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BACKGROUND: Maternal underlying depression may confound previ-
ously reported associations between selective serotonin reuptake inhibitor
(SSRI) use and adverse pregnancy and neonatal outcomes.
OBJECTIVE: To determine whether SSRI use during pregnancy is asso-
ciated with an increased risk of pregnancy and neonatal complications
after adjusting for indicators of maternal depression severity.

STUDY DESIGN: This population-based birth cohort study used data
from national registers in Finland and included 1272,587 singleton live
births from 1996 to 2018. Pregnancy outcome of women with two or
more SSRI purchases during pregnancy (M=19,020) were compared to
women with a diagnosis of depression but no antidepressant use
(N=19,625), and women who discontinued SSRIs before pregnancy
(n=3145). Analyses included adjustment for several indicators of depres-
sion severity and within-family sibling comparisons.

RESULTS: After adjusting for confounders and comparing to women
with depression who did not use antidepressants, maternal SSRI use was
associated with an increased risk of gestational diabetes (OR 1.14; 95%
Cl 1.07—1.22), while the risk of cesarean section (CS), late (32—36+6
weeks’ gestation) and very preterm birth (<32 weeks’ gestation), small
for gestational age, and low and very low birth weight was lower. Among
SSRI-exposed infants, risk of a low (<7) 5-minute Apgar score (OR 2.02;
95% CI 1.78—2.30), breathing problems (OR 1.61; 95% CI 1.48—1.75),
and neonatal care unit (NCU) treatment (OR 1.23; 95% Cl 1.16—1.31)

was higher, whereas the risk of hospital stay at 7 days and major congeni-
tal anomalies was lower. Third-trimester exposure further increased the
risk of a low 5-minute Apgar score (OR 3.44; 95% Cl 2.93—4.04). After
adjustment for indicators of depression severity, the increased risk of ges-
tational diabetes persisted (OR 1.20; 95% Cl 1.09—1.32), as did the
lower risk of CS, very preterm birth, and low and very low birth weight,
and the risks of a low 5-minute Apgar score, breathing problems, and
NCU treatment remained higher. Compared to women who discontinued
SSRI use before pregnancy, SSRI use was associated with lower risks of
late preterm birth and low birth weight (OR 0.83; 95% Cl 0.70—0.999
and OR 0.78; 95% Cl 0.64—0.96, respectively), while the neonatal risks
described above remained elevated. In the sibling-pair analysis, SSRI use
was associated with an increased risk of gestational diabetes and neonatal
complications other than malformations, including an increased risk of
needing hospital stay at 7 days of age.

CONCLUSION: SSRI use during pregnancy affects neonatal health
beyond maternal depression by increasing symptoms related to delayed
neonatal adaptation, although it may reduce the risk of preterm birth. The
observed increase in the risk of gestational diabetes warrants further
study.

Key words: cohort study, gestational diabetes, maternal depression,
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Introduction
erinatal depression affects an esti-
mated 10% to 15% of women,
and moderate or severe symptoms
often require antidepressant medica-
tion. Selective serotonin reuptake inhib-
itors (SSRIs) are the most used
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antidepressants during pregnancy, with
5% to 10% of pregnant women using
them. Several studies on the safety of
SSRIs during pregnancy have been pub-
lished with conflicting results.' °
Observational studies often have limited
information on important covariates
and confounders, including maternal
depression and depression severity,
potentially biasing the findings.” While
the risk of neonatal adaptation prob-
lems, including low Apgar scores and
breathing difficulties, has often been
reported to be increased in neonates
prenatally exposed to SSRIs,”* recent
research suggests that these issues are
largely attributable to maternal depres-
sion itself.” Research results regarding

the risk of preterm birth have also been
conflicting.>®  While psychotherapy
plays an important role in the treatment
of depression, access to these therapies
is often limited, creating situations
where antidepressant treatment cannot
be avoided. Safe treatment of maternal
depression is important from a public
health perspective. The aim of this study
was to distinguish between the risks of
SSRIs used during pregnancy and the
risks associated with maternal depres-
sion regarding pregnancy and neonatal
complications.

Material and methods
This is a population-based birth cohort
study, based on national registers in
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AJOG MFM at a Glance

Why was this study conducted?

Key findings

plications related to neonatal adaptation.

risk of preterm birth.

e Maternal underlying depression may confound the previously reported associations
between SSRI use and adverse pregnancy and neonatal outcomes.

e Compared to women with depression who did not use antidepressants, and after adjust-
ment for several indicators of depression severity, maternal SSRI use was associated
with a lower risk of very preterm birth but a higher risk of gestational diabetes and com-

What does this study add to what is already known?

e SSRI use during pregnancy affects neonatal health beyond maternal depression by
increasing symptoms related to delayed neonatal adaptation.
e |mportantly, treating maternal depression with SSRIs may be beneficial in reducing the

e The finding of an increased risk of gestational diabetes warrants further study.

Finland. The study design has been
described previously.” Register data
were linked using the unique personal
identification numbers. The study was
approved by the Ethics Committee of
the Turku University Hospital and the
Institutional Review Board of the New
York State Psychiatric Institute. The
Finnish Social and Health Data Permit
Authority (FINDATA) gave their per-
mission to use the register data in this
study. The total sampling frame
includes 1272,587 singleton live births
between 1996 and 2018.

The Medical Birth Register (MBR)
includes comprehensive information on
maternal demographic characteristics,
medical and reproductive history,
health-related behaviors, diagnoses dur-
ing pregnancy and delivery, and neona-
tal outcomes.

The Hospital Discharge Register
(HDR) covers all hospital inpatient epi-
sodes in public and private institutions
and outpatient public hospital visits
since 1967, and all contacts in outpa-
tient clinics since 1998. Psychiatric and
somatic diagnoses made in primary
care from 2011 onwards were collected
from the Register on Primary Health
Care Visits.

The Drug Reimbursement Register
(DRR) contains data on reimbursed
drug purchases, including the Interna-
tional Anatomic-Therapeutic-Chemical
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(ATC) classification code.'’ Prescrip-
tion-only medicines necessary for the
treatment of an illness are reimbursed
for all permanent residents in Finland.
Information on major congenital anom-
alies was collected from the Register for
Congenital Malformations. Sociodemo-
graphic background information and
data from the father were obtained
from Statistics Finland and the Popula-
tion Information System.

Exposure and comparison groups
SSRI users included women with two or
more SSRI purchases (ATC code
NO6AB, including fluoxetine, citalo-
pram, paroxetine, sertraline, fluvox-
amine, escitalopram) from 30 days
before pregnancy until the end of preg-
nancy.

Women with depression but no anti-
depressants included women diagnosed
with depression or another psychiatric
disorder related to depression or SSRI
use in the HDR (footnote b, Table 1)
from 1 year before pregnancy until dis-
charge (<3 weeks) from hospital after
delivery, but no purchase of antidepres-
sants or antipsychotics from 3 months
before until the end of pregnancy.

The Unexposed group included
women with neither purchase of antide-
pressants or antipsychotics at any time
prior to or during pregnancy and no
diagnoses of depression or psychiatric

disorders related to depression or anti-
depressant use (footnote ¢, Table 1) at
any time prior to or during pregnancy
until discharge (<3 weeks) from hospi-
tal after delivery.

A sensitivity analysis included
women who discontinued SSRIs prior
to pregnancy. This SSRI discontinued
group included women who had pur-
chase(s) of SSRIs 1 year before preg-
nancy until 3 months before pregnancy,
but not during pregnancy. Within fam-
ily comparisons included pregnancies of
the same woman, either using or not
using SSRIs during pregnancy.

Covariates

Covariates were obtained from the
registers and included maternal, neona-
tal, and family characteristics (Table 1
and Supplemental Table 1).

Outcome variables

The outcome variables were derived
from existing literature.® The out-
come variables for pregnancy included
hypertension of pregnancy/preeclamp-
sia; gestational diabetes; mode of deliv-
ery (vaginal/cesarean section, CS);
emergency or urgent CS; bleeding dur-
ing or after delivery; late preterm birth
32 to 36+6 weeks; very preterm birth
<32 weeks; large for gestational age
(LGA, birth weight more than two stan-
dard deviations above national stand-
ards for sex and length of gestation);
small for gestational age (SGA, birth
weight less than two standard devia-
tions below national standards for sex
and length of gestation); low birth
weight (<2500 g); and very low birth
weight (<1500 g); outcome definitions
in footnotes b to k, Figure 1.

The neonatal outcome variables
included 1 and 5-minute Apgar score
<7; neonatal breathing problems; need
for monitoring in neonatal care or
intensive care unit (NCU); hospital stay
of infants at 7 days of age; pulmonary
hypertension; and major congenital
anomaly (footnotes [—o Figure 1).

Maternal depression severity

Indicators of maternal depression sever-
ity were obtained from the HDR,
including information on the age of
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TABLE 1

Maternal, neonatal, and family characteristics tested as covariates by the three-class exposure status

SSRI users® N=19,020

Women with depression but no antidepressants® N=19,625

Unexposed N=1053,280°

Characteristics N % N % N % Pvalue
Offspring sex (male) 9745 51.24 10,051 51.22 539,168 51.19 .990
Maternal age, y <.001
<19 480 2.52 1582 8.06 24,449 2.32

20—29 8478 44,57 9396 47.88 502,589 47.72

30-39 9169 48.21 7879 40.15 491,430 46.66

>40 893 4.70 768 3.91 34,812 3.31

Paternal age, y° <.001
<19 187 1.01 574 3.06 7801 0.75

20—29 6262 33.91 7472 39.84 359,433 34.65

30-39 9383 50.81 8449 45.05 553,475 53.35

>40 2635 14.27 2261 12.05 116,667 11.25

Urbanicity” <.001
Urban 12,895 67.84 13,961 71.19 700,510 66.62

Semi-urban 3186 16.76 2999 15.29 176,676 16.80

Rural 2926 15.39 2652 13.52 174,280 16.57

Marital status <.001
Unmarried (vs married/in a relationship or cohabitation) 2646 13.91 3448 17.57 93,417 8.87

Maternal socioeconomic status <.001
Upper white-collar workers 2241 11.78 2022 10.30 138,880 13.19

Lower white-collar workers 5210 27.39 4371 22.27 254,772 24.19

Blue collar workers 3216 16.91 2929 14.92 130,727 12.41

Others® 2360 12.41 2098 10.69 64,660 6.14

Missing 5993 31.51 8205 41.81 464,241 44,08

Paternal socioeconomic status <.001
Upper white-collar workers 2663 14.00 2276 11.60 148,086 14.06

Lower white-collar workers 2852 14.99 2510 12.79 141,028 13.39

Blue collar workers 5996 31.52 5384 27.43 233,125 22.13

(continued)
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TABLE 1
Maternal, neonatal, and family characteristics tested as covariates by the three-class exposure status (continued)

SSRI users® N=19,020 Women with depression but no antidepressants” N=19,625 Unexposed N=1053,280°
Characteristics N % N % N % Pvalue
Others 3437 18.07 3489 17.78 117,648 11.17
Missing 4072 21.41 5966 30.40 413,393 39.25
Maternal education <.001
Basic education (<9 y) 4050 21.29 5643 28.75 148,323 14.08
Secondary education (10—12'y) 8842 46.49 8057 41.05 419,839 39.86
Tertiary education (13 y or more) 6128 32.22 5925 30.19 485,118 46.06
Paternal education” <.001
Basic education (<9 ) 4017 21.75 4851 25.86 186,514 17.98
Secondary education (10—12y) 9497 51.43 9200 49.05 495,548 47.77
Tertiary education (13 y or more) 4953 26.82 4705 25.09 355,314 34.25
One or more prior deliveries (vs none)” 11,410 60.03 10,350 52.77 617,701 58.70 <.001
Prenatal maternal smoking® 5232 28.40 5140 27.10 135,086 13.19 <.001
ART use, current pregnancy 559 2.94 596 3.04 28,213 2.68 <.001
Maternal prepregnancy BMI <.001
<18.5 540 2.84 768 39 22,313 212
18.5—24.9 8415 44.24 8709 44.38 389,796 37.01
25-29.9 3939 20.71 3289 16.76 133,978 12.72
>30 3166 16.65 2069 10.54 72,380 6.87
Missing 2960 15.56 4790 24.41 434,813 41.28
Prepregnancy diabetes® 451 2.37 423 2.16 12,113 1.15 <.001
Mother’s chronic diseases” 10,031 52.74 10,500 53.50 402,004 38.17 <.001
Number of hospitalizations' <.001
0 9037 47.51 9597 48.90 713,648 67.75
1 8478 44.57 8251 42.04 310,699 29.50
2 1121 5.89 1287 6.56 24,516 2.33
>3 384 2.02 490 2.50 4417 0.42
Teratogen exposure’ 375 1.97 248 1.26 5154 0.49 <.001

Anxiolytic/sedative exposure® 3555 18.69 1045 5.32 4668 0.44 <.001

(continued)




TABLE 1
Maternal, neonatal, and family characteristics tested as covariates by the three-class exposure status (continued)

SSRI users® N=19,020 Women with depression but no antidepressants” N=19,625 Unexposed N=1053,280°

Characteristics N % N % N % Pvalue
Antiepileptic exposure' 563 2.96 330 1.68 2308 0.22 <.001
Preterm birth in previous pregnancies <.001
Preterm birth, <37 wk 670 3.52 597 3.04 24,135 2.29

Very preterm birth, <32 wk 109 0.57 156 0.79 3467 0.33
Hypertension/preeclampsia in previous pregnancies 1601 8.42 1155 5.89 61,084 5.80 <.001
Gestational diabetes in previous pregnancies 1478 7.77 966 4.92 42,941 4.08 <.001

Mean SD Mean SD Mean SD

Birth year 2010.11 5.17 2009.20 5.96 2006.26 6.53 <.001
Maternal age 30.00 5.62 28.46 6.23 29.56 5.32 <.001
Paternal age 32.48 6.69 31.18 7.09 32.08 6.19 <.001

2 Based on at least 2 purchases of SSRIs (ATC code NOBAB; including fluoxetine, NOBABO3; citalopram, NOBABO4; paroxetine, NOBABOS; sertraline, NOBABOS; fluvoxamine, NOBABOS; escitalopram, NO8AB10).; ® Diagnosis with: ICD-10 F20 to F48; ICD-9 295, 297,
2988A, 2989X, 3013C, 296, 3004A, 3000 to 3003, 3006 to 3009, 3078A, 3090A, 3092C-E, 3098A, 3098X, or 3099X from 1 year before pregnancy until discharge (<3 weeks) from hospital after delivery, and with no maternal purchases of antidepressants (ATC
codes NO6A, NOBCA) or antipsychotics (NO5A) from 3 months before until the end of pregnancy.; © No maternal prescriptions purchased for antidepressants or antipsychotics (NOGA, NOBCA, NO5A) at any time prior to or during pregnancy and no diagnoses of depres-
sion or psychiatric disorders related to depression or SSRI use (ICD-10 F20—F48; ICD-9 295, 297, 2988A, 2989X, 3013C, 296, 3004A, 3000—3003, 3006—3009, 3078A, 3090A, 3092C-E, 3098A, 3098X, 3099X; ICD-8 295—300) at any time prior to or during
pregnancy until discharge (<3 weeks) from hospital after delivery.; 9 Information missing for: paternal age and education, n=17,326; urbanicity, n=1840; prior births, n=1058; prenatal maternal smoking, n=30,385.; ¢ Students, housewives, entrepreneurs, or unem-
ployed persons.; " Available from 2004 onwards.; ¢ Including: ICD-10 E10-E14 recorded before LMP; ICD-10 024.0, 024.1, 024.2, 024.3; ICD-9 250 or ICD-8 250 recorded before LIMP; Special Reimbursement Register 103, 171, 177, 215, 285 recorded before
LMP.; " Other chronic diseases ever recorded in the HDR or Special Reimbursement Register (see Supplemental Appendix 1).;  Number of hospitalizations (other than psychiatric) from the beginning of pregnancy until delivery.; ' Maternal purchase any time during preg-
nancy or 1 month prior to pregnancy of: misoprostol (Anatomic-Therapeutic-Chemical, ATC, code A02BBO01), warfarin (BO1AA03), agents acting on the renin-angiotensin system (C09), etretinate (D05BB01), acitretin (D05BB02), isotretinoin (D10BA01), alitretinoin
(D11AH04), carbimazole (HO3BBO1), antineoplastic agents (LO1), mycophenolic acid (LO4AAQ6), leflunomide (LO4AA13), teriflunomide (LO4AA31), thalidomide (LO4AX02), methotrexate (LO4AX03), lenalidomide (LO4AX04), pomalidomide (LO4AX06),
misoprostol + diclofenac (MO1ABS5S), ergot alkaloids (NO2CA), valproic acid (NO3AGO1), carbamazepine (NO3AFO1), phenytoin and derivatives (NO3AB), topiramate (NO3AX11), or lithium (NOSANO1).;  Maternal purchase of anxiolytics (ATC NO5B) and/or sedatives

(NO5C), any time during pregnancy or 1 month before pregnancy.; ' Maternal purchase of antiepileptic drugs (ATC NO3; excluding those listed in “teratogens”), any time during pregnancy or 1 month before pregnancy.

Source: Malm. Selective serotonin reuptake inhibitor use during pregnancy and maternal depression. Am J Obstet Gynecol MEM 2026.
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FIGURE 1

Pregnancy and neonatal complications, comparisons between SSRI users, women with depression but no antide-
pressant use, and unexposed. SSR/ users: women with two or more SSRI purchases (ATC code NO6AB; including flu-
oxetine, citalopram, paroxetine, sertraline, fluvoxamine, escitalopram) from 30 days before pregnancy until the end
of pregnancy. Women with depression but no antidepressants: pregnancies of women diagnosed with depression or
another psychiatric disorder related to depression or SSRI use from 1 year before pregnancy until discharge (<3
weeks) from hospital after delivery, and with no maternal purchases of antidepressants or antipsychotics from 3
months before until the end of pregnancy. Unexposed: no maternal prescriptions purchased for antidepressants or
antipsychotics at any time prior to or during pregnancy, nor any diagnoses of depression or psychiatric disorders
related to depression or antidepressant use at any time prior to or during pregnancy until discharge (<3 weeks)
from hospital after delivery.

SSRI users Women with Unexposed SSRI users SSRI users
depression vs. vs.
but no Women with depression Unexposed
antidepressants but no antidepressants
N=19,020 N=19,625 N=1,053,280
Outcome n % n % n % OR (95% CI)° P OR (95% CI)* p
Pregnancy outcomes : i
Hypenenswn° 1,919 101 1,790 9.1 81,630 7.8 0.99(0.91, 1.06) *‘ .70 1.05(0.99, 1.11) ' .12
Gestational diabetes® 3,534 186 2613 133 106,554 101 1.14(1.07,1.22) ‘* <007 1.18(1.13,1.24) ' - <.001
cs! 3,769 19.8 4,625 236 160,123 156.2  0.75(0.71,0.79) . 3 <.007 1.16(1.11, 1.20) : . <.001
CS emergency or urgent’ 1,905 10.0 1,847 94 59,189 56 0.92(0.86,0.997) - 04 1.10(1.04,1.17) - <.001
Bleeding® 759 40 665 34 25,056 24 1.05(0.94,1.17) ‘:'- .40 1.15(1.06, 1.25) '.. <.001
Late preterm' 929 49 1,088 55 38,771 3.7 0.89(0.80, 0.98) "i .02 1.11 (1.083, 1.20) i'- .007
Very preterm? 100 05 284 14 5636 05 037(0.28,048) = <007 0.79 (0.63, 0.999) —- 05
LGA" 647 3.4 597 3.0 30,340 29 1.01(0.89, 1.15) - .84 1.09(0.999, 1.19) - .05
SGA 653 34 818 42 32,090 3.0 0.88(0.78, 0.98) ~ .02 0.91(0.83,0.99) a .03
Low birth weight 682 36 1,015 52 30,396 29 0.71(0.63,0.79) - % <.007 0.98(0.89, 1.07) *i .62
Very low birth weightK 86 05 252 1.3 4,928 0.5 0.34(0.25,0.44) - ; <.007 0.75(0.59, 0.97) —'— .03
Neonataloutcomes ‘ '
Apgar 1 min <7 1,843 97 1,254 6.4 51,338 49 159 (1.47,1.73) P <001 1.76 (1.66, 1.86) : - <.001
Apgar 5 min <7 873 5.9 455 33 11,509 2.0 2.02(1.78,2.30) ‘ —— <.001 2.56(2.36,2.77) —=— <.001
Breathing problems‘.l 1,722 91 1,093 5.6 35,754 34 1.61(1.48,1.75) } 2 <.007 1.98(1.86,2.10) : - <.001
Monitoring (NCU)™ 3,339 17.6 2,809 143 97,343 9.2 1.23(1.16, 1.31) i - <.0017 1.58(1.51, 1.65) i - <.001
Hospital stay > 7 days" 1,558 82 1,778 9.1 53,842 5.1 0.88(0.81,0.95) 'i .001  1.35(1.27, 1.44) . - <.001
PPHN® 37 02 55 03 1,250 0.1 0.67 (0.44, 1.03) 4-—‘7 £07, 1.21(0.85, 1.71) ﬁ—-f .28
Major congenital anomaly 993 52 1,194 6.1 41,123 3.9 0.82(0.75,0.90) - <001 1.42(1.05,1.21) - ) .001
(g 0.‘5 1 1?5 é 25 0 05 l 175 2 25
becreased risk Increased risk ’ becreased risk Increased risk ’

Adjusted for variables associated with exposure and outcome at P<.1 (Supplemental Table 1).

PHypertension of pregnancy/preeclampsia: ICD-10 010-016.

“Gestational diabetes: ICD-10 024.4; ICD-10 024.9.

4CS, cesarean section.

®Bleeding during or after delivery: during delivery ICD-10 067 (ICD-10 067.0; 67.8; 67.9); after delivery ICD-10 072 (ICD-10 072.0—72.3).
fLate preterm 32 to 36+6 weeks.

%Very preterm <32 weeks.

"arge for gestational age (birth weight more than two standard deviations above national standards for sex and length of gestation).
'Small for gestational age (birth weight less than two standard deviations below national standards for sex and length of gestation).
JLow birth weight, <2500 g.

“Very low birth weight (<1500 g).

'Neonatal breathing problems; ICD-10 P22.

NCU, neonatal care or intensive care unit.

"Infant at hospital at 7 days of age.

°Persistent pulmonary hypertension of the newborn; ICD-10 P29.31.

Source: Malm. Selective serotonin reuptake inhibitor use during pregnancy and maternal depression. Am ] Obstet Gynecol MFM 2026.
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FIGURE 2
Comparisons between SSRI users with a diagnosis of depression and women with a diagnosis of depression but no
antidepressant use, adjusted for indicators of maternal depression severity.

SSRI users
with diagnosis
of depressiona

Women with
depression but

SSRI users with diagnosis of depression
vs.

no antidepressantsb Women with depression but no antidepressants

N=6,903 N=19,625
Outcome n % n % OR (95% CI)° p
Pregnancy complications :
Hypertension 775 112 1790 9.1 1.14 (1.02, 1.27) r— .02
Gestational diabetes 1406 204 2613 133 1.20 (1.09, 1.32) E = <001
Delivery mode (CS or vaginal) 1463 212 4625 236 0.86(0.79, 0.93) - <.001
CS emergency or urgent 736 107 1847 94 0.97 (0.87, 1.08) -'E— 57
Bleeding 289 42 665 34 1.11 (0.94, 1.30) *F .21
Late preterm 353 51 1088 55 087 (0.75, 1.003) —'—1 .06
Very preterm 41 06 284 1.4 055 (0.38, 0.80) —_— .001
Large for gestational age, LGA 225 33 597 30 1.02 (0.84, 1.22) $ 86
Small for gestational age SGA 271 39 818 42 0.95 (0.81, 1.11) —‘i— 52
Low birth weight 237 34 1015 52 067 (0.57,0.79) o . <.001
Very low birth weight 34 05 252 13 046 (0.31,069) —— <.001
Neonatal complications :
Apgar 1 min <7 723 105 1254 6.4 1.65 (1.47, 1.84) I — <.001
Apgar 5min <7 365 6.6 455 33 2.15(1.83,252) ' A <.001
Breathing problems 701 102 1093 56 1.67 (1.49, 1.87) —— <.001
Monitoring (NCU) 1392 20.2 2809 143 1.39 (1.28, 1.51) e <.001
Hospital stay > 7 days 662 96 1778 91 0.98 (0.88, 1.09) -— 71
Major congenital anomaly 388 56 1194 6.1 0.92 (0.80, 1.05) —'+ 24
0 05 1 15 2 25

Decreased risk Increased risk
4Women with two or more SSRI purchases from 30 days before pregnancy until the end of pregnancy and a diagnosis of depression or another psychiat-
ric disorder related to depression or SSRI use from 1 year before pregnancy until discharge (<3 weeks) from hospital after delivery.

®Women diagnosed with depression or another psychiatric disorder related to depression or SSRI use from 1 year before pregnancy until discharge
(<3 weeks) from hospital after delivery, and with no maternal purchases of antidepressants or antipsychotics from 3 months before until the end of
pregnancy.

“Adjusted for variables associated with exposure and outcome at P<.1 (Supplemental Table 1). Also adjusted for indicators of maternal depression
severity: maternal age of depression onset (<19, 20—29, 30—39, >40); category of diagnosis occurring 1 year before pregnancy until discharge (3-
group hierarchical mutually exclusive variable: Nonaffective psychoses and transient psychoses: ICD-9 295, 297, 2988A, 2989X, 3013C, ICD-10: F20
—F29; mood disorders: ICD-9 296, 3004A, ICD-10: F30—F39; and neurotic, stress-related and somatoform disorders: 1CD-9 3000—3003, 3006
—3009, 3078A, 30904, 3092C-E, 3098A, 3098X, 3099X, ICD-10 F40—F48); hospitalization for depression severe (>2 inpatient hospitalizations over
the illness course), moderate (at least 1 inpatient hospitalization over the illiness course), and mild (no hospitalizations); and intentional self-harm requir-
ing hospital treatment 1 year before pregnancy until discharge (<3 weeks) from hospital after delivery: ICD-10 codes X60-X84, Z72.8, 791.5 or ICD-9
codes F950-E959, V156, V658.

Source: Malm. Selective serotonin reuptake inhibitor use during pregnancy and maternal depression. Am ] Obstet Gynecol MFM 2026.

SAS version 9.4 (SAS Institute Inc).
Statistical significance was set at P<.05.

Results

SSRIs were purchased in a total of
30,815 (2.4%) pregnancies, and in
19,020 pregnancies, the woman made
two or more SSRI purchases. The com-
parison group of women with depres-
sion but no antidepressants included
19,625 pregnancies, and the group of

women unexposed to depression or
antidepressants included 1053,280 preg-
nancies. Maternal and family character-
istics of the exposure groups are shown
in Table 1, and association of these
covariates to the outcome variables are
presented in Supplemental Table 1.
Comparisons between SSRI users,
women with depression but no antide-
pressants, and unexposed. After adjust-
ing for confounders, maternal SSRI use

was associated with an increased risk of
gestational diabetes (OR 1.14; 95% CI
1.07—1.22), whereas the risks of several
other  pregnancy  complications—
including CS, late and very preterm
birth, SGA, and low and very low birth
weight—were lower (Figure 1). Neona-
tal risks, including low (<7) 1- and
5-minute Apgar scores, breathing prob-
lems, and NCU treatment, were higher
among SSRI-exposed infants, whereas
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the risks of hospital stay at 7 days of age
and major congenital anomalies were
lower. Compared to unexposed preg-
nancies, SSRI use was associated with a
modestly increased risk of several preg-
nancy complications, whereas the risk
of SGA and very low birth weight was
lower. The risk of neonatal complica-
tions, other than persistent pulmonary
hypertension of the newborn (PPHN),
was increased (Figure 1). In analyses
by individual SSRI, use of fluoxetine,
citalopram, and escitalopram was asso-
ciated with an increased risk of gesta-
tional diabetes, while escitalopram was
also associated with bleeding during or
after delivery. No other major differen-
ces between individual SSRIs were
observed. Each SSRI was associated
with an approximately twofold increase
in the risk of a low 5-minute Apgar
score (Supplemental Table 2).

In trimester-specific analyses that
included women using SSRIs during the
first and second trimesters, and com-
paring to women with depression but
no antidepressants, the risk of very pre-
term birth was nearly 60% lower; how-
ever, the previously observed lower
risks of late preterm birth, SGA, and
hospital stay at 7 days were no longer
evident among SSRI users (Supplemen-
tal Table 3). In analyses of maternal

SSRI use during the third-trimester,
restricted to full-term deliveries and
neonatal outcomes other than congeni-
tal anomalies, maternal SSRI use was
associated with an increased risk of neo-
natal complications other than PPHN,
including a more than threefold risk of
a low 5-minute Apgar score (Table 2).

After adjustment for indicators of
depression severity and comparing SSRI
users with a diagnosis of depression
(n=6903) to women with depression
who did not use antidepressants, the
risk of hypertensive disorders of preg-
nancy/preeclampsia was elevated, and
the increased risk of gestational diabetes
persisted (OR 1.20; 95% CI 1.09—1.32).
The lower risks of CS, very preterm
birth, and low and very low birth weight
also remained. Neonatal risks—other
than hospital stay at 7 days of age and
major congenital anomalies—remained
elevated (Figure 2).

Comparisons between SSRI users
and women who discontinued SSRI use
before pregnancy. SSRI use during preg-
nancy was not associated with an
increased risk of gestational diabetes
but was associated with lower risks of
late preterm birth and low birth weight
(OR 0.83; 95% CI 0.70—0.999 and OR
0.78; 95% CI 0.64—0.96, respectively).
The risks of low 1- and 5-minute Apgar

scores, breathing problems, and NCU
treatment remained higher (Figure 3).

Sibling analyses. The risk of gesta-
tional diabetes and CS was higher in
SSRI-exposed pregnancies, whereas the
risk of very preterm birth and very low
birth weight were lower; however, the
lower risk of very preterm birth did not
reach statistical significance (Figure 4).
Infants prenatally exposed to SSRIs had
higher risks of low 1- and 5-minute
Apgar scores, neonatal breathing prob-
lems, NCU treatment, and hospital stay
at 7 days (Figure 4).

Paternal use of SSRIs was not associ-
ated with an increased risk of any of the
outcomes (Supplemental Table 4).

Comparisons between women with
depression but no use of
antidepressants and the unexposed
Comparing women with depression but
no use of antidepressants to the un-
exposed, the risk of most pregnancy
complications—excluding  gestational
diabetes, LGA, and SGA—was
increased. The risk of very preterm birth
was increased more than twofold (OR
2.15; 95% CI 1.86—2.48). The risk of all
neonatal problems was higher, includ-
ing a low 5-minute Apgar score (OR
1.26; 95% CI 1.13—1.41), and the risk
for PPHN was nearly twofold (OR 1.80;

TABLE 2

Neonatal complications and third-trimester SSRI use

dow does not cover first trimester.
NCU, neonatal care or intensive care unit.

SSRI use in Women with depression SSRI use in 3rd trimester
3rd trimester® but no antidepressants vs women with depression
Outcome N=12,186 N=18,253 but no antidepressants
n % n % OR’ 95% Cl P
Apgar 1 min <7 1251 10.3 932 5.1 2.14 1.95-2.35 <.001
Apgar 5 min <7 593 6.1 261 2.0 3.44 2.93—4.04 <.001
Breathing problems® 1089 8.9 635 35 2.54 2.28—2.83 <.001
Monitoring (NCU) 2014 16.5 1907 10.4 1.62 1.51-1.75 <.001
Hospital stay >7 d° 781 6.4 1008 5.6 1.15 1.04—1.28 .009
PPHN® 26 0.2 27 0.1 1.41 0.80—2.47 .23

Comparisons to women with depression but no antidepressants. Analyses restricted to full-term (>37 gestational weeks) infants. Major congenital anomalies not analyzed because the exposure win-

2 At least one SSRI purchase during the third-trimester.; ® Adjusted for variables associated with exposure and outcome at P<.1 (Supplemental Table 1).; ¢ Neonatal breathing problems; ICD-10 P22.;
9|nfant at hospital at 7 days of age.; © Persistent pulmonary hypertension of the newborn; ICD-10 P29.31.
Source: Malm. Selective serotonin reuptake inhibitor use during pregnancy and maternal depression. Am J Obstet Gynecol MFM 2026.

8 AJOG MFM April 2026



FIGURE 3

Comparisons between SSRI users and women who discontinued SSRI use before pregnancy.

SSRI users® SSRI discontinued” SSRI users
Vs.
N=19,020 N=3,145 SSRI discontinued
Outcome n % n % OR (95% CI)° p
Pregnancy complications E
Hypertension 1919 10.1 312 99 0.92 (0.80, 1.06) '7 25
Gestational diabetes 3534 18.6 444 14.1 1.07 (0.94, 1.21) :'- .30
Delivery mode (CS or vaginal) 3769 198 608 193 0.98 (0.88, 1.08) *: .66
CS emergency or urgent 1905 10.0 275 8.7 1.08 (0.93, 1.25) :*— 32
Bleeding 759 40 97 3.1 1.10 (0.88, 1.39) —E'— 40
Late preterm 929 49 180 57 0.83 (0.70, 0.999) -'-E .05
Very preterm 100 05 17 05 1.13 (0.59, 2.16) —;"— 4 |
Large for gestational age, LGA 647 34 88 28 1.09 (0.85, 1.40) -!'— 49
Small for gestational age SGA 653 34 129 41 0.90 (0.72, 1.12) -'-E- 33
Low birth weight 682 36 141 45 0.78 (0.64, 0.96) *—f .02
Very low birth weight 86 05 18 06 0.74 (0.41, 1.33) —'—7— 31
Neonatalcomplications E
Apgar 1 min<7 1843 97 164 52 1.94 (1.62, 2.31) E = <.001
Apgar 5 min <7 873 59 49 22 3.01(2.17, 4.17) E ——=——— <001
Breathing problems 1722 91 163 52 1.69 (1.41, 2.01) E s <.001
Monitoring (NCU) 3339 176 410 13.0 1.42 (1.26, 1.60) E - <.001
Hospital stay > 7 days 1558 8.2 261 8.3 1.00 (0.85, 1.16) 4:'- .96
Major congenital anomaly 993 52 189 6.0 0.84 (0.70, 0.998) “‘: .05
0 1 2 3 4

NOBABOG; fluvoxamine, NOBABOS; escitalopram,

Decreased risk Increased risk

Based on at least two purchases of SSRIs (ATC code NOBGAB; including fluoxetine, NOBABO3; citalopram, NO6ABO4; paroxetine, NOBABO5; sertraline,

NOBAB10).

PWomen who had purchase(s) of SSRIs 1 year before pregnancy until 3 months before pregnancy, but not during pregnancy.
®Adjusted for variables associated with exposure and outcome at P<.1 (Supplemental Table 1).

Source: Malm. Selective serotonin reuptake inhibitor use during pregnancy and maternal depression. Am ] Obstet Gynecol MEM 2026.

95% CI 1.34—2.41). The risk of major
congenital anomalies was also elevated
(OR 1.36; 95% CI 1.28—1.45) (Supple-
mental Table 5).

Comment

Principal findings

Using national register data, we found
an increased risk of gestational diabetes
among women using SSRIs during
pregnancy; however, this association
was not consistent across all compari-
sons. Maternal SSRI use was associated
with a lower risk of very preterm birth
and a higher risk of complications
related to neonatal adaptation. Maternal
depression itself was associated with
several pregnancy and neonatal compli-
cations, including major congenital
anomalies.

Results in the context of what is
known

The prevalence of gestational diabetes
varies depending on the approach to
screening and diagnosis, with a global
estimate of around 14%."' General
screening for risk factors associated with
gestational diabetes is recommended
already when planning for pregnancy.'”
The use of antidepressants, in general,
has been associated with an increased
risk of type 2 diabetes in nonpregnant
individuals; however, this association is
likely confounded by underlying depres-
sion.”” Studies involving pregnant
women taking antidepressants have
reported conflicting results suggesting
that the risk may differ between antide-
pressants with different pharmacological
properties.'>'>  Previous studies that

accounted for maternal underlying
depression did not find an increased risk
of gestational diabetes in SSRI users,
but the available information remains
limited."*"*~"

We observed an increased risk of ges-
tational diabetes among SSRI users, and
this association persisted after adjust-
ment for several indicators of maternal
depression severity and in sibling com-
parisons. However, the magnitude of
risk was similar among SSRI users and
women who discontinued SSRI use
prior to pregnancy. Current and former
SSRI users may share characteristics not
captured in registry data, which could
act as confounders and help explain the
observed findings.'” It is also possible,
however, that SSRIs induce metabolic
changes that persist beyond treatment
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FIGURE 4

Pregnancy and neonatal complications within sibships, discordant to maternal SSRI use during pregnancy.

Pregnancies where Pregnancies where
mother used

mother did not use

SSRIs™* SSRIs®
N=9,543 N=13,925
Outcome® n % nd % OR (95% CI)°
Pregnancy complications
Gestational diabetes 1723 18.1 1405 10.1 1.23 (1.12, 1.34)
Delivery mode (CS or vaginal) 1504 158 1780 12.8 1.10 (1.04, 1.17)
CS emergency or urgent 645 6.8 639 4.6 1.19 (1.06, 1.34)
Late preterm 408 43 537 3.9 0.99 (0.85, 1.16)
Very preterm 42 0.4 82 0.6 0.62(0.39, 1.01)
Small for gestational age SGA 262 2.7 425 g4l 0.92 (0.78, 1.09)
Low birth weight 281 29 421 3.0 0.90(0.76, 1.07)
Very low birth weight 33 0.3 67 0.5 0.52 (0.30, 0.90)
Neonatalcomplications
Apgar 1 min<7 770 8.1 672 48 1.70(1.51,1.92)
Apgar 5min<7 357 4.7 152 1.8 217 (1.77, 2.66)
Breathing problems 774 8.1 491 SIS 1H7i78 ((1556,12102)
Monitoring (NCU) 1503 15.7 1378 99  1.46(1.33,1.60)
Hospital stay > 7 days 687 2 760 5.5 1.27 (1.12, 1.44)
Major congenital anomaly 487 541 617 44  1.02(0.89, 1.16)

0

Comparisons between pregnancies with

SSRI exposed and

SSRI non-exposed sibships

<.001
.002
.003
== .94
— .06
. 35
.23
02

<.001
<.001
<.001
<.001
<.001
81

05 1 15 2 25

Decreased risk Increased risk

3ncluding outcomes with significant results in full sample analysis.

®Based on at least 2 purchases of SSRIs.
°From families with discordant outcomes.

dCase counts of siblings based on discordant families.

®Adjusted for variables associated with exposure and outcome at P<.1 (Supplemental Table 1).
Source: Malm. Selective serotonin reuptake inhibitor use during pregnancy and maternal depression. Am J Obstet Gynecol MEM 2026.

discontinuation. In Finland, national
screening and diagnostic guidelines for
gestational diabetes were updated in
2008 and currently provide free screen-
ing to all expectant mothers at risk.” If
a true finding, this may explain why we
did not observe an increased risk of
pregnancy complications typically asso-
ciated with gestational diabetes.””"
While this study focused on pregnancy
and neonatal complications, prenatal
exposure to maternal hyperglycemia
also predisposes offspring to long-
term health problems, including child-
hood obesity and neuropsychiatric
disorders.”

Animal studies suggest that prenatal
SSRI exposure may reduce birth weight
and shorten gestation, potentially due
to increased maternal serotonin leading
to uterine and placental vasoconstric-
tion and impaired perfusion.”” Simi-
larly, a meta-analysis in humans
reported an increased risk of low birth
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weight, although few included studies
adjusted for depression severity.”* In
contrast, we observed no increased risk
of SGA or low birth weight among SSRI
users; rather, the risks of low and very
low birth weight were lower in most
comparisons.

The risk of late preterm birth was
10% lower, and the risk of very preterm
birth was over 60% lower in SSRI users
compared to women with depression
but no antidepressants. Adjusting fur-
ther for indicators of maternal depres-
sion severity, the risk of very preterm
birth in SSRI users remained 45% lower.
These findings confirm the findings
from our previous study including reg-
ister data through years 1996 to 2010°
but challenge several recent studies
reporting an increased risk of preterm
birth associated with SSRI use.” "
Observational studies often have limita-
tions, including potential exposure mis-
classification and residual confounding

by maternal depression severity and
family-related factors, which may be
reflected in the results of meta-analy-
ses.” In the present study, maternal
depression was associated with a 25%
increased risk of late preterm birth, and
with a more than twofold increased risk
of very preterm birth when compared
to the unexposed. In Finland, all preg-
nant women have access to scheduled
follow-up at outpatient maternity clin-
ics, free of charge, and it is unlikely that
depression or use of antidepressants
would have an impact on access to peri-
natal care to the extent that could be
reflected in our findings.

Our results are consistent with a
recent study from a large population-
based cohort in Northern California
that adjusted for maternal depression
and anxiety and reported approximately
a twofold increase in the odds of
delayed neonatal adaptation when
SSRIs were used during the latter half of



pregnancy.” Our findings suggest a
direct impact of SSRIs on neonatal
health beyond the effects of maternal
depression. This association is biologi-
cally plausible, as SSRIs cross the pla-
centa and may affect multiple organs by
increasing serotonergic activity, includ-
ing the lungs and the central nervous
system, thereby predisposing neonates
to toxicity.””

SSRI use has previously been associ-
ated with an increased risk of postpar-
tum bleeding”* "’ however, we did not
observe an elevated risk. We observed a
small increased risk of hypertension/
preeclampsia among SSRI users, consis-
tent with previous studies’”’' but this
association was evident only when com-
paring SSRI users with women with
depression who did not use antidepres-
sants and after adjustment for indica-
tors of depression severity. The results
highlight the complex interplay between
SSRI use, maternal depression, and
pregnancy outcomes, emphasizing the
need for further investigation into the
implications of serotonin modulation
on conditions like preeclampsia.

Clinical implications

These results provide reassurance that
SSRI use during pregnancy does not
increase the risk of preterm birth and
may even be associated with a reduced
risk of preterm birth when treating
maternal  depression.  Given the
increased risk of problems related to
neonatal adaptation, neonatal monitor-
ing remains important. The observed
increased risk of gestational diabetes
among SSRI users warrants further
investigation.

Research implications

We suggest that future research should
aim to replicate the findings regarding
the increased risk of gestational diabetes
in SSRI users across different countries
and populations, and to examine
whether this risk extends to other clas-
ses of antidepressants.

Strengths and limitations

The study’s primary strength lies in its
large, population-based national cohort,
which provides comprehensive data on

pregnancies, mothers, fathers, and sib-
lings. The MBR and DRR data are prac-
tically complete, and the HDR data
have been validated for psychiatric diag-
noses.

To minimize bias related to drug
compliance, only mothers with more
than one SSRI prescription during preg-
nancy were included. We included sev-
eral comparison groups and a sibling
control group to account for familial
and genetic factors and included data
on paternal antidepressant use during
the mother’s pregnancy to further miti-
gate family-related confounding. While
we adjusted for several indicators of
maternal depression severity, depres-
sion severity cannot be fully evaluated
by using only register data, as depres-
sion symptoms were not measured
directly. As in all observational studies,
our findings indicate associations rather
than causation, and residual confound-
ing remains a concern.

Conclusions

SSRI use during pregnancy has a direct
impact on neonatal health beyond the
effects of maternal depression. How-
ever, SSRI use does not increase the risk
of preterm birth and may even be bene-
ficial in reducing that risk when treating
maternal depression. The observed
increased risk of gestational diabetes
warrants further study.

CRediT authorship
contribution statement

Heli Malm: Writing — review & editing,
Writing — original draft, Validation,
Supervision, Project administration,
Methodology, Investigation, Funding
acquisition, Formal analysis, Data cura-
tion, Conceptualization. Alan 8.
Brown: Writing — review & editing,
Writing — original draft, Validation,
Supervision, Resources, Project admin-
istration, Methodology, Investigation,
Funding acquisition, Formal analysis,
Data curation, Conceptualization. Keely
Cheslack-Postava: Writing — review &
editing,  Validation, =~ Methodology,
Investigation, Funding acquisition, For-
mal analysis, Data curation, Conceptu-
alization. Mika Gissler: Writing —
review & editing, Validation, Resources,

Methodology, Investigation, Funding
acquisition, Formal analysis, Data cura-
tion, Conceptualization. David Gyllen-
berg: Writing — review & editing,
Validation, Methodology, Investigation,
Funding acquisition, Formal analysis,
Conceptualization. Emmi Heinonen:
Writing — review & editing, Validation,
Software, Methodology, Formal analy-
sis, Data curation. Susanna Hinkka-
Yli-Salomaki: Writing — review & edit-
ing, Validation, Project administration,
Methodology, Investigation, Funding
acquisition, Formal analysis, Data cura-
tion, Conceptualization. Ian W.
McKeague: Writing — review & editing,
Validation, Methodology, Investigation,
Funding acquisition, Formal analysis,
Conceptualization.  Aleksi  Tornio:
Writing — review & editing, Validation,
Methodology, Investigation, Funding
acquisition, Formal analysis, Conceptu-
alization. Subina Upadhyaya: Writing
— review & editing, Validation, Meth-
odology, Investigation, Funding acquisi-
tion, Formal analysis,
Conceptualization. Andre Sourander:
Writing — review & editing, Writing —
original draft, Validation, Supervision,
Software, Resources, Project adminis-
tration, Methodology, Investigation,
Funding acquisition, Formal analysis,
Conceptualization.

ACKNOWLEDGMENTS

Research reported in this publication was
supported by the National Institute of Mental
Health of the National Institutes of Health under
Award Number RO1TMH118247. The content is
solely the responsibility of the authors and does
not necessarily represent the official views of
the National Institutes of Health. The authors
wish to acknowledge Joonas Laitinen for per-
forming the data linkage at the Research Centre
for Child Psychiatry, Department of Child Psy-
chiatry, University of Turku, Finland. The
research data cannot be shared due to Finnish
data protection legislation. Similar data can be
applied for from the Finnish Social and Health
Data Permit Authority (Findata) https://findata.
fi/fen/.

Supplementary materials
Supplementary material associated with
this article can be found in the online
version at doi:10.1016/j.ajogmf.2026.
101910.

April 2026 AJOG MFM 11


https://findata.fi/en/
https://findata.fi/en/
https://doi.org/10.1016/j.ajogmf.2026.101910
https://doi.org/10.1016/j.ajogmf.2026.101910

References

1. Lebin LG, Novick AM. Selective serotonin
reuptake inhibitors (SSRIs) in pregnancy: an
updated review on risks to mother, fetus, and
child. Curr Psychiatry Rep 2022;24:687-95.
https://doi.org/10.1007/s11920-022-01372-x.
2. Vlenterie R, van Gelder M, Anderson HR,
et al. Associations between maternal depres-
sion, antidepressant use during pregnancy,
and adverse pregnancy outcomes: an individ-
ual participant data meta-analysis. Obstet
Gynecol 2021;138:633-46. https://doi.org/
10.1097/20g.0000000000004538.

3. Biffi A, Cantarutti A, Rea F, Locatelli A, Zanini
R, Corrao G. Use of antidepressants during
pregnancy and neonatal outcomes: an
umbrella review of meta-analyses of observa-
tional studies. J Psychiatr Res 2020;124:99-
108. https://doi.org/10.1016/j.jpsychires.2020.
02.023.

4. Fitton CA, Steiner MFC, Aucott L, et al. In
utero exposure to antidepressant medication
and neonatal and child outcomes: a systematic
review. Acta Psychiatr Scand 2020;141:21-33.
https://doi.org/10.1111/acps.13120.

5. Nordeng H, van Gelder MM, Spigset O,
Koren G, Einarson A, Eberhard-Gran M. Preg-
nancy outcome after exposure to antidepres-
sants and the role of maternal depression:
results from the Norwegian Mother and Child
Cohort  Study. J Clin  Psychopharmacol
2012;32:186-94. https://doi.org/10.1097/
JCP.0b013e3182490eaf.

6. Malm H, Sourander A, Gissler M, et al. Preg-
nancy complications following prenatal expo-
sure to SSRIs or maternal psychiatric
disorders: results from population-based
national register data. Am J Psychiatry
2015;172:1224-32.  https://doi.org/10.1176/
appi.ajp.2015.14121575.

7. Grigoriadis S, VonderPorten EH, Mamisash-
vili L, Eady A, Tomlinson G, Dennis CL, et al.
The effect of Prenatal antidepressant exposure
on neonatal adaptation: a systematic review
and meta-analysis. J Clin Psychiatry 2013;74:
e309-20. https://doi.org/10.4088/JCP.
12r07967.

8. Cornet MC, Wu YW, Forquer H, Avalos LA,
Sriram A, Scheffler AW, et al. Maternal treat-
ment with selective serotonin reuptake inhibi-
tors during pregnancy and delayed neonatal
adaptation: a population-based cohort study.
Arch Dis Child Fetal Neonatal Ed 2024;
109:294-300. https://doi.org/10.1136/archdis-
child-2023-326049.

9. Upadhyaya S, Brown A, Cheslack-Postava
K, et al. Maternal SSRI use during pregnancy
and offspring depression or anxiety disorders:
a review of the literature and description of a
study protocol for a register-based cohort
study. Reprod Toxicol 2023;118:108365.
https://doi.org/10.1016/j.
reprotox.2023.108365.

10. Anatomical therapeutic classification of
drugs, WHO. At: https://www.who.int/stand-
ards/classifications/other-classifications/the-

12 AJOG MFM April 2026

anatomical-therapeutic-chemical-classification-
system-with-defined-daily-doses.  Accessed
February 23, 2026.

11. Sweeting A, Hannah W, Backman H, et al.
Epidemiology and management of gestational
diabetes. Lancet 2024;404:175-92. https://
doi.org/10.1016/S0140-6736(24)00825-0.

12. American Diabetes Association Profes-
sional Practice Committee. Diagnosis and clas-
sification of diabetes: standards of care in
diabetes. Diabetes Care 2025;48(Suppl_1):
S27-49. https://doi.org/10.2337/dc25-S002.
13. Barnard K, Peveler RC, Holt RI. Antide-
pressant medication as a risk factor for type 2
diabetes and impaired glucose regulation: sys-
tematic review. Diabetes Care 2013;36:3337-
45. https://doi.org/10.2337/dc13-0560.

14. Wang XY, Ying XH, Jiang HY. Antidepres-
sant use during pregnancy and the risk for ges-
tational diabetes: a systematic review and
meta-analysis. J Matern Fetal Neonatal Med
2023;36:2162817.  https://doi.org/10.1080/
14767058.2022.2162817.

15. Salvi V, Grua |, Cerveri G, Mencacci C, Bar-
one-Adesi F. The risk of new-onset diabetes in
antidepressant users—a systematic review and
meta-analysis. PLoS One 2017;12:e0182088.
https://doi.org/10.1371/journal.pone.0182088.
16. Lupattelli A, Barone-Adesi F, Nordeng H.
Association between antidepressant use in
pregnancy and gestational diabetes mellitus:
results from the Norwegian Mother, Father and
Child Cohort Study. Pharmacoepidemiol Drug
Saf 2022;31:247-56. https://doi.org/10.1002/
pds.5388.

17. Dandijinou M, Sheehy O, Bérard A. Antide-
pressant use during pregnancy and the risk of
gestational diabetes mellitus: a nested case-
control study. BMJ Open 2019;9:e025908.
https://doi.org/10.1136/bmjopen-2018-
025908.

18. Wartko PD, Weiss NS, Enquobahrie DA,
et al. Antidepressant continuation in pregnancy
and risk of gestational diabetes. Pharmacoepi-
demiol Drug Saf 2019;28:1194-203. https://
doi.org/10.1002/pds.4799.

19. Kaplan YC, Keskin-Arslan E, Acar S, Soz-
men K. Maternal SSRI discontinuation, use,
psychiatric disorder and the risk of autism in
children: a meta-analysis of cohort studies. Br J
Clin Pharmacol 2017;83:2798-806.

20. Keikkala E, Mustaniemi S, Koivunen S, et al.
Cohort profile: the Finnish Gestational Diabetes
(FinnGeDi) Study. Int J Epidemiol 2020;49.
https://doi.org/10.1093/jje/dyaa039. 762—3g.
21.Ye W, Luo C, Huang J, Li C, Liu Z, Liu F.
Gestational diabetes mellitus and adverse preg-
nancy outcomes: systematic review and meta-
analysis. BMJ 2022;377:e067946. https://doi.
org/10.1136/bmj-2021-067946.

22. Sweeting A, Wong J, Murphy HR, Ross
GP. A clinical update on gestational diabetes
mellitus. Endocr Rev 2022;43:763-983. https://
doi.org/10.1210/endrev/bnac003.

23. Domingues RR, Wiltbank MC, Hernandez
LL. Maternal serotonin: implications for the use
of selective serotonin reuptake inhibitors during

gestationt. Biol Reprod 2023;109:17-28.
https://doi.org/10.1093/biolre/ioad046.

24, Huang H, Coleman S, Bridge JA, Yonkers K,
Katon W. A meta-analysis of the relationship
between antidepressant use in pregnancy and the
risk of preterm birth and low birth weight. Gen
Hosp Psychiatry 2014;36:13-8. https://doi.org/
10.1016/.genhosppsych.2013.08.002.

25. Laine K, Heikkinen T, Ekblad U, Kero P.
Effects of exposure to selective serotonin reup-
take inhibitors during pregnancy on serotoner-
gic symptoms in newborns and cord blood
monoamine and prolactin concentrations. Arch
Gen Psychiatry 2003;60:720-6. https://doi.
org/10.1001/archpsyc.60.7.720.

26. Delaney C, Gien J, Grover TR, Roe G,
Abman SH. Puimonary vascular effects of sero-
tonin and selective serotonin reuptake inhibitors
in the late-gestation ovine fetus. Am J Physiol
Lung Cell Mol Physiol 2011;301:L937-44.
https://doi.org/10.1152/ajplung.00198.2011.
27. Gingrich JA, Malm H, Ansorge MS, et al.
New insights into how serotonin selective reup-
take inhibitors shape the developing brain. Birth
Defects Res 2017;109:924-32. https://doi.org/
10.1002/bdr2.1085.

28. Skalkidou A, Sundstrom-Poromaa |, Wikman
A, Hesselman S, Wikstrom AK, Elenis E. SSRI use
during pregnancy and risk for postpartum haemor-
rhage: a national register-based cohort study in
Sweden. BJOG 2020;127:1366-73. https:/doi.
org/10.1111/1471-0528.16210.

29. Palmsten K, Chambers CD, Wells A, Ban-
doli G. Patterns of prenatal antidepressant
exposure and risk of preeclampsia and post-
partum haemorrhage. Paediatr Perinat Epide-
miol 2020;34:597-606. https://doi.org/10.
1111/ppe.12660.

30. Viguera AC, Jones A, Szpunar MJ, et al.
The risk of postpartum hemorrhage with selec-
tive serotonin reuptake inhibitors and serotonin
norepinephrine reuptake inhibitors: preliminary
results from the Massachusetts General Hospi-
tal National Pregnancy Registry for Psychiatric
Medications. J Womens Health (Larchmt)
2024;33:1606-13. https://doi.org/10.1089/
jwh.2024.00383.

31. Gumusoglu SB, Schickling BM, Vignato
JA, Santillan DA, Santillan MK. Selective seroto-
nin reuptake inhibitors and preeclampsia: a
quality assessment and meta-analysis. Preg-
nancy Hypertens 2022;30:36-43. https://doi.
org/10.1016/j.preghy.2022.08.001.

Author and article information

From the Research Centre for Child Psychiatry, Depart-
ment of Child Psychiatry, University of Turku, INVEST
flagship Centre, Turku, Finland (Malm, Gissler, Gyllen-
berg, Heinonen, Hinkka-Yli-Salomaki, Upadhyaya, and
Sourander); Teratology Information, Department of Emer-
gency Medicine Services, Helsinki University and Helsinki
University Hospital, Helsinki, Finland (Malm); Individual-
ized Drug Therapy Research Program, Faculty of Medi-
cine, University of Helsinki, Helsinki, Finland (Malm);
Department of Clinical Pharmacology, Helsinki University
and Helsinki University Hospital, University of Helsinki,


https://doi.org/10.1007/s11920-022-01372-x
https://doi.org/10.1097/aog.0000000000004538
https://doi.org/10.1016/j.jpsychires.2020.02.023
https://doi.org/10.1016/j.jpsychires.2020.02.023
https://doi.org/10.1111/acps.13120
https://doi.org/10.1097/JCP.0b013e3182490eaf
https://doi.org/10.1097/JCP.0b013e3182490eaf
https://doi.org/10.1176/appi.ajp.2015.14121575
https://doi.org/10.1176/appi.ajp.2015.14121575
https://doi.org/10.4088/JCP.12r07967
https://doi.org/10.4088/JCP.12r07967
https://doi.org/10.1136/archdischild-2023-326049
https://doi.org/10.1136/archdischild-2023-326049
https://doi.org/10.1016/j.reprotox.2023.108365
https://doi.org/10.1016/j.reprotox.2023.108365
https://www.who.int/standards/classifications/other-classifications/the-anatomical-therapeutic-chemical-classification-system-with-defined-daily-doses
https://www.who.int/standards/classifications/other-classifications/the-anatomical-therapeutic-chemical-classification-system-with-defined-daily-doses
https://www.who.int/standards/classifications/other-classifications/the-anatomical-therapeutic-chemical-classification-system-with-defined-daily-doses
https://www.who.int/standards/classifications/other-classifications/the-anatomical-therapeutic-chemical-classification-system-with-defined-daily-doses
https://doi.org/10.1016/S0140-6736(24)00825-0
https://doi.org/10.2337/dc25-S002
https://doi.org/10.2337/dc13-0560
https://doi.org/10.1080/14767058.2022.2162817
https://doi.org/10.1080/14767058.2022.2162817
https://doi.org/10.1371/journal.pone.0182088
https://doi.org/10.1002/pds.5388
https://doi.org/10.1002/pds.5388
https://doi.org/10.1136/bmjopen-2018-025908
https://doi.org/10.1136/bmjopen-2018-025908
https://doi.org/10.1002/pds.4799
http://refhub.elsevier.com/S2589-9333(26)00021-2/sbref0019
http://refhub.elsevier.com/S2589-9333(26)00021-2/sbref0019
http://refhub.elsevier.com/S2589-9333(26)00021-2/sbref0019
http://refhub.elsevier.com/S2589-9333(26)00021-2/sbref0019
http://refhub.elsevier.com/S2589-9333(26)00021-2/sbref0019
https://doi.org/10.1093/ije/dyaa039
https://doi.org/10.1136/bmj-2021-067946
https://doi.org/10.1210/endrev/bnac003
https://doi.org/10.1093/biolre/ioad046
https://doi.org/10.1016/j.genhosppsych.2013.08.002
https://doi.org/10.1001/archpsyc.60.7.720
https://doi.org/10.1152/ajplung.00198.2011
https://doi.org/10.1002/bdr2.1085
https://doi.org/10.1111/1471-0528.16210
https://doi.org/10.1111/ppe.12660
https://doi.org/10.1111/ppe.12660
https://doi.org/10.1089/jwh.2024.0033
https://doi.org/10.1089/jwh.2024.0033
https://doi.org/10.1016/j.preghy.2022.08.001

Helsinki, Finland (Malm); Department of Psychiatry, New
York State Psychiatric Institute, Columbia University Irving
Medical Center, New York, NY (Brown and Cheslack-
Postava); Department of Epidemiology, Columbia Univer-
sity, Mailman School of Public Health, New York, NY
(Brown); Department of Data and Analytics, THL Finnish
Institute for Health and Welfare, Helsinki, Finland (Giss-
ler); Region Stockholm, Academic Primary Health Care
Centre, Stockholm, Sweden (Gissler); Karolinska Institu-
tet, Department of Molecular Medicine and Surgery,
Stockholm, Sweden (Gissler); Department of Biostatistics,

Columbia University, Mailman School of Public Health,
New York, NY (McKeague); Institute of Biomedicine, Uni-
versity of Turku and Unit of Clinical Pharmacology, Turku
University Hospital, Turku, Finland (Tornio).

Received Nov. 25, 2025; revised Jan. 29, 2026;
accepted Jan. 29, 2026.

Tweetable statement: SSRI use during pregnancy
affects neonatal health beyond maternal depression,
increasing neonatal adaptation problems while potentially
reducing preterm birth risk; increased gestational diabe-
tes risk warrants further study.
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