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Abstract
Background Depression or depressive symptoms are common among pregnant women. The use of antidepressants during 
pregnancy has grown steadily. The risk of offspring being born small for gestational age or prematurely when exposed to 
duloxetine during pregnancy is not established.
Objective We aimed to investigate the association between duloxetine exposure during pregnancy and offspring being born 
small for gestational age or prematurely.
Methods We conducted an observational study including live births in Sweden and Denmark (2004–2016). Duloxetine 
exposure during early (0–140 days) or late (141 to delivery) pregnancy compared with duloxetine-non-exposed, selective 
serotonin reuptake inhibitor-exposed, venlafaxine-exposed, and duloxetine discontinuers.
Results In total, 2,083,467 pregnancies were identified, where 1589 and 450 were duloxetine exposed in early and late 
pregnancy, respectively. For small for gestational age, no increased risk was seen for duloxetine across comparators. In the 
early and late exposure windows, propensity score-matched odds ratios for small for gestational age ranged between 0.64 
(95% confidence interval 0.44–0.95) and 1.48 (95% confidence interval 0.85–2.57). For preterm birth, the findings differed 
across comparators and exposure-time windows, but trended towards an increased risk for duloxetine-exposed when com-
pared with duloxetine-non-exposed, selective serotonin reuptake inhibitor-exposed, and duloxetine discontinuers in both 
early exposure and late exposure. The odds ratios ranged between 1.17 and 2.04, of which some did not reach statistical 
significance. No clear association was observed when compared with venlafaxine exposed, 0.91 (95% confidence interval 
0.73–1.14) for early exposure and 1.26 (95% confidence interval 0.86–1.86) for late exposure. Most preterm births (79.2%) 
occurred in weeks 33–36 of gestation.
Conclusions Duloxetine exposure during pregnancy is unlikely to increase the risk of small for gestational age. Although 
not consequently statistically significant across comparisons, a trend towards an increased risk of preterm birth was observed 
for duloxetine exposed. Therefore, an increased risk of preterm birth cannot be excluded, especially for women exposed to 
duloxetine throughout pregnancy.

Key Points 

The risk of offspring being born small for gestational 
age or prematurely after exposure to duloxetine during 
pregnancy was investigated in a bi-national cohort.

It is unlikely that exposure to duloxetine during preg-
nancy increases the risk of small for gestational age.

A risk of preterm birth was observed in some analyses 
and can therefore not be excluded. * Mikkel Zöllner Ankarfeldt 

 mikkelza@gmail.com
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1 Introduction

In Europe and the USA, approximately 10% of all births are 
preterm births (< 37 weeks of gestation), being the leading 
cause of perinatal deaths and long-term disabilities [1]. A 
birth weight below the tenth percentile for the gestational 
age is considered small for gestational age (SGA). Infants 
born SGA are at a greater risk of death and are more likely 
to develop diabetes mellitus, cardiovascular disease, schizo-
phrenia, and other conditions [1, 2].

Depression or depressive symptoms are common 
among pregnant women [3–6]. Despite a drop in recent 
years [7], the use of antidepressants during pregnancy 
has grown steadily [8]. In Denmark, the most commonly 
used antidepressants include selective serotonin reuptake 
inhibitors (SSRIs) [8], followed by serotonin and nor-
epinephrine reuptake inhibitors (SNRIs) [7, 8], reflecting 
that SSRIs are first-line treatment according to national 
guidelines, with SNRIs being second-line treatment. 
Maternal use of SSRIs during pregnancy has been asso-
ciated with preterm birth [9–12], low birth weight [10, 
11], and SGA [10, 13], although evidence is conflicting 
[14]. The significance of time of exposure to antidepres-
sants during pregnancy is also uncertain; SSRI use late in 
pregnancy has been associated with preterm birth [10, 11, 
15], low birth weight [10, 11], and SGA [16], but most 
studies do not take potential confounding into account. 
Consequently, the independent effects of medications and 
depression severity are unclear, and it is uncertain to what 
extent observed associations are a result of biologic or 
behavioral factors (e.g., smoking, substance abuse, or a 
poor diet are common among women with mood disor-
ders) to the medications, or a combination. Possible risks 
associated with SNRIs have not been fully elucidated. 
However, as both SSRIs and SNRIs affect serotonin lev-
els, SNRIs can, in theory, be expected to be associated 
with similar adverse effects as SSRIs. This might be the 
reason why some studies have reported an increased risk 
of preterm birth and SGA in patients treated with non-
SSRI antidepressants [10, 12].

A recent study based on data from the USA investi-
gated early and late pregnancy exposures to duloxetine 
and found no increased risk of preterm birth, and a poten-
tially small increased risk of SGA [17]. Because of the 
limited amount of available data in previous studies, the 
aim of the present study was to investigate the associa-
tion between duloxetine exposure during pregnancy and 
preterm birth and SGA in a population consisting of all 
pregnancies from Sweden and Denmark over 12 years, 
with detailed information about potential confounders and 
various comparators.

2  Methods

This was a nationwide observational cohort study. Based 
on Danish and Swedish national registers, live births were 
identified, including information about SGA and preterm 
birth. Mothers exposure to antidepressants as well as poten-
tial confounders were collected.

The cohort consisted of all pregnancies with a registered 
live birth from 2004 to 2016, identified via the national 
Danish and Swedish medical birth registers, respectively. 
Exclusion criteria included mothers emigrating between 
365 days prior to the last menstrual period (LMP) until 30 
days post-delivery, pregnancies with a missing or implausi-
ble gestational age (before week 20 or after week 45), and 
missing birth weight.

Information about preterm birth and SGA was gathered 
from the medical birth registers. Preterm birth was defined 
as a live birth between the 20th and 37th week of gestation. 
Duration of pregnancy was based on LMP (mothers self-
reported date and two subsequent ultrasounds in the first and 
second trimester), and date of delivery. Small for gestational 
age was defined as birth weight under the tenth percentiles 
stratified on pregnancy week and sex, and the cut-offs were 
calculated using the nationwide, separately for Sweden and 
Denmark. Analyses of SGA were stratified on diagnosis for 
congenital malformation (yes/no), information on which was 
obtained from the national patient registers between birth 
and 365 days postpartum.

Maternal exposure to medication was defined as at least 
one redeemed prescription from a community pharmacy. 
Two exposure-time windows were used: early exposure from 
LMP to 140 days post-LMP, and late exposure from 141 
days post-LMP to date of delivery. Women with duloxetine 
(ATC: N06AX21) exposure in the early-exposure and late-
exposure windows were compared with four prespecified 
comparison groups: (1) women not exposed to duloxetine 
(hereafter referred as duloxetine non-exposed); (2) women 
exposed to SSRIs (hereafter referred as SSRI exposed; ATC: 
N06AB), to have a comparison group with exposure to anti-
depressants, but in another drug class than duloxetine; (3) 
women exposed to venlafaxine (hereafter referred as ven-
lafaxine exposed; ATC: N06AX16), to have a comparison 
group with exposure to an antidepressant in the same drug 
class as duloxetine and therefore a comparable indication for 
the treatment (e.g., depression severity); or (4) duloxetine 
discontinuers (at least one redeemed prescription of duloxe-
tine between 365 days prior to LMP, but not during the expo-
sure-time window), to have a comparison group of women 
known to recently have an indication for duloxetine. The 
comparison groups were not mutually exclusive and were 
analyzed separately. When comparing duloxetine-exposed 
women with duloxetine-non-exposed, SSRI-exposed, and 
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venlafaxine-exposed women, an additional exclusion crite-
rion was applied, where women with duloxetine exposure 
from 90 days prior to LMP were excluded from the com-
parison groups. This washout period was applied to avoid 
misclassification of women with duloxetine exposure being 
grouped in the comparison groups.

Prespecified potential confounders were used based 
on the literature, clinical knowledge, and the availabil-
ity of data: data source (Sweden/Denmark), birth year 
(2004–2008, 2009–2012, 2013–2016), maternal age (18–24, 
25–29, 30–34, > 34 years), previous spontaneous abortions 
(0/1/≥ 2), previous stillbirths (yes/no), smoking during preg-
nancy (yes/no), psychiatric hospitalizations (1 year prior to 
LMP: yes/no), psychiatric outpatient visits (1 year prior to 
LMP: yes/no), household income (year of LMP, quartiles 
within country), and highest completed education (year of 
LMP: < 11, 11–15, and > 15 years). Comorbidities 5 years 
prior to LMP (see Table S1 of the Electronic Supplementary 
Material [ESM] for International Classification of Diseases, 
Ninth Revision and ATC codes) included affective disorder, 
anxiety or phobia, depression, gestational diabetes, diabetes, 
diabetic peripheral neuropathy, hyperthyroidism and hypo-
thyroidism, hypertension, obesity, renal failure, severe stress 
reaction, and stress urinary incontinence. Co-medication (at 
least one redeemed prescription between 90 days prior to 
LMP to the end of the relevant exposure-time window; see 
Table S2 of the ESM for ATC codes) included antiepileptic 
drugs, antihypertensive drugs, antipsychotics, anxiolytics, 
danazol, estradiol, fluconazole, glucose-lowering medica-
tions, non-steroidal anti-inflammatory drugs, opioids, pro-
gesterone, steroid hormone, thyroid hormone, and triptans.

In Sweden and Denmark, individuals can be identified 
across national registers via a personal identification num-
ber. This study used data from the Danish and Swedish 
national patient registers [18, 19] (information about hospi-
tal admissions), the medical birth registers [20–22] (prenatal 
and postnatal information about the mother and offspring), 
the national prescription registers [23–25] (information 
about redeemed prescriptions), and national educational, 
income, and migration registers [26–28]. For Sweden, the 
National Prescription Register is available from 2005, and 
therefore the exposure groups were followed from 2005.

2.1  Statistical Analyses

The outcomes of interest, preterm birth, and SGA were 
defined as an indicator variable (yes/no) and analyzed by 
logistic regression. The comparison groups were not mutu-
ally exclusive, meaning that a SSRI-exposed woman could 
also be venlafaxine exposed and that an early exposed 

woman may also be late exposed. Therefore, the analyses 
were performed with each comparison group individually.

The following analyses were performed: (1) unadjusted 
logistic regression; (2) adjusted logistic regression; and (3) 
conditional logistic regression with the matched group ID 
as a strata variable after propensity score (PS) matching. 
Each model was fitted individually, and covariates were 
removed if the model could not be estimated. For the PS, 
we performed logistic regression and greedy matching using 
the SAS macro OneToManyMTCH [29], with an extension 
to secure only women with a maximum difference of 0.2 
logit of the PS for matching. Ratios of 1:4, 1:2, 1:1, and 1:1 
were used to match duloxetine-non-exposed, SSRI-exposed, 
venlafaxine-exposed, and duloxetine discontinuers, respec-
tively. Individuals with no match were excluded from the 
PS-matched analyses. Standardized differences were cal-
culated using the SAS macro stddiff macro to assess the 
balance of covariates with PS matching [30, 31]. Selective 
serotonin reuptake inhibitor and venlafaxine comedication 
were not part of the PS model. The definition of duloxetine-
exposed did not allow SSRI and venlafaxine comedication 
in the relevant exposure-time window, and, therefore, these 
covariates 100% predicted the exposure group and cannot be 
part of the PS model. Consequently, SSRI and venlafaxine 
comedication will appear unbalanced in the baseline tables.

Missing values for income were imputed 1 year prior to 
LMP or 1 year after LMP. Education was imputed 1 year 
after LMP. This resulted in few missing values and the anal-
yses were carried out assuming missing at random; hence, 
persons with missing values were deleted from the analysis.

Four prespecified sensitivity analyses were conducted. 
To challenge the exposure definition of a minimum one 
redeemed prescription, sensitivity analyses were conducted 
with exposure redefined to a minimum of two redeemed 
prescriptions and redefined to an overlap between the expo-
sure-time window and days’ supply of redeemed prescrip-
tions. Days’ supply was based on the number and strength of 
redeemed pills compared with the World Health Organiza-
tion’s daily defined dose [32]. Sensitivity analyses restricting 
the cohort to the first pregnancy within the study period were 
performed. Sensitivity analyses using the body mass index 
as a covariate were conducted. Information on the maternal 
body mass index was available from the medical birth reg-
isters but was missing for a considerable number of women.

SAS Enterprise Guide 7.15 was used. A significance 
level of 5% was applied. Validation of the programming was 
performed; shorter programs (3–20 lines of coding) were 
reviewed, and longer programs were double coded by an 
independent statistical programmer.
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3  Results

Overall, 2,083,467 pregnancies were included in the study 
(63.9% from Sweden), of which 1589 and 450 were dulox-
etine exposed in early and late pregnancies, respectively. 
Figure 1 shows a flowchart of the cohort.

Tables 1, 2 shows baseline characteristics for the dulox-
etine-exposed women and the four comparison groups (full 
cohort and the PS-matched subset). For the full cohort, 
patient characteristics of duloxetine non-exposed were at 
least similar to duloxetine exposed, compared to the venla-
faxine-exposed and duloxetine discontinuers. Overall, after 
PS matching, the comparison groups became more similar to 
duloxetine exposed with most standardized mean differences 
below 0.1. Table S3 of the ESM shows baseline character-
istics for all covariates for all main analyses.

A large overlap was seen among early and late exposure, 
with 74–99% of late exposed also being early exposed. 
Among the 450 duloxetine exposed in late pregnancy, 421 
(94%) were also duloxetine exposed in early pregnancy.

3.1  Small for Gestational Age

In the early-exposure window, no increased risk of SGA was 
observed when duloxetine exposed were compared to dulox-
etine-non-exposed, SSRI-exposed, venlafaxine-exposed, 
or duloxetine discontinuers (Fig.  2). The PS-matched 
odds ratios (ORs) were 0.88 (95% confidence interval 

[CI] 0.73–1.08), 0.84 (95% CI 0.69–1.04), 1.03 (95% CI 
0.81–1.30), and 1.05 (95% CI 0.83–1.34), respectively.

For the late-exposure window, no increased risk of SGA 
was observed for duloxetine exposed when compared with 
duloxetine-non-exposed, SSRI-exposed, and duloxetine 
discontinuers. The PS-matched ORs were 0.64 (95% CI 
0.44–0.95), 0.85 (95% CI 0.56–1.29), and 0.72 (95% CI 
0.45–1.14), respectively. When compared with venlafaxine 
exposed, the point estimate suggested an increased risk of 
SGA; however, the observation was statistically non-sig-
nificant with wide CIs: PS-matched OR was 1.48 (95% CI 
0.85–2.57) [Fig. 3].

Similar findings were seen in the analyses stratified on 
malformation. For the early-exposure and late-exposure win-
dows without malformation, and the early-exposure window 
with malformation, no increased risk of SGA was observed 
for duloxetine-exposed across comparators. A few point 
estimates suggested an increased risk but were statistically 
non-significant with wide CIs (Figures S1–S3 of the ESM). 
In the analyses of the late-exposure window and SGA with 
malformation, all estimates had wide CIs and were statisti-
cally non-significant, which was attributable to the relatively 
small sample size (Fig. S4 of the ESM). Similar results were 
observed in the sensitivity analyses (results not presented).

3.2  Preterm Birth

For the early-exposure window, an increased risk of preterm 
birth was observed for duloxetine-exposed when compared 

Fig. 1  Flow chart of the population. All registered births in Sweden 
and Denmark. Exposure-time windows: early: from last menstrual 
period (LMP) to 140 days post-LMP; late: from 141 days post-LMP 

to the date of delivery. The same cohort is used for the analyses of 
small for gestational age and preterm delivery
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with duloxetine non-exposed: PS-matched OR was 1.33 
(95% CI 1.10–1.60). The estimates suggested an increased 
but not statistically significant risk for duloxetine exposed 
when compared to SSRI-exposed and duloxetine discontinu-
ers: PS-matched ORs were 1.21 (95% CI 0.99–1.47) and 
1.17 (95% CI 0.93–1.49), respectively. When compared to 
venlafaxine exposed, no increased risk was seen for dulox-
etine: PS-matched OR was 0.91 (95% CI 0.73–1.14) [Fig. 4].

For the late-exposure window, an increased risk for pre-
term birth was seen for duloxetine when compared with 
duloxetine-non-exposed, SSRI-exposed, and duloxetine dis-
continuers: PS-matched ORs were 1.76 (95% CI 1.28–2.42), 
1.79 (95% CI 1.25–2.56), and 2.04 (95% CI 1.29–3.23), 
respectively. When compared with venlafaxine exposed, the 
point estimate also suggested an increased risk for dulox-
etine, but was statistically insignificant: PS-matched OR 
was 1.26 (95% CI 0.86–1.86) [Fig. 5]. Similar patterns were 
observed in the sensitivity analyses (results not presented).

Table  3 shows the duration of the preterm pregnan-
cies and indicates that the pregnancies ending in preterm 
births have a similar gestational duration across compari-
son groups. The median durations differed with 2 days, 

with a range from 247 to 249 days, with most preterm births 
(79.2%) occurring between weeks 33 and 36 across compari-
son groups, early and late exposure, for the full cohorts and 
the PS-matched cohort.

4  Discussion

Results from this observational register study, based on 
all live births in Sweden and Denmark between 2004 and 
2016, showed no increased risk of SGA with duloxetine 
exposure across comparison groups, in early-exposure and 
late-exposure windows, and with and without stratification 
on congenital malformation. These findings are supported by 
a recent Swedish study [33] investigating women exposed to 
any antidepressant (not SNRIs specifically) and a US study 
[17] investigating duloxetine; both showed no increased risk 
of SGA.

For preterm birth, an increased risk with early duloxetine 
exposure was observed when compared with duloxetine-
non-exposed women. However, when compared to SSRI-
exposed, venlafaxine-exposed, and duloxetine discontinuers, 
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Fig. 2  Small for gestational age (SGA), early-exposure window: 
duloxetine versus four comparators. Exposure definition: one or more 
redeemed prescription. Early-exposure window: from last menstrual 
period to 140 days post-last menstrual period. Adjusted and propen-
sity score (PS)-matched analyses based on conditional logistic regres-

sion models were based on covariates covering comorbidity, come-
dication, hospital contacts, education, and income. For the complete 
list of the individual analyses, see Table S4 of the ESM. N number 
of observations in analyses, CI Wald 95% confidence intervals, SSRI 
selective serotonin reuptake inhibitor
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no statistically significant increased risk was seen for 
duloxetine.

For the late-exposure window, we found an increased 
risk of preterm birth for duloxetine-exposed women when 
compared with duloxetine non-exposed and SSRI exposed, 
and a nearly doubled risk when compared with duloxetine 
discontinuers, while no difference in risk was seen when 
compared to venlafaxine exposed. It is known that approxi-
mately 50% of women discontinue antidepressants treatment 
during pregnancy [8]. Most women who were exposed late 
in pregnancy were also exposed early. The reasons for being 
exposed throughout pregnancy could be related to the sever-
ity of the disease. However, it is very difficult to entangle 
these associations in the present analysis. Depression may be 
related to preterm birth independent of antidepressant use; 
an increased risk of preterm birth has been found in women 
with depressive disorders during pregnancy who were not 
exposed to any antidepressant [34]. Thus, the increased 
risk observed among duloxetine-exposed women could be 
attributed to residual confounding associated with pregnant 
women being severely depressed, or an adverse drug effect, 
or a combination of both. For the late-exposure window, 
we realize that duloxetine discontinuers were not the ideal 

comparator to duloxetine late-exposed women, as those 
patients who stopped medication prior to pregnancy may 
have better health conditions than women needing dulox-
etine during late pregnancy. Consequently, it is challeng-
ing to compare duloxetine late exposures to any comparator 
groups except for venlafaxine, where analyses showed no 
increased risk for the late-exposure window. A literature 
review found that the majority of studies investigating pre-
term birth among women exposed to antidepressants showed 
an increased risk of similar magnitude to the present study 
[35]. A study based on the Swedish Medical Birth Regis-
ter analyzed the risk of preterm birth for late venlafaxine 
exposure and found an increased adjusted OR of 1.98 (95% 
CI 1.49–2.63) compared with unexposed [36]. A recent 
study from the UK compared venlafaxine exposed to anti-
depressant unexposed and found a statistically insignificant 
increased OR of 1.51 (95% CI 0.98–2.27) for preterm birth 
[37]. A study based on claims data from the USA investi-
gated duloxetine and found a relative risk of 1.01 (95% CI 
0.92–1.10) for early exposure and 1.19 (95% CI 1.04–1.37) 
for late exposure [17]. These studies suggest that SNRIs 
could be associated with preterm birth (especially for late 

Duloxetine non-exposed

Unadjusted

Adjusted

PS-matched

SSRI

Unadjusted

Adjusted

PS-matched

Venlafaxine

Unadjusted

Adjusted

PS-matched

Duloxetine discontinuers

Unadjusted

Adjusted

PS-matched

2,082,442

1,971,834

2,133

37,873

36,109

1,274

3,684

3,509

849

4,250

4,038

898

39 (8.7%)

36 (8.4%)

34 (8.1%)

39 (8.7%)

36 (8.4%)

34 (8.1%)

39 (8.7%)

36 (8.4%)

34 (8.1%)

39 (8.2%)

36 (7.9%)

34 (7.6%)

199,306 (9.6%)

187,611 (9.5%)

204 (11.9%)

3,842 (10.3%)

3,672 (10.3%)

81 (9.5%)

278 (8.6%)

261 (8.5%)

24 (5.6%)

354 (9.4%)

343 (9.6%)

46 (10.2%)

0.90 (0.65;1.25)

0.75 (0.53;1.06)

0.64 (0.44;0.95)

0.83 (0.60;1.15)

0.72 (0.51;1.02)

0.85 (0.56;1.29)

1.01 (0.71;1.43)

1.13 (0.77;1.65)

1.48 (0.85;2.57)

0.86 (0.61;1.21)

0.81 (0.56;1.18)

0.72 (0.45;1.14)

0.531

0.104

0.025

0.267

0.062

0.446

0.960

0.534

0.168

0.384

0.273

0.165

0,5 1 1,5 2 2,5

Odds ratio

Comparator N events(%)
Duloxetine

events(%)
Comparator

(95% CI)
Odds ratio

P-value

Fig. 3  Small for gestational age (SGA), late-exposure window: dulox-
etine versus four comparators. Exposure definition: one or more 
redeemed prescription. Late-exposure window: from 141 days post-
last menstrual period to the date of delivery. Adjusted and propensity 
score (PS)-matched analyses based on conditional logistic regression 

models were based on covariates covering comorbidity, comedica-
tion, hospital contacts, education, and income. For the complete list 
of the individual analyses, see Table  S4 of the ESM. N number of 
observations in analyses, CI Wald 95% confidence intervals, SSRI 
selective serotonin reuptake inhibitor
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exposure) but it is unclear whether this might be a class 
effect or related to a specific SNRI.

The interpretation of the observed increased risk of pre-
term birth should take the duration of the pregnancies into 
account. In the present study, the differences in pregnancy 
duration among preterm births were limited across compari-
son groups, early and late exposure, the full cohorts, and the 
PS-matched cohort. Infants born prematurely have a worse 
prognosis than infants born at term [38], but the progno-
sis is better close to term [39]. Still, preterm birth should 
be avoided if possible, and a risk for preterm birth cannot 
be excluded, especially for women exposed to duloxetine 
throughout pregnancy.

A similar design as in the present study has previously 
been used to investigate the risk of malformation, stillbirth, 
and abortion [40, 41]. No associations with exposure to 
duloxetine during pregnancy were found.

4.1  Strengths and Limitations

The present study was based on nationwide Swedish and 
Danish registers with high validity and completeness. 

Information on birth weight, delivery date, and LMP was 
gathered from the medical birth registers covering 99% of all 
live births. Last menstrual period was based on the mother’s 
self-report and two subsequent ultrasounds in the first and 
second trimesters and therefore is deemed highly accurate. 
Drug exposure was based on redeemed prescriptions from 
community pharmacies. There is a risk that the patient did 
not ingest the drug. The sensitivity analyses of more than 
one redeemed prescription used a stricter definition under 
the assumption that this would increase the likelihood that 
the medication was ingested. These analyses showed similar 
findings. Information on antidepressants administered dur-
ing hospitalization was not available and could have led to 
misclassification. However, there were few hospitalizations, 
and we do not believe they have any significant impact on 
the results. Only 1.6% of the total duloxetine use in the time 
period was administrated in hospitals in Denmark [42]. The 
present study includes several statistical tests. Multiple test-
ing was not accounted for, to ensure that a possible true 
association was not overseen by lowering the threshold for 
statistical significance.
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Fig. 4  Preterm birth, early-exposure window: duloxetine versus four 
comparators. Exposure definition: oen or more redeemed prescrip-
tion. Early-exposure window: from last menstrual period to 140 
days post-last menstrual period. Adjusted and propensity score (PS)-
matched analyses based on conditional logistic regression models 

were based on covariates covering comorbidity, comedication, hospi-
tal contacts, education, and income. For the complete list of the indi-
vidual analyses, see Table S4 of the ESM. N number of observations 
in analyses, CI Wald 95% confidence intervals, SSRI selective seroto-
nin reuptake inhibitor
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A long list of potential confounders was included in the 
present study, but information on alcohol, illicit drug use, 
use of folic acid supplementation during pregnancy, and 
diagnoses outside of hospitals was not available. Women 
with a depressive disorder are more likely to have health 
behavior not recommended during pregnancy [43] com-
pared with women without a depressive disorder. Informa-
tion about socioeconomic status (education and income) 
and smoking were covariates and may cover some imbal-
ance of health behavior. Furthermore, SSRI-exposed and 
venlafaxine-exposed women and duloxetine discontinuers 
were used as comparison groups because of the concern of 
unmeasured confounding and confounding by indication, as 

they are expected to have a similar health behavior as dulox-
etine-exposed women. We assumed that women exposed 
to duloxetine were treated because of depression disorder, 
but indication information was not available. In addition 
to depression, duloxetine is indicated for diabetic periph-
eral neuropathy, anxiety, severe stress reaction, and stress 
urinary incontinence. However, among pregnant women, 
the prevalence of these disorders is generally low. Hospital 
diagnoses of neuropathy, anxiety, severe stress reaction, and 
stress urinary incontinence were covariates to address this 
possible bias. An important potential confounder is depres-
sion severity. A direct measure was not available. Instead, 
potential confounding by depression severity was addressed 
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Fig. 5  Preterm birth, late-exposure window. Duloxetine versus four 
comparators. Exposure definition: one or more redeemed prescrip-
tion. Late-exposure window: from 141 days post-last menstrual 
period to the date of delivery. Adjusted and propensity score (PS)-
matched analyses based on conditional logistic regression models 

were based on covariates covering comorbidity, comedication, hospi-
tal contacts, education, and income. For the complete list of the indi-
vidual analyses, see Table S4 of the ESM. N number of observations 
in analyses, CI Wald 95% confidence intervals, SSRI selective seroto-
nin reuptake inhibitor

Table 3  Duration of pregnancy (days) for preterm deliveries stratified for exposure windows and exposure groups

SSRI selective serotonin reuptake inhibitor

Exposure 
window

Median (5th, 25th, 75th, 95th percentiles)

Duloxetine Duloxetine non-exposed SSRI exposed Venlafaxine exposed Duloxetine discontinuers

Early 247 (202, 238, 254, 258) 248 (195, 234, 254, 258) 248 (198, 235, 254, 258) 247 (202, 238, 254, 258) 249 (191, 237, 254, 258)
Late 249 (219, 241, 255, 258) 248 (195, 234, 254, 258) 249 (211, 239, 255, 258) 248 (212, 240, 254, 258) 248 (191, 237, 254, 258)
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by including hospital depression diagnosis, psychiatric 
hospitalization, and psychiatric outpatient visits as covari-
ates. As depression is often treated outside of hospitals, we 
believe that these covariates describe the women with the 
most severe depression but diagnoses outside of hospitals 
were not included in this analysis. The comparison group of 
duloxetine non-exposed was predefined in the protocol and 
consists primarily of SSRI/SNRI non-exposed, but a small 
proportion have a history of SSRI or venlafaxine use (2.5%, 
Tables 1, 2).

5  Conclusions

We conclude that duloxetine exposure during pregnancy is 
unlikely to increase the risk of SGA. Although not conse-
quently statistically significant across comparisons, a trend 
towards an increased risk of preterm birth was observed for 
duloxetine exposed. Therefore, an increased risk of preterm 
birth cannot be excluded, especially for women exposed 
throughout pregnancy.
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