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Aim: To investigate whether the maternal use of different doses of inhaled corticosteroids (ICSs) during the first
trimester of pregnancy for the treatment of asthma increases the risk of congenital malformations in the offspring.
Methods: From the linkage of three administrative Canadian databases, a cohort of 4561 pregnancies from
women with asthma who delivered between 1990 and 2000 was reconstructed. A two-stage sampling cohort
design was used to acquire additional data from the woman’s medical chart. Cases of congenital
malformation were identified from the medical services database or the hospital database. Using refill
patterns of medications, the average daily dose of ICSs used during the first trimester was calculated and
categorised as follows: 0, 1-500, 500-1000 and >1000 pg/day in beclomethasone—chlorofluorocarbon
equivalent. A Generalized Estimation Equation model was used to estimate the adjusted odds ratio of
congenital malformation as a function of ICS daily dose. All analyses were performed for all malformations
and major malformations separately.

Results: Within the cohort 418 babies were identified with a congenital malformation (9.2%), 278 of which
had a major malformation. About 40% of women used ICSs during the first trimester, but only 5.3% of women
used >500 pg/day. The adjusted odds ratio (95% Cl) for all malformations associated with the use of ICSs
during the first trimester was: 0.77 (0.53 to 1.13) for 1-500, 0.41 (0.19 to 0.92) for 501-1000 and 1.00
(0.42 to 2.36) for >1000 pg/day. The corresponding figures for major malformations were 0.90 (0.64 to
1.24), 0.56 (0.22 to 1.43) and 1.67 (0.56 to 5.03).

Conclusion: This study adds evidence to the safety of ICSs for the treatment of asthma during pregnancy, with

which a pharmacological treatment might be necessary

during pregnancy, with 4-7% of women taking medica-
tions for asthma during pregnancy.'” From the recommenda-
tions of the Working Group on Asthma and Pregnancy, asthma
should be treated during pregnancy as aggressively as other
times in order to keep it under control.* Inhaled corticosteroids
(ICS), which are the cornerstone treatment in asthma, are thus
recommended during pregnancy at doses similar to the ones
recommended in the international guidelines for the treatment
of asthma.*

Despite clear recommendations for the treatment of asthma
during pregnancy, fears of congenital malformations due to
maternal intake of ICS during the first trimester are still
present. These fears might be attributed, at least in part, to the
increased risk of congenital malformations found among
women who took oral corticosteroids during pregnancy.””
There are five investigative studies on the relationship between
the intake of ICS and the risk of congenital malformations.*"
These five studies reported no increased risk of congenital
malformations with ICS intake during pregnancy, but none of
them considered dosing of ICS and four of them were impeded
by low statistical power.””"”> With a larger sample size, the
Swedish study compared infants of mothers with asthma who
used ICS during their first trimester with all infants in the
Swedish Medical Birth Registry.® However, the results from this
study should be interpreted with caution since mothers with
asthma were compared with mothers without asthma in an
analysis that did not adjust for the control of asthma, the use of
other medications for asthma and the use of teratogenic
medications during pregnancy.®

ﬁ sthma is one of the most prevalent chronic diseases for
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regard fo the likelihood of congenital malformation.

We performed a large population-based cohort study to
investigate the association between the intake of various dosage
ranges of ICS among women with asthma during the first
trimester of pregnancy and the risk of congenital malforma-
tions, while adjusting for several confounding variables.

METHODS

Source of data

Data for this study were retrieved from three administrative
databases from the Canadian province of Québec and from the
medical chart of mothers. The database of the ‘““Régie de
I'assurance-maladie du Québec” (RAMQ) provides information
on medical services dispensed to all residents of Québec and
prescribed medications filled in community pharmacies for
residents insured by the RAMQ for their medications. These
include the elderly, recipients of social welfare since 1980 and
since January 1997, 1.7 million other adherents, mainly
workers and their families who are not covered under a private
drug insurance plan at their workplace, which represent about
43% of the residents of the province.” MED-ECHO contains
information on all hospitalisations occurring in the province
and the “Fichier des événements démographiques”, adminis-
tered by the “Institut de la statistique du Québec (ISQ)”,
provides information on all births and stillbirths. The RAMQ
and MED-ECHO databases have often been used in the past for
epidemiological research in the field of asthma leading to
scientific articles published in renowned medical journals.'"
Abbreviations: CFC, chlorofluorocarbon; GEE, Generalized Estimation
Equation; ICS, inhaled corticosteroid; 1SQ, Institut de la statistique du
Québec; RAMQ, Régie de I'assurance-maladie du Québec
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Data recorded in the RAMQ prescription database have been
formally evaluated and found to be comprehensive and valid, '
as were some medical diagnoses recorded in the MED-ECHO
database'” and the medical diagnosis for asthma recorded in the
RAMQ Medical Services database.'® Important confounding
variables such as family history of congenital malformations
and maternal life style habits during pregnancy are not
included in the administrative databases and thus were
retrieved from the mother’s medical chart in which they are
routinely recorded during prenatal visits.

An authorisation was obtained from the ““Commission
d’acces a l'information du Québec” before requesting and
linking the information from the RAMQ, MED-ECHO, the 1SQ
and medical charts. This research project was approved by the
ethics committees of Hopital du Sacré-Coeur de Montréal and
Hopital Ste-Justine (Montréal, Québec, Canada).

Study design

The design was a two-stage sampling cohort study.'” *° In this
design, a cohort is first formed (first stage of sampling) and the
outcome and the primary exposure have to be known for all
patients included in the cohort. From this cohort, a sample of
patients is selected (second stage of sampling) based on their
outcome and exposure status and, for this sample of patients,
supplementary data are obtained on confounding variables. In
our study, the first stage of sampling consisted of a cohort of
pregnancies from women with asthma and their children
formed from the linkage of the RAMQ, MED-ECHO and ISQ
databases, whereas the second stage of sampling consisted of a
sample of pregnancies from the cohort for which the medical
chart of the mother was retrieved. The choice of the pregnancy
as the unit of analysis allowed us to take into account the fact
that a woman could have more than one pregnancy during the
study period, as well as the social, asthmatic, and the medical
conditions of the mother, which may vary from one pregnancy
to another.

The cohort was first selected from the RAMQ database, and
the inclusion criteria were: (1) having at least one pregnancy
ending in a delivery (live births and still births) between 1990
and 2000; (2) aged 12-44 years at the beginning of the
pregnancy; (3) having at least one diagnosis of asthma (ICD-
9 code: 493) and at least one prescription for an asthma
medication at any point of time in the previous 2 years or
during pregnancy and (4) being covered by the RAMQ drug
insurance plan for at least 1 year before and throughout the
duration of the pregnancy. The cohort was linked with the
MED-ECHO and ‘“Fichier des événements démographiques”
databases, and each woman was then matched with her
children.

For each pregnancy included in the cohort we obtained from
the RAMQ, for the mothers and the newborns, data on all
prescriptions filled such as date of filling, name, dose, dosage
form, quantity and duration of the prescription, encrypted
identification and specialty of the prescribing physician—
inpatient and ambulatory medical services dispensed—nature
of the medical act, date, site of medical practice (outpatient
clinic, emergency department, hospitalisation), diagnosis code,
encrypted identification and specialty of the treating physician
in the year preceding, during and 1 year after pregnancy. The
RAMQ also provided data associated with the date of birth of
the mothers and children, whether the mother was receiving
social assistance and the area of residence of the mother during
her pregnancy. MED-ECHO provided data on all maternal acute
care hospitalisations, including principal diagnosis, up to 15
secondary diagnoses, date of admission and length of hospita-
lisation, occurring for the year preceding and during pregnancy,
in addition to the length of gestation and birth weight from the
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delivery hospitalisation. With respect to the children, we
received hospitalisation data for the first year of life. The
“Fichier des événements démographiques” provided data
relevant to the level of education of the mother and the parity
of the ongoing pregnancy.

Using the gestational age and date of birth of the offspring
recorded in MED-ECHO and RAMQ databases, we retro-
spectively identified the date of the first day of the last
menstrual period to define the calendar date of the beginning
and the calendar date of the end of each pregnancy in the
cohort, first stage of sampling. We also assessed the outcome,
which is congenital malformation and ICS exposure during the
first trimester for each pregnancy in the cohort.

For the second stage of sampling, we selected from the cohort
all cases of congenital malformation and we selected two non-
malformed babies per case, matched on the use of ICS during
the first trimester of pregnancy and delivery hospital. For all
pregnancies selected at this stage, the RAMQ provided us with
the medical insurance number of the mother and the name of
the hospital in which she gave birth. Two trained research
nurses went to all hospitals to identify and retrieve information
on confounding variables from the mother’s medical chart.
These variables are routinely recorded using a standardised
form during prenatal visits. A computerised data collection tool
was provided to the research nurses and the required
information was captured directly on the computer.

Congenital malformations

All cases of congenital malformation were identified within the
cohort using ICD-9 diagnosis codes specific to congenital
malformations (ICD-9: 152, 155, 186, 188, 190-192, 197-198,
204-205, 237, 740-759, 778) obtained from the RAMQ and
MED-ECHO databases, either from the mother’s or the infant’s
records. Our list of congenital malformations was compared
with the list provided by the Collaborative Perinatal Group*
and verified by a geneticist from the Montreal’s Hopital Ste-
Justine for exactness and completeness. An infant was
identified as a case if he/she had at least one diagnosis of
congenital malformation at birth or during the first year of life
recorded in RAMQ or MED-ECHO databases.

The geneticist also classified the malformations as either
minor or major. A congenital malformation was classified as
major if it could be life threatening or cause major cosmetic
defects and if there was at least one hospitalisation related to
the malformation during the first year of life.

Exposure to ICS

For each pregnancy included in the cohort (first stage of
sampling), we assessed the exposure to ICS (beclomethasone,
fluticasone, budesonide, flunisolide and triamcinolone) during
the first 12 weeks of gestation. Using the medication’s name,
dose, dosage form, quantity and the date of filling provided by
the RAMQ database, we developed an algorithm to estimate the
maternal consumption of ICS during the first trimester by
looking at prescription renewals and length of time between
renewals. Using the equivalency table published in the
Canadian Asthma Consensus report, we converted the mean
daily dose of ICS into beclomethasone-chlorofluorocarbon
(CEC) equivalents.”” The details of the algorithm can be
obtained from the authors on request. The mean daily dose of
ICS was then divided into four categories: 0 pg, >0-500 pg,
>500-1000 pg and >1000 pg beclomethasone—CFC equivalent.

Confounding variables

Five categories of variables including maternal sociodemo-
graphic characteristics, maternal chronic conditions, preg-
nancy-related  variables, asthma-related variables and
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maternal life style habits during pregnancy were considered as
potential confounding variables. Sociodemographic character-
istics of the mother included age at the beginning of pregnancy
(12-18, 19-34, 35-44 years), receipt of social assistance during
pregnancy (yes/no), area of residence (rural/urban) during
pregnancy and the level of education (<12, =13, missing).
Maternal chronic conditions included diabetes mellitus (yes/
no), epilepsy (yes/no), thyroid disorder (yes/no) and use of
recognised teratogenic medications during the first trimester of
pregnancy (yes/no).”” Diabetes mellitus and epilepsy were
identified from either diagnoses or filled prescriptions of
related medications 1 year before or during pregnancy using a
specific algorithm that we developed for each condition, details
of which are available on request. Pregnancy-related variables
included parity (first/second or more), multiple pregnancy
(singleton/twins or more), medically induced abortions before
the current pregnancy (yes/no) and family history of congenital
malformations (yes/no). Asthma-related variables included the
use of intranasal corticosteroids during the first trimester of
pregnancy (yes/no), the use of ICS in the year preceding the
pregnancy (yes/no), as well as the use of oral corticosteroids
(yes/no), inhaled or oral short-acting B,-agonists (0, >0-3, >3-
10, >10 doses per week), inhaled or oral long-acting f,-
agonists (yes/no), oral theophylline (yes/no), emergency
department visits or hospitalisations for asthma (yes/no) in
the year preceding and during the first trimester of pregnancy.
These parameters were used as markers of the control of
asthma. Life style habits during pregnancy (retrieved from the
mother’s medical chart) included cigarette smoking (0, 1-20,
=21 cigarettes per day), alcohol use (yes/no), illicit drug use
(yes/no), intake of multivitamins (yes/no), intake of folic acid
(yes/no) and exposure to irradiations or x rays (yes/no).

Statistical analysis

We first estimated the overall crude prevalence of all congenital
malformations and major malformations in the cohort,
separately. We also estimated the crude prevalence of all
congenital malformations and major malformations for each
dosing range of ICS taken during the first trimester of
pregnancy, and for all confounding variables, separately.

The association between the dose of ICS taken during the
first trimester and the risk of all congenital malformations was
investigated with Generalized Estimation Equation (GEE)
models. These regression models can model the effect of
independent variables (including the main exposure and
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confounding variables) on several types of outcomes (dichot-
omous, continuous, count). These models can also take into
account the fact that a woman could contribute two or more
pregnancies to the analysis by estimating the correlation
between consecutive pregnancies. In our analysis, the outcome
was dichotomous (presence or absence of a congenital
malformation) and the GEE model was based on a logistic
regression model (ie, logit function) to estimate the effect of
ICS exposure and confounding variables on the odds of having
a congenital malformation.” A first model was built using
confounding variables measured for all pregnancies in the
cohort at the first stage of sampling—variables retrieved from
the administrative databases. A second model was then built
among pregnancies selected at the second stage of sampling
using all potential confounding variables, including those
retrieved from the mother’s medical chart. For both models, a
backward selection procedure was used to select the most
parsimonious model.” Adjusted odds ratios (OR) and their 95%
CIs were estimated.

The final estimate of the adjusted OR for congenital
malformations associated with each dosing range of ICS
compared with no use of ICS was found by applying the
second stage sampling fractions to the estimates found at the
second stage of sampling following the method developed by
Collet et al.”

Using the same analytical strategy, we investigated the
association between major congenital malformations and the
dose of ICS taken during the first trimester of pregnancy.

RESULTS

At the first stage of sampling, the cohort was formed of 3505
mothers who had a total of 4561 pregnancies ending with a live
birth or a stillbirth between 1990 and 2000. In all, 75% of the
women had only one pregnancy during the study period, with
an average of 1.3 pregnancies per woman.

Within this cohort we identified 418 babies with at least one
congenital malformation, cardiac malformations being the
most prevalent followed by musculoskeletal malformations
(table 1). Among those 418 babies, 278 had a major
malformation. The crude prevalences of any congenital
malformation and major congenital malformations detected
at birth or during the first year of life were 9.2% (8.3% to 10.0%)
and 6.1% (5.4% to 6.8%), respectively.

At the second stage of sampling we were able to retrieve the
maternal medical chart for 361 of the 418 cases of congenital

Table 1 Distribution of congenital malformations

All malformations Major malformations

n % n %
Cardiac 135 21.16 135 28.07
Musculoskeletal 115 18.03 58 12.06
Genital organs 51 7.99 26 5.41
Digestive system 45 7.05 37 7.69
Eye, ear, face and neck 43 6.74 30 6.24
Circulatory system 36 5.64 32 6.65
Cleft palate and cleft lip 31 4.86 31 6.44
Nervous system 30 4.70 30 6.24
Urinary system 29 4.55 29 6.03
Limbs 20 3.13 5 1.04
Respiratory system 15 2.35 8 1.66
Spina bifida 15 2.35 15 3.12
Infegument 1 1.72 9 1.87
Chromosomal 4 0.63 4 0.83
Other 58 9.09 32 6.65
Total* 638 100 481 100
*The fotal exceeds the number of cases (418 for all malformations and 278 for major malformations) because an infant
might have had more than one malformation.
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malformation (86.4%) and for 728 of the 836 selected controls
(87.1%).

Tables 2a and 2b show the characteristics of the women
included in the cohort (ie, at the first stage of sampling). In
these tables the unit of analysis is the pregnancy since 25% of
the women contributed to more than one pregnancy in the
analysis. Most of the women were aged between 19 and
34 years, received social assistance, had <12 years of educa-
tion, lived in an urban area, were primigravida, had a single
pregnancy, were free of diabetes and epilepsy and did not use
teratogenic drugs during the first trimester (table 2a). In terms
of ICS treatment, 47.2% of the women used it before pregnancy
whereas only 40.0% used it during the first trimester (table 2b).
Among users, the average daily dose of ICS taken during the
first trimester was 231 pg in beclomethasone-CFC equivalent
(124.9 pg/day in the 0-500 pg category; 686.7 pg/day in the
500-1000 pg category and 1508.1 pg/day in the >1000 pg
category), and only 5.3% of the women took a daily dose of
more than 500 pg. In all, 63% of ICS prescriptions used during
the first trimester were for beclomethasone, 19% for fluticasone
and 17% for budesonide. We also observed that a non-
negligible proportion of women had uncontrolled asthma. In
fact, in the year preceding the pregnancy, 12.7% of the women
filled at least one prescription for oral corticosteroids, 38.2%
took more than three doses of inhaled or oral short-acting 3,-
agonists per week on average, and 13.4% had at least one
emergency department visit or one hospitalisation for asthma.
The corresponding figures were 4.8%, 35.0% and 6.2% during
the first trimester of pregnancy.

Tables 2a and 2b also present the crude rates for all
congenital malformations and major congenital malformations
as a function of each covariable. In table 2a, we observe that
women with asthma having higher levels of education, living in
arural area, and free of epilepsy and diabetes mellitus tended to
be less likely to have a baby with a congenital malformation (all
malformations and major malformations). In table 2b, we
observe that women who took moderate doses of ICS (500—
1000 pg/day) during the first trimester of pregnancy were less
likely than non-users to have a baby with a congenital
malformation, whereas women who took >1000 pg per day
were more likely (all malformations and major malformations).
We also observed that women with markers of uncontrolled
asthma during the first trimester of pregnancy tended to be
more likely to have a baby with a congenital malformation (all
malformations and major malformations).

Table 3 presents the maternal characteristics for women
selected at the second stage of sampling. In this sample, >50%
of the mothers reported smoking cigarettes during pregnancy
and there were slightly more smokers among women using ICS
than among non-users. This high prevalence of cigarette
smoking might be explained, at least in part, by the high
proportion of women with low socioeconomic status in our
cohort. Few mothers reported drinking alcohol or using illicit
drugs during pregnancy, while around 30% reported taking
multivitamins. Close to 13% of women who had a baby with a
congenital malformation and 6-9% of the other women had a
family history of congenital malformations before the current
pregnancy. The prevalence of thyroid disorder, exposure to
irradiations and medically induced abortions was low and did
not differ between users and non-users of ICS.

In table 4 we present the results of the GEE models in which
we investigated the association between the dose range of ICS
taken during the first trimester of pregnancy and the risk of all
congenital malformations in the offspring. We first present the
results of the GEE model that was built based on the 4561
pregnancies selected at the first stage of sampling. The dose of
ICS was forced in the model and the covariables were kept in
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the model only if they were found to act as a confounder of the
ICS/malformation association or if they were significantly
associated with the risk of congenital malformations. This
model showed that mothers with asthma using a low dose of
ICS tended to be less likely to have a baby with a congenital
malformation than non-users (adjusted OR (95% CI) 0.76 (0.56
to 1.05)), that users of moderate doses were significantly (61%)
less likely to have a baby with a congenital malformation than
non-users (adjusted OR (95% CI) 0.39 (0.19 to 0.82), whereas
users of high doses of ICS were found to have almost the same
risk of congenital malformations as non-users.

From this model, we also found that women who had an
emergency department visit or a hospitalisation for asthma
during the first trimester tended to be more likely to have a
baby with a congenital malformation. However, the observed
association did not reach statistical significance. On the other
hand, the use of inhaled or oral long-acting B,-agonists before
pregnancy was associated with an increased risk of congenital
malformations (OR 2.83; 95% CI 1.34 to 5.97). In addition,
woman who had a multiple pregnancy and those who had
epilepsy were found to be more at risk of having a baby with a
congenital malformation. We also found that women with
=13 years of education were at 50% less risk (OR 0.50; 95% CI
0.29 to 0.87) and women living in a rural area were at 27% less
risk (OR 0.73; 95% CI 0.55 to 0.97) of having a baby with a
congenital malformation.

The results of the final model integrating the two stages of
sampling are also presented in table 4. For ICS exposure during
the first trimester of pregnancy, we found in this final model
almost the same results as in the first-stage sampling model—
that is, a moderate dose of ICS taken during the first trimester
reduced the risk of congenital malformations (adjusted OR
0.41; 95% CI 0.19 to 0.92), whereas low and high doses taken
during the same period were not found to be significantly
associated with an increased risk of congenital malformation.
The adjusted ORs for the covariables found in this model were
similar to those found in the first-stage model. However, and
with respect to this model, we found that in addition to
multiple pregnancy and epilepsy, women with a thyroid
disorder (adjusted OR 1.95; 95% CI 1.05 to 3.64) and women
who had a family history of congenital malformation (adjusted
OR 1.75; 95% CI 1.14 to 2.69) were found to be at increased risk
of having a baby with a congenital malformation.

Similar results were obtained for the association between the
dose of ICS and major congenital malformations (table 5).
However, in this analysis we observed a trend towards an
increased risk of major congenital malformation associated
with the use of >1000 pg ICS per day (OR 1.67), but this OR
was not statistically significant.

DISCUSSION

In this study, we found that ICS intake during the first
trimester of pregnancy, regardless of the dosing range under
study, was not significantly associated with an increase in the
risk of all congenital malformations and major congenital
malformations in the offspring of mothers with asthma.
Indeed, we found that moderate doses of ICS taken during
the first trimester were significantly associated with a 59%
reduction in the risk of all congenital malformations compared
with no ICS.

The results of this study are consistent with the results found
in other studies investigating the safety of ICS during
pregnancy.®* ' Schatz et al (two studies), Greenberger ef al and
Silverman et al found no increased risk of congenital
malformations in association with ICS use, but these four
studies were under powered.”"* Schatz and colleagues studied
the risk of major congenital malformations associated with the
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Table 2 Characteristics of the women included in the cohort at the first stage of sampling: (A)
Demographic and pregnancy characteristics. (B) Asthma-related variables
All congenital Major congenital
Pregnancies malformations malformations
(n=456'|) (n=4'|8) (n=278)
A
Maternal sociodemographic characteristics
Age at beginning of pregnancy (years)
<18 736 (16.1) 62 (8.4) 41 (5.6)
19-34 3556 (78.0) 331 (9.3) 220 (6.2)
=35 269 (5.9) 25(9.3) 17 (6.3)
Receipt of social assistance
Yes 4128 (90.5) 375 (9.1) 260 (6.3)
No 433 (9.5) 43 (9.9) 18 (4.2)
Level of education (years)
<12 3685 (80.8) 360 (9.8) 243 (6.6)
=13 608 (13.3) 44 (7.2) 25 (4.1)
Missing 268 (5.9) 14 (5.2) 10 (3.7)
Area of residence
Rural 809 (17.7) 60 (7.4) 40 (4.9)
Ufsers 3752 (82.3) 358 (9.5) 238 (6.3)
Pregnancy-related variables
Parity
1st 2716 (59.5) 236 (8.7) 169 (6.2)
>2nd 1845 (40.5) 182 (9.9) 109 (5.9)
Multiple pregnancy
Yes 61(1.3) 19 (31.1) 15 (24.6)
No 4500 (98.7) 399 (8.9) 263 (5.8)
Maternal chronic conditions
Diabetes mellitus
Yes 97 (2.1) 14 (14.4) 1 (11.3)
No 4464 (97.9) 404 (9.1) 267 (6.0)
Epilepsy
Yes 38 (0.8) 9(23.7) 9(23.7)
No 4523 (99.2) 409 (9.0) 269 (6.0)
1st trimester use of teratogenic medications
Yes 107 (2.3) 13 (12.1) 11 (10.3)
No 4454 (97.7) 405 (9.1) 267 (6.0)
B
In the year preceding pregnancy
Inhaled corticosteroids
Yes 2153 (47.2) 199 (9.2) 138 (6.4)
No 2408 (52.8) 219 (9.1) 140 (5.8)
Oral corticosteroids
Yes 577 (12.7) 56 (9.7) 41 (7.1)
No 3984 (87.3) 362 (9.1) 237 (5.9)
Short-acting Bo-agonists (doses per week)
1209 (26.5) 112 (9.3) 69 (5.7)
>0-3 1610 (35.3) 152 (9.4) 102 (6.3)
~3-10 899 (19.7) 78 (8.7) 57 (6.3)
>10 843 (18.5) 76 (9.0) 50 (5.9)
Long-acting B2-agonists
Yes 48 (1.1) 10 (20.8) 5(10.4)
No 4513 (98.9) 408 (9.0) 273 (6.0)
Theophylline
Yes 485 (10.6) 44 (9.1) 32 (6.6)
No 4076 (89.4) 374 (9.2) 246 (6.0)
=1 ED visit or hospitalisation for asthma
Yes 612 (13.4) 48 (7.8) 36 (5.9)
No 3949 (86.6) 370 (9.4) 242 (6.1)
First frimester of pregnancy
Inhaled corticosteroids* (beclomethasone—
CFC equivalent, png/day)
0 2740 (60.0) 258 (9.4) 164 (6.0)
>0-500 1582 (34.7) 142 (9.0) 101 (6.4)
>500-1000 167 (3.7) 9(5.4) 6 (3.4)
~1000 72 (1.6) 9 (12.5) 71(9.7)
Intranasal corticosteroids
Yes 200 (4.4) 19 (9.5) 14 (7.0)
No 4361 (95.6) 399 (9.1) 264 (6.0)
Oral corticosteroids
Yes 218 (4.8) 24 (11.0) 16 (7.3)
No 4343 (95.2) 394(9.1) 262 (6.0)
Short-acting Bo-agonists (doses per week)
0 1580 (34.6) 146 (9.2) 96 (6.0)
>0-3 1387 (30.4) 125 (9.0) 90 (6.5)
~3-10 757 (16.6) 76 (10.1) 48 (6.3)
~10 837 (18.4) 71 (8.5) 44 (5.3)
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Table 2 Continued

All congenital Major congenital
Pregnancies malformations malformations
(n=4561) (n=418) (n=278)
Long-acting B,-agonists
Yes 33(0.7) 5(15.1) 3(9.1)
No 4528 (99.3) 413(9.1) 275 (6.1)
Theophy”ine
Yes 199 (4.4) 19 (9.5) 11 (5.5)
No 4362 (95.6) 399 (9.1) 267 (6.1)
=1 ED visit or hospitalisation for asthma
Yes 284 (6.2) 33 (11.4) 23 (8.1)
No 4277 (93.8) 385 (9.0) 255 (6.0)

CFC, chlorofluorocarbon; ED, emergency department.
Data are presented as n (%)

the >1000 pg category.

*The average daily dose was 124.9 in the >0-500 pg category, 686.7 in the >500-1000 g category and 1508.1 in

use of ICS in two studies. In the first published study, 824
pregnant women with asthma and 678 women without asthma
were recruited and 147 were exposed to ICS at some point
during pregnancy.” They found that women who used inhaled
or intranasal corticosteroids were less likely to have a baby with
a congenital malformation than non-users, including women
with and without asthma, but the observed difference did not
reach statistical significance (4.9% vs 5.4%). The second study
was based on 2123 pregnant women with asthma of whom 722
were exposed to ICS at some point during pregnancy.'' They
found no statistically significant difference in the risk of major
congenital malformations between women exposed and unex-
posed to ICS (1.9% vs 2.0). This study had a power of 27% to

detect a 50% increase in congenital malformations among
women exposed to ICS during pregnancy. Greenberger and
colleagues' studied the safety of beclomethasone-CFC during
pregnancy to treat severe asthma among 43 pregnancies and
found only one case of congenital malformation, which was
close to the expected number of cases. Silverman and
colleagues' performed a subgroup analysis of 319 pregnancies
that were reported in a randomised-controlled trial testing the
early use of ICS among mild-to-moderate persistent asthma.
They found no significant difference in the risk of congenital
malformations between women exposed to ICS (400 pg/day of
budesonide) during pregnancy compared with placebo (2% vs
3%). Kéllen and colleagues®, in a much broader study based on

Table 3 Characterictics of women selected at the second stage of sampling (n=1089)
Pregnancies non-malformed
All congenital Maior congenital  pabies (n=728)
malformations malformati
(n=361) (n=244) No ICS (n=451) ICS* (n=277)
Cigarette smoking (number per
day)
0 155 (42.9) 104 (42.6) 205 (45.5) 144 (52.0)
1-20 165 (45.7) 108 (44.3) 185 (41.0) 96 (34.7)
=21 41 (11.4) 32 (13.1) 61(13.5) 37 (13.3)
Alcohol use
Yes 5(1.4) 4(1.6) 1 (2.4) 6(2.2)
No 356 (98.4) 240 (98.4) 440 (97.6) 271 (97.8)
Illicit drug use
Yes 16 (4.4) 8(3.3) 31 (6.8) 14(5.1)
No 345 (95.6) 236 (96.7) 420 (93.1) 263 (94.9)
Intake of multivitamins
Yes 116 (32.1) 75 (30.7) 157 (34.8) 91 (32.9)
No 245 (67.9) 169 (69.3) 294 (65.2) 186 (67.1)
Intake of folic acid
Yes 11 (3.0) 6(2.5) 6(1.3) 8(2.9)
No 350 (97.0) 238 (97.5) 445 (98.7) 269 (97.1)
Family history of congenital
malformation
Yes 46 (12.7) 34(13.9) 30 (6.7) 25 (9.0)
No 315 (87.3) 210 (86.1) 421 (93.3) 252 (91.0)
Thyroid disorder
Yes 20 (5.5) 16 (6.6) 12 (2.7) 13 (4.7)
No 341 (94.5) 228 (93.4) 439 (97.3) 264 (95.3)
Irradiations or x rays
Yes 12 (3.3) 8(3.3) 11 (2.4) 12 (4.3)
No 349 (96.7) 236 (96.7) 440 (97.6) 265 (95.7)
Medically induced abortion before
the current pregnancy
Yes 10 (2.7) 7(2.9) 10 (2.2) 5(1.8)
No 351 (97.3) 237 (97.1) 441 (97.8) 272 (98.2)
ICS, inhaled corticosteroid.
Data are presented as n (%).
*Use of inhaled corficosteroids during the first trimester of pregnancy.
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Table 4 Adjusted odds ratio of any congenital malformation associated with the use of

inhaled corticosteroids during the first trimester of pregnancy

First stage sampling (n=4561)

Final estimates* (n=1089)

Crude OR Adjusted OR (95% Cl)

Adjusted OR (95% ClI)

During 1st trimester
Use of ICS (ug/day)
0

Reference
>0-500 0.95 0.76 (0.56 to 1.05)
>500-1000 0.55 0.39 (0.19 t0 0.82)
>1000 1.37 0.92 (0.42 to 2.03)
Oral corticosteroids (yes/no) 1.24 NRt
ED visit or hospitalisation for asthma 1.33 1.43 (0.96 to 2.14)
(yes/no)
Before pregnancy
Use of ICS (yes/no) 1.02 1.19 (0.89 to 1.60)
Use of long-acting B,-agonists (yes/no) 2.65 2.83(1.34 10 5.97)
Maternal characteristics
Level of education
<12 Reference
=13 0.51 0.50 (0.29 to 0.87)
Missing 0.72 0.72 (0.52 t0 0.99)
Area of residence (rural/urban) 0.76 0.73 (0.55 to 0.97)
Multiple pregnancy (yes/no) 4.65 4.94 (2.82 to 8.66)
Epilepsy (yes/no) 3.12 3.21 (1.49 to 6.91)
Thyroid disorder (yes/no) Not availablet
Family his’rory of congeni’ro| malformations Not availablet

(yes/no)

Reference

0.77 (0.53 to 1.13)
0.41 (0.19 t0 0.92)
1.00 (0.42 to 2.36)
1.93 (0.94 to 3.98)
NRt

1.13 (0.76 to 1.66)
NRt

Reference

0.48 (0.25 10 0.92)
071 (0.47 to 1.06)
NRt

7.17 (2.57 to0 20.01)
6.06 (1.59 to 23.09)
1.95 (1.05 to 3.64)
175 (114 fo 2.69)

ED, emergency department; ICS, inhaled corticosteroids.

1NR, not retained in the model.

*Estimates were based on the first and second stage of sampling.

1These variables were not available in the administrative databases and thus not available for the first stage of sampling.

2014 infants of mothers identified through the Swedish
Medical Birth Registry who reported the use of budesonide in
early pregnancy, found no increase in the rate of congenital
malformation among ICS users compared with all infants
recorded in the Swedish Medical Birth Registry (3.8% vs 3.5%).
A major weakness of these studies is the lack of information on
the dose of ICS taken during pregnancy.

Uncontrolled and severe asthma has been associated with
adverse perinatal outcomes' **** and it is for this reason that
the American guidelines for the treatment of asthma during
pregnancy do recommend treatment with ICS to maintain
asthma under control.* ** Uncontrolled asthma is potentially
dangerous to the fetus since hypoxia combined with respiratory
alkalosis decreases the placental blood flow.>'* Decreased fetal
blood oxygen could result in abnormal growth and develop-
ment of the fetus.” **** Moreover, two retrospective studies
have reported an increased risk of congenital malformation
among mothers with asthma. In a large database study,

Demessie et al”> reported a statistically significant increased
risk of 37% of congenital malformations for women with
asthma compared with pregnant women without asthma.
Bahna and Bjerkedal®® also reported an increased risk of
congenital malformations when mothers with asthma were
compared with mothers without asthma (5.0% vs 3.9%), but
the observed difference did not reach statistical significance. In
addition, in our study we found an increased risk of congenital
malformations, more than double, among mothers using long-
acting P,-agonists before pregnancy, which was a marker of
moderate to severe asthma at the time of the study. However, it
is worth noting that prospective studies did not find a
statistically significant association between asthma and the
risk of congenital malformations.”"?

Our study investigated further the association between
maternal ICS use during pregnancy and the risk of congenital
malformations by taking into account the average daily dose of
ICS during the first trimester. Our results showed that women

Table 5 Adjusted odds ratio of major congenital malformations associated with the use of
inhaled corticosteroids during the first trimester of pregnancy

First stage sampling* (n=4421)

Final estimatest (n=972)

Use of ICS (ug/day) Crude OR Adjusted OR (95% CI)  Adjusted OR (95% Cl)
0 Reference

>0-500 1.06 0.94 (0.63 to 1.39) 0.90 (0.64 to 1.24)
>500-1000 0.58 0.56 (0.22 to 1.39) 0.56 (0.22 to 1.43)
>1000 1.68 1.92 (0.78 to 4.74) 1.67 (0.56 to 5.03)

ICS, inhaled corticosteroid.

pregnancy, maternal epilepsy and diabetes mellitus.

hisfory of congenifcl| malformations.

*Estimates were based on the first stage of sampling only and adjusted for the number of doses of short-acting po-
agonists used in the first trimester of pregnancy, use of ICS before pregnancy, maternal level of education, multiple

tEstimates were based on the first and second stage of sampling and adjusted for the number of doses of short-acting Bo-
agonists used and the use of long-acting inhaled Bo-agonists in the first frimester of pregnancy, use of oral corficosteroids
before pregnancy, level of education, multiple pregnancy, maternal epilepsy, maternal thyroid disorder and family
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taking low doses of ICS during the first trimester (124.9 ug of
beclomethasone-CFC equivalent per day on average) were
associated with a lower risk of all congenital malformation,
but the observed 23% reduction did not reach statistical
significance. Our results also showed that women taking
moderate doses (686.7 ug of beclomethasone-CFC equivalent
per day on average) were found to be 59% less likely to have a
baby with all congenital malformations than non-users. On the
other hand, women taking high doses (1508.1 pug of beclo-
methasone-CFC equivalent per day on average) were found to
be as likely as non-users to have a baby with a congenital
malformation. These results show that, even at high doses, ICS
exposure during pregnancy was not associated with an
increased risk of all congenital malformation. However, when
we looked at major congenital malformations separately, we
found a tendency towards an increased risk associated with the
use of more than 1000 pg ICS per day. This result should be
interpreted with caution since it did not reach statistical
significance and is based on a small number of cases. Further
research is needed to estimate more precisely the risk of major
congenital malformations at high doses of ICS.

However, it is worth noting that women who took average
doses of ICS were found to be less likely to have a baby with a
congenital malformation. Two untested hypotheses can be put
forward to explain this result. First, we might hypothesise that
women taking recommended doses of ICS during the first
trimester are more likely to have healthier life styles and have a
lower baseline risk of having a baby with a congenital
malformation. Despite adjustment at the second stage of
sampling for smoking and other life style habits, residual
confounding may be present. Another hypothesis is that
women taking moderate recommended doses had more
controlled asthma during pregnancy. Although uncontrolled
asthma has been associated with adverse perinatal outcomes in
several studies,” very little evidence exists on the association
between asthma (and more precisely asthma control) during
pregnancy and the risk of congenital malformation in the
fetus.” These two hypotheses need further examination before
we can make any conclusion.

Our study also showed that several maternal characteristics
were associated with the risk of congenital malformations. As
expected, we found that mothers having epilepsy and a thyroid
disorder were more likely to have a baby with a congenital
malformation.’® As reported in a few studies in the literature, we
also found a strong inverse association between the level of
education and the risk of congenital malformations, and a
modest association between the area of residence and the risk of
congenital malformations, mothers living in an urban area being
more at risk.” ***' Moreover, we found that women taking long-
acting inhaled f,-agonists before pregancy were, at the first stage
of sampling, close to three times more likely to have a baby with a
malformation. This result should, however, be intrepeted with
caution due to the small number of women exposed to these
medications (48 women), and we cannot rule out the fact that
this statistically significant result might reflect a type I error.

In the entire cohort we found a crude rate of congenital
malformations (including major and minor malformations) of
9.2% and a crude rate of 6.1% of major malformations. This rate
is high compared with the rate of 3.8% found in the study by
Kallen, but is closer to the one found in the study by Schatz
who found a rate of 5.4% of major congenital malformations
among women who used inhaled or intranasal corticosteroids
during pregnancy and in the study by Demissie who found a
rate of 6.4% among women with asthma.® ? **> Our higher rate of
congenital malformation might be explained by the large
number of women with a low socioeconomic status, a low level
of education and living in an urban area in our cohort.”” **=*'
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Our study has several strengths. First, our sample size was
large with 4561 pregnancies, 1821 of which were exposed to
ICS during the first trimester. Second, measurement of ICS and
other medications taken during pregnancy was based on the
prospective recording of filled prescriptions in the RAMQ
database and could not have been influenced by the outcome
of the pregnancy. Recall bias, which is a well-recognised
problem in the field of congenital malformations, was avoided.
Third, we were able to categorise the dose of ICS taken during
pregnancy according to the doses recommended in the
Canadian Asthma Consensus Guidelines and estimate the risk
of congenital malformations for each of them. Fourth, the use
of a two-stage sampling design allowed us to have access to
important confounding variables—for example, maternal life
style habits and history of congenital malformations through
access to the medical chart of the mother. Fifth, we were able to
control in the analysis for several potential confounding
variables including markers of asthma control and severity
before and during pregnancy, the use of medications during
pregnancy for maternal chronic conditions other than asthma,
sociodemographic characteristics of the mother, life style habits
of the mother such as cigarette smoking and intake of
multivitamins, as well as the family history of congenital
malformations.

Our study also has weaknesses that should be taken into
account in the interpretation of the results. First, exposure to
medication during pregnancy was based on filled prescriptions
and might not represent exactly the real intake of medications.
If present, this misclassification of the exposure would tend to
underestimate the ICS/malformation association. Second, the
diagnoses of congenital malformation were based on data
recorded in the administrative databases and were not
confirmed by a dysmorphologist, nor was it confirmed within
the baby’s medical chart. However, there is no reason to believe
that outcome misclassification, if present, would be associated
with ICS exposure. In addition, since the crude rate of
congenital malformations is rather large in the cohort, it is
unlikely that we missed cases. Third, our cohort is mainly
formed of women of low socioeconomic status and the
association found in this study might not be generalised to
women who have a higher socioeconomic status. Fourth,
because of the nature of our observational study, we cannot
completely rule out the possibility of an unmeasured con-
founding variable that would distort the true association
between ICS intake during pregnancy and the risk of con-
genital malformations. As previously discussed, we may
argue that women who take recommended doses of ICS
during pregnancy are more health conscious and have healthier
life style habits that might reduce their risk of having a baby
with a congenital malformation, independent of their use of
asthma medications. If present, this bias would have over-
estimated the beneficial effect of ICS on the risk of congenital
malformations. However, this bias was lowered by adjusting
the OR for ICS exposure for cigarette smoking, alcohol and
illicit drug use.

In summary, the results of this study provide scientific
evidence on the safety of ICS treatment during the first
trimester of pregnancy with regard to minor and major
congenital malformations for all doses under study, except for
high doses in association with major malformations. The
results of this study confirm the recommendation made by
the guidelines on the treatment of asthma during pregnancy as
to the use of ICS to maintain asthma under control and reduce
the risk of adverse perinatal outcomes. Further studies are
needed to estimate more precisely the risk of major congenital
malformations associated with the use of high doses of ICS
during the first trimester of pregnancy.
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