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Introduction: Chloroguine (CQ) and hydroxychloroguine (HCQ) are currently used for the
prevention/treatment of malaria, and treatment of systemic lupus erythematosus (SLE),
and rheumatoid arthritis (RA). Although present data do not show their efficacy to treat
COVID-19, they have been used as potential treatments for COVID-19. Given that
pregnant women are excluded from randomized controlled trials, and present evidence
are inconsistent and inconclusive, we aimed to investigate the safety of CQ or HCQ use ina
large pregnancy cohort using real-world evidence.

Methods: Using Quebec Pregnancy Cohort, we identified women who delivered a
singleton liveborn, 1998-2015, (n = 233,748). The exposure time window for analyses
on prematurity and low birth weight (LBW) was the second/third trimesters; was any time
during pregnancy; only first trimester exposure was considered for analyses on major
congenital malformations (MCM). The risk of prematurity, LBW, and MCM (overall and
organ-specific) were quantified using generalized estimation equations.

Results: We identified 288 pregnancies (0.12%) exposed to CQ (183, 63.5%) or HCQ
(105, 36.5%) that resulted in liveborn singletons; CQ/HCQ was used for RA (17.4%), SLE
(16.3%) or malaria (0.7%). CQ/HCQ was used for 71.8days on average [standard-
deviation (SD) 70.5], at a dose of 204.3mg/d (SD, 155.6). We did not observe any
increased risk related to CQ/HCQ exposure for prematurity (adjusted odds ratio [aOR]
1.39, 95%CI 0.84-2.30), LBW (aOR 1.11, 95%CI 0.59-2.06), or MCM (aOR 1.01, 95%Cl
0.67-1.52).

Conclusion: in this large CQ/HCQ exposed pregnancy cohort, we saw no clear increased
risk of prematurity, LBW, or MCM, although number of exposed cases remained low.

Keywords: chloroquine, hydroxychloroquine, pregnancy, COVID-19 pandemic, adverse pregnancy outcomes,
Quebec pregnancy cohort
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INTRODUCTION

Chloroquine phosphate (CQ) or hydroxychloroquine sulfate
(HCQ) are anti-malarial drugs used in the prevention and
treatment of malaria in endemic regions. They are also used to
treat systemic lupus erythematosus (SLE) and rheumatoid
arthritis (RA). CQ/HCQ have been shown to have antiviral
effects against several viruses (Tsai et al, 1990; Pardridge
et al., 1998; Savarino et al., 2001). CQ and HCQ are affordable
drugs, with known efficacy and safety profiles for the authorized
indications (Mejia Torres et al., 2013; Schrezenmeier and Dorner,
2020), and are on the list of essential medications published by the
World Health organization (WHO) (World Health Organization,
2019). The 2020 American College of Rheumatology Guideline
for the Management of Reproductive Health in Rheumatic and
Musculoskeletal Diseases recommends the continued use of CQ/
HCQ during pregnancy for women with SLE and RA
(Sammaritano et al., 2020). Because of their anti-viral and
anti-inflammatory properties, they have been proposed as
potential therapy for COVID-19 infections. Although data do
not show their efficacy to treat COVID-19, they have been used as
potential treatments (Chen et al., 2020; Cortegiani et al., 2020;
Emergency Use Authorizati, 2020; Gautret et al., 2020).

Although CQ/HCQ have known safety profiles, its elimination
half-life in pregnancy is 11 days, and CQ/HCQ can be detected in
plasma for more than 42 days (Chen et al.,, 2006; Moore and
Davis, 2018). CQ/HCQ crosses the placental barrier, raising
concerns of ototoxic and retinotoxic defects, mostly based on
animal studies (Costedoat-Chalumeau et al., 2003) but may
actually reduce the risk of congenital heart block in high-risk
populations (Motta et al., 2005). However, a meta-analysis in SLE
patients showed no retinopathy concerns in human pregnancies
(Gaffar et al., 2019). In contrast to previous studies (Buchanan
et al., 1996; Costedoat-Chalumeau et al., 2003; Motta et al., 2005;
Ingster-Moati and Albuisson, 2010; Diav-Citrin et al.,, 2013;
Kaplan et al,, 2016; Kroese et al., 2017; Bermas et al., 2018),
two recent studies on CQ/HCQ use during pregnancy are large
population-based and methodologically sound but the results are
inconclusive regarding the association between HCQ exposure
and the risk of major congenital malformation (MCM) of the
infants (Andersson et al., 2020; Huybrechts et al., 2021). In
addition, although there are previous studies on the risk of
gestational CQ/HCQ use during pregnancy, they are usually
restricted to sub-populations with SLE or RA, and do not
consider CQ/HCQ use as a whole adjusting for indication
bias. Therefore, we aimed to assess the effect of CQ/HCQ
exposure during pregnancy on the occurrence of prematurity,
LBW, and MCM using real-world data.

MATERIALS AND METHODS
Study Cohort

The study was conducted within the Quebec Pregnancy Cohort
(QPC), which is a population-based cohort with prospective data
collection on all pregnancies covered by the Quebec Prescription
Drug Insurance, from January 01, 1998 to December 31, 2015

CQ HCQ use Safety in Pregnancy

(presently, the QPC includes data from 1998 to 2015, and will be
updated soon) (Bérard and Sheehy, 2014). Individual-level
information for all pregnant women and children are obtained
from province-wide databases and linked using unique personal
identifiers (Supplementary Figure S1). The first day of the last
menstrual period (LMP) is defined using data on gestational age,
which is validated with ultrasound measures in patients’ charts
(Vilain et al., 2008). Prospective follow-up is available from 1 year
before LMP, during pregnancy, and until December 31, 2015;
children are followed from birth until December 31, 2015
(Supplementary Figure S2).

The QPC data sources include the medical claims database
(RAMQ: diagnoses, procedures, indicators of socio-economic
status), Quebec Prescription Drug Insurance database (drug
name, start date, dosage, duration), hospitalization archive
database (MedEcho: diagnoses/procedures), and Quebec
Statistics ~ database  (ISQ: patient socio-demographics,
gestational age, and birth weight). Birth weight in ISQ has
been found to be valid (Vilain et al, 2008). The RAMQ
medication database in the QPC represents 36% of women
between 15-45 years of age (Régie de I’Assurance Mala, 2015).
Validation studies have shown that publicly insured pregnant
women have similar characteristics and co-morbidities with those
who have private medication insurance (Bérard and Lacasse,
2009).

Pregnant women in the QPC were eligible for this study if they
were continuously covered by the Quebec Prescription Drug
Insurance for >12 months before and during pregnancy, and
had given birth to liveborn singletons. This was done because
twin pregnancies are at increased risk of adverse pregnancy
outcomes regardless of gestational medication exposures. We
also excluded pregnancies exposed to known teratogens as
described by Kulaga et al. (2009), and those resulting in minor
malformations alone or chromosomal abnormalities in the
newborns (Figure 1). Minor malformations are selectively
identified and do not reflect the true prevalence; chromosomal
abnormalities are not related to medication use.

The study was approved by the Sainte-Justine’s Hospital Ethics
Committee. The Quebec “Commission d’accés a I'information”
authorized database linkages.

Chloroquine or Hydroxychloroquine

Exposure

We identified CQ and HCQ prescriptions (Supplementary Table
S1) filled from the Quebec Prescription Drug Insurance database,
using timing of exposure determined by the dispensed date and
duration of treatment. The relevant exposure time-window for
the analyses of malformations was the first trimester (0-14
completed weeks of gestation since LMP; organogenesis)
(Bérard et al., 2016; Howley et al., 2016); the relevant exposure
time-window was the second/third trimester of pregnancy
(>14 weeks of gestation until delivery) for the analyses of
prematurity and LBW (intra-uterine growth). Pregnancies
were considered as exposed if women had filled at least one
CQ or HCQ prescription during the relevant time-windows or if
they had filled a prescription with a duration that overlapped the
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441,575 pregnancies in the QPC
between 1998 and 2015

160,830 planned/induced
abortions

and 31,958 spontaneous abortions
excluded

e

248,787 pregnancies
ending with a delivery

236,863 singleton pregnancies
with linkable baby data

3,115 pregnancies with known
— teratogen medication exposure
during pregnancy excluded

233,748 singleton liveborn
pregnancies

Chloroquine/Hydroxychloroquine
exposure during pregnancy

n =288 (0.12%)

Non-exposed

n = 233,460 (99.88%)

FIGURE 1 | Selection of the study cohort within the Quebec Pregnancy Cohort (QPC).

relevant time-window (to consider CQ/HCQ half-life). The
comparator group was defined as pregnancies with no
exposure to CQ/HCQ during the time-windows of interest.
Exposure to other anti-malarials (Supplementary Table S2)
were used as an active comparator to take into account
potential indication bias. Indication bias was also considered
by adjusting for diagnoses of malaria, and diagnoses of SLE,
and RA or use of other anti-rheumatic drugs in the analyses.

Duration of use was defined as the number of days with active
prescription fillings, and the defined daily dose was defined as a
CQ equivalent dosage divided by the duration of use (Liu et al.,
2020).

Data on prescription fillings have been validated and
compared to maternal reports in the QPC; the positive
predictive value (PPV) of prescription drug data was >87%
(95%CI: 70-100%) and the negative predictive value (NPV)
was >92% (95%CI: 86-98%) (Zhao et al., 2017).

Outcomes
Cases of prematurity were identified from the RAMQ and
MedEcho databases, and defined as delivery at less than
37 weeks gestation.

Cases of LBW were identified from the ISQ database, and
defined as a newborn of less than 2,500 g.

Cases of MCM diagnosed in the first 12 months of life were
identified from the RAMQ and MedEcho databases and defined

according to ICD-9 and ICD-10 codes (Supplementary Table S3),
which have been validated against patient charts with high PPV
(78.1%) and NPV (94.2%) (Blais et al., 2013). All organ systems
were considered and high PPV (over 80%) have also been reported
for specific MCM (Blais et al., 2013). Twelve months after birth was
needed to allow for late detection, and validation of early diagnoses.

Statistical Analyses

Within the identified study cohort, we conducted 3 case-control
analyses to quantify the effect of CQ/HCQ exposure during pregnancy
on the occurrence of prematurity, LBW, and MCM. All pregnancies
were considered and no selection of controls was done.

Potential confounders considered for all analyses were: 1)
sociodemographic variables measured at the time of LMP
including maternal age, receipt of social assistance during or 1 year
before pregnancy (yes/no), area of residence (urban/rural); 2) maternal
chronic comorbidities (12 months pre-pregnancy and during first half
of pregnancy) including hypertension, diabetes, asthma, epilepsy,
depression, thyroid disorders, obesity, as well as the diagnoses of
malaria, RA, and SLE to adjust for potential indication bias (see
Supplementary Table $4 for codes used); 3) Health care utilization
including hospitalizations or emergency department visits (yes/no),
number of general practitioner visits and specialist visits (12 months
pre-pregnancy); 4) lifestyle variables: tobacco and alcohol dependence
(Supplementary Table S4); 5) Pregnancy related variables including
folic acid use [prescribed high dose (>5mg/d) and prescribed over-
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TABLE 1 | Characteristics of the pregnancies based on chloroquine (CQ)/hydroxychloroquine (HCQ) exposure status.

Characteristic

Other study drug exposure — n (%):
Other antimalarial medications®
Maternal characteristics on 1st day of gestation:
Maternal age on 1DGP (years) — mean + sd
Rx insurance adherent — n (%)
Urban dweller — n (%)
Baby characteristics at birth:
Gestational age (weeks) — mean + sd
Birth weight (grams) — mean + sd
Male gender — n (%)
Health care utilization in the 12-months prior to the 1DG:
Emergency visit and/or hospitalization—- n (%)
General practitioner (GP) visits — n (%)
0
1-3
4 or more
Number of specialists visits — n (%)
0
1-2
3 or more
Other prescribed medications® - n (%)
0
1-2
3 or more
At least one diagnosis in the 6-months prior to 1DG until the end of pregnancy:
SLEY - n (%)
Malaria - n (%)
Rheumatoid arthritis - n (%)
HIV medications use during pregnancy®
Folic acid exposure in the 6-months prior to LMP and during first trimester - n (%)
Maternal co-morbidities in the 12-months prior to LMP or first trimester:
Hypertension — n (%)
Diabetes — n (%)
Asthma - n (%)
Thyroid disorders — n (%)
Tobacco dependence — n (%)
Alcohol dependence — n (%)
Other drug dependence — n (%)
Pregnancy follow-up by obstetrician — n (%)
Pregnancy in the year prior to the 1st day of gestation — n (%)

@Atovaquone, mefloquine, primaquine, proguanil, sulfadoxine-pyrimethamine, and halofantrine.

PFirst day of gestation defined as the first day of the last menstrual period (LMP).

CQ HCQ use Safety in Pregnancy

CQ/HCQ exposure during pregnancy

“Other prescribed medications than the study medications and medications used to assess the maternal co-morbidities prior pregnancy.

9Systemic lupus erythematosus.

All pregnancies n = 233,748 Yes n = 288 No n = 233,460 p-value
151 (0.06) 2 (0.69) 149 (0.06) <0.0001
28.22 + 5.59 290.72 + 5.27 28.22 + 5.59 <0.0001

180,337 (77.15) 241 (83.68) 180,096 (77.14) 0.008

192,480 (82.35) 236 (81.94) 192,244 (82.35) 0.86

38.85 + 1.80 38.70 + 1.97 38.85 + 1.80 0.20

3,348.96 + 545.17 3,285.2 +576.5 3,349.0 + 5451 0.047

120,157 (50.69) 146 (50.69) 120,011 (561.41) 0.81

79,500 (34.01) 104 (36.11) 79,393 (34.01) 0.45

49,439 (21.15) 50 (17.36) 9,389 (21.16)

88,465 (37.85) 105 (36.46) 88,360 (37.85)

95,844 (41.00) 133 (46.18) 95,711 (41.00) 0.136

91,733 (39.24) 65 (22.57) 91,668 (39.26)

58,199 (24.90) 68 (23.61) 58,131 (24.90)

83,816 (35.86) 155 (563.82) 83,661 (35.84) <0.0001

69,649 (29.80) 31 (10.76) 69,618 (29.82)

79,998 (34.22) 80 (27.78) 79,918 (34.23)

84,101 (35.98) 177 (61.46) 84,924 (35.95) <0.0001
175 (0.07) 47 (16.32) 128 (0.05) <0.0001
60 (0.03) 2 (0.69) 58 (0.02) <0.0001
434 (0.19) 50 (17.36) 384 (0.16) <0.0001
342 (0.15) 2 (0.69) 340 (0.15) <0.0001

8,772 (3.75) 37 (12.85) 8,735 (3.74) <0.0001
5,987 (2.56) 8 (2.78) 5,979 (2.56) 0.82
5,304 (2.27) 13 (4.51) 5,291 (2.27) 0.011
28,273 (12.10) 46 (15.97) 28,227 (12.09) 0.044
10,381 (4.44) 26 (9.03) 10,355 (4.44) 0.0002
7,378 (3.16) 7 (2.43) 7,371 (3.16) 0.48
929 (0.40) 2 (0.69) 927 (0.40) 0.42
2,393 (1.02) 5 (1.74) 2,388 (1.02) 0.23
133,693 (57.20) 188 (65.28) 133,505 (57.19) 0.006
20,105 (8.60) 16 (5.56) 20,089 (8.60) 0.065

®Alone or combined: abacavir, adefovir dipivoxil, atazanavir, AZT, bictegravir, cobicistat, darunavir, delavirdine, didanosine, dolutegravir, doravirine, efavirenz, elvitegravir, emtricitabine,
enfuvirtide, etravirine, fosamprenavir, indinavir, lamivudine, lopinavir, maraviroc, nelfinavir, nevirapine, raltegravir, retrovir, ripivirine, ritonavir, saquinavir, stavudine, tenofovir disoproxil,

tenofovir alafenamide, tipranavir, and zidovudine.

the-counter (OTC) dosage only] in the 6-months prior to LMP and
during first trimester (Supplementary Table S4), and previous
pregnancy (spontaneous or planned abortion, delivery) in the year
prior to LMP (yes/no). We also considered whether pregnant women
were followed by an obstetrician/gynaecologist (yes/no), and if other
medications were used during pregnancy (besides CQ/HCQ and
medication used to identify comorbidities), including HIV drugs
(Supplementary Table S4).

The unit of analysis was the pregnancy. Means and proportions for
continuous and dichotomous variables were calculated, respectively.
Crude and adjusted odds ratios (aOR) with 95% confidence intervals
(95%CI) were calculated for each outcome separately. Multivariable

generalized estimating equations were used to estimate the
association between CQ/HCQ and prematurity, LBW, and MCM
risks, independently, accounting for clustering by family (mother).
All statistical analyses were performed using SAS (SAS Institute Inc.,
Version 9.2, Cary, NC, United States).

RESULTS

Of the 441,514 pregnancies within the QPC, 233,748 met
inclusion criteria and were considered for analyses; 288 were
exposed to CQ/HCQ at any time during pregnancy (comprising
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TABLE 2 | Association between CQ/HCQ exposure during pregnancy and the risk of prematurity.

Prematurity (<37 weeks of gestation)

Variables Yes n = 15,676 No n = 218,072 Crude OR (95% CI) Adjusted OR (95% CI)
n (%)
Study medication exposures:
During the 1st trimester:
CQ/HCQ 23 (0.15) 195 (0.09) 1.62 (1.03-2.53) 1.39 (0.84-2.30)
Other antimalarial medications® 10 (0.06) 119 (0.05) 1.21 (0.57-2.57) 1.22 (0.59-2.54)
During the 2nd/3rd trimesters:
CQ/HCQ 15 (0.10) 144 (0.07) 1.13 (0.65-1.96) 0.87 (0.46-1.67)
Other antimalarial medications® 3 (0.02) 53 (0.02) 0.76 (0.23-2.59) 0.77 (0.23-2.53)
Maternal age at the 1DG® - mean (SD) 28.11 £+ 5.91 28.23 + 5.57 1.00 (0.99-1.00) 1.00 (1.00-1.00)
Adherent vs. welfare recipient 10,917 (69.64) 169,420 (77.69) 0.68 (0.65-0.70) 0.73 (0.70-0.76)
Urban dweller 12,924 (82.44) 179,556 (82.34) 1.01 (0.97-1.05) 0.96 (0.92-1.01)
Diagnosis during pregnancy for:
SLE® 25 (0.16) 150 (0.07) 2.39 (1.56-3.66) 1.95 (1.23-3.07)
Malaria 5 (0.03) 55 (0.03) 1.38 (0.58-3.30) 1.22 (0.50-2.96)
Rheumatoid arthritis 29 (0.18) 405 (0.19) 1.00 (0.68-1.46) 0.83 (0.57-1.21)
Comorbidities in the year prior to the 1DG:
Hypertension 666 (4.25) 5,321 (2.44) 1.66 (1.53-1.81) 1.44 (1.32-1.57)
Diabetes 620 (3.96) 4,684 (2.15) 1.80 (1.64-1.97) 1.53 (1.40-1.67)
Asthma 2,273 (14.50) 26,000 (11.92) 1.21 (1.16-1.27) 1.05 (1.00-1.10)
Thyroid disorders 744 (4.75) 9,637 (4.42) 1.07 (0.99-1.16) 0.97 (0.90-1.05)
Diagnosis of dependence to:
Tobacco 851 (5.43) 6,527 (2.99) 1.77 (1.64-1.91) 1.53 (1.41-1.65)
Alcohol 124 (0.79) 805 (0.37) 2.04 (1.67-2.48) 1.11 (0.90-1.37)
Other drugs 372 (2.37) 2,021 (0.93) 2.44 (217-2.74) 1.82 (1.61-2.06)
HIV drug® use during the 1st trimester 32 (0.20) 174 (0.08) 1.70 (0.86-3.36) 1.59 (0.80-3.15)
HIV drug use during the 2nd/3rd trimesters: 45 (0.29) 288 (0.13) 1.51 (0.84-2.72) 1.22 (0.67-2.20)
In the year prior to the 1DG:
Emergency visit or hospitalization 6,143 (39.19) 73,357 (33.64) 1.24 (1.20-1.28) 1.07 (1.03-1.11)
General practitioner visit
0 2,980 (19.01) 46,459 (21.30) Ref. Ref.
1-3 5,621 (35.22) 82,944 (38.04) 1.03 (0.99-1.08) 0.99 (0.95-1.04)
4 or more 7,175 (45.77) 88,669 (40.66) 1.22 (1.17-1.28) 1.05 (1.00-1.11)
Specialist visits
0 5,539 35.33) 86,194 (39.53) Ref. Ref.
1-2 3,652 (23.30) 54,547 (25.01) 1.04 (0.99-1.08) 0.98 (0.93-1.02)
3 or more 6,485 (41.37) 77,331 (35.46) 1.27 (1.23-1.32) 1.08 (1.03-1.13)
Other prescribed medications®
0 4,003 (25.54) 65,646 (30.10) Ref. Ref.
1-2 5,072 (32.36) 74,926 (34.36) 1.11 (1.07-1.16) 1.07 (1.03-1.12)
3 or more 6,601 (42.11) 77,500 (35.54) 1.36 (1.30-1.41) 1.14 (1.09-1.20)
Pregnancy follow-up by obstetrician 9,585 (61.14) 124,108 (566.91) 1.19 (1.15-1.24) 1.19 (1.14-1.23)
Pregnancy in the year prior the 1DG 1,495 (9.54) 18,610 (8.53) 1.12 (1.06-1.18) 0.98 (0.93-1.04)
Folic acid consumption before the end of the 1st trimester 772 (4.92) 8,000 (3.67) 1.33 (1.23-1.44) 1.16 (1.07-1.26)

aAtovaquone, mefloquine, primaquine, proguanil, sulfadoxine-pyrimethamine, and halofantrine.

PFirst day of gestation defined as the first day of the last menstrual period (LMP).

“Systemic lupus erythematosus.

9Alone or combined: abacavir, adefovir dipivoxil, atazanavir, AZT, bictegravir, cobicistat, darunavir, delavirdine, didanosine, dolutegravir, doravirine, efavirenz, elvitegravir, emtricitabine,
enfuvirtide, etravirine, fosamprenavir, indinavir, lamivudine, lopinavir, maraviroc, nelfinavir, nevirapine, raltegravir, retrovir, rilpivirine, ritonavir, saquinavir, stavudine, tenofovir disoproxil,

tenofovir alafenamide, tipranavir, and zidovudine.

°Other prescribed medications than the study medications and medications used to assess the maternal co-morbidities prior pregnancy.

727 prescriptions filled) (Figure 1; Table 1), with the majority
during the first trimester (1, 218). HCQ was more frequently
prescribed [524 prescriptions filled (72.1%) vs. 203 (27.9%) for
CQ, with 89 pregnancies exposed to both CQ and HCQ, data not

shown]. We identified that 183 (63.5%) pregnancies were exposed
to CQ; and 105 (36,5%) were exposed to HCQ (Supplementary
Table S5). On average, pregnant users were exposed for 42 days
during the first trimester [standard-deviation (SD), 27.6] (mean of 1.7
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TABLE 3 | Association between CQ/HCQ exposure during pregnancy and the risk of LBW.

Variables Yes n = 11,866 No n = 221,882 Crude OR (95% ClI) Adjusted OR (95% CI)
Study medication exposures:
During the 1st trimester:
CQ/HCQ 18 (0.15) 200 (0.09) 1.46 (0.87-2.44) 1.11 (0.59-2.06)
Other antimalarial medications® 5 (0.04) 124 0.06) 0.89 (0.37-2.16) 0.89 (0.36-2.17)
During the 2nd/3rd trimesters:
CQ/HCQ 14 (0.12) 145 (0.07) 1.45 (0.80-2.65) 0.97 (0.46-2.08)
Other antimalarial medications® 1(0.01) 55 (0.02) 0.37 (0.08-1.81) 0.37 (0.07-1.88)
Maternal age at the 1DG® - mean (SD) 28.16 + 5.99 28.23 + 5.57 1.00 (1.00-1.03) 1.00 (1.00-1.01)
Adherent vs. welfare recipient 8,016 (67.55) 172,321 (77.66) 0.61 (0.59-0.64) 0.68 (0.65-0.71)
Urban dweller 9,785 (82.46) 182,695 (82.34) 1.01 (0.96-106) 0.95 (0.90-1.00)
Diagnosis during pregnancy for:
SLE® 27 (0.23) 148 (0.07) 3.35 (2.17-5.19) 2.80 (1.71-4.59)
Malaria 3 (0.03) 57 (0.03) 0.96 (0.28-3.36) 0.87 (0.24-3.11)
Rheumatoid arthritis 27 (0.23) 407 (0.18) 1.24 (0.85-1.83) 1.05 (0.72-1.54)
Comorbidities in the year prior to the 1DG:
Hypertension 524 (4.42) 5,463 (2.46) 1.70 (1.54-1.87) 1.52 (1.38-1.67)
Diabetes 336 (2.83) 4,968 (2.24) 1.26 (1.12-1.41) 1.04 (0.93-1.17)
Asthma 1,881 (15.85) 26,392 (11.89) 1.35 (1.28-1.43) 1.15 (1.09-1.22)
Thyroid disorders 541 (4.56) 9,840 (4.43) 1.02 (0.94-1.12) 0.96 (0.88-1.05)
Diagnosis of dependence to:
Tobacco 868 (7.32) 6,510 (2.93) 2.47 (2.29-2.67) 2.09 (1.93-2.27)
Alcohol 124 (1.05) 805 (0.36) 2.77 (2.28-3.36) 1.24 (1.00-1.53)
Other drugs 348 (2.93) 2,045 (0.92) 3.03 (2.68-3.42) 2.02 (1.78-2.31)
HIV drug® use during the 1st trimester 32 (0.27) 174 (0.08) 1.65 (0.83-3.30) 1.54 (0.77-3.09)
HIV drug use during the 2nd/3rd trimesters 46 (0.39) 287 (0.13) 2.18 (1.21-3.95) 1.68 (0.93-3.06)
In the year prior to the 1DG:
Emergency visit or hospitalization 4,450 (37.50) 75,050 (33.82) 1.15 (1.11-1.20) 0.99 (0.95-1.04)
General practitioner visit
0 2,336 (19.69) 47,103 (21.23) Ref. Ref.
1-3 4,168 (35.13) 84,297 (37.99) 0.99 (0.95-1.05) 0.97 (0.92-1.03)
4 or more 5,362 (45.19) 90,482 (40.78) 117 (1.11-1.23) 1.02 (0.96-1.08)
Specialist visits
0 4,369 (36.82) 87,364 (39.37) Ref. Ref.
1-2 2,763 (23.29) 55,436 (24.98) 0.99 (0.95-1.04) 0.94 (0.89-0.98)
3 or more 4,734 (39.90) 79,082 (35.64) 1.18 (1.13-1.23) 1.00 (0.95-1.05)
Other prescribed medications®
0 3,079 (25.95) 66,570 (30.00) Ref. Ref.
1-2 3,731 (31.44) 76,267 (34.37) 1.06 (1.01-1.11) 1.03 (0.98-1.08)
3 or more 5,056 (42.61) 79,045 (35.62) 1.35 (1.29-1.42) 1.15 (1.09-1.21)
Pregnancy follow-up by obstetrician 7,424 (62.57) 126,269 (56.91) 1.27 (1.22-1.32) 1.29 (1.23-1.34)
Pregnancy in the year prior the 1DG 1,140 (9.61) 18,965 (8.55) 1.12 (1.05-1.20) 1.04 (0.97-1.11)
Folic acid consumption before the end of the 1st trimester 610 (5.14) 8,162 (3.68) 1.41 (1.29-1.53) 1.27 (1.16-1.38)

aAtovaquone, mefloquine, primaquine, proguanil, sulfadoxine-pyrimethamine, and halofantrine.

Low birth weight (<2,500 g)

CQ HCQ use Safety in Pregnancy

PFirst day of gestation defined as the first day of the last menstrual period (LMP).

“Systemic lupus erythematosus.

9Alone or combined: abacavir, adefovir dipivoxil, atazanavir, AZT, bictegravir, cobicistat, darunavir, delavirdine, didanosine, dolutegravir, doravirine, efavirenz, elvitegravir, emtricitabine,
enfuvirtide, etravirine, fosamprenavir, indinavir, lamivudine, lopinavir, maraviroc, nelfinavir, nevirapine, raltegravir, retrovir, rilpivirine, ritonavir, saquinavir, stavudine, tenofovir disoproxil,

tenofovir alafenamide, tipranavir, and zidovudine.

°Other prescribed medications than the study medications and medications used to assess the maternal co-morbidities prior pregnancy.

prescriptions filled), and 72 days (SD, 52) (mean of 2.7 prescriptions
filled) during the second/third trimesters (Supplementary Table S5).
Mean daily dosages were similar in the first and second half of
pregnancy (218.4 mg CQ equivalent dosage (SD, 154.6) in the first
trimester and (215.6 mg CQ equivalent dosage (SD, 157.7) in the

second/third trimester (Supplementary Table S5). CQ/HCQ was
used for RA (17.4%), SLE (16.3%) or malaria (0.7%) (Table 1). CQ/
HCQ users were slightly older; of higher socio-economic status
(83.7% adherent vs. 77.1% in non-users); more likely to use high
dose (>5 mg/d) folic acid, although the overall prevalence remained
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TABLE 4 | Association between CQ/HCQ exposure during the first trimester and the risk of overall major congenital malformations.

Major congenital malformation

Variables Yes n = 25,351 No n = 208,397 Crude OR (95% CI) Adjusted OR (95% CI)
n (%)
Study medication exposures during the 1st trimester:
CQ/HCQ 26 (0.10) 192 (0.09) 117 (0.06) 1.01 (0.67-1.52)
Other antimalarial medications® 12 (0.05) 1.11 (0.74-1.67) 0.84 (0.47-1.52) 0.84 (0.47-1.51)
Maternal age at the 1DG® - mean (SD) 28.08 + 5.57 28.24 + 5.59 0.99 (0.99-1.00) 0.99 (0.99-1.00)
Adherent vs. welfare recipient 19,479 (76.84) 160,858 (77.19) 0.98 (0.95-1.01) 1.02 (0.99-1.05)
Urban dweller 21,888 (83.24) 171,392 (82.18) 1.07 (1.03-1.11) 1.05 (1.02-1.09)
Diagnosis during pregnancy for:
SLE® 16 (0.06) 159 (0.08) 0.82 (0.50-1.36) 0.73 (0.44-1.20)
Malaria 4 (0.02) 56 (0.03) 0.59 (0.21-1.62) 0.54 (0.20-1.50)
Rheumatoid arthritis 70 (0.28) 364 (0.17) 1.58 (1.22-2.05) 1.49 (1.14-1.94)
Comorbidities”
Hypertension 736 (2.90) 5,251 (2.52) 1.15 (1.06-1.25) 1.08 (1.00-1.17)
Diabetes 667 (2.63) 4,637 (2.23) 1.18 (1.09-1.29) 1.10 (1.01-1.20)
Asthma 3,343 (13.19) 24,930 (11.96) 1.12 (1.07-1.16) 1.06 (1.01-1.10)
Thyroid disorders 1,223 (4.82) 9,158 (4.39) 1.10 (1.04-1.17) 1.06 (1.00-1.13)
Diagnosis of dependence to:
Tobacco 879 (3.47) 6,499 (3.12) 1.11 (1.04-1.20) 1.09 (1.01-1.17)
Alcohol 111 (0.44) 8,185 (0.39) 1.12 (0.92-1.37) 0.99 (0.81-1.22)
Other drugs 304 (1.20) 2,089 (1.00) 1.20 (1.06-1.35) 1.14 (1.00-1.29)
HIV drug® use during the 1st trimester: 34 (0.13) 172 (0.08) 1.62 (1.10-2.38) 1.51 (1.02-2.23)
In the year prior to the 1DG:
Emergency visit or hospitalization 9,004 (35.52) 70,496 (33.83) 1.08 (1.05-1.11) 1.00 (0.97-1.09)
General practitioner visit
0 4,918 (19.40) 44,521 (21.36) Ref. Ref.
1-3 9,469 (37.35) 78,996 (37.91) 1.08 (1.05-1.12) 1.01 (0.98-1.05)
4 or more 10,964 (43.25) 84,880 (40.73) 1.17 (1.13-1.21) 1.04 (1.01-1.08)
Specialist visits
0 9,229 (36.40) 82,504 (39.59) Ref. Ref.
1-2 6,419 (25.32) 51,780 (24.85) 1.11 (1.07-1.15) 1.06 (1.02-1.10)
3 or more 9,703 (38.27) 74,113 (35.56) 1.17 (1.13-1.20) 1.10 (1.06-1.15)
Other prescribed medications®
0 7,115 (28.07) 62,534 (30.01) Ref. Ref.
1-2 8,508 (33.56) 71,490 (34.30) 1.05 (1.01-1.08) 1.07 (1.03-1.11)
3 or more 9,728 (38.37) 74,373 (35.69) 1.15 (1.11-1.19) 1.09 (1.05-1.13)
Pregnancy follow-up by obstetrician 15,304 (60.37) 118,389 (56.81) 1.16 (1.13-1.19) 1.15 (0.90-0.99)
Pregnancy in the year prior to 1DG 2,188 (8.63) 17,917 (8.60) 1.00 (0.96-1.05) 0.94 (1.00-1.15)
Folic acid consumption before the end of the 1st trimester 1,051 (4.15) 7,721 (3.70) 1.12 (1.05-1.20) 1.07

4Atovaquone, mefloquine, primaquine, proguanil, sulfadoxine-pyrimethamine, and halofantrine.

PFirst day of gestation defined as the first day of the last menstrual period (LMP).

“Systemic lupus erythematosus.

9Alone or combined: abacavir, adefovir dipivoxil, atazanavir, AZT, bictegravir, cobicistat, darunavir, delavirdine, didanosine, dolutegravir, doravirine, efavirenz, elvitegravir, emtricitabine,
enfuvirtide, etravirine, fosamprenavir, indinavir, lamivudine, lopinavir, maraviroc, nelfinavir, nevirapine, raltegravir, retrovir, rilpivirine, ritonavir, saquinavir, stavudine, tenofovir disoproxil,

tenofovir alafenamide, tipranavir, and zidovudine.

°Other prescribed medications than the study medications and medications used to assess the maternal co-morbidities prior pregnancy.

low; more likely to have hypertension, diabetes or asthma; and had a
higher prevalence of health services utilization including other
medication use (Table 1).

Prematurity

Within the study population, 15,676 (6.7%) pregnancies
resulted in a premature delivery (Table 2). Adjusting for
potential confounders including indication for use or use of

other-antimalarials, CQ/HCQ use during the second or third
trimester, which is the relevant time-window for these
analyses, was not statistically significantly associated with
the risk of prematurity (aOR 0.87, 95%CI 0.46-1.67; 15
exposed cases) (Table 2). Exposure to other antimalarials
during the same period had a similar association with the
risk of prematurity (aOR 0.77, 95%CI 0.23-2.53; 3 exposed
cases).
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LBW
Within the study population, 11,866 (5.1%) pregnancies resulted

in a LBW newborn (Table 3). Adjusting for potential
confounders including indication for use, and use of other-
antimalarials, CQ/HCQ wuse during the second or third
trimester, which is the relevant time-window for these
analyses, was not statistically significantly associated with the
risk of LBW (aOR 0.97, 95%CI 0.46-2.08; 14 exposed cases)
(Table 3).

Major Malformations

Within the study population, 25,351 pregnancies resulted in a
newborn with MCM (Table 4). Adjusting for potential
confounders including indication for use, and use of other-
antimalarials, CQ/HCQ use during the first trimester, which is
the relevant time-window for organogenesis, was not statistically
significantly associated with the risk of MCM (aOR 1.01, 95%CI
0.67-1.52; 26 exposed cases) (Table 4). Exposure to other
antimalarials during the same period had a similar association
with the risk of MCM.

Adjusting for potential confounders, no statistically significant
increase in the risk of organ specific defects were observed with
first-trimester use of CQ/HCQ, or other antimalarials
(Supplementary Table S6). Supplementary Table S7
describes the MCM identified with CQ/HCQ use.

DISCUSSION

This study was performed in one of the few large population-
based pregnancy cohort to examine CQ and HCQ exposures
during pregnancy, and did not show clear indications that CQ or
HCQ use during pregnancy were associated with increased risk of
prematurity, LBW, and MCM, adjusting for underlying
conditions, and additional potential risk factors.

More than one third of the CQ/HCQ pregnant users had SLE
(16.32%, 47/288), RA (17.36%, 50/288), or malaria (0.67%, 2/
288). We found a non-significant 13% decrease in the risk of
prematurity among those using CQ/HCQ in the second/third
trimester. Our findings on prematurity are consistent with Kroese
et al. (2017) who found that duration of gestation was longer
amongst premature newborns exposed in utero to HCQ. Given
our number of exposed cases, it was not possible for us to further
stratify on prematurity status. However, the mean gestational age
of CQ/HCQ users and non-users were similar. We found no
significant association between CQ/HCQ exposure and increased
risk of LBW and MCM, which is similar to previous studies
(Costedoat-Chalumeau et al., 2003; Motta et al., 2005; Clowse
et al., 2006; Diav-Citrin et al., 2013; Cooper et al., 2014; Kroese
et al., 2017; Bermas et al., 2018; Andersson et al., 2020), but our
study has adjusted for all known and measurable potential
confounders for adverse pregnancy outcomes; and adjustment
was also made on health services utilization, which is considered a
proxy for severity of diseases. Although we have a large cohort of
pregnant CQ/HCQ users, we had few exposed cases for any of the
specific defects studied. Contrary to early concerns (Ingster-
Moati and Albuisson, 2010; Moore and Davis, 2018), we did

CQ HCQ use Safety in Pregnancy

not identify any cases of ocular defects associated with CQ/HCQ.
Of note, we only considered exposure during organogenesis for
our analyses on major malformations, and caution is still
warranted given our sample size. Finally, data on CQ/HCQ
exposures were collected prospectively contrary to others
(Cooper et al, 2014) who collected the information
retrospectively after birth, which may lead to recall bias.

Our findings was also consistent with the recent study
Andersson et al. (Andersson et al, 2020). Using the Danish
nationwide cohort (1996-2016), Andersson et al. (2020) found
that exposure to the 4-aminoquinolines drugs CQ and HCQ
during pregnancy was not associated with an increased risk of
MCM (prevalence OR 0.94, 95%CI 0.59-1.52; 34 exposed cases),
preterm birth (prevalence OR 0.97, 95%CI 0.73-1.28; 103
exposed cases) or small for gestational age (prevalence OR
1.18, 95%CI 0.93-1.50; 165 exposed cases), compared to
propensity-score-matched  unexposed  pregnancies. = No
significant associations between exposure to CQ or HCQ
individually and risk of MCM, preterm birth or small for
gestational age were identified. This study did not investigate
the risk of specific defects.

While, using the Medicaid Analytic eXtract (MAX,
2000-2014) and IBM MarketScan Research Database
(MarketScan, 2003-2015), Huybrechts et al. (2021) compared
HCQ-exposed  pregnancies with  matched unexposed
pregnancies, and found a small increase in the risk of MCM
associated with first trimester HCQ use (adjusted RR 1.26, 95%CI
1.04-1.54; 112 exposed cases); it was 1.33 (95%CI 1.08-1.65) for a
daily dose of >400 mg and 0.95 (95%CI 0.60-1.50) for a daily dose
of <400 mg. Given data supporting the benefits of CQ/HCQ
during pregnancy for malarial prophylaxis (Mejia Torres et al.,
2013), and lupus pregnancy outcome (Leroux et al., 2015), CQ/
HCQ should be given and available primarily to those with
malaria (prevention and treatment), and rheumatic diseases.

Strengths and Potential Limitations
Study strengths include the use of a population-based prospective
pregnancy cohort with linkage of data at the individual level; this
allowed for analyses on a large number of pregnancies with
detailed information regarding exposure, outcomes, and
potential confounders. QPC data on prescriptions filled (Zhao
etal,2017), MCM (Blais et al., 2013), gestational age (Vilain et al.,
2008) and birth weight (Vilain et al., 2008) have been validated.
We have adjusted for all known and measurable potential
confounding variables for unfavorable pregnancy outcomes,
including maternal chronic comorbidities, indications for
study medication uses, lifestyles variables including the use of
alcohol, tobacco, illicit substances, and high dose folic acid;
adjustment was also made on health care utilization, which is
considered as a proxy for diseases severity (Bérard et al., 2021).
One potential limitation is missing information on potential
confounders such as smoking, alcohol, and over the counter folic
acid use. Nevertheless, tobacco and alcohol dependence, and
prescribed folic acid were used as proxies for these variables.
The majority of folic acid users were on high dose (>5 mg/d), and
thus this was likely a proxy for high-risk pregnancy as well in our
study. The identification of MCM was based on diagnosis codes
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that had been recorded in claims and hospital databases. If
misclassification of exposure would be present, it would bias
the results of our study toward the null excepting that a higher
proportion of malformation diagnoses were identified in
pregnancies of mothers with SLE or RA. In spite of the fact
that we have shown a high positive predictive value for
malformations (Zhao et al, 2017), the potential for some
misclassification still exists. We used filled prescriptions and
not actual intake, but Zhao et al. (2017) have shown that
prescription fillings data in the QPC were valid when
compared to maternal report. Indeed, given that we have
prescription fillings data, we wanted to ensure that women
took their medications (intake). Patient charts are not good
for this because they are providing medication prescribing and
not intake. Hence, we have compared pregnant women’s self-
report of medications use (any medications in real-time to
minimize recall bias) to the data on medication fillings (claims
database used to put in place the QPC) on a sample of women
included in the QPC (Zhao et al.,, 2017). Given that we consider
self-report the “gold standard,” we have calculated the PPV and
NPV for the use of the QPC data on medications. Both the PPV
and NPV for medication use were high within the QPC. Because
we only included pregnant women covered by the Quebec
prescription drug insurance plan, generalizability of results to
those covered by private medication insurance could be affected
(Bérard et al., 2021). However, validation studies have shown that
publicly insured pregnant women have similar characteristics and
co-morbidities with those who have private drug insurance plans
(Bérard and Lacasse, 2009). Our estimates could be slightly
upwards biased because we only included deliveries in our
analyses as is done in most studies on medications and
pregnancy. Despite the fact that health care utilization has
been adjusted for and considered as a proxy for disease
severity, residual confounding from severity of disease could
continue to exist. Given that our medication definitions are
dichotomous, considering second/third trimester in a combined
manner minimizes immortal time bias. Furthermore,
prematurity prevalence is 5-7%, rendering immortal time
bias very unlikely. Finally, the MCM prevalence of 8.6% is
higher than what is routinely reported (3-5%) (Egbe, 2015).
This could be partly explained by the Founders’ effect in the
province of Quebec (Laberge, 2007; Zhao et al., 2015). It can also
be partly explained by the fact that we have included all
pregnancies between 1998 and 2015. Even though the
baseline prevalence of MCMs is high, it does not differ
among comparison groups, and thus does not invalidate our
findings. This, however, could limit the generalizability of our
results.

CONCLUSION

In this large cohort of exposed pregnancies, maternal exposure to
CQ/HCQ during pregnancy has not been shown to increase the
risk of prematurity, LBW, or MCM. These findings are consistent

CQ HCQ use Safety in Pregnancy

with other studies in the literature, and are reassuring. However,
given that CQ/HCQ can cause or worsen heart arrhythmia,
concerns remain for use in those with pre-existing heart
conditions (Roden et al.,, 2020). CQ/HCQ should be given and
available primarily to those with malaria (prevention and
treatment), and rheumatic diseases.
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