
Vol.:(0123456789)

Drugs - Real World Outcomes (2021) 8:289–299 
https://doi.org/10.1007/s40801-021-00252-9

ORIGINAL RESEARCH ARTICLE

Duloxetine Exposure During Pregnancy and the Risk of Spontaneous 
and Elective Abortion: A Danish Nationwide Observational Study

Mikkel Zöllner Ankarfeldt1,7  · Janne Petersen1,2 · Jon Trærup Andersen3,4 · 
Maria Fernanda Scantamburlo Fernandes5 · Hu Li5 · Stephen Paul Motsko5 · Thomas Fast6 · Espen Jimenez‑Solem1,3,4

Accepted: 22 April 2021 / Published online: 18 May 2021 
© The Author(s) 2021

Abstract
Background Depression and antidepressant treatment are widespread among women of childbearing age.
Objective This study evaluates the association between duloxetine exposure during pregnancy and spontaneous and elective 
abortions.
Patients and Methods The nationwide, observational study based on register data from Denmark included women with a 
recorded pregnancy in the birth register or an abortion in the patient register between 2004 and 2016. Duloxetine-exposed 
women were compared with (1) duloxetine non-exposed, (2) selective serotonin reuptake inhibitor (SSRI)-exposed, (3) 
venlafaxine-exposed, and (4) women discontinuing duloxetine before pregnancy. Exposure status was based on records of 
redeemed prescriptions. Cox regression with adjustments and propensity score matching was applied.
Results The data from 1,019,957 pregnancies were used, including 1,212 pregnancies exposed to duloxetine. Duloxetine-
exposed women had an increased hazard ratio (HR) for spontaneous abortions compared with SSRI-exposed women: propensity 
score matched HR 1.25 [95% confidence interval (CI), 1.00–1.57]. No increased hazard was observed for duloxetine-exposed 
women compared with duloxetine non-exposed: 1.08 (95% CI 0.89–1.31); venlafaxine-exposed: 1.08 (95% CI 0.82–1.41); and 
duloxetine discontinuers: 0.99 (95% CI 0.76–1.30). An increased HR of elective abortions was observed in duloxetine-exposed 
women compared to duloxetine non-exposed: 1.41 (95% CI 1.25–1.59); SSRI-exposed: 1.32 (95% CI 1.15–1.51); and duloxetine 
discontinuers: 1.46 (95% CI 1.23–1.75), but not to venlafaxine-exposed women: 1.09 (95% CI 0.93–1.27).
Conclusion There was no increased risk of spontaneous or elective abortion associated with exposure to duloxetine. The 
increase risk observed for women exposed to duloxetine in comparison with SSRI-exposed for spontaneous and in comparison 
with all groups (except venlafaxine-exposed) for elective abortion suggested confounding.
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Key Points 

The risk of elective and spontaneous abortion after use 
of duloxetine during pregnancy was investigated.

Patients that use duloxetine during pregnancy may have 
an increased risk of spontaneous or elective abortion 
due to for example health behavior compared to other 
pregnant women. It is difficult to investigate the risk of 
duloxetine alone.

There was no increased risk of spontaneous or elective 
abortion associated with exposure to duloxetine.

1 Introduction

The prevalence of both depressive symptoms and major 
depression is high among pregnant women, affecting up 
to 15% [1–4] and 10% [5], respectively. Antidepressants 
are a pharmacological treatment option and up to 13% 
[6–9] of pregnant women are treated. The most common 
antidepressants are selective serotonin reuptake inhibitors 
(SSRIs) [9–12] and the second most common are serotonin 
and norepinephrine reuptake inhibitors (SNRIs), including 
duloxetine and venlafaxine [9, 10, 13]. In Denmark, SSRIs 
are a first-line treatment, whereas SNRIs are a second-
line treatment [14]. Duloxetine is indicated for the treat-
ment of major depressive disorders, generalized anxiety 
disorders, stress urinary incontinence, diabetic peripheral 
neuropathic pain, and, in some countries (e.g., in the USA) 
for fibromyalgia.
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Bassiouni et al. [15] found in 1979 that the blood con-
centration of serotonin was higher in women with sponta-
neous abortions than in those who have given birth. Since 
then, SSRIs and other antidepressants affecting the sero-
tonergic system (e.g., SNRIs) have been suspected of caus-
ing negative birth outcomes. However, subsequent studies 
investigating miscarriage among pregnant women treated 
with SSRIs have shown contradictory results [16–24]. 
Women with a diagnosis of a major depressive disorder are 
more likely to smoke or use alcohol or other substances, 
which may confound the study results [25, 26]. It remains 
unclear whether the associations between SSRIs and 
spontaneous or elective abortions are due to biological or 
behavioral factors intrinsic to women with mood disorders, 
to medications used to treat the disorder, or a combination 
of both. Available data regarding the safety of SNRIs in 
relation to spontaneous or elective abortion are sparse. A 
UK-based study [27] investigating 281 pregnant women 
exposed to the SNRI venlafaxine found a non-significant 
association with spontaneous abortions when compared 
with those who were not exposed to antidepressants: haz-
ard ratio (HR) 1.3 [95% confidence interval (CI), 0.9–1.9], 
and no association when compared with SSRI-exposed 
pregnant women: HR 1.0 (95% CI 0.7–1.6), adjusting for 
history of abortions and duration of pregnancy. A Canada 
based study [28] found an increased prevalence of elective 
abortion among women exposed to antidepressants, and 
for women exposed to SNRIs, an increased risk of spon-
taneous abortion when accounting elective abortion, com-
pared to unexposed women with and without depression. A 
Scandinavian case–control study [29] investigated elective 
abortions and found that the use of any type of antidepres-
sants, or specifically venlafaxine, was positively associated 
with elective abortions compared to non-exposed preg-
nancies: odds ratio 1.7 (95% CI 1.5–1.8) and 1.6 (95% CI 
1.4–1.7). When restricting to only elective abortions due 
to a malformation, no association was observed. A Danish 
study [23] found a positive association between duloxetine 
and spontaneous abortions; however, the analyses were 
unadjusted, the cohort covered pregnancies from 1997 to 
2008, and the findings were attributed to confounding. 
While an increased risk of spontaneous abortion can be 
a safety problem, an increased risk of elective abortion is 
more challenging to interpret. The decision of an elective 
abortion is likely multifactorial [30], but may be due to 
a fetus malformation diagnosis. To improve knowledge 
regarding the safety of duloxetine during pregnancy, the 
present study evaluates the association between maternal 
exposure to duloxetine and spontaneous or elective abor-
tions. Four prespecified comparator groups were used: 
duloxetine non-exposed, SSRI-exposed, venlafaxine-
exposed, and duloxetine discontinuers.

2  Methods

The present observational study used data from the Danish 
National Prescription Register [31, 32], the Danish National 
Patient Register [33], the Medical Birth Register [34, 35], 
and registers containing information on education and 
household income [36, 37]. In Denmark, elective abortion 
is legal and freely available until the end of gestational week 
12. After week 12, elective abortion can still be performed 
if, among others, the woman’s somatic or mental health 
would deteriorate due to the pregnancy, she is incapable of 
providing proper care to the child due to her somatic or men-
tal health status, or there is a risk of serious birth defects for 
the fetus [38, 39].

The Danish national registers are protected by the Danish 
Act on Processing of Personal Data and can only be accessed 
following an approved application. The Danish Data Protec-
tion Agency approved the study (j.nr. VD-2018-371, I-Suite 
nr. 6621). Due to the study’s observational design, no eth-
ics committee approval was needed. Personal identification 
numbers were encrypted for the researchers.

2.1  Participants

All pregnancies in Denmark with a hospital contact encoun-
ter from 2004 to 2016 were eligible for the study popula-
tion. The Medical Birth Register, which has a completeness 
of 99%, provided information on all live births and still-
births [40–43]. Data on pregnancies ending with an abortion 
diagnosis (elective or spontaneous) were gathered from the 
National Patient Register. Gestational age for live births and 
abortions was identified in the medical birth register and the 
patient register, respectively. Information on early abortions 
with no hospital contact was not available. Mothers migrat-
ing 12 months prior to their last menstrual period (LMP) 
until 1 month after giving birth were excluded to ensure that 
the women were in the Danish healthcare system and their 
data were available in the registers.

2.2  Exposure, Comparison Groups, Outcomes, 
and Covariates

Information on maternal exposure to antidepressant drugs 
was based on redeemed prescriptions from community phar-
macies using the Danish National Prescription Register. 
Exposure during pregnancy was determined as redemption 
of a prescription in the time window from 30 days prior to 
LMP to 140 days post LMP, or the end of the pregnancy, 
whichever came first. Women exposed to duloxetine (ATC 
N06AX21) were compared with four prespecified compari-
son groups: (1) Duloxetine non-exposed: no redeemed pre-
scriptions of duloxetine in the exposure time window, to 
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have a broad, diverse comparison group. (2) SSRI-exposed: 
a redeemed prescription of an SSRI (ATC N06AB) and no 
redeemed prescription of duloxetine, to have a comparison 
group with exposure to antidepressants, but in another drug 
class than duloxetine. (3) Venlafaxine-exposed: a redeemed 
prescription of venlafaxine (ATC N06AX16) and no 
redeemed prescription of duloxetine, 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). Women with dulox-
etine exposure from 90 days to 30 days prior to LMP were 
excluded from the duloxetine non-exposed, SSRI-exposed, 
and venlafaxine-exposed comparison groups to ensure 
no duloxetine exposure in the exposure time window. (4) 
Duloxetine discontinuers: at least one redeemed prescrip-
tion of duloxetine between 365 days prior to LMP to 30 days 
prior to LMP, but no redeemed prescription of duloxetine in 
the exposure 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.

Information on the abortion outcomes (ICD-10 codes 
for spontaneous abortions: O021 and O03; elective abor-
tions: O04, O05, and O06) were collected from the Danish 
National Patient Register, which holds data on all procedures 
and diagnoses relating to hospital contact. The reasons for 
elective abortion were not available in the register.

Based on literature, clinical knowledge, and available 
data in the registers, the following possible confounders 
were prespecified for adjustment in the logistic regres-
sion and for the propensity score (PS) model: birth year of 
the offspring (three categories: 2004–2008, 2009–2012, 
2013–2016), maternal age (four categories: 18–24, 25–29, 
30–34, > 34 years), psychiatric hospitalizations (1 year prior 
to LMP: yes/no), psychiatric outpatient visits (1 year prior to 
LMP: yes/no), household income (year of LMP, grouped in 
quartiles), and education (highest completed education in the 
year of LMP, three categories: < 11, 11–15, and > 15 years). 
Co-morbidities 5 years prior to LMP (see Table S1 in the 
Online Supplementary Material (OSM) for ICD-10 codes 
and ATC codes) included: affective disorder, anxiety or 
phobia, depression, diabetes during pregnancy, diabetes, 
diabetic peripheral neuropathic, hyper- and hypothyroid-
ism, hypertension, obesity, renal failure, severe stress reac-
tion, and stress urinary incontinence. Co-medication of pre-
scriptions redeemed 90 days prior to LMP to 140 days post 
LMP, or the end of the pregnancy, whichever came first (see 
Table S2 in the OSM for ATC codes) included: antiepilep-
tics, antihypertensives, antipsychotics, anxiolytics, danazol, 
estradiol, fluconazole, glucose-lowering drugs, non-steroidal 
anti-inflammatory drugs, opioids, progesterone, steroid hor-
mones, and thyroid hormones.

Missing values in income were imputed 1 year prior to 
LMP if missing at the year of LMP and imputed 1 year after 
LMP if still missing. If education was missing at the year of 
LMP, imputation 1 year after LMP was done. After impu-
tation, data were analyzed assuming missing at random, 
meaning that patients were deleted from the analyses if they 
still had missing values. There were 1.5% missing values for 
household income and 1.6% for education after imputation.

2.3  Statistical Methods

Separate Cox proportional hazard analyses were conducted 
to compare exposure to duloxetine with the four compara-
tor groups individually. In the analyses with spontaneous 
abortions as the outcome, the risk time was censored at the 
event of elective abortion, and vice versa. In the analyses of 
spontaneous abortions, time was censored at week 22, as 
abortions hereafter are defined as stillbirths. In the analy-
ses of elective abortions, observation time was throughout 
the pregnancy. For each of the four comparator groups, an 
unadjusted, an adjusted, and a PS-matched analysis was 
performed. When fitting the adjusted model or PS model 
for each outcome and comparison group, all prespecified 
co-variates were included. Covariates where removed if 
parameter coefficients were not identifiable due to too much 
collinearity or too few observations. The final model for 
each analysis can be found in Table S4 (ESM).

Logistic regression was used to estimate PS. Greedy 
matching was performed with the SAS macro OneToMan-
yMTCH [44] with an extension to match only women with a 
maximum of 0.2 logit (PS) difference. Duloxetine-exposed 
and duloxetine non-exposed women were matched with a 
1:4 ratio. Duloxetine-exposed and SSRI-exposed women 
were matched with a 1:2 ratio, while duloxetine-exposed 
women were matched with venlafaxine-exposed women 
and duloxetine discontinuers with a 1:1 ratio, due to a dif-
fering number of women in the other comparison groups. 
Few duloxetine-exposed women were not matched (rang-
ing between 1.2% and 8.4% depending on comparator; the 
numbers of women matched are shown in figures presenting 
results from the analyses) and were not included in the PS-
matched analyses. In the PS-matched sample, a Cox propor-
tional hazard regression stratified on matching group ID was 
used. The balance of possible confounders after PS matching 
was assessed with standardized mean differences using the 
SAS macro stddiff macro [45, 46].

Three prespecified sensitivity analyses were performed: 
(1) Exposure to duloxetine and comparators was redefined to 
a minimum of two redeemed prescriptions within the expo-
sure time window, resulting in fewer exposed women. (2) 
Exposure to duloxetine and comparators was redefined to 
overlap between the exposure time window and days’ sup-
ply of redeemed pills. This resulted in a higher number of 
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exposed women since women with prescriptions redeemed 
just prior to the exposure time window were also defined as 
exposed. Days’ supply was calculated based on the number 
of redeemed pills and their strength compared to the World 
Health Organization’s defined daily dose [47]. (3) Events 
during a woman’s first pregnancy may influence later preg-
nancies; therefore, additional sensitivity analyses were per-
formed, restricting the cohorts to the first pregnancy occur-
ring within the study period.

Describing the duration of the pregnancy/gestational 
age ending in elective abortion for each comparison group 
was decided as a post hoc analysis.

All analyses were performed using SAS Enterprise Guide 
7.15, and a significance level of 5% was applied. Validation 
of the programming was performed by an independent sta-
tistical programmer. The present study is based on a safety 
study regarding duloxetine and pregnancy outcomes, with 
the protocol and the full study report available via the Euro-
pean Network of Centres for Pharmacoepidemiology and 
Pharmacovigilance (ENCePP, EUPAS20253).

3  Results

The final cohorts for the analyses included 1,020,288 preg-
nancies, of which 1212 were duloxetine-exposed (Fig. 1). 
Baseline characteristics before and after PS-matching are 
shown in Table 1. Characteristics of duloxetine-exposed 
women were most comparable to venlafaxine-exposed and 
duloxetine discontinuers and least comparable to duloxe-
tine non-exposed before PS-matching. After PS-matching, 
the distribution of the co-variates was balanced across 

comparators. SSRI co-medication was most unbalanced 
for the venlafaxine comparison group. Co-morbidity diag-
noses were only available from hospital contacts and the 
proportion of pregnancies with co-morbidities may there-
fore be underestimated. Table S3 (OSM) shows the number 
of events, number of exposed, and crude prevalence rates 
(events per thousand pregnancies). 

3.1  Comparative Analyses of Spontaneous Abortion

Figure 2 shows the results of the analyses of spontaneous 
abortions. When duloxetine-exposed women were com-
pared with duloxetine non-exposed, a statistically non-
significant increased hazard of spontaneous abortions was 
seen in the adjusted and PS-matched analyses: HR 1.14 
(95% CI 0.96–1.34) and 1.08 (95% CI 0.89–1.31), respec-
tively. A similar result was seen when comparing dulox-
etine with venlafaxine-exposed women: adjusted HR 1.18 
(95% CI 0.98–1.42); PS-matched 1.08 (95% CI 0.82–1.41). 
No increase in hazard of spontaneous abortions was 
observed when duloxetine-exposed women were compared 
with duloxetine discontinuers: adjusted HR 1.04 (95% CI 
0.83–1.30); PS-matched 0.99 (95% CI 0.76–1.30). When 
compared with SSRI-exposed, a statistically significant 
increased hazard of spontaneous abortions was observed 
for duloxetine-exposed women, with HR 1.23 (95% CI 
1.02–1.48) for the adjusted analysis and 1.25 (95% CI 
1.00–1.57) for the PS-matched analysis.

The sensitivity analyses defining exposure as more 
than one redeemed prescription and restricted to the first 
observed pregnancy showed a similar tendency as the main 
analyses, although with increased point estimates and wider 

Fig. 1  Flow chart. LMP last 
menstrual period, SSRI selective 
serotonin reuptake inhibitor
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confidence intervals. In the sensitivity analyses defining 
exposure as overlap between days’ supply and exposure win-
dow, smaller point estimates and wider confidence intervals 
were seen. See Figs. S1–S3 in the OSM.

3.2  Comparative Analyses of Elective Abortion

Figure 3 shows the analyses of elective abortions. Dulox-
etine-exposed women had an increased hazard for elective 
abortions when compared with duloxetine non-exposed, 
SSRI-exposed, and duloxetine discontinuers, respectively. 
For duloxetine-exposed compared with duloxetine non-
exposed: the adjusted HR was 1.45 (95% CI 1.31–1.60); 
PS-matched HR was 1.41 (95% CI 1.25–1.59). When com-
paring duloxetine-exposed with SSRI-exposed, the adjusted 
HR was 1.35 (95% CI 1.22–1.50); PS-matched HR was 1.32 
(95% CI 1.15–1.51). When comparing duloxetine-exposed 
with duloxetine discontinuers, the adjusted HR was 1.41 
(95% CI 1.21–1.64); PS-matched HR was 1.46 (95% CI 
1.23–1.75). A statistically non-significant increased hazard 
of elective abortions was observed when comparing dulox-
etine-exposed women with venlafaxine-exposed: adjusted 
HR 1.10 (95% CI 0.98–1.23); PS-matched HR 1.09 (95% 
CI 0.93–1.27).

In the sensitivity analyses defining exposure as more than 
one redeemed prescription, increased HRs with narrower 
CIs were seen. In the remaining sensitivity analyses, simi-
lar findings to the main analyses were observed. See Figs. 
S4–S6 in the OSM.

In the post hoc analysis, the median duration of pregnan-
cies ending in elective abortions was 56 days for duloxe-
tine-exposed, duloxetine non-exposed, SSRI-exposed, and 
venlafaxine-exposed women, and 55 days for duloxetine 
discontinuers. The 95th percentiles ranged between 80 days 
(for duloxetine-exposed) and 88 days (for duloxetine non-
exposed women).

4  Discussion

The present observational study, based on nationwide 
data registers from Denmark, investigated the association 
between duloxetine exposure during pregnancy and spon-
taneous and elective abortions. For spontaneous abortions, 
the analysis showed no statistically significant association 
when comparing duloxetine-exposed women with dulox-
etine non-exposed, venlafaxine-exposed, or duloxetine dis-
continuers. However, a statistically significant increased 
hazard was found when comparing duloxetine-exposed 
women with SSRI-exposed women. For elective abor-
tions, both the PS-matched and adjusted analyses pointed 
towards an increased hazard of around 40% for women 
exposed to duloxetine across comparators, except when 

compared with venlafaxine, where no difference in haz-
ard was found. Duration of pregnancies ending in elective 
abortion was similar across comparison groups.

4.1  Interpretation

The present study is based on valid information from estab-
lished registries and includes a nationwide population of 
pregnant women with detailed information about antidepres-
sant exposure, abortion outcome, and a range of important 
potential confounders covering co-medication, co-morbidity, 
and socioeconomic factors. Overall, the point estimates were 
greatly reduced in the adjusted and PS-matched analyses 
compared to the unadjusted analyses, indicating that con-
founding is present in the unadjusted results. Studies have 
shown that women with a depressive disorder are more vul-
nerable and are likely to have poorer health behavior dur-
ing pregnancy (including smoking and use of alcohol) than 
women without depression [24–26]. This may confound the 
association between duloxetine and pregnancy outcomes 
when compared to the duloxetine non-exposed group, where 
most women are without depression and antidepressant 
medication. In the present study, vulnerability and health 
behavior were indirectly accounted for via, for example, 
education and income; however, information about alcohol 
intake, smoking, physical activity, illicit drug use, and folic 
acid supplementation during pregnancy was not available. 
Depression severity is another important confounder. The 
present study did strive to take depression severity into 
account by including information about depression diagno-
sis, the number of psychiatric hospital visits and psychiatric 
outpatient visits, although these are only proxies. Informa-
tion about depression diagnosis was only available if the 
patients were admitted to a hospital. Consequently, it was 
not possible to identify all women suffering from depres-
sion, although we believe that women with the most severe 
depression were identified. However, some residual con-
founding is possible. In addition, individual women’s indi-
cation for duloxetine was not available. Since duloxetine is 
indicated to treat depression, but also anxiety, stress urinary 
incontinence, and diabetic peripheral neuropathic pain, con-
founding by indication may affect the findings in the present 
study. We believe that the prevalence of these other indica-
tion diagnoses is low among women of childbearing age, 
while depression and anxiety are more prevalent. Nonethe-
less, the present study included co-morbidity of anxiety, dia-
betic peripheral neuropathic and stress urinary incontinence, 
registered in relation to hospital admissions, as co-variates. 
Finally, in order to compare duloxetine-exposed women with 
a group of women with similar characteristics and account 
for some of the unmeasured confounders, the present study 
also used women exposed to venlafaxine (a same-class medi-
cation) and duloxetine discontinuers as comparators. These 
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two groups are likely to have characteristics (including 
health behavior, depression severity, and drug indication) 
more comparable to duloxetine-exposed women than the 
comparator groups of duloxetine non-exposed and SSRI-
exposed women. In Denmark, both duloxetine and venla-
faxine are often used for more severe depression, rather than 
SSRIs [14]. On the other hand, a comparison of duloxetine 
and venlafaxine may mask a drug class effect (SNRIs), and 
therefore lack of association cannot be interpreted alone.

Overall, duloxetine does not seem to increase the risk 
of spontaneous abortion. Although the analyses comparing 
duloxetine with SSRI-exposed women found an increased 
hazard, the results were not replicated in the analyses with 
other comparators. In the comparison with SSRI-exposed 
women, unmeasured confounding cannot be ruled out and 
the increased hazard could be explained by factors related 
to the exposure (e.g., confounding by depression severity), 
supported by the finding of no difference in hazard when 
duloxetine-exposed women were compared with duloxetine 

discontinuers, and a non-significant difference in hazard 
when duloxetine-exposed women were compared with 
venlafaxine-exposed women. A recent case–control study 
[48] based on 57,770 women from gynecological practices 
in Germany reported a positive association of spontaneous 
abortions for women with psychiatric disorders (e.g., depres-
sion, anxiety, adjustment disorder, somatoform disorder); 
however, it is a challenge to discern between possible risks 
related to drug exposure and risks related to underlying mor-
bidity, especially when the results change across comparator 
groups and sensitivity analyses, as in the present study.

The sensitivity analyses of spontaneous abortion con-
firmed the findings of the main analyses, although results 
varied slightly depending on the definition of exposure and 
choice of cohorts. The redefinition of exposure as a mini-
mum of two redeemed prescriptions aimed to increase the 
likelihood that the medication was consumed during preg-
nancy. The analyses showed a stronger statistically signifi-
cant association when comparing duloxetine with SSRI and 
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Fig. 2  Hazard ratios of spontaneous abortion: Duloxetine versus four 
comparators. Exposure definition: ≥ 1 redeemed prescription; N: 
number of observations in analyses; CI: Wald 95% confidence inter-
vals; PS-matched: propensity score-matched analyses based on con-

ditional logistic regression. Adjusted and PS-matched models were 
based on co-variates covering co-morbidity, co-medication, hospital 
contacts, education, and income. For the complete list for the indi-
vidual analyses, see Online Supplementary Material Table S4
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venlafaxine exposure. However, there was no increased haz-
ard when duloxetine-exposed women were compared with 
duloxetine non-exposed women or with duloxetine discon-
tinuers. Since a similar hazard was seen among duloxetine-
exposed women and discontinuers, an interpretation is that 
the increased risk observed in spontaneous abortions may be 
attributable to common characteristics, for example, health 
behavior such as illicit drug use and smoking. If this is the 
case, unmeasured confounding might be responsible for the 
increased hazard found when comparing duloxetine-exposed 
women with SSRI- and venlafaxine-exposed women. In the 
sensitivity analyses defining exposure on days’ supply, asso-
ciations with spontaneous abortions decreased or vanished 
across comparator groups. The reason for not observing an 
association could be the increased number of misclassified 
exposed subjects (women who redeem prescriptions prior 
to the exposure time window but do not take the medica-
tion during pregnancy) in these sensitivity analyses. With 
more misclassified exposed subjects, an association between 
drug and outcome may be attenuated. In the sensitivity 

analyses of spontaneous abortions limiting the cohort to the 
first observed pregnancy, increased hazards of approximately 
40% were observed across all comparator groups, although 
some were statistically non-significant. In general, primipara 
women tend to have greater pregnancy-specific distress and 
risk of spontaneous abortion than multipara women [49, 
50]. This distress might be more pronounced for women 
exposed to duloxetine, attributable to unmeasured factors 
that increase the hazard of spontaneous abortions, such 
as alcohol intake [51], smoking [52], or other poor health 
behavior related to pregnancy, such as non-compliance with 
folic acid supplementation during pregnancy [53].

The number of studies analyzing duloxetine and the haz-
ard of spontaneous abortions is limited [23, 54]. A USA 
study [54] based on safety surveillance, with no control 
group, reported 41 miscarriages among 233 pregnancies 
exposed to duloxetine (17.6%). Although surveillance stud-
ies are not ideal to establish prevalence, the rate of abor-
tion was interpreted to be similar to background population 
(12–15%). A Danish study [23] of pregnancies between 1997 
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Fig. 3  Hazard ratios of elective abortion: duloxetine versus four com-
parators. Exposure definition: ≥ 1 redeemed prescription; N: number 
of observations in analyses; CI: Wald 95% confidence intervals; PS-
matched: propensity score-matched analyses based on conditional 

logistic regression. Adjusted and PS-matched models were based on 
co-variates covering co-morbidity, co-medication, hospital contacts, 
education, and income. For the complete list for the individual analy-
ses, see Online Supplementary Material Table S4
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and 2008 found an increased risk of spontaneous abortions 
for women exposed to antidepressants, and included specific 
analyses of duloxetine exposure. However, the analyses were 
unadjusted, and the findings were attributed to confounding.

The association between duloxetine and elective abor-
tions has not previously been reported in the available lit-
erature. The present study showed an increased hazard for 
duloxetine-exposed women when compared with duloxetine 
non-exposed, SSRI-exposed, and discontinuers. A lower and 
statistically non-significant hazard was seen when dulox-
etine-exposed women were compared with venlafaxine-
exposed women. Similar results were found in the sensitivity 
analyses. The decision is likely multifactorial if an elective 
abortion is chosen [30], with health issues related to the fetus 
among the factors. A recent US-based study did not find 
an increased risk for malformation after duloxetine expo-
sure [55]. In the present study, the duration of pregnancies 
was similar across comparators, and most were very early 
in pregnancy. We find it unlikely that malformation could be 
identified this early and drive the observed increased risk of 
elective abortion. In Denmark, pregnant women are offered 
an ultrasound examination in week 20 to detect malforma-
tion. Furthermore, a similar hazard of elective abortions for 
venlafaxine and duloxetine-exposed women were found. The 
effect could be drug-class related; however, it could also be 
due to similarity in patients’ underlying disease condition. 
Both venlafaxine and duloxetine are second-line treatments 
after SSRIs, therefore we believe that women taking these 
two drugs are likely to have similar depression severity [56] 
or similar health conditions that may have factored into their 
abortion decision.

4.2  Strengths and Limitations

The present study included a range of confounders, as 
opposed to previous studies using surveillance data or crude 
analyses. Residual confounding is, of course, a possibility. 
Diagnoses of co-morbidity were gathered from the patient 
register and given in relation to hospital contacts. Conse-
quently, co-morbidity, including depression, is likely to be 
under-reported in the present study. On the other hand, we 
identified women with depression requiring hospitalization 
(8% among duloxetine-exposed women). Improved infor-
mation on indication for treatments, severity of depression, 
and co-morbidities would have strengthened the study fur-
ther. Hence, various comparator groups were used. By using 
nationwide registers of high validity and completeness, the 
probability of sampling bias, allocation bias, and lost to fol-
low-up bias (selection bias) was minimal. Early pregnancies 
were captured, with valid information about LMP. A valida-
tion study [41] showed that the positive predictive value of 
the diagnosis of spontaneous abortion is 97.4%. However, 
underestimation is likely, since women may experience a 

miscarriage without recognizing it or without a hospital 
encounter. Under-reporting has been estimated to be 30% 
and is probably due to miscarriages early in pregnancy 
[57]. Misclassification in exposure is also a possibility. The 
sensitivity analyses of requiring two or more prescriptions 
were conducted to increase the likelihood of analyzing truly 
exposed women.

5  Conclusion

For spontaneous abortion, we conclude that there is no 
increased risk associated with exposure to duloxetine. After 
adjustment and PS-matching, confounding seems to be 
reduced, but the increased risk seen in the comparison with 
SSRI-exposed women is likely due to residual confounding. 
Increased hazards for elective abortion among duloxetine-
exposed women were found across comparators, except 
when compared with venlafaxine, which may also have 
been attributable to unmeasured confounding. The elective 
abortions were performed early in pregnancy and presum-
ably not due to malformation, but the reason for an elective 
abortion is likely multifactorial, and a challenging outcome 
to interpret. Thus, no causality can be drawn from the study.
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