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Abstract

Purpose: Despite the notable increase on the prescription of antidepressants and

anxiolytics during pregnancy, recommendation on maintaining the treatment during

prenatal period is still controversial. We aimed to separately assess the role of effects

of the antidepressants and anxiolytic and the underlying illness, controlled by poten-

tial confounding associated with miscarriage onset.

Methods: We used data from a validated pregnant cohort aged 15–49 years from

2002 to 2016 using BIFAP database. All confirmed miscarriages were used to per-

form a nested control analysis using conditional logistic regression. Women were

classified according to use of each drug of interest into four mutually exclusive

groups: nonusers, users only during prepregnancy, continuers, and initiators during

first trimester. Adjusted odds ratios (aORs) for major confounders during pregnancy

such as number of visits to primary care practitioners visits, obesity, smoking, HTA,

diabetes with 95% confidence intervals were calculated.

Results: Compared with nonusers, antidepressants continuers had the highest

increased risk of miscarriage aOR (95%) of 1.29 (1.13–1.46), being continuers of par-

oxetine and fluoxetine the antidepressants with the strongest association. Likewise,

continuers of anxiolytics and initiators showed an increased risk of 1.19 (1.04–1.37)

and 1.30 (1.13–1.50). When separating the effect between the condition itself or the

treatment, women exposed during first trimester, regardless treatment duration

and/or the underlying illness, had the highest risk 1.27 (1.08–1.51) for antidepres-

sants and 1.25 (1.13–1.39) for anxiolytics.

Conclusions: Our analysis showed an association between prenatal exposure to anti-

depressants and anxiolytics and miscarriage onset after controlling by potential con-

founding adjusting for confounders and the underlying illness. This association was

not supported for hypnotic medications. Further studies are warranted to evaluate

the risk of miscarriage among subpopulation of pregnant women requiring these

medications.
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Keypoints

• Recommendations on initiating or maintaining treatment of antidepressants or anxiolytics

perinatally is still controversial.

• Although there is a trend to discontinue treatment, there is a high proportion of exposure

during first trimester.

• Risk of miscarriages were cumulated among women continuers of antidepressants, with spe-

cial attention to paroxetine and fluoxetine.

• Risk of miscarriages were also observed among continuers of anxiolytics, especially among

users of long acting benzodiazepines.

• Women exposed in early pregnancy are at increased risk of miscarriage regardless the under-

lying illness.

Plain language summary

In this study, we aimed to separately assess the role of the effects of the antidepressants, anxio-

lytics, and hypnotics from the underlying illness as the recommendations on maintaining the

treatment during prenatal period are still controversial. In this analysis, from a total of 54 210

pregnant women, 18 070 which were recorded between the years 2002 and 2016 were identi-

fied with miscarriages on the Spanish data base BIFAP. The women for this analysis were classi-

fied according to use of each drug of interest into four groups: nonusers, users only during

prepregnancy, continuers, and initiators during the first trimester. Those who have been diag-

nosed with depression and had continued a treatment during pregnancy, had shown the highest

increased risk of a miscarriage specially those who had made a continuing use of paroxetine and

fluoxetine. Likewise, continuer users of anxiolytics. But the most statistical significance results

are shown when separating the effect between the condition itself or the treatment, as women

exposed during first trimester regardless of treatment duration and the underlying illness had

showed the highest risk. On this way, there is an association between prenatal exposure to anti-

depressants and anxiolytics and miscarriage onset despite the underlying illness is consider a risk

factor for the miscarriages.

1 | INTRODUCTION

Anxiolytics and hypnotics have been experiencing an increase in pre-

scription rates in the general population countries for many years.1,2

Women are known to be at an increased risk to suffer from mental

health diseases compared with men, being the childbearing age and

specially the pregnancy, potential periods for its onset. The most com-

mon disorders are anxiety and depression ranging a frequency of

15%.3–5 More than half of pregnancies are unintended which might

prompt mental adverse conditions during pregnancy and postpartum.6

It has been described how women with antenatal depression or anxi-

ety are less likely to monitor and attend prenatal visits which might

increase the risk of perinatal complications.7 Summarized results com-

ing from metaanalyses and systematic reviews have reported how

antenatal anxiety is associated with several outcomes for the off-

spring such as preterm birth, low weight birth, and small gestational

age ranging from 40% to 50% increased risk.8 In addition, untreated

anxiety and depression have been associated with poorer lifestyle fac-

tors such as smoking, obesity, substance abuse, impulsive behavior, or

risk of self-harm.9

According to several guidelines,10 depression and anxiety are

common but remain undertreated during pregnancy and the recom-

mendation is to encourage doctors to elaborate an individual treat-

ment plan during pregnancy. Currently, the state of knowledge

towards the safety of antidepressants during pregnancy, consider the

selective serotonin reuptake inhibitors (SSRIs) as the safest option

while the safety profile of benzodiazepines is still controversial.11–13

Although there is a wide range of prescription rates, it has been

reported how antidepressants are prescribed between 2% and 10% of

all pregnancies and up to 5% for benzodiazepines.14–17 Therefore its

use during pregnancy might cause direct damage on the fetus,

resulting on a rise of the cortisol and catecholamine levels, leading to

variations in the placental function, altering uterine blood flow and

furthermore uterine irritability, a deterioration on the endocrine and
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immune system, developing preeclampsia18 or other comorbidities

such as hypertension or diabetes that might produce obstetric compli-

cations.19,20 However, in many situations maintaining the therapy is

essential. There are prior studies focusing on the safety of pregnancy

associated with use of these drugs, including birth defects,21 low birth

weight, preterm birth,22,23 small for gestational birth and miscarriages,

yet for the latter there is not a consensus in results.3,4,24–27 The corner-

stone still relies on the ability to distinguish between the effects of the

medication, the underlying illness, and other potential confounding fac-

tors.28 Likewise, a discontinuation of the treatment may be associated

with withdrawal symptoms, depression, or anxiety relapse.24

The unresolved questions around the safety of antidepressants

and anxiolytics in early pregnancy is still a critical barrier that limits

clinical decisions. We aimed to evaluate the association between use

of antidepressants and anxiolytics and hypnotics in early pregnancy

and the risk of miscarriages. In order to determine the treatment pat-

terns and management of antidepressants, anxiolytic, and hypnotic

medications during pregnancy in real clinical practice and its associa-

tion with miscarriages, we identified and evaluated a cohort of preg-

nancies within BIFAP database which contains systematically

recorded data on more than 10 million primary care patients in Spain.

2 | METHODS

2.1 | Source of information

We used data from the Spanish database BIFAP (Base de Datos para

la Investigaci�on Farmacoepidemiol�ogica en Atenci�on Primaria, Database

for Pharmacoepidemiological Research in Primary Care). BIFAP is a

nonprofit program administered and fully financed by the Spanish Agency

for Medicines and Medical Devices (AEMPS) started in 2001 when pri-

mary care EMRs were fully implemented throughout Spain. BIFAP is a

computerized medical longitudinal population database of anonymized

electronic medical records from 10.153 primary care practitioners and

pediatricians (PCP) distributed on nine participating Autonomous Regions

(out of 17). BIFAP's age and sex distribution are comparable to the Span-

ish population, covering 8.6% of the total Spanish population at the time

this study was performed,29,30 containing data on sociodemographic

aspects, medical diagnoses, prescriptions, medical visits, hospital admis-

sions, laboratory results, lifestyle factors, and referrals to specialists.

According to the structure, PCPs record the information related

to clinical and health problems using the International Classification of

Primary Care-Second Edition31 or International Classification of Dis-

eases (ICD-9) terminologies.32 Prescriptions issued by the PCP are

coded using the Anatomical Therapeutic Chemical (ATC) codes. Data

include the number of packages, intended duration, dosage, and

strength. In addition, from 2011 onwards, e-prescription is progres-

sively being implemented in primary care centers therefore dispensa-

tion is also available. When possible, dispensing information is chosen

for research if available. However, if e-prescription is not available,

paper-based prescription information is used. The BIFAP database has

been described in detail previously.33

2.2 | Source population

Our study cohort included all women of childbearing age (15–

49 years) with at least 1-year registration with their PCP between

January 2002 to December 2015.On this way, we ensured informa-

tion about the medical history of the subjects. For the current study,

we only included one pregnancy per woman, the first pregnancy iden-

tified during the follow-up. We used an adaptation from a valid algo-

rithm designed by the authors and applied in other database with

similar characteristics which includes the gestational age and a preg-

nancy outcome algorithm, both have been designed and described in

detail previously.34,35 The study protocol was approved by the BIFAP

Scientific Committee (11_2016).

2.3 | Miscarriage episodes

The cohort encompassed a total of 155 429 pregnant women, out of

them 33 342 resulted in pregnancy losses. Pregnancy losses were

defined as having a recorded code of ICD-9634–639. To assign the

gestational age, we subdivided the pregnancy losses according to

whether or not the Last Menstrual Period (LMP) date was recorded in

the database. When LMP date recorded, all pregnancy losses with a

gestational age lower than 28 days or greater than 154 days

(22 weeks) were excluded. When missing LMP date, we imputed the

LMP date by subtracting 74 days to the recorded entry date.35 Briefly,

we subdivided all pregnancy losses in three main categories according

to the code and descriptor used to entry the episode: miscarriages,

terminations of pregnancy and unspecified abortions. For each group

presented above, we randomly selected a sample of medical records

of each subcategory and manually reviewed them. All women initially

classified as miscarriages were confirmed (positive predictive value

>90%). Therefore, our final sample of women suffering from miscar-

riages was 18 070 while remaining pregnancy losses were retained as

not spontaneous.36 The date of identification of the miscarriage was

considered as the index date.

2.4 | Selection of controls

Controls were randomly selected from the whole cohort of pregnan-

cies by risk-set sampling and individually matched to cases (3:1). To

do this, for each woman suffering a miscarriage, we selected all cohort

members who were still at risk within follow-up and of the same age (-

+/�1 year), gestational age (in weeks) and year of LMP date. We

followed a sampling method of selection of controls without replace-

ment as controls have been part of the same cohort as the cases so, a

control can be used for several cases and a case can be a control

before being a case. This makes the odds ratio (OR) an unbiased esti-

mator of the relative risk, approaching its value.37 The matched fac-

tors minimize some source of confounding specially differences

between the assorted stages of organogenesis and the disparity that

could have existed on prescriptions including different pharmaceutical
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specialties prescribed among the years of the study. Matched controls

were assigned the index date of their corresponding case.

2.5 | Comorbidities and drug exposure

We collected sociodemographic characteristics (age and sex), lifestyle

factors (smoking, body mass index, obesity, alcohol consumption), and

the health care utilization (visits to the primary care physician and pre-

vious hospitalizations) which have also served as indicators of general

health status. We used two different time frames: at any time before

the LMP or between LMP date and index date (length of gestation).

We collected information on maternal depression and maternal

anxiety as well as other frequent conditions such as cardiovascular,

metabolic, respiratory, digestive, renal, and neoplastic pathologies.

Those variables were defined like having a recorded diagnosis on

any of each time window mentioned above. Comorbidities were

classified into antenatal condition defined as having a recorded

code before LMP date regardless during pregnancy, and incident

condition recorded only during pregnancy (see Supplemental

Table 1).

We collected drug exposure on specific drug classes of interest

such as: SSRIs, specifying some active principles, tricyclic antidepres-

sants, and other antidepressants. Moreover, we collected anxiolytics

(N05B) and hypnotics-sedatives (N05C) and classified anxiolytics and

hypnotics benzodiazepines as: short action (≤10 h) and long action

(>24 h) (see Supplemental Table 2).

We defined the exposure of drugs of interest using two periods:

within the 90 days prior to LMP date (prepregnancy), and during the

first trimester. Use was considered when having at least one prescrip-

tion in any of both periods. We classified the use of these specific

drug classes as: nonusers: when there were no prescriptions in any of

these periods; discontinuers: women who had at least one prescription

only during the prepregnancy period; continuers: women who had at

least one prescription during the prepregnancy period and also during

the first trimester, and new users: women who had at least one pre-

scription only during the first trimester.

Finally, in order to differentiate the effects of the medication

from the underlying illness, we built an interaction variable. Thus, we

evaluated the interaction between the underlying illness (A) for which

is indicated (i.e., depression/anxiety) and antidepressants/anxiolytics

(B). We created one variable with six mutually exclusive levels of

exposure: Neither underlying illness (A) nonuse of treatment (B),

(No A, no B), underlying illness without treatment (A and not B),

underlying illness and treatment only during prepregnancy (A and B

during prepregnancy), underlying illness treated during the first tri-

mester (A and B during first trimester), no underlying illness and treat-

ment in the prepregnancy (No A but B during prepregnancy), no

underlying illness and treatment during first trimester (No A but B in

the first trimester). Nonuse of treatment was defined as not having

any prescription during first trimester and prepregnancy. Hypnotic

medications were not considered at this point due to the small preva-

lence of use.

2.6 | Analysis

We conducted a descriptive analysis of the characteristics among

cases and controls using frequency counts and percentages for cate-

gorical variables and means with standard deviation for continuous

variables. ORs with 95% confidence intervals (CIs) were calculated

using conditional logistic regression adjusted for confounders. We

used two models: first one adjusted by the number of PCP visits

within the year prior to the index date. In addition to that, second

model compiled lifestyle factors and chronic medical conditions (either

antenatal or incident/during pregnancy) that could increase the risk of

miscarriages such as obesity, smoking, hypertension, and diabetes.

STATA version 15.0 (StataCorp LP, College Station, TX, USA) was

used for all analyses.

3 | RESULTS

3.1 | Pregnancy cohort: Baseline characteristics
and comorbidities

A total of 18 070 women with miscarriages were identified and mat-

ched to 54 210 controls by age, gestational age (in weeks), and year

of LMP date. Overall, mean age of cases and controls was 31.9 years

(SD:5.7). Regarding lifestyle factors, the frequency of current smoking

and obesity was similar among cases and controls (corresponding per-

centages: 22% of current smokers and 10% obesity). The health care

utilization, measured as number of PCP visits, was associated with an

increased risk of miscarriage. The most prevalent conditions included

hypercholesterolemia (24.5%), followed by anxiety (18.4%), depres-

sion (9.7%), and hypothyroidism (7.3%). Diabetes, depression, and

anxiety were associated with a slightly increased risk of miscarriage:

1.17 (95% CI: 1.02–1.33), 1.08 (95% CI: 1.02–1.15), and 1.05 (95% CI:

1.00–1.10), respectively.

Focusing on anxiety and depression, the vast majority of women

(>90%) had antenatal recorded diagnosis where the risk was observed.

For example, the OR of miscarriage associated to women with antena-

tal depression was 1.09 (95% CI: 1.03–1.16) versus 0.75 (95% CI:

0.46–1.22) among those firstly diagnosed (incident) during pregnancy

and 1.06 (95% CI: 1.01–1.11) in those with antenatal anxiety versus

0.91 (95% CI: 0.71–1.17) with incident anxiety (Table 1).

3.2 | Antidepressant medications and risk of
miscarriage onset

We collected information on overall antidepressant medication use

and by drug class: SSRIs, tricyclic antidepressants, and other antide-

pressants (Table 2). A total of 11.2% of the controls and 12.3% of

cases received at least one prescription only during prepregnancy

(i.e., discontinuers) while the proportion of continuers was 1.5% and

2.1% and less than 0.5% were initiators during pregnancy. A similar

trend was observed for each specific drug class. The risk of
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miscarriage was concentrated among continuers, the OR was 1.29

(95% CI: 1.13–1.46) for overall antidepressants, 1.21 (95% CI: 1.04–

1.40) for SSRIs and 1.52 (95% CI: 1.19–1.94) for other antidepres-

sants. We observed a trend towards an increased risk associated with

continuers of tricyclics although the imprecise results might be

explained by small numbers of users (OR: 1.36 (95% CI: 0.86–2.15).

Discontinuers had a very slightly increased risk of miscarriage ranging

from 5% to 13%, for example, discontinuers of overall antidepressants

were associated with an OR of 1.05 (95% CI: 1.00–1.11), 1.06 (95%

CI: 1.00–1.12) for SSRIs and 1.13 (95% CI: 1.03–1.25) for other

antidepressants.

When looking at specific type of SSRIs, paroxetine, fluoxetine,

and escitalopram were the most prescribed drugs. Only women con-

tinuing paroxetine and fluoxetine showed a statistically association

showing an increased risk of miscarriage of 36% (Supplemental

Table 3).

TABLE 1 Baseline characteristics among cases and controls

Controls N = 54 209 Cases 18 070 Crude OR (95% CI) Adjusted OR* (95% CI)

Age

<25 years 4160 7.7 1335 7.4 NA NA

25–29 years 8258 15.2 2678 14.8 NA NA

30–34 years 18 550 34.2 6025 33.3 NA NA

35–39 years 16 523 30.5 5610 31.0 NA NA

40 and more 6718 12.4 2422 13.4 NA NA

GP visits

0–1 visits 5951 11.0 784 4.3 1 (–) 1 (–)

2–4 visits 12 323 22.7 3831 21.2 2.40 (2.21–2.61) 2.40 (2.21–2.61)

5–9 visits 19 473 35.9 7224 40.0 2.89 (2.67–3.14) 2.89 (2.67–3.14)

10–14 visits 9811 18.1 3724 20.6 2.97 (2.73–3.24) 2.97 (2.73–3.24)

15 visits and more 6651 12.3 2507 13.9 2.98 (2.72–3.26) 2.98 (2.72–3.26)

Obesity 5659 10.4 1888 10.5 1.00 (0.95–1.06) 0.92 (0.87–0.98)

Smoking 12 371 22.8 4070 22.5 1.10 (1.07–1.14) 1.02 (0.99–1.06)

Comorbidities

Depression 4572 8.4 1744 9.7 1.16 (1.10–1.23) 1.08 (1.01–1.15)

Depression prepregnancy 4495 8.3 1723 9.5 1.17 (1.10–1.24) 1.09 (1.02–1.15)

Incident depression 77 0.1 21 0.1 0.83 (0.50–1.34) 0.75 (0.46–1.22)

Anxiety 9056 16.7 3321 18.4 1.12 (1.08–1.17) 1.05 (1.01–1.10)

Antenatal anxiety 8797 16.2 3238 17.9 1.13 (1.08–1.18) 1.06 (1.01–1.11)

Incident anxiety 259 0.5 83 0.5 0.98 (0.76–1.26) 0.90 (0.70–1.16)

Migraine 3659 6.7 1243 6.9 1.02 (0.95–1.09) 0.96 (0.90–1.03)

Antenatal Migraine 3591 6.6 1223 6.8 1.02 (0.96–1.09) 0.96 (0.90–1.03)

Incident migraine 68 0.1 20 0.1 0.88 (0.54–1.45) 0.80 (0.49–1.33)

Diabetes 839 1.6 335 1.9 1.21 (1.06–1.37) 1.16 (1.02–1.32)

Antenatal Diabetes 783 1.4 315 1.7 1.22 (1.06–1.39) 1.17 (1.03–1.34)

Incident HTA Diabetes 56 0.1 20 0.1 1.08 (0.65–1.80) 1.01 (0.60–1.70)

Hypothyroidism 3681 6.79 1326 7.34 1.09 (1.02–1.16) 1.01 (0.95–1.08)

Antenatal Hypothyroidism 3416 6.3 1254 6.9 1.11 (1.04–1.18) 1.03 (0.96–1.10)

Incident Hypothyroidism 265 0.5 72 0.4 0.82 (0.63–1.07) 0.76 (0.58–0.99)

Hypercholesterolemia 12 605 23.3 4419 24.5 1.07 (1.03–1.11) 0.99 (0.95–1.03)

Antenatal Hypercholesterolemia 12 178 22.5 4259 23.6 1.07 (1.03–1.11) 0.99 (0.95–1.03)

Incident Hypercholesterolemia 427 0.8 160 0.9 1.14 (0.95–1.37) 1.03 (0.86–1.24)

Hypertension 756 1.4 287 1.6 1.14 (1.00–1.31) 1.05 (0.91–1.21)

Antenatal Hypertension 730 1.3 275 1.5 1.13 (0.99–1.31) 1.04 (0.91–1.20)

Incident Hypertension 26 0.0 12 0.1 1.40 (0.70–2.79) 1.26 (0.63–2.52)

*Adjusted by number of GP visits, obesity, smoking, HTA, diabetes.
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3.3 | Anxiolytics, hypnotics, and benzodiazepines
and risk of miscarriage onset

We evaluated the prescription patterns of overall anxiolytics and hyp-

notic medications. In addition, we also studied the most commonly

used benzodiazepines divided into short-acting (<10 h) and long-

acting (>24 h) (Table 3). Overall, a total of 2.9% of the controls and

3.3% of cases received at least one prescription of anxiolytics only

during prepregnancy (i.e., discontinuers) while the proportion of con-

tinuers was 1.3% and 1.7% and 1.1% and 1.6% were initiators during

pregnancy. We observed an increased risk of miscarriage associated

to continuers and initiators. Corresponding estimates were 1.19 (95%

CI: 1.04–1.37) for continuers and 1.30 (95% CI: 1.13–1.50) for initia-

tors. For hypnotic medications, <0.5% of cases and controls were

discontinuers, while the proportion of continuers and initiators ranged

from 0.1% to 0.3%. The OR of miscarriage was 1.27 (95% CI: 0.90–

1.79) and 1.10 (95% CI: 0.70–1.473) for continuers.

For short-acting benzodiazepines, a total of 1.5% of the controls

and 1.6% of cases received at least one prescription only during pre-

pregnancy (i.e., discontinuers); 0.8% and 1.1%, were continuers and

0.5% and 0.8% were initiators. The OR of miscarriage were greater for

initiators 1.32 (95% CI: 1.08–1.62) than those how were continuers

1.18 (95% CI: 0.99–1.40). Alprazolam, bromazepam, and diazepam

were the most frequently prescribed types. Initiators of bromazepam

presented the highest risk of miscarriage (48%) as well as those initiat-

ing diazepam (34%) (Supplemental Table 4).

Proportion of women receiving long-acting benzodiazepines

was similar, while a 1.9% of cases and controls were discontinuers,

0.7% were continuers and 0.9% initiated treatment. Nevertheless,

women continuing during pregnancy had an increased risk of 1.30

(95% CI: 1.04–1.61). Lorazepam was the most prescribed long-

acting benzodiazepine, continuers presented an OR of 1.26 (95% CI:

0.99–1.61) and 1.34 (95% CI: 1.05–1.71) for initiators. (Supplemen-

tal Table 4).

3.4 | Interaction effects of medication and the
underlying illness

A total of 82.1% of cases and 84.3% controls had nonrecorded

depression nonrecorded prescriptions of antidepressants. A total of

1.2% of cases and 0.9% controls had depression untreated within the

first trimester versus 1.1% and 0.8% with depression treated during

the first trimester. In order to distinguish between the effects of the

medication from the underlying illness, we built an interaction vari-

able. First, taking as reference nondepression and nonuse of antide-

pressants, the risk was accumulated among those with depression and

treated during first trimester (regardless they were continuers or initi-

ators) with an OR of 1.28 (95% CI: 1.08–1.50), and OR of 1.27 (95%

CI: 1.08–1.51) for those with nondepression but treated during first

trimester. Of note, women with depression but not treated during first

trimester had an OR of 1.14 (1.03–1.26) (Figure 1).

TABLE 2 Antidepressant medication and risk of miscarriage onset

Controls N = 54 209 Cases 18 070 Crude OR (95% CI) Adjusted OR* (95% CI)

Antidepressants

Nonuse 47 230 87.1 15 428 85.4 1 (–) 1 (–)

Only during prepregnancy (discontinuers) 6060 11.2 2216 12.3 1.22 (1.07–1.18) 1.05 (1.00–1.11)

Use in both periods (continuers) 820 1.5 385 2.1 1.44 (1.27–1.63) 1.29 (1.13–1.46)

Use only during pregnancy (new users) 99 0.2 41 0.2 1.26 (0.88–1.82) 1.12 (0.78–1.62)

SSRIs

Nonuse 48 794 90.0 16 016 88.6 1 (–) 1 (–)

Only during prepregnancy (discontinuers) 4734 8.7 1752 9.7 1.13 (1.07–1.20) 1.06 (1.00–1.12)

Use in both periods (continuers) 597 1.1 266 1.5 1.36 (1.17–1.57) 1.21 (1.04–1.40)

Use only during pregnancy (new users) 84 0.2 36 0.2 1.30 (0.88–1.93) 1.17 (0.79–1.73)

Tricyclics

Nonuse 52 882 97.6 17 587 97.3 1 (–) 1 (–)

Only during prepregnancy (discontinuers) 1258 2.3 450 2.5 1.08 (0.96–1.20) 1.00 (0.89–1.11)

Use in both periods (continuers) 56 0.1 28 0.2 1.51 (0.96–2.39) 1.36 (0.86–2.15)

Use only during pregnancy (new users) 13 0.0 5 0.0 1.16 (0.41–3.25) 1.03 (0.37–2.89)

Other antidepressants

Nonuse 52 499 96.8 17 351 96.0 1 (–) 1 (–)

Only during prepregnancy (discontinuers) 1496 2.8 599 3.3 1.21 (1.10–1.34) 1.13 (1.03–1.25)

Use in both periods (continuers) 185 0.3 103 0.6 1.68 (1.32–2.14) 1.52 (1.19–1.94)

Use only during pregnancy (new users) 29 0.1 17 0.1 1.78 (0.98–3.23) 1.60 (0.88–2.91)

Note: ATC Classification: Antidepressants N06A, SSRI N06AB, Tricyclic N06AA and other antidepressants included in N06AX ATC classification.

*Adjusted by number of GP visits, obesity, smoking, HTA, diabetes.
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The corresponding proportion of women of cases and controls with

no recorded anxiety nonrecorded prescriptions of anxiolytics were also

78.7% and 80.9%. A total of 14.8% of cases and 13.8% controls had a

recorded diagnosis of anxiety but not recorded treatment within the first

trimester versus 1.8% and 1.4% with anxiety treated. Using as reference

group nonanxiety and nonuse of anxiolytics, those with anxiety and

treated during first trimester had an OR of 1.20 (95% CI: 1.05–1.37) and

1.33 (95% CI: 1.14–1.54) for those with nonanxiety but treated during

first trimester. There was no association among women with anxiety but

not treated during the first trimester (Figure 2).

When we merged both conditions and treatment, the principal

results remained the same, those with anxiety/depression and treated

TABLE 3 Use of anxiolytics, hypnotics, and benzodiazepines and risk of miscarriage onset

Controls N = 54 209 Cases 18 070 Crude OR (95% CI) Adjusted OR* (95% CI)

Anxiolytics

Nonuse 51 324 94.7 16 892 93.5 1 (–) 1 (–)

Only during prepregnancy (discontinuers) 1591 2.9 588 3.3 1.12 (1.02–1.24) 1.01 (0.91–1.11)

Use in both periods (continuers) 696 1.3 309 1.7 1.35 (1.18–1.55) 1.19 (1.04–1.37)

Use only during pregnancy (new users) 598 1.1 281 1.6 1.42 (1.23–1.64) 1.30 (1.13–1.50)

Short acting BDZ

Nonuse 52 696 97.2 17 459 96.6 1 (–) 1 (–)

Only during prepregnancy (discontinuers) 792 1.5 281 1.6 1.07 (0.93–1.23) 0.96 (0.84–1.10)

Use in both periods (continuers) 434 0.8 191 1.1 1.33 (1.12–1.58) 1.18 (0.99–1.40)

Use only during pregnancy (new users) 287 0.5 139 0.8 1.46 (1.19–1.79) 1.32 (1.08–1.62)

Long acting BDZ

Nonuse 52 750 97.3 17 447 96.6 1 (–) 1 (–)

Only during prepregnancy (discontinuers) 849 1.6 339 1.9 1.21 (1.06–1.37) 1.08 (0.95–1.23)

Use in both periods (continuers) 252 0.5 122 0.7 1.46 (1.18–1.82) 1.30 (1.04–1.61)

Use only during pregnancy (new users) 358 0.7 162 0.9 1.37 (1.13–1.65) 1.24 (1.03–1.49)

Hypnotics and sedatives

Nonuse 53 861 99.4 17 929 99.2 1 (–) 1 (–)

Only during prepregnancy (discontinuers) 179 0.3 65 0.4 1.09 (0.82–1.45) 0.99 (0.74–1.31)

Use in both periods (continuers) 103 0.2 49 0.3 1.43 (1.02–2.01) 1.27 (0.90–1.79)

Use only during pregnancy (new users) 66 0.12 27 0.2 1.23 (0.78–1.93) 1.10 (0.70–1.73)

Note: ATC classification: Anxiolytics N05B. Short acting BZD: Alprazolam N05BA12, Lorazepam N05BA06, Lormetazepam N05CD06, Oxazepam

N05BA04, Clotiazepam N05BA21, Triazolam N05CD05, and Midazolam N05CD08; Long acting BDZ: Flurazepam N05CD01, Clorazepate dipotassium

N05BA05, Quazepam N05CD10, Diazepam N05BA01, Medazepam N05BA03, Chlordiazepoxide N05BA02, Clobazam N05BA09, Clonazepam N03AE01,

Pinazepam N05BA14, Bromazepam N05BA08, and Hypnotics and sedatives N05C.

*Adjusted by number of GP visits, obesity, smoking, HTA, diabetes.

F IGURE 1 Interaction between
depression and prescribed
antidepressants and its association
with miscarriage onset
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during first trimester had an OR of 1.28 (95% CI: 1.14–1.43) and 1.22

(95% CI: 1.00–1.50) for those with nonanxiety/depression but treated

during first trimester. There was no association among women with

any of each condition but not treated during the first trimester [aOR:

1.04 (0.96–1.13)] (Figure 3).

4 | DISCUSSION

In the current study of over 155 000 pregnant women living in Spain

between 2005 and 2016, the overall prevalence of antidepressants

and anxiolytics dramatically decreased during first trimester with

respect to the antenatal exposure. Risk of miscarriages were observed

among continuers of antidepressants, with special attention to parox-

etine and fluoxetine. Our analysis also found an increased risk associ-

ated with use of anxiolytics for both continuers and initiators. For

BZDs, those with short-acting concentrated the risk among continuers

while initiators of long-acting had the highest risk. Interestingly, our

results show how the increased risk seems to be associated with

effects of the medication rather than the underlying illness.

Data of prenatal depression and anxiety is scarce in Spain. A

study reported a 10.3% prevalence of depressive symptoms during

first trimester.38 In terms of drug utilization between 2000 and 2013

the daily drug dose (DDD) of antidepressants increased +200%, being

this trend in line with the rest of European countries.39 For anxio-

lytics, the increase expressed in DDD, was +46.1%, being lorazepam,

alprazolam, and lormetazepam the most prescribed drugs.40 The

increase in consumption of these drugs seems to be superior with

respect to other European countries.41–43 In addition, there is a wide

range of prescription rates of antidepressant among pregnant women

ranging from 0.8% to 13% and approximately 2%–5% for anxiolytic–

hypnotic drug16; these data are in line with the proportions found in

our study (1.5% for antidepressants and 2% for anxiolytics, taking

controls as reference). Since these drugs are subject to potential risk

effects to the mother and furthermore the unborn child, it is impera-

tive to know the prescription trends before and during pregnancy in

order to establish best clinical practice for pregnant women. In the

current study we observed a high discontinuation rate of exposure

during first trimester, more pronounced among those receiving anti-

depressants (85%–88%) compared with those receiving anxiolytics

F IGURE 2 Interaction between
anxiety and prescribed anxiolytics
and its association with miscarriage
onset

F IGURE 3 Interaction between
anxiety/depression and prescribed
anxiolytics/antidepressants and its
association with miscarriage onset
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(65%–70%). In line with the observed trend, prior studies focused on

assessing the prescription trends during pregnancy respective to pre-

pregnancy have reported discontinuation rates of around 50% during

first trimester for antidepressants, anxiolytics, and hypnotics.44,45

Overall, the corresponding proportions of cases and controls initiating

any of those medications were 0.2% for antidepressants and 1.7% for

anxyolitics.

Several management options are available to treat these condi-

tions which include psychosocial support and nonpharmacological

interventions. However, when it turns to pharmacological treatment

the potential harmful effects should be weighed against the risk of

keep untreated during pregnancy. There is a complex matrix for clini-

cal decisions on prescription patterns of antidepressant/anxiolytic

medications during pregnancy. First, these drugs have a potential

action on readily through the placenta with might be associated with

adverse fetal development intra and extra-utero46; second, women

who continued the treatment throughout pregnancy probably had the

most severe condition which also is associated to obstetric complica-

tions44,47 and third, withdrawal the treatment might also cause a

relapse of any of these conditions and subsequently switching to

another treatment which might be potentially harmful for the mother

and child. We have observed an increased risk of miscarriage around

30% among women who continued both treatments of interest and

30% for those who initiated the treatment during first trimester com-

pared with those who were nonexposed. When taking as reference

group those exposed only during prepregnancy period, the risk

remained the same: 22% for antidepressants and 18% for anxiolytics.

Prior studies have also addressed the early use in pregnancy as an

independent risk factor itself.25,48–50 Yet, very few studies have con-

sidered the role of the underlying mental health conditions and fur-

ther studies are warranted in order to fill major gaps in this area.

When looking to specific antidepressants paroxetine and fluoxe-

tine showed the highest risk. As for the biological plausibility, although

it remains unclear, it is thought that antidepressants, especially, SSRIs

due to a mediated serotonin effect, might act putting pressure on the

uterus at the early weeks of pregnancy. With regards to anxiolytics,

there is scarce evidence although the mechanism might be via GABAA

receptor which is modulated and enhanced by use of BZD. AN experi-

mental study has observed how high levels of GABAA inters in both

impaired uterine receptivity and embryonic development.51–53

Keeping in mind all challenges, when choosing pharmacological

intervention for pregnant women under mental health conditions sev-

eral factors should be considered.

Decisional conflict whether to use an antidepressant or anxiolytic

during pregnancy can be influenced by the primary care physicians,

specialists, family, or the internet,54 but in general, women tend to

refuse to take their medication. A prior study evaluated the differ-

ences in the perception of risk of antidepressant and anxiolytics

according to type of clinician (i.e., primary care, obstetrics & gynecolo-

gists and found differences in perception, confidence, and practice

between clinician groups.55 Patient decision aids (PADs) tools serve

people to make difficult decisions about their healthcare choices,

especially under situations where there is no unique or best option.56

A recent systematic review evaluated the effectiveness of PADs

regarding psychotropic medication use during pregnancy. Authors

concluded how PDAs are useful to assist women and make decisions

regarding medication use during pregnancy although evidence is still

limited.57 There is, therefore, an urgent need to improve decision

making before choosing a pharmacological treatment during preg-

nancy which should include: adequate and complete training of

healthcare professionals to fully discuss the potential risks and bene-

fits of treatment58 together with effective PADs in order to improve

adherence.

We used data from an established and validated pregnant

cohort35 from BIFAP which owns the Spanish Agency of Medicines

and Medical Devices (AEMPS) where nine regions are involved. It is

representative of the Spanish population with respect to age, sex, and

geographical region.33 Likewise, countries which had universal health

care systems like the UK and Spain, the PCP is the gatekeeper to the

health care system. According to the National Health survey a total of

98% of all citizens visited at least once their PCPs during 2017.59 It

represents the first visit to monitor pregnancy although prenatal care

is also taken by midwives, specialists, and hospitals. Following this

reasoning although we might have missed some miscarriages due to

visit private clinics, this should be minor since the universal healthcare

system offered in Spain. However, the abortion frequencies obtained

in women with recorded LMP and women who did not had it are very

similar, which supports the truthfulness of our study. In addition, it is

possible that women with either depression or anxiety monitored by

private clinics have been overlooked; however, most PCP monitor and

prescribe such drug classes in their routine daily basis. This might

impact information toward severity of the maternal illness or changes

in the daily dose if failing the current treatment. Nevertheless, we

undertook prespecified automated computer searches for diagnoses

or related conditions and this can be considered at some point com-

patible with indications. Thus, further studies are warranted to explore

and answer this unsolved question. Nevertheless, the proportion of

drug prescription rates were in line with prior studies. BIFAP includes

data towards demographic data, medical diagnoses, prescriptions, lab-

oratory results, referrals to specialists, and lifestyle factors (such as

smoking, body mass index, alcohol use, and so forth). For the latter,

there is a great impact on missing information for specific lifestyle fac-

tors which makes difficult to adjust by residual confounding due to

these factors. Furthermore, there are free text comments associated

with diagnosis which might serve to collect relevant information.

Although, we have collected information on lifestyle factors,

comedication, and comorbidities, we cannot discard some degree of

residual confounding. Nevertheless, if some, it should be of small

impact. Prior studies performed with the same database, aiming to

compare the risk estimates resulting from different strategies for

the handling of missing data, found not differences in risk mea-

sure.60,61 In BIFAP, the prescriptions issued by the PCP are coded

using ATC. However, since we used prescription or dispensing, we

do not have complete information on actual drug intake, and there
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might have been a certain degree of drug use misclassification

which is quite common to clinical studies. With such mis-

classification we mean the assumption of considering prescription

as taking. Nevertheless, if this should happen we think it would

have a nondifferential effect. Finally, drugs prescribed by physi-

cians other than PCPs of the public sector are missing as this is a

primary care database.

5 | CONCLUSION

In conclusion, women with preexisting depression/anxiety tend to dis-

continue these agents during pregnancy although the proportion of

women exposed during first trimester still remains high. Women who

were exposed in early pregnancy either continued or initiated the

treatment are at increased risk of miscarriage regardless the underly-

ing illness. Further evidence concerning the treatment patterns and

safety of specific drug classes in pregnant women is warranted in

order to establish best clinical practice.
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