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A B S T R A C T   

Objective: The association between antidepressants and preeclampsia has been inconsistently reported. Given the 
compound-specific variable affinity for different transporters/receptors, their effect on preeclampsia risk could 
differ. Our study examined the risk of preeclampsia (and its subtypes) following exposure to different classes of 
antidepressants, also accounting for specific transporters/receptors targeted by antidepressants. 
Methods: We conducted a cohort study, combining data from the Netherlands Perinatal Registry and the 
PHARMO Database Network. Exposure to antidepressants was examined from conception to week 20 of gesta-
tion; extended use thereafter was also studied. Antidepressants were categorized according to classes [selective 
serotonin reuptake inhibitors (SSRIs), tricyclic antidepressants (TCAs), serotonin-norepinephrine reuptake in-
hibitors (SNRIs), monoamine oxidase inhibitors (MAOIs) and other antidepressants] and according to target 
transporters/receptors. Women not using any antidepressants during 15 months before delivery were included as 
reference. 
Results: We included 2,103 exposed and 95,376 reference women. Preeclampsia occurred in 70 exposed women 
(15 early-onset, 55 late-onset) and in 2,582 reference women (387 early-onset, 2,195 late-onset). TCA mono-
therapy (214 women) was associated with an increased risk of preeclampsia (n = 15, RR 2.46, 95% CI 1.51–4.02) 
and late-onset preeclampsia (n = 12, RR 2.41, 95% CI 1.39–4.17, early-onset could not be evaluated). No as-
sociation was detected with SSRIs, SNRIs and MAOIs. We did observe an increased risk of early-onset pre-
eclampsia following exposure to 5-HT2A antagonizing antidepressants (6/405 women, excluding TCA users, RR 
3.56, 95% CI 1.60–7.94). 
Conclusions: Our results support an increased risk of preeclampsia and the late-onset subtype among TCA users. 
The association between 5-HT2A antagonists and the early-onset subtype needs to be interpreted with caution 
based on the relatively small number of exposed cases.   

1. Introduction 

Preeclampsia is one of the leading causes of maternal mortality and 
morbidity (Melamed et al., 2014). It can be categorized into early-onset 
(before week 34 of gestation) and late-onset subtypes, involving the 
placenta as the central role. The former is associated with shallow in-
vasion of extravillous trophoblasts, reduced transformation of uterine 

spiral arteries, and/or fluctuations in placental perfusion. In contrast, 
the latter may occur in mothers who are highly susceptible to a normal 
release of apoptotic trophoblast material or who encounter an increased 
release of factors from an enlarged placental surface (i.e. in multiple 
pregnancies, high altitude, anemia or diabetes mellitus). It may also 
result from systemic alterations of maternal vasculature induced by a 
partly affected placenta (Huppertz, 2018). 
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Depression affects up to 20% of pregnant women and is proposed to 
trigger the release of vasoactive mediators and vascular changes, which 
in turn increase the risk for preeclampsia (Burt and Stein, 2002; Kurki 
et al., 2000). Whether depressive symptoms per se, antidepressants or 
both are contributing to this risk is not clear. One study found that 
depression was associated with pre-existing but not pregnancy-induced 
hypertension (Katon et al., 2012). Furthermore, Avalos et al. reported an 
increased risk of preeclampsia for depressed women taking antidepres-
sants, compared with those taking psychotherapy or being untreated 
(Avalos et al., 2015), thus suggesting a role for antidepressants. 

Because women with depression exhibit a higher rate for suicide 
attempts, the necessity for pharmacotherapy should be determined over 
its potential risk (Koren and Nordeng, 2012). Increasing interest has 

been paid on the relationship between antidepressants and preeclamp-
sia, and whether it is drug-class specific (Uguz, 2017). The first study by 
Toh et al. found an increased risk of preeclampsia in women who 
continued selective serotonin reuptake inhibitors (SSRIs) beyond the 
first trimester (Toh et al., 2009). In contrast, Lupattelli et al. showed no 
association with SSRIs at any exposure windows, while others reported 
an increased risk for tricyclic antidepressants (TCAs) and serotonin 
norepinephrine reuptake inhibitors (SNRIs) (Lupattelli et al., 2017; 
Palmsten et al., 2012, 2013). Interestingly, De Ocampo et al. found no 
association with SSRI or SNRI monotherapy but a significant odds of 
preeclampsia when women were exposed to ≥2 antidepressant classes 
(De Ocampo et al., 2016). Given these inconsistent findings, an under-
lying mechanism, not simply the pharmacological classes, should have 

Fig. 1. Flowchart of the selection of the study population.  
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accounted for. 
Traditionally, antidepressants have been classified as SSRIs, TCAs, 

SNRIs or monoamine oxidase inhibitors (MAOIs), which is based on the 
shared properties of the compounds on the monoamine theory of 
depression (Ritter et al., 2020). One paper by Gentile pointed out the 
limitation of analyzing antidepressants by pharmacological classes, 
because their own receptorial affinity widely varies among specific 
compounds (Gentile, 2015). Recent literature has identified several 
transporters/receptors of antidepressants in the uteroplacental bed with 
an impact on placental cell lines and/or vasculature, thus accounting for 
the inconsistent findings with pharmacological classes (Hitzerd et al., 
2019; Hudon Thibeault et al., 2019). 

To contribute to the treatment decisions for pregnant women, we set 
out to study the association between antidepressants and preeclampsia, 
both early-onset and late-onset subtypes given their differences in eti-
ology and characteristics (Huppertz, 2018). We classified antidepres-
sants by their pharmacological classes to examine whether this 
association was class-specific. We then categorized antidepressants by 
their target transporters/receptors which we hypothesized to differ the 
risk among antidepressant users. 

2. Method 

2.1. Study design, study population and data source 

We conducted a retrospective cohort study of pregnant women who 
(1) had her first pregnancy (primigravida) with a singleton during the 
years 2000–2010, (2) had data that could be linked between 
Netherlands Perinatal Registry (PRN, or named PERINED since 2016) 
and the PHARMO Database Network (PHARMO) and (3) had been 
registered in the outpatient pharmacy database (a part of PHARMO) for 
at least 15 months before the delivery. We excluded pregnancies that 
had missing information of gestational duration, ended before week 20 
of gestation, were reported with pre-existing hypertension, received an 
antihypertensive dispensing before week 20 of gestation, or were 
exposed to antiangiogenic agents during 15 months before the delivery 
(see Table S1 for the list of antiangiogenic agents). Fig. 1 contains the 
flow diagram of the study population. 

The PERINED registry is a nationwide Dutch registry, combining 
independent data from the registries of midwives, of general practi-
tioners, of obstetricians, and of pediatricians with partial records in case 
of transfer (Meray et al., 2007). Overall, information obtained from 
PERINED describes care before, during and after delivery as well as 
maternal and neonatal characteristics (Zomerdijk et al., 2015). 

The PHARMO is a population-based network of healthcare databases 
combining data from hospital and community pharmacies in the 
Netherlands, including the Anatomical Therapeutic Chemical classifi-
cation of the drug, start and end date of use, strength, dosage regimen 
and route of administration (Houben et al., 2016). The outpatients in 
PHARMO has been shown to be representative of the general Dutch 
population in terms of age and gender (Houben et al., 2020). The high 
patient pharmacy commitment in the Netherlands has been examined 
previously (Visser et al., 2013). 

The linkage between PERINED and PHARMO has been described in 
detail elsewhere but is generally based on the birthdates of the mother 
and child and their addresses (Houben et al., 2020). Although PERINED 
captures virtually all deliveries in the Netherlands (~99% agreement 
with the Municipal Administration), a linkage with PHARMO could be 
established for approximately 20% of the pregnancies in PERINED 
because PHARMO includes data from about one quarter of the Dutch 
pharmacies. 

2.2. Exposure 

2.2.1. Exposure definitions 
Since the placenta is fully formed by 20 gestational weeks 

(Wiedaseck and Monchek, 2014), we selected this period as the primary 
exposure window. Hence, a woman was considered being exposed if she 
received a dispensing of antidepressants between weeks 0–20 of gesta-
tion or received before pregnancy, but the treatment duration lasted into 
pregnancy. 

We further specified this exposure as to the women’s discontinua-
tion/continuation status: whether they discontinued antidepressants in 
the first trimester or continued thereafter (beyond week 12 and beyond 
week 20 of gestation). This was because previous studies found that (1) 
the continuers had a significant risk of preeclampsia and that (2) there 
was no increased risk when antidepressants were initiated after the first 
trimester (Palmsten et al., 2013; Toh et al., 2009). 

We did not conduct separate analyses for women who started anti-
depressants between weeks 13–20 and after week 20 of gestation. The 
reasons were that the numbers of initiators and outcomes were small (97 
women/4 cases and 170 women/2 cases, respectively) and that the time 
sequence between exposure and preeclampsia onset was hard to deter-
mine in the latter. 

Women who did not receive antidepressants in 15 months before 
delivery were selected as the primary reference (the unexposed group). 
A second reference was mentioned later in the sensitivity analysis (the 
SSRIs-exposed group). 

2.2.2. Classification of antidepressants 
Pharmacy and hospital dispensing records of pregnant women from 

15 months before the delivery were retrieved. A total of 24 antide-
pressants were identified and classified according to their pharmaco-
logical classes: SSRIs, TCAs, SNRIs, monoamine oxidase inhibitors 
(MAOIs) or OTHERs. Maprotiline is a tetracyclic antidepressant which is 
closely related to TCAs but does not inhibit serotonin reuptake trans-
porter (SERT), thus being grouped into ‘OTHERs’. Utilization of anti-
depressants was examined as ‘monotherapy’ (exposed to only one 
pharmacological class) or ‘combined therapy’ (using ≥2 classes during 
pregnancy). 

The ‘OTHERs’ was not analyzed as ‘monotherapy’, because it 
involved antidepressants with different mechanisms of action. For 
example, mirtazapine works by its central presynaptic α2-adrenergic 
antagonistic effect, whereas trazodone inhibits SERT and 5-HT2A re-
ceptors (Ritter et al., 2020). However, compounds in this category that 
target specific transporters/receptors were considered for further 
analyses. 

We subsequently classified antidepressants according to their 
inhibitory affinity for serotonin and norepinephrine transporters 
(SERT_NET), serotonin receptors (5-HT1B, 5-HT2A), adrenergic re-
ceptors (α2B_AR, α2C_AR), histaminergic receptors (H1, H2) and 
cholinergic receptors (M1, M2, M3 muscarinic, alpha-7 nicotinic) which 
are present with vasoactive/antiangiogenic effects in the placenta. De-
tails of the classification of antidepressants are in Tables S2–S3. 

2.3. Outcome 

A woman was considered to have preeclampsia if she had de novo 
gestational hypertension (having diastolic blood pressure ≥90 mmHg or 
initiating antihypertensives after week 20 of gestation) and a co- 
presence of non-infectious proteinuria (defined as the protein level in 
urine being measured at ≥300 mg/L), or if she was reported with 
eclampsia. The value of systolic blood pressure was not recorded by 
PERINED. 

Preeclampsia was further categorized into the early-onset and late- 
onset subtypes. Since the time of onset of symptoms is hard to deter-
mine, we used gestational age at delivery as a surrogate to define early- 
onset (delivery prior to week 34) and late-onset preeclampsia (delivery 
after week 34 of gestation) as being suggested by Huppertz (2018). 
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2.4. Analysis 

We selected maternal characteristics such as age, ethnicity, alcohol 
consumption, smoking during pregnancy and concurrent use of vaso-
constrictors (Table S1) as well as endocrine disorders (including dia-
betes) as the study covariates, because they may influence either the risk 
of preeclampsia or the metabolism of antidepressants (Elsmen et al., 
2006; Lamminpaa et al., 2012; Phipps et al., 2016; Smith, 2009; Toh 
et al., 2009). Details of covariate selection are in Supplementary section 
3. Descriptive statistics were used to describe the study population, 
including the pregnancy (gestational age at delivery and fetal sex), 
maternal characteristics and health diagnoses (endocrine disorders, 
thromboembolism and HELLP syndrome, characterized by hemolysis, 
elevated liver enzymes, and a low platelet count). 

The risk of preeclampsia and its subtypes following antidepressant 
exposure was estimated using Generalized Linear Models with binomial 
distribution and log as the link function, adjusting for the covariates. All 
analyses were performed in SPSS 27.0 for Windows (IBM Corp., Armonk, 
NY, USA). A risk ratio with 95% confidence interval, RR (95% CI), not 
containing 1 was considered statistically significant. To limit statistical 
instability, we did not perform the analysis if there were fewer than five 
exposed cases. 

2.5. Sensitivity analyses 

Besides proteinuria which is the most common symptom, pre-
eclampsia can be diagnosed by the co-presence of gestational hyper-
tension and other systemic manifestations (i.e. maternal acute kidney 
injury, liver dysfunction, neurological features, hemolysis or thrombo-
cytopenia) (Brown et al., 2018). Since PERINED did not record this in-
formation, our definition of outcome (gestational hypertension plus 
proteinuria) could have led to the misclassification of atypical cases. As 
suggested by Rojas-Arias et al., we identified cases with atypical 
symptoms such as non-proteinuric severe gestational hypertension (i.e. 
being hospitalized and treated with antihypertensives and MgSO4 
infusion), non-proteinuric gestational hypertension plus the presence of 
HELLP syndrome or normotensive proteinuria with the presence of 
HELLP syndrome, or normotensive non-proteinuria but with HELLP 
syndrome (Rojas-Arias et al., 2015). We thereby examined whether the 
inclusion of these cases would affect our results. 

Depressive symptoms may increase the risk of preeclampsia (Kurki 
et al., 2000). Since PERINED did not record depression, we could not 
examine it directly. Instead, we selected SSRIs as a surrogate, because 
SSRIs are the most commonly prescribed antidepressants for pregnant 
women (Alyson Gorun, 2018). Accordingly, women exposed to SSRI 
monotherapy in the first 20 weeks were selected as the second reference 
group to re-evaluate our significant results. 

3. Results 

The source population included 104,656 singleton pregnancies. We 
excluded 6,077 based on the exclusion criteria, 930 taking antidepres-
sants exclusively before pregnancy, and 170 initiating antidepressants 
after week 20 of gestation (Fig. 1). Subsequently, 97,479 pregnancies 
were analyzed. Characteristics of the study population are in Table 1. 
The exposed women were more likely to deliver before week 34 of 
gestation. They were older, smoked more, were more likely to take va-
soconstrictors (mostly antimigraine preparations), and had more endo-
crine problems (mostly diabetes) than the reference. Triptans were the 
only vasoconstrictors used in the exposed, whereas triptans and ergot 
alkaloids respectively accounted for 94% and 1.4% of vasoconstrictors 
used in the reference. 

In 2,103 exposed women, 86.6% started antidepressants before and 
continued into pregnancy, 9.7% started during the first trimester and 
3.7% initiated between weeks 13–20 of gestation. Most users (91.2%) 
were exposed to monotherapies of SSRIs, TCAs, SNRIs and MAOIs; 3.7% 

to ‘OTHERs’ and the remaining to the combined therapy. Preeclampsia 
occurred in 70 (3.3%) exposed and in 2,582 (2.7%) reference women 
with the late-onset subtype being dominant (Fig. 1). 

3.1. Analyses of antidepressants based on their pharmacological classes 

Table 2 examined the risk following exposure to pharmacological 
classes of antidepressants. When being used in the first 20 weeks of 
gestation, TCA monotherapy was associated with an increased risk of 
preeclampsia and specifically the late-onset subtype [adjusted RR (95% 
CI) being 2.46 (1.51–4.02) and 2.41 (1.39–4.17), respectively]. The 
proportion with early-onset preeclampsia was also higher in TCAs- 
exposed women (1.4% versus 0.4% in the reference), but an associa-
tion analysis could not be performed based on three exposed cases. 
When we stratified TCAs as to their use, the association with pre-
eclampsia remained, regardless of their discontinuation/continuation 
status. Notably, the proportion with late-onset preeclampsia was 
doubled for women continuing TCAs beyond week 20 of gestation, 
compared with the discontinuers (8.6% versus 4.4%). Among other 
antidepressant monotherapies, SSRIs were the most used while the 
number of women receiving SNRIs was similar to that of TCAs. However, 
no increased risk was found. 

The combined therapy comprised 80 women who received ≥2 
pharmacological classes in their first half of pregnancy plus 28 women 
who received one class before and an additional class after week 20 of 
gestation. In the former group, the risk of preeclampsia was borderline 
increased, based on five preeclamptic cases: two exposed to SSRIs_SN-
RIs, one to SSRI_TCA, one to SSRI_OTHERs, and one to TCA_OTHERs. In 
the latter group, none developed preeclampsia. Due to the small number 
of cases exposed to the combined therapy, no further analyses were 
performed. 

3.2. Analyses of antidepressants based on their target transporters/ 
receptors 

We alternatively categorized antidepressants according to their 
target transporters/receptors. TCAs contributed exclusively to the 

Table 1 
Characteristics of the study population.  

Characteristics n (%) Referencea Exposed to antidepressants 

N = 95,376 N = 2,103 

Pregnancy 
Gestational age 
≤34 weeks 3,375 (3.5) 98 (4.7) 
>34 weeks 92,001 (96.5) 2,005 (95.3) 
Male fetus 48,973 (51.3) 1,061 (50.5) 

Maternal characteristics 
Age (years) 
≤19 2,519 (2.6) 22 (1.0) 
20-29 50,774 (53.2) 952 (45.3) 
30-34 31,519 (33.0) 727 (34.6) 
≥35 10,564 (11.1) 402 (19.1) 

Ethnicity 
Europeanb 70,900 (74.3) 1,523 (72.4) 
Othersc 8,861 (9.3) 182 (8.7) 
Unknown 15,615 (16.4) 398 (18.9) 
Alcohol consumption 1,621 (1.7) 31 (1.5) 
Smoking 995 (1.0) 35 (1.7) 
Use of vasoconstrictors 370 (0.4) 27 (1.3) 

Maternal health diagnoses 
Endocrine disorders 1,107 (1.2) 37 (1.8) 
Diabetes 953 (1.0) 32 (1.5) 
Thromboembolism 157 (0.2) 9 (0.4) 
HELLP 294 (0.3) 6 (0.3)  

a The reference group included women who did not receive any antidepres-
sants during 15 months before delivery. 

b Including Dutch and other European. 
c Including Creole, Hindu, Asian and other. 
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antagonism at H2 and M2 receptors, and markedly to other categories 
(Table S3). Due to their association with preeclampsia, TCAs might 
confer increased risk estimation to the respective transporters/re-
ceptors. We thus performed analyses with and without TCA users. 

Table S4 included any use of TCAs, showing an association of pre-
eclampsia as well as the late-onset subtype with antidepressants antag-
onizing at the α2C adrenergic, H1, H2, M1, M2 and M3 receptors. 
Meanwhile, increased risks of early-onset preeclampsia were reported 
for the 5-HT2A, α2C adrenergic, H1 and alpha-7 nicotinic antagonism. 

In Table 3, the analysis was performed by excluding women with any 
use of TCAs. There remained one association between early-onset pre-
eclampsia and 5-HT2A antagonizing antidepressants [adjusted RR (95% 
CI) being 3.56 (1.60–7.94)]. The analysis on the extended use further 
suggested an increased risk when 5-HT2A antagonists were continued 
beyond the first trimester. Table 4 further detailed about these cases: 
three taking fluoxetine, one taking mirtazapine, one taking trazodone 
and one combining mirtazapine and paroxetine in their pregnancy. 

3.3. Sensitivity analyses 

The first sensitivity analysis was to verify if our results would change 
by the redefinition of outcomes. Additionally, 179 potential pre-
eclamptic cases were found: 4 had non-proteinuric severe gestational 
hypertension, 135 had non-proteinuric gestational hypertension plus 
HELLP syndrome, 4 had normotensive proteinuria plus HELLP syn-
drome, and 36 had normotensive non-proteinuria but later developed 
HELLP syndrome (Fig. S1). Briefly, the risks associated with TCAs and 
antidepressants with 5-HT2A antagonism did not change 
(Tables S5–S6). 

The second sensitivity analysis (Table S7) was to examine the po-
tential confounding by depression, using SSRIs as a surrogate (excluding 
fluoxetine which is a 5-HT2A antagonists). Briefly, the significant find-
ings with TCA monotherapy and 5-HT2A antagonists were similar to the 
main analysis. The association with the extended use could not be per-
formed for early-onset preeclampsia due to the small number of SSRIs- 
exposed cases (only four cases continuing SSRIs beyond week 12 of 
gestation). 

4. Discussion 

We examined the relationship between antidepressants and pre-
eclampsia in a mechanism-based point of view. We differentiated anti-
depressants according to their pharmacological classes and then 
according to their target transporters/receptors. TCA users showed an 
increased risk of preeclampsia as well as the late-onset subtype, whereas 
a potential risk of early-onset preeclampsia was found with antide-
pressants antagonizing at the 5-HT2A receptors. 

4.1. The effect of antidepressants by their pharmacological classes 

Our finding about the association between TCAs and preeclampsia 
was similar to Palmsten’s, although the definition for exposure window 
was slightly different. Palmsten et al. considered weeks 13–32 of 
gestation as their primary window, thereby stratifying the exposed 
women as to those continuing TCAs from their first trimester and those 
initiating TCAs between weeks 13–32. The fact that the risk of pre-
eclampsia was associated with the continuers, not the initiators, indi-
rectly suggested the first trimester as an important timing (Palmsten 

Table 2 
Risk of preeclampsia following exposure to pharmacological classes of antidepressants.  

Exposure groups Preeclampsia Early-onset preeclampsia Late-onset preeclampsia 

N n (%) adjusted RR (95% 
CI) 

N n (%) adjusted RR (95% 
CI) 

NL n (%) adjusted RR (95% 
CI) 

Referencea 95,376 2,582 
(2.7) 

1 95,376 387 
(0.4) 

1 92,001 2,195 
(2.4) 

1 

Monotherapy 
SSRIs 

Use between weeks 0–20 1,488 45 (3.0) 1.08 (0.81–1.44) 1,488 8 (0.5) 1.28 (0.63–2.56) 1,420 37 (2.6) 1.05 (0.76–1.45) 
Discontinue 465 11 (2.4) 0.84 (0.47–1.51) 465 0 (0.0) –b 450 11 (2.4) 1.00 (0.56–1.79) 

Continue 
beyond week 12 954 32 (3.4) 1.20 (0.85–1.69) 954 7 (0.7) 1.79 (0.85–3.78) 907 25 (2.8) 1.12 (0.76–1.65) 
beyond week 20 851 28 (3.3) 1.17 (0.81–1.69) 851 7 (0.8) 2.00 (0.95–4.21) 807 21 (2.6) 1.05 (0.69–1.60) 

TCAs 
Use between weeks 0–20 214 15 (7.0) 2.46 (1.51–4.02) 214 3 (1.4) –b 199 12 (6.0) 2.41 (1.39–4.17) 
Discontinue 96 7 (7.3) 2.62 (1.28–5.34) 96 3 (3.1) –b 90 4 (4.4) –b 

Continue 
beyond week 12 109 7 (6.4) 2.21 (1.08–4.53) 109 0 (0.0) –b 100 7 (7.0) 2.72 (1.33–5.56) 
beyond week 20 88 7 (8.0) 2.75 (1.35–5.59) 88 0 (0.0) –b 81 7 (8.6) 3.38 (1.66–6.85) 

SNRIs 
Use between weeks 0–20 212 3 (1.4) –b 212 0 (0.0) –b 208 3 (1.4) –b 

Discontinue 104 1 (1.0) –b 104 0 (0.0) –b 104 1 (1.0) –b 

Continue 
beyond week 12 102 2 (2.0) –b 102 0 (0.0) –b 98 2 (2.0) –b 

beyond week 20 80 2 (2.5) –b 80 0 (0.0) –b 78 2 (2.6) –b 

Combined therapy 
Use ≥2 classes between weeks 
0–20 

80 5 (6.3) 2.29 (0.98–5.35) 80 2 (2.5) –b 75 3 (4.0) –b 

The risk ratio (RR) was adjusted for maternal age, ethnicity, alcohol consumption, smoking during pregnancy, any endocrine disorders and concurrent use of vaso-
constrictors. N was the number of women at risk of developing preeclampsia. NL was the number of women at risk of developing late-onset preeclampsia (i.e. after 34 
weeks of gestation). 

a The reference group included women who did not receive any antidepressants during 15 months before delivery. 
b The RR was not calculated because there were fewer than five outcomes per exposure category.The category “Discontinue” included women who stopped anti-

depressants before week 12 of gestation and received no further dispensing of antidepressants.The category “Continue” included women who continued antide-
pressants beyond week 12 and/or week 20 of gestation. A woman who continued antidepressant(s) “beyond week 20” was also categorized into “beyond week 12” of 
gestation, whereas a woman who stopped antidepressant(s) between week 13 and week 20 of gestation was only categorized into “beyond week 12” of gestation.The 
RRs for monotherapy of MAOIs were not presented because there were only four users, and none developed preeclampsia.The RRs for the combined therapy including 
one antidepressant class before and an additional class after week 20 of gestation were not presented because there were 28 users, and none developed preeclampsia. 
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et al., 2013). 
Considering the placenta as the central role (Huppertz, 2018), we 

selected the window of placentation, i.e. the first 20 gestational weeks, 
to primarily examine the risk of preeclampsia following antidepressant 
exposure. We thereby found a significant risk for women who dis-
continued TCAs in the first trimester as well as women who continued 
thereafter. This thus reaffirms the first trimester’s role. 

A novel finding of our study is the association between TCAs and 

late-onset preeclampsia which has not been evaluated from literature. 
Since the proportion with late-onset subtype was doubled in TCA con-
tinuers compared with the discontinuers (Table 2), the subsequent pe-
riods of pregnancy could also have a role. Based on our results and 
Palmsten’s (Palmsten et al., 2013), we believed that our selection for the 
primary exposure window and evaluation of the women’s continued use 
was reasonable. 

We could not evaluate the risk of early-onset preeclampsia for TCA 

Table 3 
Risk of preeclampsia following exposure to antidepressants that target specific transporters/receptors (excluding users of tricyclic antidepressants).  

Exposure groups Preeclampsia Early-onset preeclampsia Late-onset preeclampsia 

N n (%) adjusted RR (95% CI) N n (%) adjusted RR (95% CI) NL n (%) adjusted RR (95% CI) 

Referencea 95,376 2,582 (2.7) 1 95,376 387 (0.4) 1 92,001 2,195 (2.4) 1 
Target transporters/receptors 
Inhibitors of both serotonin and norepinephrine reuptake 

Use between weeks 0–20 977 28 (2.9) 1.03 (0.72–1.49) 977 5 (0.5) 1.22 (0.51–2.92) 936 23 (2.5) 1.01 (0.67–1.51) 
Discontinue 384 9 (2.3) 0.85 (0.44–1.61) 384 1 (0.3) –b 375 8 (2.1) 0.88 (0.44–1.74) 

Continue 
beyond week 12 546 17 (3.1) 1.13 (0.70–1.80) 546 3 (0.5) –b 516 14 (2.7) 1.12 (0.67–1.88) 
beyond week 20 465 14 (3.0) 1.08 (0.65–1.82) 465 3 (0.6) –b 440 11 (2.5) 1.02 (0.57–1.84) 

5-HT2A antagonists 
Use between weeks 0–20 405 10 (2.5) 0.88 (0.48–1.63) 405 6 (1.5) 3.56 (1.60–7.94) 380 4 (1.1) –b 

Discontinue 121 1 (0.8) –b 121 0 (0.0) –b 116 1 (0.9) –b 

Continue 
beyond week 12 259 8 (3.1) 1.09 (0.55–2.16) 259 5 (1.9) 4.69 (1.96–11.24) 242 3 (1.2) –b 

beyond week 20 224 8 (3.6) 1.26 (0.64–2.49) 224 5 (2.2) 5.42 (2.26–12.99) 207 3 (1.4) –b 

α2B_AR antagonists 
Use between weeks 0–20 267 7 (2.6) 0.92 (0.44–1.92) 267 4 (1.5) –b 257 3 (1.2) –b 

Discontinue 96 0 (0.0) –b 96 0 (0.0) –b 94 0 (0.0) –b 

Continue 
beyond week 12 142 4 (2.8) –b 142 3 (2.1) –b 135 1 (0.7) –b 

beyond week 20 118 4 (3.4) –b 118 3 (2.5) –b 111 1 (0.9) –b 

α2C_AR antagonists 
Use between weeks 0–20 94 3 (3.2) –b 94 3 (3.2) –b 88 0 (0.0) –b 

Discontinue 41 0 (0.0) –b 41 0 (0.0) –b 40 0 (0.0) –b 

Continue 
beyond week 12 45 2 (4.4) –b 45 2 (4.4) –b 41 0 (0.0) –b 

beyond week 20 36 2 (5.6) –b 36 2 (5.6) –b 32 0 (0.0) –b 

H1 histamine antagonists 
Use between weeks 0–20 95 3 (3.2) –b 95 3 (3.2) –b 89 0 (0.0) –b 

Discontinue 41 0 (0.0) –b 41 0 (0.0) –b 40 0 (0.0) –b 

Continue 
beyond week 12 46 2 (4.3) –b 46 2 (4.3) –b 42 0 (0.0) –b 

beyond week 20 37 2 (5.4) –b 37 2 (5.4) –b 33 0 (0.0) –b 

M1 muscarinic antagonists 
Use between weeks 0–20 733 23 (3.1) 1.13 (0.75–1.69) 733 4 (0.5) –b 699 19 (2.7) 1.11 (0.71–1.74) 
Discontinue 263 7 (2.7) 0.96 (0.46–1.98) 263 0 (0.0) –b 255 7 (2.7) 1.13 (0.54–2.34) 

Continue 
beyond week 12 432 14 (3.2) 1.17 (0.70–1.96) 432 3 (0.7) –b 408 11 (2.7) 1.11 (0.62–1.98) 
beyond week 20 375 12 (3.2) 1.15 (0.66–2.01) 375 3 (0.8) –b 354 9 (2.5) 1.04 (0.54–1.98) 

M3 muscarinic antagonists 
Use between weeks 0–20 735 23 (3.1) 1.13 (0.75–1.69) 735 4 (0.5) –b 701 19 (2.7) 1.11 (0.71–1.73) 
Discontinue 264 7 (2.7) 0.95 (0.46–1.98) 264 0 (0.0) –b 256 7 (2.7) 1.12 (0.54–2.33) 

Continue 
beyond week 12 433 14 (3.2) 1.17 (0.70–1.96) 433 3 (0.7) –b 409 11 (2.7) 1.10 (0.62–1.98) 
beyond week 20 376 12 (3.2) 1.15 (0.66–2.00) 376 3 (0.8) –b 355 9 (2.5) 1.03 (0.54–1.97) 

Inhibitors of alpha-7 nicotinic receptors 
Use between weeks 0–20 335 8 (2.4) 0.85 (0.43–1.69) 335 4 (1.2) –b 315 4 (1.3) –b 

Discontinue 92 2 (2.2) –b 92 1 (1.1) –b 87 1 (1.1) –b 

Continue 
beyond week 12 223 6 (2.7) 0.96 (0.43–2.10) 223 3 (1.3) –b 210 3 (1.4) –b 

beyond week 20 192 6 (3.1) 1.11 (0.50–2.43) 192 3 (1.6) –b 179 3 (1.7) –b 

The risk ratio (RR) was adjusted for maternal age, ethnicity, alcohol consumption, smoking during pregnancy, any endocrine disorders and concurrent use of vaso-
constrictors.N was the number of women at risk of developing preeclampsia.NL was the number of women at risk of developing late-onset preeclampsia (i.e. after 34 
weeks of gestation). 

a The reference group included women who did not receive any antidepressants during 15 months before delivery. 
b The RR was not calculated because there were fewer than five outcomes per exposure category.The category “Discontinue” included women who stopped anti-

depressants before week 12 of gestation and received no further dispensing of antidepressants.The category “Continue” included women who continued antide-
pressants beyond week 12 and/or week 20 of gestation. A woman who continued antidepressant(s) “beyond week 20” was also categorized into “beyond week 12” of 
gestation, whereas a woman who stopped antidepressant(s) between week 13 and week 20 of gestation was only categorized into “beyond week 12” of gestation.The 
RR for antidepressants with 5-HT1B antagonism was not presented because there were only two users and none developed preeclampsia.The RRs for antidepressants 
with H2 histamine antagonism and M2 muscarinic antagonism were also not presented because there were no users left after excluding those with exposure to tricyclic 
antidepressants. 
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users, based on only three exposed cases. However, we do not exclude 
this possibility as the proportion with this outcome was tripled in TCA 
users, compared with the reference. 

Despite the similarity of TCAs in their pharmacological effects (Ritter 
et al., 2020), the mechanism towards preeclampsia was unclear because 
TCAs block a wide variety of transporters and receptors. As can be seen 
from Table S4 and Table 3, the risk associated with the antagonism at 
α2C adrenergic, H1, H2, M1, M2, M3 and alpha-7 nicotinic receptors was 
nullified when TCA users were excluded. This means that either an 
unknown effect exclusive to TCAs or a synergistic effect of these re-
ceptors is involved in the risk for preeclampsia. 

In agreement with De Ocampo et al. and Avalos et al. (Avalos et al., 
2015; De Ocampo et al., 2016), we did not find an increased risk of 
preeclampsia among SNRI users. However, an association was observed 
in Palmsten’s and Bernard’s studies (Bernard et al., 2019; Palmsten 
et al., 2012, 2013). We do not refute the role of SNRIs since they were 
found to elevate the risk of hypertension in a nonpregnant Dutch pop-
ulation (Licht et al., 2009). A possible explanation for the different 
findings is that we, De Ocampo et al. and Avalos et al. excluded women 
with pre-existing hypertension, while the other studies retained them 
and considered baseline hypertension as an intermediate to pre-
eclampsia. It should be noted that Palmsten et al. found no increased risk 
of preeclampsia in women who started SNRIs after the first trimester 
(Palmsten et al., 2013). 

Considering SSRIs as a class, we found no association with pre-
eclampsia and its subtypes regardless of being extendedly used. The 
same was reported in Palmsten’s and De Ocampo’s studies (De Ocampo 
et al., 2016; Palmsten et al., 2013). In contrast, Toh et al. (2009) and 
Bernard et al. (2019) found an elevated risk with the continuation of 
SSRIs beyond the first trimester but not with early discontinuation. 
These authors suggested that the impact of SSRIs on preeclampsia might 
be mediated via vascular activation in later pregnancy. 

From a mechanistic point of view, if inhibiting serotonin reuptake 
solely increased the risk of preeclampsia, the same finding should go to 
SSRIs, TCAs and SNRIs due to their potent SERT block (Ritter et al., 
2020). Given that Avalos et al. (2015) showed a stronger association for 
‘any’ use of SSRIs (including combinations) compared with the mono-
therapy, and that De Ocampo et al. (De Ocampo et al., 2016) found an 
elevated risk with exposure to ≥2 antidepressant classes, a synergistic 
mechanism involving SERT block and an additional pathway could have 
contributed to their findings. Our study, however, could not examine the 
impact of the combined therapy due to the low numbers of exposed 
cases. This could be accounted by the Dutch guideline that preconcep-
tionally, clinical practice should consider either weaning or adjusting 

antidepressants to the lowest dosage of effectiveness; if it is necessary to 
continue the medication, monotherapy is preferred (Nederlandse Ver-
eniging voor Obstetrie en Gynaecologie, 2018). 

4.2. The effect of transporters/receptors targeted by antidepressants 

We examined a wide range of transporters/receptors involved in the 
pathophysiology of preeclampsia. After excluding TCA users, we could 
only detect an association between early-onset preeclampsia and 5- 
HT2A antagonizing antidepressants. This was supported by a recent 
suggestion about the deleterious effect of 5-HT2A antagonism. Physio-
logically, peripheral serotonin is elevated during pregnancy, stimulating 
5-HT2A receptors which in turn upregulate local estrogen production in 
the placenta, thereby affecting trophoblast function, angiogenesis and 
placental development (Hudon Thibeault et al., 2019). In a reciprocal 
manner, rising levels of estrogens and progesterone during pregnancy 
increase density of 5-HT2A receptors, activating downstream pathways 
of placental cell lines to enhance cell viability and cell cycle progression 
(Hudon Thibeault et al., 2019; Oufkir et al., 2010; Oufkir and Vaillan-
court, 2011). A dysregulation in this co-ordination by 5-HT2A antago-
nism could therefore trigger abnormal placentation and the 
development of early-onset preeclampsia. 

Alternatively, the antagonism at 5-HT2A receptors may cause vaso-
dilation, depending on the vessels that they are located, thus enabling a 
local rather than systemic effect (Pytliak et al., 2011; Watts et al., 2012). 
Given the presence of 5-HT2A receptors in the uteroplacental bed, 
vasodilation may increase blood flow and, hence, an untimely rise in 
oxygen levels which, if happening prior to weeks 10–12 weeks, may 
result in loss of placental mass (Hudon Thibeault et al., 2019; Huppertz, 
2018). As being reviewed by Huppertz, the tissue oxygenation index of 
the placenta was much higher in cases with early-onset preeclampsia, 
compared with healthy pregnant women. This author thus suggested 
that a hyperoxic status was even more detrimental to the placenta than 
hypoxia (Huppertz, 2018). 

It should be noted that fluoxetine was taken by three out of six cases 
exposed to 5-HT2A antagonizing antidepressants and that most exposed 
cases were also present with serotonin reuptake inhibition (Table 4). 
Therefore, it is possible that there was an increased risk pertaining to 
fluoxetine or that the synergism of 5-HT2A antagonism and SERT inhi-
bition might increase damage on uteroplacental perfusion (Hung and 
Burton, 2006; Pytliak et al., 2011). 

Besides, the risk of early-onset preeclampsia was more pronounced 
with the continuation of 5-HT2A antagonists (Table 3). This could be 
explained by the very high compensatory capacity of the placenta that is 

Table 4 
Details of the use of antidepressants with 5-HT2A antagonism in cases with early-onset preeclampsia (excluding users of tricyclic antidepressants).  

Cases with early- 
onset preeclampsia 

5-HT2A antagonizing antidepressants Other antidepressants Ki (nM) for inhibition of 
serotonin reuptake 
transporter Drugs Ki (nM) for 5- 

HT2A receptors 
Exposure Drugs Exposure 

No. 1 Trazodone 27–44.7 Continue beyond week 12 of 
gestation   

160-690 for trazodone 

No. 2 Mirtazapine 2–70 Discontinue before week 12 but 
restart after week 20 of gestation 

Paroxetine Discontinue before week 12 but 
restart after week 20 of gestation 

0.06–0.83 for paroxetine 

No. 3 Fluoxetine 147.9–245.5 Continue beyond week 12 of 
gestation   

0.81–98 for fluoxetine 

No. 4 Fluoxetine 147.9–245.5 Continue beyond week 12 of 
gestation   

0.81–98 for fluoxetine 

No. 5 Fluoxetine 147.9–245.5 Continue beyond week 12 of 
gestation   

0.81–98 for fluoxetine 

No. 6 Mirtazapine 2–70 Initiate between weeks 13–20 of 
gestation and continue 
thereafter   

–a  

a Ki value was not reported.Ki determinations were provided by:- The National Institute of Mental Health’s Psychoactive Drug Screening Program, which is directed 
by Bryan L. Roth MD, PhD at the University of North Carolina at Chapel Hill and Project Officer Jamie Driscol at NIMH, Bethesda MD, USA. Link: https://pdsp.unc.edu 
/databases/pdsp.php. Accessed in May 2019.- DrugCentral, which is an online drug information resource created and maintained by Division of Translational 
Informatics at University of New Mexico in collaboration with the Illuminating the Druggable Genome. Link: http://drugcentral.org/. Accessed in May 2019. 
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dominated by an overloaded and/or chronic interference (Huppertz, 
2018). 

4.3. Strengths 

Our data were obtained from the linkage between two large 
population-based databases PERINED and PHARMO, which involved 
multiple settings and is well suitable for this kind of study. Maternal 
information was less likely to be lost due to the transfer of care or hos-
pitalization in complicated conditions like preeclampsia. Since pre-
eclampsia was determined prospectively, our results were not affected 
by recall bias. 

We limited selection bias by restricting our study population to pri-
migravidas because the first and subsequent pregnancies may be 
different in the risk for preeclampsia. The explanations were that (1) if a 
woman with risk factors (for example, antidepressant usage) experi-
enced severe preeclampsia in her first pregnancy, she would decide not 
to be pregnant in the future (Hernandez-Diaz et al., 2009); and that (2) 
long interpregnancy interval was also correlated with the risk for pre-
eclampsia (Basso et al., 2003). 

We limited other potential confounding by excluding women 
exposed to antiangiogenic agents (Supplementary section 1), which 
directly target on the pathogenesis of preeclampsia (Chaiworapongsa 
et al., 2014; Tepperman et al., 2010). We also adjusted for maternal risk 
factors such as age, ethnicity, alcohol consumption, smoking during 
pregnancy, endocrine disorders, and concurrent use of vasoconstrictors 
(Supplementary section 3). Among them, smoking and alcohol con-
sumption could be underreported due to social judgment (Esmaeelzadeh 
et al., 2018; Ravelli et al., 2009). Because of a lower risk of preeclampsia 
among smokers (Wei et al., 2015) and the increase of antidepressant 
metabolism induced by smoking and long-term alcohol use (Smith, 
2009), if these factors had been more prevalent among antidepressant 
users, our findings could have been underestimated. Alternatively, if 
they had been underreported in both the exposed and the reference 
groups, such a non-differential effect should have had minimal impact 
on our results. 

We limited detection bias by excluding women who had pre-existing 
hypertension or received an antihypertensive dispensing before 20 
gestational weeks, because they might have a higher chance to be 
screened for preeclampsia. Besides, since our database did not record the 
time when pre-existing hypertension was first diagnosed, there is a 
possibility that it occurred before the initiation of antidepressants, 
thereby inducing a noncausal association with preeclampsia (Luger and 
Kight, 2021). Alternatively, both pre-existing hypertension and pre-
eclampsia may share common etiologic factors that increase the risk of 
preeclampsia, irrespective of antidepressant use (Johnson and Louis, 
2020). In fact, except for two studies of Palmsten and Bernard (Bernard 
et al., 2019; Palmsten et al., 2013), other studies on antidepressants 
excluded women with pre-existing hypertension as a potential con-
founding factor (Avalos et al., 2015; De Ocampo et al., 2016; Toh et al., 
2009). 

To control for detection bias, we conducted a sensitivity analysis, 
including potential cases with atypical preeclamptic symptoms. Our 
significant findings were unchanged. 

4.4. Limitations 

Our first limitation pertained to the classification of exposure. 
Because we relied on pharmacy data, we did not know whether the 
women actually used the drugs. If they had poor adherence due to being 
depressed, this would lead to an overestimation of the exposure. Since 
we found an association with TCAs and 5-HT2A antagonizing antide-
pressants, but not all classifications, the impact of exposure over-
estimation is possibly minimal. 

Although we adjusted for several confounding factors, we could not 
rule out confounding by indications. Given that depression could affect 

the risk of preeclampsia (Hudon Thibeault et al., 2019), that the effect of 
depression/anxiety and drug treatment could not be separated 
completely, and that PERINED did not record the women’s mood status, 
we could not examine this directly. Instead, we used SSRIs as a surrogate 
for depression/anxiety and SSRI users as the second reference. Our 
sensitivity analysis showed that the risk estimates for TCAs and 5-HT2A 
antagonists were attenuated, but not annulled (Tables 2–3, Table S7). 

However, TCAs could be prescribed to more depressed women, and 
thus depression severity could have altered our results. According to 
Palmsten et al., the continued use of antidepressants may indicate more 
severe depression, hence, a higher risk for preeclampsia (Palmsten et al., 
2012). In our study, the median duration of treatment in pregnancy was 
much shorter for TCAs and 5-HT2A antagonists than for SSRIs (89.5 and 
190 days versus 220 days, respectively). Besides, when we stratified 
antidepressants by their use (Table S7), the risks of preeclampsia and the 
late-onset subtype remained elevated for TCAs, regardless of their dis-
continuation/continuation, compared with SSRIs. The proportion with 
early-onset preeclampsia was also much higher in users of 5-HT2A an-
tagonists than in SSRI users with the extended use (2.2% versus 0.6%), 
although an association analysis could not be performed, based on four 
SSRI cases. These thus suggest a role for TCAs and 5-HT2A antagonists. 

Considering the potential confounding by migraine (Hudon Thi-
beault et al., 2019), since PERINED did not have this information, we 
adjusted for the use of vasoconstrictors which mostly involved anti-
migraine preparations. Because the number of vasoconstrictor users was 
small (1.3% in the exposed and 0.4% in the reference group, Table 1), 
our results did not change substantially when vasoconstrictors were or 
were not adjusted for. For example, in case of TCAs, the unadjusted RRs 
(95% CI) were 2.47 (1.51–4.03) for preeclampsia and 2.41 (1.39–4.17) 
for late-onset preeclampsia, being similar to the adjusted values in 
Table 2. In fact, antimigraine preparations (the only vasoconstrictors in 
the exposed group) were not used by preeclamptic cases exposed to 
TCAs and 5-HT2A antagonists. Thus, the role of migraine could be 
minimal in our findings. 

Some important risk factors for preeclampsia that were adjusted for 
in other studies (Avalos et al., 2015; Toh et al., 2009) such as level of 
education, family income, pre-pregnancy body mass index, food intake 
and other mental diagnoses were not captured in the current registry. 
Other residual confounding might also exist in our study. If being 
adjusted for, our RRs could have moved closer to the null. 

Although we found an association with TCAs and 5-HT2A antago-
nists, we do not preclude that these antidepressants per se may affect the 
risk differently. However, we do not have statistical power to examine 
individual compounds. Finally, our significant results were detected 
based on a relatively small number of exposed women and cases. They 
should be interpreted with caution of a chance finding and/or residual 
confounding factors. 

5. Conclusion 

Our study supports evidence for an increased risk of preeclampsia 
and the late-onset subtype among TCA users. However, the association 
between 5-HT2A antagonists and the early-onset subtype needs to be 
interpreted with caution due to the small number of exposed cases. 
Larger population-based studies with a focus on potential confounding 
(i.e. depression severity) and the receptorial affinity varying among 
antidepressants are needed to substantiate our results. 
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