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Antidepressant use during pregnancy and the risk of preterm
birth – a cohort study
Guy Amit1✉, Chen Yanover1, Maytal Bivas-Benita1, Irena Girshovitz1, Tal Helbitz1, Tamar Sudry1, Vered Bar2, Alice S. Tang3,4,
Brian L. Le3,4, Jacquelyn Roger3,4, Sarah Woldemariam3,4, Idit Kosti3,4, Tomiko T. Oskotsky3,4, Pinchas Akiva1,5 and Marina Sirota3,4,5

Major depressive disorder and exposure to antidepressants during pregnancy have been previously associated with preterm birth
(PTB). However, the reported results are inconsistent. In this study, we aimed to estimate the effects of antidepressants and
maternal depression on the risk of PTB using data from electronic health records (EHRs). This is a population-based retrospective
cohort study, utilizing data from primary care EHRs. The cohort included 216,070 deliveries of 176,866 patients from the UK
between January 1996 and February 2019. We analyzed the effects of antidepressant exposure during pregnancy on the risk of PTB
and additional control outcomes in subgroups of patients with a history of depression, and with recent pre-pregnancy treatment.
We also assessed the effect of depression alone, in untreated patients. The analysis utilized large-scale propensity score matching
that included all demographic and clinical covariates, and effect estimation using a Cox model. The main cohort included 17,615
(8.2%) PTBs. Among patients who were not exposed to antidepressants during pregnancy, a history of depression was associated
with an increased risk of PTB (HR 1.10, CI [1.04,1.15], P < 0.01]. Patients exposed to SSRIs during the first 22 weeks of gestation were
not at a significantly higher risk of PTB compared to unexposed patients (HR 1.08 CI [0.98,1.18], P= 0.11). Moreover, treatment
continuation during pregnancy did not affect the risk of PTB among patients with pre-pregnancy treatment (HR 1.03 CI [0.92,1.15],
P= 0.61), and among patients with a history of depression (HR 1.00 CI [0.90,1.11], P= 0.98). Additionally, exposure to
antidepressants was associated with a reduced risk of some common medical conditions during the outcome follow-up period. Our
findings indicate that the concern of PTB should not affect the clinical decision of medical treatment for pregnant women suffering
from depression, since antidepressant treatment by itself does not increase the risk of PTB.
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INTRODUCTION
Depressive disorders during pregnancy are common, with
estimated prevalence ranging from 11% to 16%1. Accordingly,
antidepressant drugs, most commonly selective serotonin reup-
take inhibitors (SSRI), are used by approximately 3–4% of pregnant
women worldwide, with a higher prevalence in the United States
compared to Europe2. As antidepressants cross the placenta and
the fetal blood-brain barrier3, exposure during pregnancy raises
concerns of potential risks of adverse pregnancy outcomes and
postnatal effects.
Observational studies have shown associations between

exposure to antidepressants during pregnancy and increased
risk of preterm birth (PTB), although reported results have been
inconsistent. Particularly, these associations may be con-
founded by exposure to maternal psychiatric illness and by
illness severity, making it difficult to disentangle the effects of
the condition and the treatment4–7. Meta-analysis studies
reported an overall increased risk of PTB in women exposed
to antidepressants during pregnancy, with relative risk ranging
from 1.17 to 1.698–12; however, there was high heterogeneity
across studies. It has been suggested that depression, rather
than antidepressant treatment, may have a causal relation to
PTB5,13,14 and that psychological stress during pregnancy is a
risk factor of PTB15, although other studies have reported that
among women with depression, consumption of antidepres-
sants during pregnancy was associated with a higher risk of

PTB6,16. The conclusion of most of these previous studies was
that the clinical decision about the pharmacological treatment
of depression during pregnancy should carefully weigh the risk-
benefit potential17.
Patients are often cautious about continuing their antide-

pressant treatment during pregnancy due to potential side
effects. A UK study found that antidepressants were 5 times
more likely to be stopped in pregnant women than in
nonpregnant women, particularly during the first 6 weeks of
pregnancy18. However, as treatment discontinuation may be
harmful to the mother, as well as to the developing fetus, it is
important to produce reliable evidence to facilitate evidence-
based decision-making.
The motivation for this study was to address the above-

mentioned gaps in understanding the relations between anti-
depressants and PTB and to contribute evidence to support the
clinical recommendations. We aimed to estimate the effects of
antidepressants and maternal depression on the risk of PTB and to
disentangle the two effects using abundant data from over
200,000 deliveries recorded in electronic health records (EHRs). We
used a rigorous matching methodology on a large cohort of
pregnant women, along with subgroup and sensitivity analyses, in
order to address the clinical concern of whether antidepressants,
and SSRIs in particular, should be continued or discontinued
during pregnancy.
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RESULTS
Study population
The study population selection process is depicted in Fig. 1. The
analysis included 216,070 pregnancies of 176,866 mothers. There
were 17,615 (8.2%) PTBs of 16,946 mothers (9.6%) in the baseline
cohort. The mean period of observation before the beginning of
pregnancy was 5.3 ± 3.9 years, and the mean follow-up time after
delivery was 7.0 ± 4.8 years. The characteristics of the main cohort
are presented in Table 1. There was no significant difference in the
mother’s age or pre-pregnancy BMI between term and preterm
deliveries. Mothers who gave birth prematurely had a significantly
higher average quantile of Townsend deprivation index, higher
prevalence of smoking, chronic and mental health conditions, and
more frequent use of medications in selected major drug classes,
including antidepressants, within the year before pregnancy.

Effects of depression and antidepressants on preterm birth
Patients exposed to SSRIs during the first 22 weeks of pregnancy
had an unadjusted higher risk of preterm delivery, compared to
those unexposed to any antidepressants (HR 1.28, CI [1.20,1.37],
P < 0.01). Following confounder adjustment with large-scale
propensity score matching (LS-PSM), the effect was attenuated
(HR 1.08, CI [0.98,1.18], P= 0.11) and no longer significant (Fig. 2).
In the subgroup of patients with a past diagnosis of depression
(SG1) there was an unadjusted increased risk of preterm delivery
(HR 1.15, CI [1.07,1.24], P < 0.01) but no difference in the adjusted
risk (HR 1.00, CI [0.90,1.11], P= 0.98) between the patients
exposed and unexposed to antidepressants during pregnancy.
Similarly, in the subgroup of patients with pre-pregnancy SSRI
prescriptions (SG2), the unadjusted effect of pregnancy exposure
was positive (HR 1.11, CI [1.01,1.21], P= 0.03), but following LS-
PSM adjustment, there was no statistically significant difference in
the risk of preterm delivery between the exposed and unexposed
groups (HR 1.03, CI [0.92,1.15], P= 0.61). Similar effects were
observed when considering exposure to any antidepressant
during the first 22 weeks of pregnancy, with an adjusted HR of
1.09 (CI [1.01,1.19], P= 0.03) for comparison of all patients, and
adjusted HRs of 1.08 (CI [0.98,1.18], P= 0.12) and 1.04 (CI
[0.95,1.15], P= 0.40) for subgroups SG1 and SG2, respectively.
When restricting the exposure to any antidepressant during the
first trimester, the adjusted HRs for SG1 and SG2 were 0.98 (CI
[0.90,1.08], P= 0.74) and 1.01 (CI [0.92,1.12], P= 0.78), respectively.
In the subgroup of patients without antidepressant prescrip-

tions during pregnancy (SG3), patients with a previous diagnosis
of depression were at a higher risk of preterm delivery compared
to patients without such a diagnosis. In this comparison, the
positive unadjusted effect (HR 1.17 CI [1.13,1.21], P < 0.01)
persisted after LS-PSM adjustment (HR 1.10, CI [1.04,1.15],
P < 0.01).

Effects of depression and antidepressants on additional
outcomes
In SG3, a history of depression was associated with an increased
adjusted risk of UTI (HR [CI] 1.14 [1.05,1.24], P < 0.01), URI (1.08
[1.00,1.16], P= 0.06), constipation (1.28 [1.14,1.44], P < 0.01),
heartburn (1.18 [1.10,1,28], P < 0.01), diarrhea (1.30 [1.15,1.47],
P < 0.01) and headache (1.27 [1.15,1.40], P < 0.01) during the
follow-up period. In SG1 and SG2, exposure to SSRIs during the
first 22 weeks of pregnancy was associated with a reduced risk of
URI (0.79 [0.65,0.94] P= 0.01 and 0.84 [0.71,1.00] P= 0.05,
respectively), constipation (0.73 [0.57,0.94] P= 0.02 and 0.83
[0.66,1.03] P= 0.10) and headache (0.85 [0.69,1.04] P= 0.12 and
0.84 [0.70,1.01] P= 0.07), while no risk differences were observed
for UTI, heartburn, and diarrhea (Fig. 3).
Similar results were obtained for SG1 and SG2 when consider-

ing exposure to any antidepressants during the first 22 weeks of
pregnancy or during the first trimester: the adjusted risks of URI
and constipation were significantly lower in exposed patients. The
risk of headache tended to decrease for SG2, with borderline
statistical significance. For the outcomes of URI, heartburn, and
diarrhea, there was no risk difference associated with the
exposure.

DISCUSSION
We used EHRs of a large population-based cohort to examine the
effect of both maternal depression and the use of antidepressants
(SSRIs in particular) on the risk of PTB, aiming to disentangle the
effect of the illness from the treatment.
We observed that patients exposed to antidepressants during

the first 22 weeks of gestation were at increased risk for PTB,
compared to those who were not pharmacologically treated.
However, as these two groups differ significantly in their history of
mental illness, the observed effects may stem from the underlying
depression rather than the medications. Therefore, we conducted
subgroup analyses demonstrating that patients with a history of
depression who were not exposed to antidepressants during
pregnancy were at increased risk of PTB, compared to those
without depression. This effect remained significant after adjust-
ing for various potentially confounding factors, indicating that the
increased risk of PTB may be attributed to the depression itself
rather than the treatment. Moreover, when assessing the effect of
exposure to antidepressants in subgroups of patients with a
history of depression or with pre-pregnancy antidepressant
treatment, we did not observe a risk difference between exposed
and non-exposed patients. These results were invariant to the type
of antidepressant (any antidepressant or SSRIs) and to the
exposure time window (first 22 weeks of gestation or first
trimester).
We also assessed the effects of depression and antidepressants

on other common medical conditions and symptoms that have

Fig. 1 Patient selection flowchart. The main cohort included live births from January 1996 to February 2019. Three subgroups were defined
for further sensitivity analysis: patients with a history of depression diagnosis (SG1), patients with pre-pregnancy SSRI prescriptions (SG2) and
patients who were not exposed to antidepressants during the pregnancy (SG3).
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been shown to be associated with depression19,20, including
infectious diseases such as UTI and URI, constipation, diarrhea,
headache, and heartburn. Our analysis confirmed that the risk for
all of these outcomes is increased in patients with a history of
depression compared to patients without depression. Interest-
ingly, antidepressant treatment during pregnancy reduced the risk
for some of the outcomes (URI, constipation, and headache), and
did not increase the risk for the others. The mechanism by which
antidepressants affect the risk of comorbidities is unclear. Possibly,
the risk reduction is secondary to the treatment-induced
improvement of depression. Alternatively, antidepressants may
act as immunomodulators, which may lead to a reduction in the
prevalence of concurrent medical conditions. This explanation
stems from the theory that depression induces a pro-inflammatory
immune reaction, resulting in increased susceptibility to other
accompanying medical conditions21–28.
The clinical question remains whether pregnant women

suffering from depression should cease their existing treatment
or withhold initiation of a new treatment due to the increased risk
of PTB18. Our findings indicate that the concern of PTB should not

affect the clinical decision of pharmacological treatment for
pregnant women suffering from depression, since antidepressant
treatment by itself is not associated with increased risk of PTB.
Moreover, antidepressant treatment reduces the risk of unba-
lanced depression implications, such as suicidal behavior, poor
nutrition secondary to anorexia, and nonadherence to medical
and prenatal care, as well as adverse pregnancy and neonatal
outcomes like postpartum depression and abnormal child
development27–29.
As depression may lead to suboptimal maternal and fetal

outcomes, the medical decision regarding antidepressant treat-
ment during pregnancy should be based upon personalized
clinical judgment, considering the best interest of both the
mother and the developing fetus, by weighing the potential risks
and benefits of drug treatment against the possible complications
arising from untreated maternal depression30.
Consistent with our results, several previous studies have

demonstrated an association between maternal depression and
PTB, irrespective of antidepressant use5,13,14,31. Nordeng et al.
showed that after adjusting for the maternal level of depression as

Table 1. Patient characteristics

Cohort characteristics All births Term (≥37w) Preterm
(<37w)

Births (N,%) 216,070 198,455 (91.8%) 17,615 (8.2%)

Mothers (N,%) 176,866 163,906 (92.7%) 16,946 (9.6%)

Socio-demographic Age at pregnancy 29.8 (5.8) 29.8 (5.8) 29.9 (6.1)

Pre-pregnancy BMI 24.5 [21.7,28.7] 24.5 [21.7,28.7] 24.7 [21.6,29.0]

Smoker (anytime) 74,350 (34.4%) 67,663 (34.1%) 6687 (38.0%)

Alcohol abuse 1251 (0.6%) 1110 (0.6%) 141 (0.8%)

Drug abuse 396 (0.2%) 340 (0.2%) 56 (0.3%)

Deprivation index quantile 2.84 (1.4) 2.83 (1.4) 2.97 (1.4)

Medical history Diabetes Mellitus 2633 (1.2%) 2095 (1.1%) 538 (3.1%)

Hypertensive disorder 3855 (1.8%) 3323 (1.7%) 532 (3.0%)

Heart disease 2427 (1.1%) 2189 (1.1%) 238 (1.4%)

Asthma 33,856 (15.7%) 31,073 (15.7%) 2783 (15.8%)

Renal impairment 457 (0.2%) 381 (0.2%) 76 (0.4%)

Obesity 4987 (2.3%) 4537 (2.3%) 450 (2.6%)

Mental health history Depression anytime 53,089 (24.6%) 48,121 (24.2%) 4968 (28.2%)

Recent depression (1 yr) 14,652 (6.8%) 13,212 (6.7%) 1440 (8.2%)

Anxiety anytime 35,087 (16.2%) 32,027 (16.1%) 3060 (17.4%)

Recent anxiety (1 yr) 8067 (3.7%) 7318 (3.7%) 749 (4.3%)

Medications (1 yr before pregnancy) Antibacterials for systemic use (J01) 93,927 (43.5%) 85,801 (43.2%) 8126 (46.1%)

Antiinflamatory and antirheumatic (M01) 32,722 (15.1%) 29,712 (15.0%) 3010 (17.1%)

Beta blocking agents (C07) 4967 (2.3%) 4463 (2.2%) 504 (2.9%)

Drugs for acid related disorders (A02) 14,940 (6.9%) 13,524 (6.8%) 1416 (8.0%)

Drugs for obstructive airway disease (R03) 23,840 (11.0%) 21,718 (10.9%) 2122 (12.0%)

Opioids (N02A) 8879 (4.1%) 7924 (4.0%) 955 (5.4%)

Mental health medications (1 yr
before pregnancy)

Antidepressants (N06A) 26,285 (12.2%) 23,634 (11.9%) 2651 (15.0%)

SSRI (N06AB) 20,544 (9.5%) 18501 (9.3%) 2043 (11.6%)

NSMRI (N06AA) 5669 (2.6%) 5026 (2.5%) 643 (3.7%)

Other (N06AX) 3193 (1.5%) 2820 (1.4%) 373 (2.1%)

Psycholeptics (N05) 15,104 (7.0%) 13,541 (6.8%) 1563 (8.9%)

Anxiolytics (N05B) 5810 (2.7%) 5228 (2.6%) 582 (3.3%)

Delivery Gestation week 40.0 [38.9,41.0] 40.0 [39.0,41.0] 35.0 [32.3,36.0]

Cesarean section 12,218 (5.7%) 10,631 (5.4%) 1587 (9.0%)

For continuous variables, values are either means with standard deviation in parenthesis, or medians with interquartile range in brackets. For drugs, ATC codes
are given in parenthesis. For binary variables, values are birth counts with percentage in parentheses.
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well as various socio-demographic and lifestyle factors, the effect
of antenatal antidepressants on PTB became insignificant32.
Moreover, recent studies that examined the association between
PTB and maternal depression stratified by the depression severity,
suggested a potential dose-effect interaction, with increased risk
of PTB among patients suffering from severe depression14.
Inconsistently, other studies described an effect of antenatal

antidepressants on the risk of PTB, which persisted following an
adjustment for maternal depression6,8–12,16,33. Yonkers et al.
reported that the use of SSRIs was associated with an increased
risk of PTB regardless of major depressive disorder, while
depression alone, without drug therapy had no clear effect6.
The conflicting results may stem from differences in study

design and in particular the selection of the comparator group for
the effect estimation. In Yonkers et al. the reference group
included patients with neither major depressive episodes nor SSRI
treatment6. This group differs significantly from the exposed
group, especially with respect to mental health-related covariates
that are highly correlated with the exposure and cannot be
properly adjusted for between the reference and exposed groups.
Our analysis overcomes this limitation by comparing subgroups of
patients with a history of depression diagnosis or treatment,
which differ only in their antidepressant exposure during
pregnancy. Other differences between studies include the

selection criteria of the cohort, the phenotype of maternal
depression, the classification of its severity, and the timing of
the covariate assessment, exposure, and follow-up windows.
Additionally, the studies vary in the methods used to adjust for
potential confounders and in the outcome models used to
estimate the effects5,6,8–14,16,31,33.
Our study has several strengths that differentiate it from

previous work. It is based on an exceptionally large dataset from
primary care EHR, which provides a reliable holistic representation
of a patient’s medical history, as opposed to self-reported data
that may be incomplete or biased. We used a meticulous
matching methodology, considering numerous potentially con-
founding factors, including known risk factors, maternal char-
acteristics, baseline medical status, and lifestyle features.
Additionally, we conducted a unique subgroup analysis that
enabled us to disentangle the possible effects of depression and
antidepressants, and demonstrated these effects on additional
health outcomes with known associations to depression that
served as positive controls.
Nevertheless, this work also has some limitations. The recording

of depression symptoms in the EHR may be incomplete. Exposure
to antidepressants was derived from prescription information,
which lacks certainty about actual compliance to treatment.
Moreover, the severity of the depression, which is not reliably

Fig. 2 Effects of depression and antidepressants on preterm birth (PTB). Estimated hazard ratios (HR) with 95% confidence intervals (CI), for
different combinations of subgroup and exposure.

Fig. 3 Effects of depression and antidepressants on common medical outcomes that are known to be associated with depression.
Estimated hazard ratios (HR) with 95% confidence intervals (CI), for different combinations of sub-group and exposure. URI: upper respiratory
infection; UTI: Urinary tract infection.
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captured in the EHR, is a potential confounder that could not be
fully adjusted for in our analyses. The patients that continued their
treatment during pregnancy may have suffered from more severe
symptoms than those who discontinued. However, as depression
is associated with preterm birth, a more severe depression in the
exposed group would contribute to a larger positive effect size.
Therefore, our results that exposure to antidepressants does not
increase the risk of preterm birth may be an overestimation of the
real effect, but not an underestimation.
Due to the clinical significance of depression treatment in

general and especially during the antenatal period, we believe
that additional reliable data is needed to facilitate evidence-based
clinical decision-making. An important consideration in this
process is the possible consequences for the future health
outcomes of the newborn, which require additional, large-scale,
longitudinal studies. Furthermore, exploring nonpharmacological
treatments in the context of depression and adverse pregnancy
outcomes would be a desirable extension of this work.
In conclusion, in this study, we have analyzed the effects of

depression and antidepressants on preterm birth. Our results
suggest that the risk of PTB is associated with depression, rather
than the treatment by antidepressants. In patients with a history
of depression or with recent pre-pregnancy treatment, exposure
during pregnancy did not affect the risk of preterm birth.
Furthermore, we observed that exposure to antidepressants
during pregnancy was associated with a reduced risk of some
common medical conditions that are known to be associated with
depression. These observations may support the clinical decision
of continuing antidepressant treatment during pregnancy while
weighing the patient-specific risk-benefit potential.

METHODS
This study is reported as per the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) guideline. The
design was a population-based propensity score-matched cohort
study, utilizing data from EHRs.

DATASET
We used primary care EHRs from IQVIA Medical Research Data
(IMRD), incorporating data from The Health Improvement Network
(THIN, a Cegedim database). This dataset contains records of over
12.5 million patients, covers approximately 5% of the UK
population, and is representative of the population in terms of
demographics and condition prevalence34. The data includes
patient demographics, medical diagnoses, drug prescriptions,
anthropometric measurements, and lab tests, which were
standardized into the Observational Medical Outcomes Partner-
ship (OMOP) common data model35.

STUDY POPULATION
The initial population included all patients who had a live birth
between January 1996 and February 2019 and information about
gestational age at birth in their medical records. Pregnancies
resulting in a live birth were identified by searching for recorded
medical codes, using the algorithm to infer pregnancy episodes
and their outcomes from observational data developed by Mathco
et al.36. Start dates were estimated using a derived hierarchy of
available pregnancy markers, including records of gestational age
at birth and last menstrual period. Patients were also required to
be continuously observed for at least one year prior to the
beginning of pregnancy, to ensure availability of sufficient medical
history. Multiple births (N= 2389) and patients with a history of
severe mental illness (psychotic disorder and bipolar disorder,
N= 736) were excluded. The patient selection flowchart is shown

in Fig. 1. The final cohort included 216,070 deliveries of 176,866
patients.
Out of this main cohort, we defined the following subgroups:

1. SG1: Patients with a previous diagnosis of depression at any
time prior to pregnancy (N= 53,809).

2. SG2: Patients with SSRI prescription within 1 year prior to
pregnancy (N= 20,544).

3. SG3: Patients who were not exposed to antidepressants
during pregnancy (N= 203,335).

EXPOSURES AND OUTCOMES
Exposure to antidepressants was determined by identifying
prescriptions of drugs with WHO’s Anatomical Therapeutic
Chemical (ATC) code N06A. SSRI prescriptions were identified by
ATC code N06AB. Diagnosis of depression was determined by
identifying visits with SNOMED-CT codes for depressive disorder,
symptoms of depression, or depressed mood (codes 35489007,
394924000, and 366979004, respectively).
The PTB outcome was defined as birth before gestational age

(GA) of 37 weeks. To identify the beginning of the pregnancy we
used either the recorded observation of length of gestation at
birth (code 412726003) within 90 days after the delivery or, in
cases where GA was not directly available, the date of the last
menstrual period (code 161713000) within 22 to 43 weeks before
the delivery.
As positive controls for our study, we assessed the effects of

depression and antidepressants on six common medical condi-
tions and symptoms that are known to be associated with
depression19,20,37,38. These additional maternal outcomes included
urinary tract infection (UTI, code 68566005), upper respiratory
infection (URI, code 54150009), constipation (code 14760008),
diarrhea (code 62315008), heartburn (code 16331000), and
headache (code 25064002).

STUDY DESIGN
The study design is illustrated in Fig. 4, which follows the
framework of graphical representation recommended by Schnee-
weiss et al.39. The baseline analysis (BL) compared patients
exposed to SSRIs during the first 22 weeks (days 0 to 154) of
gestation to patients unexposed to any antidepressants. The
covariate assessment window was set as one year prior to the
index date (the beginning of the pregnancy). The exposure
assessment window (anytime before gestational week 22)
preceded a PTB follow-up window, which ranged from gestational
weeks 23 to 37 during which a preterm delivery of a viable fetus
can occur. Patients who initiated antidepressant treatment during
the PTB follow-up window were censored at the time of their first
prescription. The additional maternal outcomes were assessed
during the same follow-up window as PTB.
The analyses of the subgroups SG1 and SG2 were based on the

same design, with additional exclusion criteria (Fig. 4). For
analyzing subgroup SG3, patients with antidepressant prescrip-
tions during pregnancy were excluded, and the exposure was
defined as depression diagnosis any time before the pregnancy.

PROPENSITY MODELS
To balance the compared groups on the confounding variables,
we used large-scale propensity score matching (LS-PSM)40. We
fitted a regularized logistic regression propensity model that
predicted the probability of the exposure, based on a set of all
available demographic and clinical covariates - conditions
(including comorbidities), drug prescriptions, observations, and
procedures during the year before the pregnancy. Covariates that
are linked to the exposure were omitted from the propensity
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model (for example, pre-pregnancy prescriptions of antidepres-
sants). We performed one-to-one matching of the target and
comparator groups, based on the propensity score with a caliper
width of 0.2. The matching quality was assessed by measuring the
per-feature standardized difference (SD), requiring SD ≤ 0.1 for
acceptable matching41.

EFFECT ESTIMATION
We estimated the effect size of the exposure on PTB and the
additional outcomes by calculating hazard ratios (HR) using Cox
proportional hazards model, conditioned on the matched sets. All
estimations were supplemented with 95% confidence intervals
(CI).
The analysis was performed using the Health Analytics Data-to-

Evidence Suite (HADES), a set of open-source R packages
developed by the Observational Health Data Sciences and
Informatics (OHDSI) community42.

ETHICAL APPROVAL
Use of IQVIA Medical Research Data (IMRD) was approved by the
NHS London - South East Research Ethics Committee (REC
reference: 18/LO/0441); in accordance with this approval, the
study protocol was reviewed and approved by an independent
Scientific Review Committee (SRC) of IQVIA Inc. (reference
number: 20SRC018). Patients’ written informed consent was
waived by the London - South East Research Ethics Committee
as the study used data from anonymized electronic health records.
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