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Abstract

Objectives: To assess the associations of maternal asthma severity and control with pregnancy-
induced hypertension (PIH), gestational diabetes and cesarean delivery. Methods: A cohort of
41 660 pregnancies from women with and without asthma who delivered between 1990 and
2002 was constructed by linking Québec’s administrative databases. Maternal asthma was
defined by at least one asthma diagnosis and one dispensed prescription for an asthma
medication in the 2 years before or during pregnancy. Asthma severity and control were
assessed using validated indexes during the entire pregnancy to study cesarean delivery and
1-year prior to week 20 of gestation to study PIH and gestational diabetes. Generalized
Estimation Equation models were used to obtain odds ratios (OR) for PIH, gestational diabetes
and cesarean in association with maternal asthma severity and control. Results: Almost
one-third of the women had uncontrolled asthma and up to 5% had severe asthma. Severe
asthma increased the risk of cesarean delivery (OR¼ 1.35; 95% CI: 1.11–1.63) compared with
mild asthma, but no association was found between asthma severity and the other outcomes.
The level of asthma control was not associated with any of the outcomes, except for a near-
significant increased risk of PIH among uncontrolled women (OR¼ 1.18; 95% CI: 0.97–1.42).
Conclusions: The risk of gestational diabetes was not associated with asthma severity or control,
and the risk of PIH was not associated with asthma severity. However, further studies are
needed to clarify the association between asthma control and PIH. The increased risk of
cesarean among women with severe asthma may be explained by the physician’s and patient’s
concerns over the safety of normal delivery.
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Introduction

Asthma is the most common respiratory condition that

complicates pregnancy [1] and was found to be associated

with an increased risk of adverse maternal outcomes,

including pregnancy-induced hypertension (PIH) [2–10],

gestational diabetes [3–5,7,9], and cesarean delivery

[2–4,6,7,11,12].

Pregnancy-induced hypertension (including gestational

hypertension, preeclampsia or eclampsia) and gestational

diabetes are frequent complications of pregnancy that affect

5%–8% [13] and 7% of pregnancies [14], respectively. They

can result in serious maternal and fetal complications

including preterm birth [15], low birth weight [16], perinatal

death [17] and maternal cardiovascular disease [18] among

women with PIH; or result in macrosomic infants [19],

PIH [19] and cesarean delivery [19] among women with

gestational diabetes. In 2010–2011, the primary cesarean

delivery rate was 18.1% in Canada [20]. Cesarean delivery

involves major abdominal surgery, and is associated with

high rates of surgical complications, maternal rehospitaliza-

tion and complications that require neonatal intensive care

unit admission [21].

The associations of asthma severity and control with the

occurrence of PIH, gestational diabetes and cesarean delivery

are not well known, because relatively few studies have

covered this topic, and they reported conflicting results

[5,7,11,12,22–24]. Of the five studies that used appropriate

comparison groups of women with mild or controlled asthma

(to be able to estimate whether severe and uncontrolled

asthma are associated with an increased risk of the maternal

outcomes under study, above and beyond the risk associated

with the disease per se), one study reported an increased risk

of PIH among women who had markers for uncontrolled

asthma in the year before pregnancy [22]. The four other

studies found no impact of asthma severity or control during

pregnancy on PIH, gestational diabetes or cesarean delivery

[7,11,23,24]. However, these four studies were limited by

their small sample size and lack of power or their measure

of asthma control and severity during the entire pregnancy,

and the possibility that the exposure was measured at any time

during pregnancy, which may have been after the diagnosis

of PIH or gestational diabetes.
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Montréal, C.P. 6128, Succursale Centre-Ville, Montréal, Québec, Canada
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Using a large cohort of pregnancies in asthmatic and non-

asthmatic women, we estimated the associations of maternal

asthma severity and control with the risk of PIH, gestational

diabetes and cesarean delivery. Our secondary objective was

to estimate the impact of asthma per se on the risk of these

maternal outcomes, which enabled comparisons with previous

studies.

Methods

Data sources

This study was based on data retrieved from three databases

of Québec, Canada: the Maintenance et exploitation des

données pour l’étude de la clientèle hospitalière (MED-

ECHO), the Régie de l’assurance maladie du Québec

(RAMQ), and the Québec Births and Deaths Registry. The

MED-ECHO database covers all residents of Québec and

records data on acute care hospitalizations (e.g. admission,

primary discharge, up to 15 secondary discharge diagnoses,

date of entry and duration of hospital stay). The RAMQ

gathers information on medical services (e.g. date of service;

location of the clinic, emergency department or hospital;

diagnoses coded with the International Classification of

Disease [ICD-9] and the physician’s specialty) dispensed to

all residents of Québec as well as prescribed medications

(e.g. date of filling, name, dose, quantity, dosage formulation,

duration of the prescription, renewals and physician’s spe-

cialty) that are filled at community pharmacies for residents

covered by the RAMQ’s Public Prescription Drug Insurance

Plan. This database covers 43% of residents in Québec,

including elderly individuals, recipients of social welfare,

and, since January 1997, individuals (mainly workers and

their families) who are not covered by a private drug

insurance plan. The Births and Deaths Registry records data

for all births and stillbirths in Québec, as well as other

relevant information, including the mother’s parity.

An authorization was obtained from the Commission

d’accès à l’information du Québec to request and link the

information from the three databases. The Research and

Ethics Committee of the Hôpital du Sacré-Coeur de Montréal

approved the study.

Study design

We constructed a cohort of women and their births by linking

the three databases. All pregnant women with asthma and

a 33% random sample of non-asthmatic women who had at

least one delivery (live born or stillborn) between 1 January

1990 and 31 December 2002 were included in the cohort.

Only women aged 13–50 years at conception who were

covered by the RAMQ’s Public Prescription Drug Insurance

Plan for 41 year before the pregnancy and throughout its

entire duration were eligible for this study. For this study,

asthma was defined as a diagnosis of asthma recorded in the

RAMQ or MED-ECHO databases (ICD-9 code 493, except

493.2) with at least one filled prescription for an asthma

medication (inhaled corticosteroids (ICSs), inhaled cortico-

steroids in combination with long-acting beta-agonists,

leukotriene receptor antagonists, long-acting beta-agonists,

short-acting beta-agonists (SABA), theophylline, ipratropium

and mast cell stabilizers) recorded in the RAMQ database

in the 2 years before or during the pregnancy. The asthma

diagnostic codes recorded in the RAMQ medical database

were shown to be a valid method of identifying patients with

asthma [25], and data on medications recorded in the RAMQ

prescription database were found to be comprehensive and

valid [26]. This cohort has already been used to study the

impact of asthma and asthma medications on the health of

the mother and the newborn [27–30].

To study PIH, we excluded women diagnosed with chronic

hypertension before pregnancy. To study gestational diabetes,

we excluded women diagnosed with diabetes mellitus before

pregnancy. We applied no exclusions for analyses of cesarean

delivery.

The cohort was formed of a maximum of four pregnancies

per women (maximum possible for the statistical models to

converge). For the few women who had five pregnancies or

more between 1990 and 2002, we included the four most

recent pregnancies.

Maternal outcomes

Pregnancy-induced hypertension was defined as: (1) a diag-

nosis of gestational hypertension (ICD-9 codes 642.3, 642.7

or 642.9), pre-eclampsia (ICD-9 codes 642.4 or 642.5)

or eclampsia (ICD-9 code 642.6) recorded in the RAMQ

or MED-ECHO databases after week 20 of gestation or

(2) a prescription for an antihypertensive medication recom-

mended during pregnancy (amlodipine, hydralazine, labetalol,

methyldopa, metoprolol, nifedipine, oxprenolol or pindolol)

filled after week 20 of gestation, without a similar prescrip-

tion filled before or during week 20 of gestation. This

algorithm was used to detect PIH in earlier studies [22,31].

Gestational diabetes was defined as one diagnosis of

diabetes mellitus or gestational diabetes recorded in the

RAMQ or MED-ECHO databases after week 24 of gestation

(ICD-9 codes 250.0–250.9, 648.0, 648.8 or 271.3) or at least

one filled prescription for an antidiabetic agent recommended

during pregnancy (glyburide, metformin or insulin) after

week 24 of gestation. All diagnostic codes for diabetes were

considered, regardless of whether it was a code for diabetes

mellitus or gestational diabetes, because the time at which

the code was recorded is used to distinguish these two types

of diabetes. This algorithm was used to measure gestational

diabetes in prior studies [27,32].

Cesarean delivery was identified through the delivery

hospitalization recorded in the MED-ECHO or RAMQ

databases (ICD-9 codes 669.7 or 763.4).

Exposures

The main exposures were asthma severity and asthma control

for up to 1 year before week 20 of gestation for PIH and

gestational diabetes, or during the entire pregnancy for

cesarean delivery, and were assessed using indexes that

were validated for use in database studies [33]. Asthma

severity and control were measured over 1 year before week

20 of gestation or during gestation because the indices were

developed to reflect the definitions provided by the Canadian

Asthma Consensus Guidelines [33–35], which include the use

of asthma medications and acute care for asthma over 1 year.
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Three levels of asthma severity (mild [reference group],

moderate and severe) and two levels of asthma control

(controlled [reference group] and uncontrolled) were con-

sidered. More specifically, mild asthma corresponds to

�500 mg per day of ICS monotherapy (in beclomethasone

chlorofluorocarbon equivalents) or �250 mg per day of ICS

plus an additional controller therapy. Moreover, in order to

be classified in the mild category, a patient must have used

less than three doses of SABA per week on an average over

12 months (one dose of SABA equals two puffs of 100 mg

of salbutamol) or have used 4–10 doses of SABA per week

on an average and not have had a moderate to severe

asthma exacerbation (defined as an emergency visit or

hospitalization for asthma, or a filled prescription for a

short-course of oral corticosteroids). According to the

Canadian Asthma Consensus Guidelines, patients do not

have acceptable asthma control if they use more than three

doses of SABA per week as rescue medication, excluding

one additional dose per day for exercise. We thus added the

3 recommended doses per week to 7 doses for exercise to

come to a maximum of 10 doses per week of SABA. Severe

asthma is characterized by41000 mg per day of ICS with43

doses of SABA per week on an average or with a �1

moderate to severe asthma exacerbation over 12 months OR

lower doses of ICS with410 doses of SABA per week on an

average and with �1 moderate to severe asthma exacerbation

over 12 months. Patients are characterized as having moderate

asthma if they do not fit in the mild or severe category.

Patients were considered as uncontrolled if they had �1

moderate to severe asthma exacerbation and 43 doses of

SABA per week for mild asthma and 410 doses of SABA

per week for moderate and severe asthma. The indexes

for asthma severity and control are summarized in

Supplementary e-Table 1. These indexes have been developed

to be used in large database studies, and as such are not based

on pulmonary function tests which are usually not recorded in

administrative databases. However, in 2007, we performed

a validation study [33] and we found that these indexes

showed good correlations with lung function tests, including

the forced expiratory volume in 1 s (FEV1) and the ratio of the

FEV1 to the forced vital capacity (FVC) (i.e. FEV1/FVC),

which have been used to characterize asthma severity and

control in national and international asthma guidelines

[34,36]. The mean predicted FEV1 ranged from 89.8% for

mild asthma to 61.5% for severe asthma (p50.001), and from

89.5% for controlled asthma to 67.3% for uncontrolled asthma

(p50.001) [33]. The FEV1/FVC ratio ranged from 75.8% for

mild asthma to 61.8% for severe asthma (p¼ 0.030), and

from 75.3% for controlled asthma to 65.7% for uncontrolled

asthma (p50.001) [33].

The secondary exposure was maternal asthma, as defined

earlier in this article, where the reference group was non-

asthmatic women.

Potential confounders

For the analysis of cesarean delivery, three categories

of variables were considered as potential confounders:

(1) maternal sociodemographic factors, which included age

at conception (518/18–34/434 years) and receipt of social

assistance within 1 year before or during pregnancy (yes/no);

(2) pregnancy-related factors, which included parity (first/

second or later pregnancy), multiple pregnancy (singleton/

twins or more), PIH (yes/no), gestational diabetes (yes/no),

visit to a gynecologist or obstetrician during pregnancy

(yes/no) and number of prenatal visits and (3) maternal

chronic conditions, which included chronic hypertension

(yes/no) and diabetes mellitus (yes/no). PIH and gestational

diabetes were identified as described earlier. Chronic hyper-

tension and diabetes mellitus were identified from diagnoses

or filled prescriptions for related medications that were

recorded in the RAMQ or MED-ECHO databases up to 1 year

before pregnancy using the specific algorithms that we

developed in earlier studies [28,37].

For the analyses of PIH and gestational diabetes, we used

the same confounding factors as for cesarean delivery, except

that we excluded prenatal visits and visits to a gynecologist

or obstetrician during pregnancy because asthma severity

and control were only measured during the first half of the

pregnancy. We excluded chronic hypertension and PIH in

analyses with PIH as the outcome, while diabetes mellitus

and gestational diabetes were excluded in analyses with

gestational diabetes as the outcome.

Statistical analyses

Descriptive statistics were used to compare the characteristics

of pregnancies as a function of asthma severity and control.

The prevalence rates of PIH, gestational diabetes and

cesarean delivery were also estimated as a function of

asthma severity and control, and among pregnancies in

women with and without asthma.

Generalized estimation equation models were used to

calculate unadjusted and adjusted odds ratios (OR) with 95%

confidence intervals (CIs) for PIH, gestational diabetes and

cesarean delivery in association with asthma severity and

control among asthmatic women only, and with maternal

asthma in the entire cohort, adjusting for the potential

confounders described earlier. These models take into account

the fact that a woman could contribute more than one

pregnancy to the analysis, by estimating the correlation

between consecutive pregnancies [38]. All analyses were

performed using the SAS software version 9.2 (SAS Institute,

Cary, NC).

Results

The total cohort consisted of 13 289 pregnancies in asthmatic

women and 28 371 pregnancies in non-asthmatic women. For

analyses of PIH, we excluded 318 pregnancies in asthmatic

women and 372 pregnancies in non-asthmatic women who

were diagnosed with chronic hypertension before conception.

Similarly, in analyses of gestational diabetes, we excluded 314

pregnancies in asthmatic women and 382 pregnancies in non-

asthmatic women who were diagnosed with diabetes mellitus

before conception. The characteristics of the asthmatic

pregnancies as a function of asthma severity and control

(crude results) are presented in Tables 1–3 for cesarean

delivery, PIH and gestational diabetes, respectively. Globally,

almost one-third of the women had uncontrolled asthma

and up to 5% had severe asthma. For all three conditions,
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women with severe or uncontrolled asthma were more likely

to be nulliparous than women with mild or controlled asthma

(p50.01). As shown in Table 1, women with severe or

uncontrolled asthma were more likely to be 434 years old

and to receive social assistance, and that women with

uncontrolled asthma were more likely to suffer from PIH or

gestational diabetes compared with women with mild or

controlled asthma (p50.01). Table 2 shows that women

with uncontrolled asthma were more likely to receive social

assistance than women with mild or controlled asthma

(p¼ 0.028). Table 3 shows that women with severe asthma

were more likely to suffer from chronic hypertension

(p¼ 0.025), while those with uncontrolled asthma were

more likely to have PIH (p¼ 0.002) than women with mild

or controlled asthma. The characteristics of the pregnancies

in asthmatic and non-asthmatic women are presented in

Supplementary e-Table 2.

The crude rates presented in Table 4 indicate that women

with severe or uncontrolled asthma were more likely to have

PIH, gestational diabetes or cesarean delivery than women

with mild or controlled asthma. However, in the adjusted

analysis presented in Table 5, asthma severity was independ-

ently associated with cesarean delivery (OR 1.35; 95% CI

1.11–1.63) but not with PIH or gestational diabetes. Maternal

age, nulliparity, multiple pregnancy, PIH, gestational diabetes

and diabetes mellitus were also independent risk factors

Table 1. Characteristics of the pregnancies used to study the associations of asthma severity and control with cesarean delivery.

Asthma severity during pregnancy Asthma control during pregnancy

Number (%) Number (%)

Mild Moderate Severe p Value Uncontrolled Controlled p Value

Number of pregnancies 10 964 1652 673 4771 8518
Age at conception (years)
518 753 (6.9) 90 (5.4) 39 (5.8) 50.0001 302 (6.3) 580 (6.8) 0.007
18–34 9576 (87.3) 1432 (86.7) 570 (84.7) 4131 (86.6) 7447 (87.4)
434 635 (5.8) 130 (7.9) 64 (9.5) 338 (7.1) 491 (5.8)

Receipt of social assistance up to
1 year before or during pregnancy (yes)

8670 (79.1) 1342 (81.2) 559 (83.1) 0.009 3892 (81.6) 6679 (78.4) 50.0001

Parity
Nulliparous 3416 (31.2) 551 (33.4) 262 (38.9) 50.0001 1596 (33.5) 2633 (30.9) 0.006
Multiparous 7488 (68.3) 1094 (66.2) 403 (59.9) 3144 (65.9) 5841 (68.6)
Missing 60 (0.5) 7 (0.4) 8 (1.2) 31 (0.6) 44 (0.5)

Multiple pregnancy (yes) 151 (1.4) 26 (1.6) 15 (2.2) 0.178 72 (1.5) 120 (1.4) 0.642
Pregnancy-induced hypertension (yes) 693 (6.3) 115 (7.0) 57 (8.5) 0.066 347 (7.3) 518 (6.1) 0.008
Gestational diabetes (yes) 827 (7.5) 136 (8.2) 67 (10.0) 0.056 419 (8.8) 611 (7.2) 0.001
Gynecologist or obstetrician visit

during pregnancy
8233 (75.1) 1222 (74.0) 514 (76.4) 0.436 3541 (74.2) 6428 (75.5) 0.112

Number of prenatal visits (mean ± SD) 9.8 ± 4.5 9.9 ± 4.5 10.3 ± 4.6 0.0435 9.9 ± 4.6 9.8 ± 4.5 0.1939
Maternal chronic conditions (yes)

Chronic hypertension 250 (2.3) 43 (2.6) 25 (3.7) 0.051 119 (2.5) 199 (2.3) 0.568
Diabetes mellitus 245 (2.2) 54 (3.3) 15 (2.2) 0.0349 121 (2.5) 193 (2.3) 0.3249

SD, standard deviation.

Table 2. Characteristics of the pregnanciesa used to study the associations of asthma severity and control with pregnancy-induced hypertension.

Asthma severity within 1 year
before week 20 of gestation

Asthma control within 1 year
before week 20 of gestation

Number (%) Number (%)

Mild Moderate Severe p Value Uncontrolled Controlled p Value

Number of pregnancies 10 965 1586 420 4300 8671
Age at conception (years)
518 760 (6.9) 91 (5.7) 26 (6.2) 0.070 294 (6.8) 583 (6.7) 0.166
18–34 9565 (87.2) 1379 (86.9) 365 (86.9) 3722 (86.6) 7587 (87.5)
434 640 (5.8) 116 (7.3) 29 (6.9) 284 (6.6) 501 (5.8)

Receipt of social assistance up to 1 year
before or during pregnancy (yes)

8696 (79.3) 1267 (79.9) 349 (83.1) 0.155 3466 (80.6) 6846 (79.0) 0.028

Parity
Nulliparous 3403 (31.0) 560 (35.3) 172 (41.0) 50.0001 1531 (35.6) 2604 (30.0) 50.0001
Multiparous 7506 (68.5) 1016 (64.1) 245 (58.3) 2743 (63.8) 6024 (69.5)
Missing 56 (0.5) 10 (0.6) 3 (0.7) 26 (0.6) 43 (0.5)

Multiple pregnancy (yes) 146 (1.3) 28 (1.8) 10 (2.4) 0.093 68 (1.6) 116 (1.3) 0.269
Gestational diabetes (yes) 822 (7.5) 121 (7.6) 34 (8.1) 0.890 342 (8.0) 635 (7.3) 0.200
Maternal chronic conditions (yes)

Chronic hypertensiona 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Diabetes mellitus 226 (2.1) 35 (2.2) 11 (2.6) 0.6978 94 (2.2) 178 (2.1) 0.618

aExcluding pregnancies in women with chronic hypertension.
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for cesarean delivery. Although non-significant, the risk of

PIH was increased among women with uncontrolled asthma

(OR 1.18; 95% CI 0.98–1.42).

The second adjusted analysis presented in Table 6 shows

that asthmatic women were at increased risk of PIH (OR

1.27; 95% CI 1.15–1.41), gestational diabetes (OR 1.17;

95% CI 1.08–1.28) and cesarean delivery (OR 1.10; 95%

CI 1.04–1.17) compared with non-asthmatic women.

Discussion

Using definitions of asthma control and severity that are

based on the Canadian Asthma Consensus Guidelines, we

observed that almost one-third of women had uncontrolled

asthma and up to 5% had severe asthma. If we had used the

National Asthma Education and Prevention Program

(NAEPP) criteria which states that uncontrolled asthma

corresponds to the use of more than two doses of SABA

per week [39], we would have even observed a higher

proportion of women with uncontrolled asthma. The results

of our study suggest that asthma severity during pregnancy

is not associated with the risk of PIH and gestational

diabetes, but women with severe asthma were more likely to

undergo cesarean delivery compared with women with mild

asthma. Asthma control was not significantly associated with

any of the outcomes, although the risk of PIH was increased

by 18%, albeit not significantly, among women with uncon-

trolled asthma. Nevertheless, the risks of PIH, gestational

diabetes and cesarean delivery were higher among asthmatic

women than in non-asthmatic women, confirming the

findings of several previous studies [2–7,9–12].

Only two prior studies have determined associations

between markers of uncontrolled asthma and PIH (including

gestational hypertension, preeclampsia or eclampsia) using an

appropriate reference category [22,23]. The definitions of

uncontrolled asthma used by Murphy et al. [23] differed

slightly from those used in the current study. In particular,

Murphy et al. defined uncontrolled asthma as a hospital

admission, emergency visit or unscheduled visit to a phys-

ician for asthma, or a course of oral corticosteroids (primary

exposure). They found that the risk of PIH was no higher

in women with uncontrolled asthma than in women with

controlled asthma (crude rate ratio 0.8; p40.5). However,

that study had some limitations, including the small sample

size (146 asthmatic women), no adjustment for confounding

factors and inclusion of markers for uncontrolled asthma

that were measured at any time during pregnancy, which

may have been after the diagnosis of PIH. The second study

was conducted by our group using a smaller cohort of

women [22]. As secondary outcomes, we found that asthmatic

women were more likely to have PIH if they visited an

emergency department or were admitted for asthma before

pregnancy (59%), used oral corticosteroids during pregnancy

Table 3. Characteristics of the pregnanciesa used to study the associations of asthma severity and control with gestational diabetes.

Asthma severity within 1 year
before week 20 of gestation

Asthma control within 1 year
before week 20 of gestation

Number (%) Number (%)

Mild Moderate Severe p Value Uncontrolled Controlled p Value

Number of pregnancies 10 959 1591 425 4311 8664
Age at conception (years)
518 755 (6.9) 93 (5.8) 26 (6.1) 0.046 294 (6.8) 580 (6.7) 0.113
18–34 9568 (87.3) 1380 (86.7) 368 (86.6) 3730 (86.5) 7586 (87.6)
434 636 (5.8) 118 (7.4) 31 (7.3) 287 (6.7) 498 (5.7)

Receipt of social assistance up to 1 year
before or during pregnancy (yes)

8692 (79.3) 1275 (80.1) 352 (82.8) 0.173 3477 (80.7) 6842 (79.0) 0.025

Parity
Nulliparous 3407 (31.1) 557 (35.0) 173 (40.7) 50.0001 1540 (35.7) 2597 (30.0) 50.0001
Multiparous 7492 (68.4) 1023 (64.3) 248 (58.4) 2742 (63.6) 6021 (69.5)
Missing 60 (0.5) 11 (0.7) 4 (0.9) 29 (0.7) 46 (0.5)

Multiple pregnancy (yes) 148 (1.4) 29 (1.8) 10 (2.4) 0.093 69 (1.6) 118 (1.4) 0.283
Pregnancy-induced hypertension (yes) 671 (6.1) 117 (7.4) 29 (6.8) 0.151 311 (7.2) 506 (5.8) 0.002
Maternal chronic conditions (yes)

Chronic hypertension 220 (2.0) 40 (2.5) 16 (3.8) 0.025 105 (2.4) 171 (2.0) 0.086
Diabetes mellitusa 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

aExcluding pregnancies in women with diabetes mellitus.

Table 4. Crude rates of women with pregnancy-induced hypertension,
gestational diabetes or cesarean delivery according to asthma severity
and control, or the presence of asthma itself.

Number or number (%)

Pregnancy-
induced

hypertensiona
Gestational
diabetesa

Cesarean
deliveryb

Asthmatic cohort
Number of pregnancies 12 971 12 975 13 289

Asthma severity
Mild 620 (5.7) 862 (7.9) 2058 (18.8)
Moderate 107 (6.7) 129 (8.1) 344 (20.8)
Severe 28 (6.7) 39 (9.2) 167 (24.8)

Asthma control
Controlled 470 (5.4) 668 (7.7) 1614 (18.9)
Uncontrolled 285 (6.6) 362 (8.4) 955 (20.0)

Entire cohort
Number of pregnancies 40 960 40 974 41 660

Asthmatic women 755 (5.8) 1030 (7.9) 2569 (19.3)
Non-asthmatic women 1359 (4.9) 1936 (6.9) 4987 (17.6)

aAsthma severity/control measured within 1 year before week 20 of
gestation.

bAsthma severity/control measured during pregnancy.
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(57%) and used more than three doses of short-acting

b2-agonists per week before pregnancy (37%) [22]. In the

present study, we found an increased, albeit not significant,

risk of PIH among women with uncontrolled asthma.

The difference between the two studies might be explained

by the fact that asthma control was measured during 1 year

before week 20 of gestation in the current study, whereas

it was evaluated before or during pregnancy (according to

the specific marker) in the previous study, and by the fact

that the index of control used in the present study was

also based on the use of short-acting b2-agonists during

pregnancy, which were reported to reduce the risk of

PIH [31].

Regarding gestational diabetes, three studies [7,11,24]

revealed that the prevalence of this outcome tended to be

higher in asthmatic women with severe or uncontrolled

asthma than in women with mild or controlled asthma,

affecting 12.9% versus 4.0% of women in the study by Perlow

et al. [7], 6.4% versus 4.2% of women in the study by Stenius-

Aarniala et al. [24], and 6.6% versus 3.3% of women in the

study by Dombrowski et al. [11]. However, these differences

were not statistically significant. The prevalence rates of

Table 5. Associations of asthma severity and control with pregnancy-induced hypertension, gestational diabetes and cesarean
delivery.

Adjusted odds ratio (95% confidence interval)

Pregnancy-induced
hypertensiona

Gestational
diabetesa

Cesarean
deliveryb

Asthma severity
Mild Reference Reference Reference
Moderate 1.00 (0.78–1.29) 0.91 (0.72–1.15) 1.06 (0.92–1.22)
Severe 0.93 (0.61–1.41) 1.07 (0.75–1.53) 1.35 (1.11–1.63)

Asthma control (yes versus no) 1.18 (0.98–1.42) 1.06 (0.89–1.25) 0.95 (0.86–1.05)
Age
518 0.65 (0.48–0.89) 0.44 (0.31–0.64) 0.68 (0.56–0.82)
18–34 Reference Reference Reference
434 1.35 (1.00–1.80) 2.59 (2.12–3.18) 1.76 (1.50–2.06)

Social assistance (yes versus no) 0.93 (0.78–1.11) 1.10 (0.93–1.31) 0.90 (0.81–1.00)
Parity (yes or no)

Nulliparous Reference Reference Reference
Multiparous 0.42 (0.36–0.48) 1.04 (0.90–1.21) 0.80 (0.73–0.87)
Missing 0.99 (0.44–2.26) 0.80 (0.32–1.99) 0.49 (0.29–0.84)

Multiple pregnancy (yes versus no) 1.52 (0.89–2.60) 1.48 (0.96–2.28) 5.72 (4.24–7.71)
Pregnancy-induced hypertension (yes versus no) NA 2.03 (1.64–2.52) 1.49 (1.27–1.74)
Gestational diabetes (yes versus no) 2.08 (1.65–2.62) NA 1.39 (1.21–1.60)
Chronic hypertension (yes versus no) NA 1.93 (1.39–2.67) 1.46 (1.16–1.83)
Diabetes mellitus (yes versus no) 2.58 (1.77–3.76) NA 1.81 (1.43–2.29)
Number of prenatal visits NA NA 1.00 (0.99–1.01)
Gynecologist or obstetrician during pregnancy (yes versus no) NA NA 0.49 (0.44–0.55)

NA, not applicable.
aAsthma severity and control measured within 1 year before week 20 of gestation.
bAsthma severity and control measured during pregnancy.

Table 6. Associations of asthma with pregnancy-induced hypertension, gestational diabetes and cesarean delivery.

Adjusted odds ratio (95% confidence interval)

Pregnancy-induced
hypertension

Gestational
diabetes

Cesarean
delivery

Asthma (yes versus no) 1.27 (1.15–1.41) 1.17 (1.08–1.28) 1.10 (1.04–1.17)
Age
518 0.71 (0.57–0.88) 0.39 (0.30–0.52) 0.67 (0.59–0.77)
18–34 Reference Reference Reference
434 1.39 (1.19–1.62) 2.57 (2.31–2.86) 1.59 (1.46–1.72)

Social assistance (yes versus no) 0.92 (0.84–1.02) 1.21 (1.11–1.32) 0.97 (0.92–1.03)
Parity (yes versus no)

Nulliparous Reference Reference Reference
Multiparous 0.40 (0.37–0.44) 1.08 (0.99–1.17) 0.74 (0.70–0.78)
Missing 0.62 (0.39–1.00) 1.00 (0.66–1.51) 0.73 (0.56–0.95)

Multiple pregnancy (yes versus no) 1.95 (1.44–2.64) 1.50 (1.14–1.96) 6.02 (5.03–7.19)
Pregnancy-induced hypertension (yes versus no) NA 2.10 (1.84–2.39) 0.64 (0.58–0.70)
Gestational diabetes (yes versus no) 2.10 (1.83–2.42) NA 0.70 (0.65–0.77)
Chronic hypertension (yes versus no) NA 1.90 (1.53–2.36) 1.55 (1.32–1.82)
Diabetes mellitus (yes versus no) 2.83 (2.20–3.63) NA 1.80 (1.52–2.13)
Number of prenatal visits NA NA 1.00 (1.00–1.01)
Gynecologist or obstetrician during pregnancy (yes versus no) NA NA 0.47 (0.44–0.50)

NA, not applicable.
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cesarean delivery across the different levels of asthma severity

in our study were similar to those reported by Dombrowski

[11], although the association was not statistically assessed

in that study. Perlow et al. [7] reported no increase in the

risk of cesarean delivery in asthmatic women requiring

long-term oral corticosteroid therapy compared with non-

steroid-dependent asthmatic women, which was consistent

with our results.

The higher risk of cesarean delivery in women with more

severe asthma and the absence of an increased risk in those

with uncontrolled asthma during pregnancy may be due to the

physician’s and patient’s concerns over the safety of normal

delivery in women with severe asthma rather than exacerba-

tion of asthma itself. In fact, cesarean delivery is rarely

necessary in women with acute exacerbation of asthma [11].

One question remains: Why did we observe non-

significant associations between asthma severity and control

and the risk of gestational diabetes and PIH, even though

the risk of these outcomes was significantly higher in

asthmatic women than in non-asthmatic women? We believe

that the associations between asthma and PIH or gestational

diabetes reflect the impact of the disease itself, possibly via

hypoxic mechanisms, as well as the medications used to treat

asthma. Indeed, hypoxemia, i.e. the decrease in the partial

pressure of oxygen in the blood, is a feature of acute severe

asthma or status asthmaticus and has been proposed as a

mechanism among others to explain pre-eclampsia [40].

Moreover, a recent animal study demonstrated that chronic

hypoxia during gestation induces preeclamptic symptoms in

pregnant rats via heightened endothelin-1-mediated signaling

(endothelin-1 is a peptide hormone with a potent vasocon-

striction effect), providing a molecular mechanism linking

gestational hypoxia and increased risk of preeclampsia [41].

Regarding asthma drugs, the potential for systemic adverse

effects with high-dose ICS, including hyperglycemia, has

been reported [42,43] and the increased risk of hyperglycemia

and insulin resistance associated with the use of oral

corticosteroids is well-recognized [44,45]. It has also been

shown that beta2-agonists stimulate the beta2-adrenergic

receptors in smooth muscle, thereby activating adenylate

cyclase. It results in a cascade effect that increases hepatic

glycogenolysis and maternal hyperglycemia [46]. In addition,

the effect size for the association between asthma and PIH

was of a similar magnitude to that between uncontrolled

asthma and PIH. However, the sample size of the entire

pregnancy cohort, which included asthmatic and non-asth-

matic women, is larger than that of the asthmatic cohort,

which allowed us to detect a significant increased risk in the

former cohort.

The main strengths of our study are its large sample size,

and that we measured asthma severity and control using

validated indices during appropriate time-frames [33].

Moreover, we avoided recall bias in measuring outcomes

and exposures because the variables were retrieved from

administrative databases that recorded clinical data in a

prospective manner. Finally, we could control for several

potential confounders, particularly parity and multiple preg-

nancy [12]. However, some residual confounding may remain

because some imbalances could exist between the groups

for variables such as obesity that are not recorded in these

administrative databases, but are associated with asthma [47]

and also with PIH or gestational diabetes [48,49]. Also, the

fact of averaging the weekly use of SABA over a year could

have missed patients with intermittent poor asthma control

(i.e. during allergy seasons or infections). Yet, by using an

index of asthma control that is assessed over a 1-year period,

we identified the women that have uncontrolled asthma in a

chronic way, therefore, we believe that if we did not find an

association between asthma control and the outcomes under

study with our index, it is unlikely that we find an increased

risk of maternal outcomes associated with a short period of

uncontrolled asthma. Additionally, we were unable to deter-

mine whether cesarean delivery was primary or repeated, or

whether it was elective or emergent, because the procedural

codes were not specific and because we did not have access

to the complete medical history of each woman. Another

weakness is that our cohort, which consists of women with

public drug insurance, is less representative of women with a

higher socioeconomic status. Nevertheless, a recent review

noted that lower socioeconomic status is a predictor of poor

asthma control [50].

Conclusion

In summary, our study confirmed previous reports suggesting

that asthma is a risk factor for adverse maternal outcomes.

We also provide evidence that the risk of gestational diabetes

is not affected by asthma severity or control, and that the risk

of PIH is not affected by asthma severity within 1 year before

week 20 of gestation. However, further studies are needed to

clarify the association between asthma control and PIH.

It is worth pointing out the high frequency of women with

uncontrolled asthma as reflected by the continued high

use of SABA in our study. The increased risk of

cesarean delivery in women with more severe asthma may

reflect a tendency of physicians to take more precautions in

such patients.
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1 

 

Supplementary Table 1. Indexes of Asthma Severity and Control 

Asthma 

Severity and 

Control 

Daily Dose of 

Inhaled 

Corticosteroids 

(µg)
a
 

Other 

Controller 

Therapy
b
 

Number of Doses 

of Short-Acting 

β2-Agonists per 

Week
c
 

Moderate-to-

Severe 

Exacerbations
d
 

Mild      

  Controlled 0–500 No 0–3 No 

 0–250 Yes 0–3 No 

  Uncontrolled 0–250 Yes 0–3 Yes 

 0–500 No 0–3 Yes 

 0–250 Yes 4–10 No 

 0–500 No 4–10 No 

Moderate     

  Controlled 251–500 Yes 0–10 No 

 501–1000 Yes/No 0–10 No 

 >1000 Yes/No 0–3 No 

  Uncontrolled 0–250 Yes 4–10 Yes 

 0–500 No 4–10 Yes 

 0–250 Yes >10 No 

 0–500 No >10 No 

 251–500 Yes >10 No 

 251–500 Yes 0–10 Yes 

 501–1000 Yes/No >10 No 



2 

 

 501–1000 Yes/No 0–10 Yes 

Severe     

  Controlled >1000 Yes/No 4–10 No 

  Uncontrolled 0–1000 Yes/No >10 Yes 

 >1000 Yes/No 0–10 Yes 

 >1000 Yes/No >10 Yes/No 

a
 Daily dose given in beclomethasone/chlorofluorocarbon equivalents over 12 months 

(dose equivalencies for ICS drugs in adults below).
4, 6

 

 Dose (µg/d) 

Product Low Medium High 

Beclomethasone 

dipropionate pMDI 

-CFC 

≤ 500 501-1000 > 1000 

Beclomethasone 

dipropionate pMDI 

-HFA 

≤ 250 251-500 > 500 

Fluticasone (pMDI 

and DPI) 

≤ 250 251-500 > 500 

Budesonide DPI ≤ 400 401-800 > 800 

Mometasone 200 ≥ 400-800 > 800 

CFC : chlorofluorocarbon; HFA : hydrofluoralkane; pMDI : pressurized metered-dose 

inhaler; DPI: dry-powder inhaler 

 

b
 Defined as ≥6 prescriptions of a long-acting β2-agonist, theophylline, or leukotriene-

receptor antagonist over 12 months. 

c
 Mean number of doses of inhaled short-acting β2-agonists per week calculated over 12 

months. One dose equals 2 puffs of 100 µg of salbutamol. According to the Canadian 

Asthma Consensus Guidelines 
1
, patients do not have acceptable asthma control if they 

use more than 3 doses of SABA per week as rescue medication, excluding 1 additional 

dose per day for exercise. We thus added the 3 recommended doses per week to 7 doses 



3 

 

for exercise to come to a maximum of 10 doses per week of SABA. In addition, we 

considered the cases in which patients have severe asthma and might need more than 10 

doses per week to reduce symptoms (>10 doses of a SABA per week and >1,000 µg 

beclomethasone-CFC per day). This explains our three categories of SABA use (0-3; 4-

10 and > 10 doses/week). 

d
 Defined as an emergency department visit or hospitalization for asthma, or a filled 

prescription of an oral corticosteroid over 12 months. 



4 

 

 Supplementary Table 2. Characteristics of the Pregnancies Included in the Analyses of 

the Associations of Asthma With Cesarean delivery, Pregnancy-induced hypertension, 

and Gestational Diabetes 

 

i) Cesarean Delivery Cohort 

 Asthmatic 

Women 

Non-asthmatic 

Women 

P-value 

 Number (%)
a
  

Number of pregnancies 13,289 28,371  

Age at conception (years)    

  <18 882 (6.6) 998 (3.5) <0.001 

  18–34 11,578 (87.1) 24,632 (86.8)  

  >34 829 (6.2) 2,741 (9.7)  

Receipt of social assistance up to 1 year 

before or during pregnancy (yes) 

10,571 (79.5) 16,269 (57.3) <0.001 

Parity     

  Nulliparous 4,229 (31.8) 9,718 (34.3) <0.001 

  Multiparous 8,985 (67.6) 18,380 (64.8)  

  Missing 75 (0.6) 273 (1.0)  

Multiple pregnancy (yes) 192 (1.4) 344 (1.2) 0.05 

Pregnancy-induced hypertension (yes) 865 (6.5) 1,480 (5.2) <0.001 

Gestational diabetes (yes) 1,030 (7.8) 1,936 (6.8) 0.001 



5 

 

Gynecologist or obstetrician visit during 

pregnancy (yes) 

9,969 (75.0) 20,291 (71.5) <0.001 

Number of prenatal visits (mean ± SD) 9.9 ± 4.5 9.4 ± 4.4 <0.001 

Maternal chronic conditions (yes)    

  Chronic hypertension 318 (2.4) 382 (1.3) <0.001 

  Diabetes mellitus 314 (2.4) 372 (1.3) <0.001 
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ii) Pregnancy-Induced Hypertension Cohort 

 Asthmatic 

Women 

Non-asthmatic 

Women 

P-value 

 Number (%)  

Number of pregnancies 12,971 27,989  

Age at conception (years)    

  <18 877 (6.8) 992 (3.5) < 0.001 

  18–34 11,309 (87.2) 24,348 (87.2)  

  >34 785 (6.1) 2649 (9.5)  

Receipt of social assistance up to 1 year 

before or during pregnancy (yes) 

10,312 (79.5) 16,048 (57.3) <0.001 

Parity     

  Nulliparous 4,135 (31.9) 9,617 (34.4) <0.001 

  Multiparous 8,767 (67.6) 18,103 (64.7)  

  Missing 69 (0.5) 269 (1.0)  

Multiple pregnancy (yes) 184 (1.4) 338 (1.2) 0.077 

Gestational diabetes (yes) 977 (7.5) 1,872 (6.7) 0.002 

Maternal chronic conditions    

  Chronic hypertension
b
 0 (0.0) 0 (0.0) NA 

  Diabetes mellitus 272 350 <0.001 
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iii) Gestational Diabetes Cohort 

 Asthmatic 

Women 

Non-asthmatic 

Women 

P-value 

 Number (%)  

Number of pregnancies 12,975 27,999  

Age at conception (years)    

  <18 874 (6.7) 996 (3.6) <0.001 

  18–34 11,316 (87.2) 24,341 (86.9)  

 >34 785 (6.1) 2,662 (9.5)  

Receipt of social assistance up to 1 year 

before or during pregnancy (yes) 

10,319 (79.5) 16,052 (57.3) <0.001 

Parity     

  Nulliparous 4,137 (31.9) 9,615 (34.3) <0.001 

  Multiparous 8,763 (67.5) 18,116 (64.7)  

  Missing 75 (0.6) 268 (1.0)  

Multiple pregnancy (yes) 187 (1.4) 340 (1.2) 0.058 

Pregnancy-induced hypertension (yes) 817 (6.3) 1,429 (5.1) <0.001 

Maternal chronic conditions (yes)    

  Chronic hypertension 276 (2.1) 360 (1.3) <0.001 

  Diabetes mellitus
c
 0 (0.0) 0 (0.0) NA 

 

a
 Unless otherwise specified. 

b
 Excluding pregnancies in women with chronic hypertension.
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c
 Excluding pregnancies in women with diabetes mellitus.  

SD, standard deviation; NA, not applicable. 
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