuptake inhibitors (SSRIs) are the
first-line drug treatment option of moderate to severe de-
pression.'* Approximately 20% of women of childbearing
age are diagnosed with depression and other mood-affect-
ive disorders, and up to 5% of pregnant women are
diagnosed with major depressive disorder.>=® It is therefore
not surprising that between one and 10% of pregnant
women living in high-income countries use or have
SSRIs prescribed during pregnancy,”™"? and the safety of
SSRIs during this period continues to be extensively
studied.'*"?

Information on the effect of SSRIs on birthweight and
gestational age at birth remains conflicting."*'* In three
meta-analyses comprising in total over 30 000 pregnancies
exposed to antidepressants and spanning study sizes from
less than 100 to over 1 million, an increased risk of low
gestational age (< 37 weeks) at birth after second and third
trimester SSRI exposure has been reported. The pooled ef-
fect estimates, odds ratios and relative risks ranged be-
tween 1.53 and 1.69 with 95% confidence intervals
between 1.38 and 1.88."°"'® A pooled mean of — 0.5 weeks
of gestational age at birth (95% CI —0.64 to —0.25) was
also found."® An association with low birthweight, with a
pooled risk ratio (RR) of 1.44 (95% CI 1.21 to 1.70), was
reported by only one of the meta-analyses.'® The pooled
mean of —74g of birthweight (95% CI—117 to—31)
found by Ross et al. ceased to have statistical significance
after comparison with non-medicated depression,'® and
the authors suggest that maternal depression mediated this
association. A recent population-based cohort study with a
within-family design reported an association between dis-
pensed SSRI medication during pregnancy and reduction in
gestational length of 2.3 days (95% CI —3.8 to — 0.8). No
effect on birthweight when was reported."’

Trying to summarize the effect of non-medicated de-
pression on pregnancy outcome, two recent meta-analyses
reported conflicting results.”>*" The first one reported a
pooled RR for low gestational age at birth and low birth-
weight of 1.18 (95% CI 1.08 to 1.28) and 1.17 (95% CI
1.06 to 1.30), respectively.”?® The other meta-analysis
could only confirm a statistically significant association
with low gestational age at birth with a pooled odds ratio
(OR) of 1.37 (95% CI 1.04 to 1.81), but not low birth-
weight.”! The high degree of heterogeneity (I* > 60%) be-
tween the studies included in the meta-analyses leads to a
challenging clinical decision making scenario.

As thousands of women worldwide are being prescribed
antidepressants during pregnancy every year, even a small
increased risk for low birthweight or premature delivery
could have a significant impact from a public health per-
spective. There is therefore a great need for studies on the
fetal safety of antidepressants with the ability to address
both confounding by the underlying maternal depression
as well as genetic and family-environmental confounding
factors. Using a cohort design, we previously found that
exposure to antidepressants was not associated with
increased risk of low birthweight or preterm birth in the
Norwegian Mother and Child Cohort.® However, we did
find an association between maternal depression and pre-
term birth (OR 1.13,95% CI 1.03 to 1.23).

The aim of the present study was to investigate the ef-
fect of prenatal SSRI exposure and maternal depression on
birthweight and gestational age at birth de novo.In an at-
tempt to adjust for shared genetics and family environmen-
tal factors, we employed a sibling design.As siblings share
the same mother and on average 50% of their genes, puta-
tive confounding factors related to maternal factors are
minimized in a discordant sibling design. This counterfac-
tual condition can be considered analogous to a natural
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experiment.”> Moreover, by applying a fixed effects model,
we had the advantage of reducing residual confounding by
addressing the unmeasurable and unknown family-level

differences that may be a source of bias.**

Methods
Study design

This sibling-controlled observational prospective cohort
study was based on the Norwegian Mother and Child
Cohort Study (MoBa) and the Medical Birth Registry of
Norway (MBRN). MoBa and MBRN were linked via the
11-digit maternal identification number assigned to every
resident of Norway.

MoBa is an ongoing observational prospective cohort
study conducted by the Norwegian Institute of Public
Health (NIPH).** The principal objective of MoBa is to
evaluate the effect of a vast array of prenatal exposures on
the health of the child.

All pregnant women living in Norway who gave birth
between 1999 and 2008 were invited to participate in
MoBa. There were no exclusion criteria, and the participa-
tion rate was 40.6%.2° Information on maternal medical,
socio-demographic and lifestyle characteristics before and
during pregnancy was obtained from three self-adminis-
tered questionnaires. The first questionnaire was com-
pleted at gestational week 17, Qw17, covering the period
between 6 months preceding pregnancy and gestational
week 18. The second and third questionnaires were com-
pleted at gestational week 30, Qw30, and at 6 months
postpartum, Q6mPP, and covered the second and third tri-
mester of pregnancy until delivery. The response rates were
94.9% (Qw17), 91.0% (Qw17) and 84.8%, respectively
(Q6mPP).*® The current study is based on version six of
the quality-assured data files released for research in 2012.

MBRN encompasses pregnancy outcomes in Norway
after the 12th gestational week. Information on maternal
health both before and during pregnancy, the course of
pregnancy and pregnancy complications, delivery and
postpartum complications and interventions, and the
health of the neonate is available from standardized man-
datory forms completed by midwives and obstetricians
and/or gynaecologists at each delivery and from antepar-
tum obstetric records completed by general physicians, gy-
naecologists or midwives throughout pregnancy.

Study population

A total of 27 756 siblings with data in MBRN and both
MoBa questionnaires were included in this study. Multiple
pregnancies were excluded. The study population was

subdivided into the exposed group (women using SSRIs
during pregnancy) and the unexposed group (women who
did not use any antidepressant medication during preg-
nancy and who either did not have symptoms of depression
or did). Women using non-SSRI antidepressants (7 = 62)
were excluded from the study. A flow chart of the study
population is shown in Figure 1.

SSRI exposure during pregnancy

Information on the type and timing of SSRI use was avail-
able from the two MoBa questionnaires answered during
pregnancy (Qw17 and Qw30) and one MoBa question-
naire answered 6 months postpartum (Q6mPP). The indi-
cations specifically named to increase the reporting of
SSRIs included not only depression and anxiety but also
eating and sleepingdisorders, other psychiatric illnesses,
unusual tiredness and other illnesses. For each indication,
the following exposure windows could be specified: gesta-
tional weeks 0 to 4, 5 to 8, 9 to 12, and 13+ (Qw17),
weeks 13 to 16, 17 to 20, 21 to 24, 25 to 28, and
29 +(Qw30) and week 30 to delivery (Q6mPP). Drug ex-
posure was classified and grouped according to the
Anatomical Therapeutic Chemical (ATC) Classification
System developed by the World Health Organization.?”
SSRI exposure was defined as exposure to a drug belonging
to ATC class NO6AB. The following explanatory exposure
variables were then created: ‘SSRI exposure anytime dur-
ing pregnancy’, ‘SSRI exposure during one trimester’ and
‘SSRI exposure during two or more trimesters’.

Maternal depressive symptoms

The Hopkins Symptom Checklist SCL-25 is a widely used
self-rating scale designed to measure symptoms of depres-
sion and anxiety and is acceptable as a screening instru-
ment for depression as defined by the ICD-10.2%*" We
used the validated short version SCL-5 answered in Qw17
and Qw30.%%*! SCL-5 consists of the following questions:
‘Have you been bothered by any of the following during
the last two weeks: (1) feeling fearful, (2) nervousness or
shakiness inside, (3) feeling hopeless about the future, (4)
feeling blue, and (5) worrying too much about things’.?***
Each item could be scored as ‘not at all’ (score 1) to ‘ex-
tremely’ (score 4). The total sum score was divided by the
number of items. Women who scored a raw sum score of
2.0 or above in SCL-S in either Qw17 or Qw30 were clas-
sified as women with depressive symptoms in one preg-
nancy period. Women who scored a raw sum score of 2.0
or above in SCL-5 in both Qw17 and Qw30 were classified
as women with depressive symptoms in two pregnancy
periods. SCL-5 had adequate internal reliability of > 0.83.
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MoBa: Norwegian Mother and Child Cohort Study

108 863 mothers agreed to
MBRN: Medical Birth Registry of Norway

parﬁCipate in MoBa Qw17: Questionnaire distributed at gestational week 17
Qw30: Questionnaire distributed at gestational week 30
No data in MBRN
n'= 511
Data in MBRN
n = 108 352 mothers
Participated with l
one pregnancy only
n="77749 30 603 siblings with
data in MBRN
No data in Qw17 l
n =989
29 614 siblings with
data in MBRN + Qw17
No data in Qw30 l
n =1858
L 27 756 siblings with
62 siblings data in MBRN, Qw17, Qw30
exposed
to other
antidepressants
Exposed group No antidepressant exposure during pregnancy
194 siblings prenatally 27 500 siblings who were not exposed to any
exposed to selective serotonin reuptake inhibitors antidepressants
(SSRIs)

Figure 1 The study population.

Women were also classified as having a lifetime history
of major depression (major depression that occurred at any
point in time in their life and irrespective of whether or not
they had depressive symptoms during the current preg-
nancy) using answers to the lifetime occurrence of five key
depressive symptoms chosen from the nine symptomatic
criteria for major depression in the Diagnostic and
Statistical Manual of Mental Disorders (DSM-III-R) (sad
mood, change in appetite, loss of energy, feelings of guilt
or worthlessness, and problems with concentration).The
key depressive symptoms were (1) sad mood, (2) change in
appetite, (3) loss of energy, (4) feelings of guilt or worth-
lessness and (5) problems in concentration. They were then
asked whether any three of these symptoms co-occurred in
their life for at least 2 weeks.*?

Birthweight and gestational length

The outcome variables in our study, birthweight in grams
and gestational length in weeks were derived from MBRN.

Birthweight outside 3.5 standard deviations (SD) from the
gender-specific mean at each pregnancy week (0.5%) and
gestational length exceeding 44 weeks (0.9%) were
recoded as missing.

Potential confounding variables

The following measured confounding variables were
included in the propensity score variable that was used as
adjusting variable for SSRI exposure probability: symp-
toms of depression at gestational week 17, lifetime history
of major depression, maternal age, parity, birth order,
marital status, level of education, smoking daily during the
past 3 months of pregnancy, alcohol intake at least once a
week during pregnancy, acute musculoskeletal pain during
pregnancy, rheumatoid disorders during pregnancy, mi-
graine and headache during pregnancy and use of hyp-
notics, opioids and anxiolytics during pregnancy. All
variables were categorized as presented in Tables 1 and 2,
except for symptoms of depression at gestational week 17,
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Table 1 Socio-demographic characteristics of the exposed and the unexposed women

SSRI exposure
during pregnancy

SSRI exposure
during one trimester

SSRI exposure during No antidepressant exposure

two or more trimesters during pregnancy

N=19% N =94 N =284 N =27500
Maternal age, mean (SD) (years) 29.3 (4.5) 29.0 (4.5) 30 (4.4) 30.1 (4.1)
n % of N n % of N n % of N n % of N
Parity
0 87 44.8 46 48.9 29 34.5 10599 38.5
1 72 37.1 32 34.0 39 46.4 12124 44.1
>1 35 18.0 16 17.0 16 19.0 4777 17.4
Marital status with father of child
Married/ cohabiting 179 92.3 85 90.4 78 92.9 27188 98.9
Other 15 7.7*% 9 9.6* 6 7.1% 312 1.1
Education
Primary 3 1.5 1 1.1 2 2.4 286 1.0
Secondary 72 37.1 36 38.3 28 33.3 6348 23.1
Tertiary 115 59.3% 55 58.5%* 52 61.9%%* 20407 74.2
Folic acid intake before and 66 34.0 32 34.0 27 32.1 10885 39.6
during pregnancy
Smoking daily at the end 10 5.1%* 5 §5.3%% 4 4.8 673 2.4
of pregnancy
Alcohol intake of > 1 unit per 10 5.1 3 3.2 6 7. EEE 957 3.5

week during pregnancy

There were 16 women who reported using SSRIs during pregnancy without specifying during which trimester they used them.

*Pearson’s ” test P < 0.001 when compared with no antidepressants.
**Pearson’s 3> test P < 0.01 when compared with no antidepressants.
*#*Pearson’s % test P < 0.05 when compared with no antidepressants.

maternal age and birth order which were used as continu-
ous variables in the analyses. The same propensity score
variable was used as adjusting variable for depression
probability but did not include depressive symptoms at
gestational week 17 or lifetime history of major depression
and did include SSRI exposure during pregnancy.

The shared familial characteristics were addressed by
the fixed-effects design of the analysis (see below).

Statistical analysis

Statistical analyses were performed with Stata statistical
software, version 13.

The analyses on the effect of SSRI exposure on birth-
weight and gestational length were carried out in three
steps. First, a crude random effects analysis was performed
to provide an estimate of the association between SSRI ex-
posure during pregnancy and pregnancy outcome for the
whole cohort of 27 756 siblings. This estimate is compar-
able to that obtained from a non-sibling design. Second,
the propensity score variable was used as the adjusting
variable for SSRI exposure probability in the adjusted ran-
dom effects model. To create the propensity score, we used
logistic regression in which SSRI exposure was the out-
come variable and the variables considered material or

theoretical confounders were predictors. The propensity
score variable thus created was included as a co-variable in
the final analysis. Third, fixed effects analysis was used to
adjust for unmeasurable family-level effects alone in add-
ition to the propensity score adjustment. The reference cat-
egory consisted of women who were not exposed to
antidepressants during pregnancy. Sub-analyses were per-
formed to investigate the association between SSRI expos-
ure in only one trimester and SSRI exposure in two or
more trimesters and the pregnancy outcomes. In both ad-
justed models, a stratified analysis on term infants only (in-
fants born in gestational week 37 or thereafter, n =
26 577) was performed to account for the possible effect of
gestational length on birthweight.

The analyses on the effect of SSRI exposure on gesta-
tional length were carried out following the same proced-
ure. Separate analyses on the effect of (i) lifetime history of
major depression, (ii) depressive symptoms in one preg-
nancy period and (iii) two pregnancy periods on birth-
weight and gestational length were also carried out
following the same steps.

Three separate analyses were performed using three
different depressive symptoms exposure variables respect-
ively. The reference category for each analysis included the
women who were not members of the specific exposure
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Table 2 Maternal medical characteristics of the exposed and the unexposed women

SSRI exposure
during pregnancy

SSRI exposure during  SSRI exposure during
one trimester

No antidepressant exposure

two or more trimesters  during pregnancy

N=1% N =94 N =84 N =27500
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Symptoms of depression in pregnancy®
Gestational week 17 1.8(0.7) 1.8(0.7) 1.9(0.8) 1.2(0.3)
Gestational week 30 1.8(0.7) 1.8(0.7) 1.7 (0.8) 1.2 (0.3)
n % of N n % of N n % of N n % of N
Lifetime history of major depression 170  87.6* 82 87.2% 74 88.1% 7869 28.6
Musculoskeletal pain 184  94.8*** 90 95.7 80 95.2 24968 90.8
Co-medication
Paracetamol 104  53.6 53 56.4 40 47.6 13029 47.4
Nonsteroidal anti-inflammatory drugs? 19 9.8%*# 10 10.6 8 9.5 1706 6.2
Anxiolytics® 16 8.2% 6 6.4* 6 7.1* 114 0.4
Opioid analgesics® 9 4.6%* 3 3.2 5 6.0%* 562 2.0
Hypnotics® 9 4.6 4 4.3* 4 4.8* 76 0.3
Sick leave > 14 days 78 40.2** 37 39.4 35 41.7 9014 32.8
Migraine and/or headache 74 38.1 42 44.7%** 27 32.1 9428 34.3
Antepartum bleeding
First trimester 28 14.4 10 10.6 16 19.0 4262 15.5
Second and/ or third trimester 14 7.2 4 4.3 8 9.5 1880 6.8
Rheumatoid disorders 14 7.2% 10 10.6* 3 3.6 844 3.1
Urinary tract infection and/ 12 6.2 6 6.4 3 3.6 1511 5.5
or pyelonephritis
Asthma 11 5.7 5 53 5 6.0 1879 6.8
Thyroid disorders 10 5.1 4 4.3 3 3.6 654 2.4
High blood pressure
Pre-eclampsia and/or eclampsia 9 4.6 3 3.2 3 3.6 913 33
Systolic blood pressure > 140 mmHg 6 3.1 5 5.3 2 2.4 942 3.4

in the first trimester

?Anxiolytics: diazepam, oxazepam, alprazolam, hydroxyzine, buspirone.

Hypnotics: nitrazepam, flunitrazepam, zopiclone, zolpidem.

“Opioid analgesics: codeine alone and in combination with paracetamol, morphine, tramadol, oxycodone, buprenorphine, dextropropoxyphene.

INSAIDs: ibuprofen, diclofenac, naproxen, meloxicam, piroxicam, indomethacin.

“Measured by the Mean Hopkins symptom checklist SCL-5 value.

‘Measured using answers to the lifetime occurrence of five key depressive symptoms chosen from the nine symptomatic criteria for major depression in the

Diagnostic and Statistical Manual of Mental Disorders (DSM-III-R).
*Pearson’s y” test P < 0.001 when compared with no antidepressants.
**Pearson’s x> test P < 0.01 when compared with no antidepressants.
#*#Pearson’s 3> test P < 0.05 when compared withno antidepressants.

group analysed to maintain as much similarity between the
groups as possible.

Results

Of the 27 756 siblings included in this study, 194 were pre-
natally exposed to SSRIs—94 during one trimester and 84
during two or more trimesters.Of the remaining 27 562
siblings, 62 were exposed to other antidepressants during
pregnancy and 27 500 were not exposed to any antidepres-
sant during pregnancy. There were25 506 mothers who
had no depressive symptoms during pregnancy, 2110

mothers who had depressive symptoms recorded in one
pregnancy period (gestational week 17 or 30) and 508
mothers who had depressive symptoms recorded in two
17 and 30).
Irrespective of presence or absence of depressive symp-

pregnancy periods (gestational weeks
toms, 7450 mothers had a lifetime history of major
depression.

The characteristics of the mothers who used SSRIs, and
mothers who did not use any antidepressants during preg-
nancy are presented in Tables 1 and 2. A significantly
higher proportion of those using SSRIs during pregnancy
lacked a life partner, attained lower levels of education,
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Table 3a Associations of SSRI exposure with birthweight

Random effects
Crude model
Mean difference (B) (95% CI)

Exposure during pregnancy

Fixed effects
Adjusted model®
Mean difference (B) (95% CI)

Random effects
Adjusted model®
Mean difference (B) (95% CI)

No antidepressant exposure Ref
during pregnancy

Any time -91 (=163 to —19)
11 (—86to 109)

—183 (=295 to —70)

One trimester

Two or more trimesters

Ref Ref

~73 (=146 t0 1)
28 (~70 to 126)
—161 (=275 to —47)

~93(=193t07)
4(~116 to 124)
—205 (=372 to —38)

Table 3b Associations of depressive symptoms with birthweight

Maternal depression

Random effects

Random effects Fixed effects

Crude model Adjusted model® Adjusted model®
Mean difference (B) Mean difference (B) Mean difference ()
(95% CI) (95% CI) (95%CI)
Lifetime history of major depression —21(-35t0o —-7) —17 (=31 to —3) —19 (—41to0 3)
Depressive symptoms in one pregnancy period —34 (=56to0 —11) —-29 (=52 to —6) —16 (—47to 15)
Depressive symptoms in two pregnancy periods —31(-78to0 15) —29(=75t0 17) -3 (—641t0359)

All values are given in grams. Significant findings shown in bold.

The B obtained in the random effects linear regression is representative of the B that would be obtained in a linear regression performed on the whole cohort.

The fixed effects linear regression model addresses unmeasured and residual family-level confounding.

Three separate analyses were performed using three different depressive symptoms exposure variables, respectively. The reference category for each analysis

included the women who were not members of the specific exposure group analysed.

Propensity score pain during pregnancy, rheumatoid disorders during pregnancy, migraine and headache during pregnancy, use of hypnotics, opioids and

anxiolytics during pregnancy).

smoked and consumed alcohol during pregnancy, com-
pared with the mothers who did not use any antidepres-
sants (Table 1). Likewise, a significantly higher proportion
of those using SSRIs during pregnancy suffered from a
number of medical conditions and used psychoactive and
analgesic medications (Table 2).

The mean birthweight of infants exposed to SSRIs any
time during pregnancy, during one trimester and during
two or more trimesters was 3550g (SD 606), 3660g (SD
695) and 3459¢g (SD 477), respectively. The mean birth-
weight of infants born to women with a lifetime history of
major depression, with depressive symptoms during one
pregnancy period or with depressive symptoms during two
pregnancy periods was 3620¢g (SD 538), 3600g (SD 575)
and 3573 g (SD 548), respectively. The mean birthweight
of infants born to women who did not use antidepressants
during pregnancy was 3636 g (SD 527).

The mean gestational age at birth for the SSRI-exposed
any time during pregnancy, during one trimester and dur-
ing two or more trimesters was 39.1 weeks (SD 2.0), 39.4
weeks (SD 2.2) and 38.9 weeks (SD 1.8), respectively. The
mean gestational age at birth of infants born to women

with a lifetime history of major depression, with depressive
symptoms during one pregnancy period and with depres-
sive symptoms during two pregnancy periods was 39.5
weeks (SD 1.7), 39.4 weeks (SD 2.0) and 39.3 weeks (SD
1.8), respectively. The mean gestational age of infants born
to women who did not use antidepressants during preg-
nancy was 39.7 weeks (SD 1.7).The distribution of birth-
weights and gestational ages at birth of infants exposed to
SSRIs, born to mothers with a lifetime history of major de-
pression, with depressive symptoms during pregnancy and
with no antidepressant exposureduring pregnancy are
shown in e-Figures 2 and 3 (available as Supplementary
data at IJE online). The intra-class correlation for gesta-
tional length and for birthweight was 0.39 and 0.21, re-
spectively, indicating a moderate effect of familial factors.
Tables 3 and 4 show the effect of SSRIs on birthweight and
gestational age at birth.

In the propensity score-adjusted random effects model,
infants exposed to SSRIs during two or more trimesters
weighed 161 g less than infants whose mothers were not
exposed to any antidepressants (f: —161g, 95%
Cl-275gto—47g).
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Table 4a Associations of SSRI exposure with gestational age

Random effects
Crude model
Mean difference (B) (95% CI)

Exposure during pregnancy

Fixed effects
Adjusted model®
Mean difference (B) (95% CI)

Random effects
Adjusted model®
Mean difference () (95% CI)

No antidepressant exposure Ref

during pregnancy
-2.9 (—4.6to —1.3)
-1.4(-3.5t00.7)
—4.9 (-7.0to —2.1)

Any time
One trimester

Two or more trimesters

Ref Ref

2.7 (4.3 t0 —1.0)
—0.7 (=3.5to 1.4)
—42(-7.0to0 —1.4)

~3.1(=5.5t0 —0.6)
1.4 (4210 1.4)
—4.9(-9.1t0 —1.4)

Table 4b Associations of depressive symptoms with gestational age

Maternal depression

Random effects

Random effects Fixed effects

Crude model Adjusted model® Adjusted model®
Mean difference (B) Mean difference (B) Mean difference (f)
(95%CI) (95% CI) (95% ClI)
Lifetime history of major depression 0.0 (=0.7 t0 0.0) 0.0 (0.0 to 0.0) 0.0 (0.0 to 0.7)
Depressive symptoms in one pregnancy period —1.0 (—1.5 to —0.7) —0.7 (=14 t0 0.0) 0.0 (—=0.7 t0 0.0)
Depressive symptoms in two pregnancy periods —1.0 (-2.1t0 0.0) —0.7(—=1.4 t0 0.0) 0.7 (-0.7to 2.1)

All values are given in days. Significant findings shown in bold.

The B obtained in the random effects linear regression is representative of the f3 that would be obtained in a linear regression performed on the whole cohort.

The fixed effects linear regression model addresses unmeasured and residual family-level confounding.

Three separate analyses were performed using three different depressive symptoms exposure variables, respectively..The reference category for each analysis

included the women who were not membersof the specific exposure group analysed.

“Propensity score variable for SSRI exposure/ depression occurrence during pregnancy included in all models (symptoms of depression at gestational week 17

and lifetime history of major depression (SSRI exposure), SSRI exposure (depressive symptoms), maternal age, parity, birth order, marital status, education, smok-

ing, alcohol intake, acute musculoskeletal pain during pregnancy, rheumatoid disorders during pregnancy, migraine and headache during pregnancy, use of hyp-

notics, opioids and anxiolytics during pregnancy).

In the fixed effects model, allowing for adjustment for
familial factors, infants exposed to SSRIs during two or
more trimesters weighed 205 g less than infants whose
mothers were not exposed to any antidepressants during
pregnancy (ff: —205g, 95% CI— 372 to — 38). We did not
find an effect of SSRI exposure in one trimester on birth-
weight (Table 3a). The stratified analysis on term infants
did notattenuate the above association (e-Table 3a, avail-
able as Supplementary data at IJE online).

In the adjusted random effects model, infants exposed
to SSRIs during two or more trimesters were born 4.2 days
earlier than infants whose mothers were not exposed to
any antidepressants (f: —4.2 days; 95% CI— 7.0 to — 1.4).
In the fixed effects model, allowing for adjustment for
familial factors, infants exposed to SSRIs during two or
more trimesters were born 4.9 days earlier than infants
whose mothers were not exposed to any antidepressants-
during pregnancy (f: —4.9 days, 95% CI -9.1 to—1.4)
(Table 4a).

We did find associations between prenatal exposure to
depressive symptoms on the above pregnancy outcomes in
the random effects models. However, these effects were
attenuated when we accounted for shared genetic and

familial confounding in the fixed effects models
(Tables 3b, 4b; e-Table 3b, available as Supplementary
data at IJE online).

Discussion

The main finding of this study was that prenatal SSRI ex-
posure was associated with a decrease in birthweight of
205 g and a decrease of gestational length of 4.9 days fol-
lowing prenatal exposure to SSRIs in two or more trimes-
ters. No association between maternal SSRI use in one
trimester, a lifetime history of major depression or depres-
sive symptoms and these pregnancy outcomes was found.
Several previous studies have reported associations be-
tween antidepressant exposure and lower birthweight or
being small for gestational age;>*™° however, an equal
number of studies failed to confirm these findings.'”-3% #1-%¢
Only one of these studies took shared familial confounding
into account."” Viktorin et al. found a smaller decrease in
gestational age than we did (2.2 days vs 4.9 days, although
confidence intervals overlapped) when compared with
non-exposed, non-depressed controls. The discrepancy be-
tween our results could be due to differences in exposure
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ascertainment: our study used maternal self-report, which
is unlikely to produce false negatives (i.e. women who re-
port SSRI use but who were truly unexposed), whereas
their study relied on prescription dispensing, a method that
is likely to over-estimate women exposed to SSRIs. It is
therefore possible that non-differential misclassification,
and its expected bias towards the null, can explain the dif-
ferences in effect estimate. Moreover, it should also be
taken into account that their results are standardized val-
ues of birthweight adjusted for gestational length. We did
not include gestational length in our model, but it is worth
noting that the association we found for birthweight re-
mained present in term infants. With respect to the lack of
association between depression and birthweight, our re-
sults can be corroborated by two recent meta-analyses.”%?!

The biological mechanisms by which long-term SSRI
exposure may affect birthweight remain unknown. A pos-
sible explanation could be the same factors as are causing
weight loss during the first 6-10 months of treatment initi-
ation in adults.*” Our findings on gestational length point
to a decrease at birth of 5 days following prenatal exposure
to SSRIs in two or more trimesters.

No association between antidepressant exposure and
preterm birth (gestational age at birth of < 37 weeks) was
found in the former cohort study from our group.® This
may be explained by the fact that we previously assessed
prematurity and were unable to detect small effects on ges-
tational length that are visible when this outcome is ana-
lysed in its continuous form. Interestingly, our finding
corresponds rather accurately to that of Lund et al. where
a mean decrease in 5 days of gestational length was re-
ported after SSRI exposure during pregnancy.*® Also sev-
eral other studies have reported an association between use
of antidepressants, mainly SSRIs, and lower gestational
age at birth '7?%37:38414851 1 preterm birth (gestational
age at birth of < 37 weeks).>**'=°3 Of these, only five ac-
counted for any underlying psychiatric illness,'?3%:#3:91-54
and one of the studies, by Vitkorin et al., applied the
within-family design.'® The exact biological mechanism by
which SSRIs may affect gestational length also remains un-
known. One possible explanation could be the elevated es-
triol levels seen in pregnant women treated with
antidepressants,’” as this effect has been shown to be asso-
ciated with an increased risk of preterm birth.’®

To our best knowledge, this is the first sibling study on
the effect of self-reported prenatal SSRI exposure on birth-
weight and gestational length.>”*® By applying this design
we could take advantage of controlling for factors such as
shared genetics and the same family environmental factors
across pregnancies.”> Not only were we able to rule out
such otherwise potentially confounding factors but, by
applying a fixed effects model, we had the advantage of

reducing residual confounding by addressing unmeasurable
and unknown family-level differences.”> Moreover, the
vast amount of detailed information available in both the
MoBa and the MBRN enabled us to adjust for non-familial
confounding factors including, most importantly, symp-
toms of depression as a continuous variable as well as
smoking, co-medication during pregnancy and maternal
health during pregnancy, which were all implemented in a
propensity score variable for SSRI exposure. Application
of propensity scores is akin to the rationale of the random-
ized experiment; exposed and unexposed cases are bal-
anced on the factors related to exposure (i.e. maternal use
of SSRI or maternal depression). Maternal reporting of
SSRI intake was found to be highly consistent with the dis-
pensing of these drugs in a previous study where 93% of
women who reported use during pregnancy had a prescrip-
tion in the Norwegian Prescription Database during
pregnancy or the preceding 90 days.’” Exposure misclassi-
fication may nevertheless have occurred because non-
adherent pregnant women may have over-estimated their
SSRI use. However, it is worth remembering that self-
reported drug use lies generally closer to actual drug use
than what would have been obtained had the respondents
been interviewed.

Analysing the possible effect of depression, both a life-
time history of major depression and symptoms of depres-
sion during pregnancy, enabled us to examine the effect of
the underlying maternal illness. Even though confounding
by indication is more or less unavoidable in studies of drug
exposure on pregnancy outcomes, we have as much as pos-
sible tried to control for this factor. Moreover, we were able
to take into account the symptom severity of the underlying
maternal illness. The low participation rate of 40% in
MoBa is often a source of concern with respect to selection
bias, especially with regard to prevalence estimates (women
younger than 25 years, those without a life-partner, those
with a parity > 0 and smokers are all under-represented,
whereas mothers who take folic acid are over-represented).
On the other hand, the fact that only minor differences
(below 2% in absolute differences in socio-demographic
variables) have been reported between MoBa participants
and the general Norwegian population of pregnant women
strengthens the representativeness of our material >***
Finally, the prospective nature of data collection in MoBa
reduced the risk of recall bias to a minimum.

Since sibling studies represent a fraction of the original
study population, study power is inevitably reduced.
However, even though results that are not significant cannot
be relied upon in such cases, our 95% confidence intervals
were relatively narrow and imply acceptable power. Also,
changes in household composition, differences in environ-
mental exposures, financial stressors and prescribing and



International Journal of Epidemiology, 2016, Vol. 45, No. 6

2027

Random effects model

observable predictor matrix

Y= a+XB+ FAMy + INDS + €

family unobservables individual unobservables

Fixed effects model

AY,, = a+AX 1,28 + AIND, ,26 + Ae',,

The B coefficient gives an estimate of the
difference between exposed and non-
exposed sibling clusters.

Figure 2 Equations representing the random and fixed effects models.

diagnosis patterns that may occur between pregnancies in
the same family need to be taken account as these could,
both directly and indirectly, influence the intrauterine envir-
onment. Also, the sibling births taking part in the study may
not be entirely representative of the entire sibling population
of Norway. The MBRN data used in our study (birthweight,
gestational length, maternal age, parity) had only < 1%
missing values. On the other hand, approximately 9% of
the siblings were excluded from the study because their
mothers lacked information in Qw17 and Qw30. Although
this may have affected the prevalence of medication use, the
possible associations between SSRI exposure and pregnancy
outcome would not be expected to be changed.®® Due to
space limitations in the questionnaire, only the shorter ver-
sion of the Hopkins Symptoms Checklist, SCL-5, was used
to measure symptoms of depression during pregnancy. The
Cronbach alpha for SCL-5 for depression was estimated to
lie between 0.74 and 0.83; however, an increase in the
skewness of score distribution due to a reduction in the
number of items in the checklist should not be dismissed.®!
Last, we did not have data on dosage of SSRI use, which
would have enabled us to study dose-response effects, al-
though the numbers of trimesters during which the fetus
was exposed could be viewed as a proxy of cumulative dose.

Conclusion

Our results suggest that prenatal exposure to SSRIs during
two or more trimesters may decrease birthweight and ges-
tational length. Our results indicate that shared genetics

and family environment cannot explain these associations.
Neither maternal SSRI use in one trimester, a lifetime his-
tory of major depression nor depressive symptoms during
pregnancy was associated with these pregnancy outcomes.
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