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Impact of obesity on perinatal outcomes among 
asthmatic women
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Asthma and obesity are two common diseases among pregnant 
women, with an estimated prevalence of 8% and 10%, respect-

ively (1,2). Independently, these diseases are known to have an impact 
on perinatal outcomes (1,2). In a recent meta-analysis of 40 studies, 
women with asthma were found to have higher risks of pregnancy 
complications including small-for-gestational-age (SGA) and preterm 
birth (3). More specifically, several studies have reported a strong 
association between poor asthma control and adverse perinatal out-
comes (4-7). Moreover, studies have reported an increased risk of pre-
term birth among women with severe asthma or women taking oral 
corticosteroids (OCS) during pregnancy, and an increased risk of SGA 
birth among asthmatic women with daily symptoms (7,8). Another 
study also reported a significant association between lower pulmonary 
function (according to forced expiratory volume in 1 s [FEV1]) and an 
increased risk of prematurity (5). 

Similar to asthma, obesity is associated with complications in pre-
gancy; however, these complications seem to go in the opposite direc-
tion. In fact, several studies have reported that obese pregnant women 

have a higher risk for macrosomia, and large-for-gestational-age 
(LGA) infants and a lower risk for SGA infants (9-12). However, the 
association between obesity and preterm birth is less clear: some stud-
ies found a higher risk (10,11) and others a lower risk (9,12). Apart 
from this, an increasing body of data supports the hypothesis that obes-
ity may worsen asthma control (13,14). 

Given the possible interaction between asthma and obesity, we 
hypothesized whether pregnant women with asthma and obesity 
were more at risk of adverse perinatal outcomes than pregnant 
women with asthma and a normal weight. To our knowledge, only 
one study (Hendler et al [15]) has evaluated the impact of maternal 
obesity and asthma on perinatal outcomes. In this study, obese asth-
matic women were found to have babies with a higher mean birth-
weight than nonobese asthmatic women, but were not found to be at 
higher risk for preterm birth. This study did not consider SGA, a 
more precise measure of intrauterine growth, as an outcome, nor did 
it consider LGA, even if obesity is a known risk factor for this 
adverse perinatal outcome (15).
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BACkgRouNd: Only one study has investigated the combined effect 
of maternal asthma and obesity on perinatal outcomes; however, it did not 
consider small-for-gestational age and large-for-gestational age infants.
oBJeCTIveS: To examine the impact of obesity on perinatal outcomes 
among asthmatic women.
MeThodS: A cohort of 1386 pregnancies from asthmatic women was 
reconstructed using three of Quebec’s administrative databases and a ques-
tionnaire. Women were categorized using their prepregnancy body mass 
index. Underweight, overweight and obese women were compared with 
normal weight women. The primary outcome was the birth of a small-for-
gestational-age infant, defined as a birth weight below the 10th percentile 
for gestational age and sex. Secondary outcomes were large-for-gestational-
age infants (birth weight >90th percentile for gestational age) and preterm 
birth (<37 weeks’ gestation). Logistic regression models were used to obtain 
the ORs of having small-for-gestational-age infants, large-for-gestational-age 
infants and preterm birth as a function of body mass index.
ReSulTS: The proportions of underweight, normal weight, overweight 
and obese women were 10.8%, 53.3%, 19.7% and 16.2%, respectively. 
Obese asthmatic women were not found to be significantly more at risk for 
giving birth to small-for-gestational-age infants (OR 0.6 [95% CI 0.4 to 
1.1]), large-for-gestational-age infants (OR 1.2 [95% CI 0.7 to 2.2]) or hav-
ing a preterm delivery (OR 0.7 [95% CI 0.4 to 1.3]) than normal-weight 
asthmatic women. 
CoNCluSIoNS: No significant negative interaction between maternal 
asthma and obesity on adverse perinatal outcomes was observed.
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les conséquences de l’obésité sur les issues 
périnatales des femmes asthmatiques

hISToRIQue : Une seule étude a porté sur l’effet combiné de l’asthme 
et de l’obésité de la mère sur les issues périnatales. Cependant, elle ne 
tenait pas compte des nourrissons petits ou gros par rapport à leur âge 
gestationnel.
oBJeCTIFS : Examiner les conséquences de l’obésité sur les issues périna-
tales des femmes asthmatiques.
MÉThodologIe : Les chercheurs ont reconstruit une cohorte de 
1 386 grossesses de femmes asthmatiques à l’aide de trois bases de données 
administratives du Québec et d’un questionnaire. Ils les ont classées d’après 
leur indice de masse corporelle avant la grossesse. Ils ont comparé les 
femmes en insuffisance pondérale, qui faisaient de l’embonpoint et qui 
étaient obèses avec les femmes de poids normal. L’issue primaire était la 
naissance d’un nourrisson petit par rapport à son âge gestationnel, défini 
comme un poids situé sous le 10e percentile par rapport à l’âge gestationnel 
et au sexe. Les issues secondaires étaient la naissance d’un nourrisson 
gros par rapport à son âge gestationnel (poids supérieur au 90e percen-
tile par rapport à l’âge gestationnel) ou d’un nourrisson prématuré 
(moins de 37 semaines de grossesse). Ils ont utilisé des modèles de régres-
sion logistique pour obtenir les risques relatifs rapprochés d’avoir un nour-
risson petit par rapport à son âge gestationnel, gros par rapport à son âge 
gestationnel ou prématuré en fonction de l’indice de masse corporelle.
RÉSulTATS : La proportion de femmes en insuffisance pondérale, de 
poids normal, faisant de l’embonpoint ou obèses s’établissait à 10,8 %, 
53,3 %, 19,7 % et 16,2 %, respectivement. Les femmes asthmatiques obèses 
n’étaient pas nettement plus à risque d’accoucher d’un nourrisson petit par 
rapport à son âge gestationnel (RRR 0,6 [95 % IC 0,4 à 1,1]), gros par rap-
port à son âge gestationnel (RRR 1,2 [95 % IC 0,7 à 2,2]) ou prématuré 
(RRR 0,7 [95 % IC 0,4 à 1,3]) que les femmes asthmatiques de poids normal.
CoNCluSIoNS : On n’a observé aucune interaction négative 
d’importance entre l’asthme et l’obésité de la mère sur les issues périnatales 
négatives.
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Therefore, the objective of the present population-based cohort 
study was to evaluate the concomitant impact of maternal asthma and 
obesity on SGA as a primary outcome, and on LGA and preterm birth 
as secondary outcomes.

MeThodS
Study design
The present study was based on a subcohort of a retrospective cohort 
of pregnancies from asthmatic women that has been described else-
where and used to answer other research questions related to asthma 
and pregnancy (16-19). This cohort of 13,007 singleton pregnancies 
from 9925 asthmatic women who delivered between 1990 and 2002 
was formed by the linkage of three administrative databases in Quebec 
(19). The database of the Régie de l’assurance maladie du Québec 
(RAMQ) contains information on medical services provided to all 
residents and prescribed medications filled in community pharmacies 
for residents covered by the RAMQ (public) drug insurance plan, 
which represents approximately 43% of the population. MED-ECHO 
is a database that records information on all acute care hospitalizations 
occurring in Quebec. This database also provides information on ges-
tational age and birthweight for all births occurring in a hospital. The 
Fichier des événements démographiques is operated by the Institut de la 
statistique du Québec (ISQ) and records information on birth, stillbirth 
and parental demographic variables. Pregnancy-related variables, such 
as birthweight, gestational age, date of conception and delivery dir-
ectly recorded or derived from the RAMQ, MED-ECHO and ISQ 
databases, have been evaluated in the past and found to be highly 
accurate and valid (20).

Pregnancies were included in the cohort if women were between 
13 and 50 years of age at the beginning of pregnancy and covered by 
the RAMQ drug insurance plan for at least one year before and during 
pregnancy. Women were considered to have had asthma if they filled 
at least one prescription for an asthma medication and had at least one 
diagnosis of asthma (International Classification of Diseases, Ninth 
Revision codes 493 except 493.2) two years before or during pregnancy. 
Asthma diagnoses recorded in the RAMQ database have been evalu-
ated and found to be valid (21). The RAMQ and the Commission 
d’accès à l’information du Québec granted authorization to contact by 
mail a sample of women included in the cohort to collect information 
on variables that are not recorded in the databases such as sibling his-
tory of asthma, maternal lifestyle during pregnancy, maternal height 
and weight, and weight gain during pregnancy. Questionnaires were 
mailed to 6422 asthmatic women, of which 2637 were received and 
analyzed in two previous studies (18,19). It is worth noting that due to 
the design of the previous studies, which oversampled women who had 
a small baby or a preterm delivery, 46% of the women who returned a 
completed questionnaire had to be excluded from the present study so 
as to avoid selecting a biased subcohort.

The subcohort that was used in the present study was thus formed 
from a sample representative of the entire initial cohort with regard to 
the rate of SGA (14.4%), and included 1337 women (1386 pregnan-
cies, 49 women contributed two pregnancies) who returned a ques-
tionnaire with complete information on maternal prepregnancy 
weight and height, and did not have diabetes mellitus before preg-
nancy. Diabetic women were excluded because this chronic disease is 
a known risk factor for adverse perinatal outcomes (22) but affects too 
few underweight women and women with normal weight to be 
adjusted for at the analysis stage.

exposure, outcomes and potential confounders
Mother’s prepregnancy body mass index (BMI) was evaluated using 
self-reported information collected by the mailed questionnaire. The 
BMI was divided into four categories following the WHO recommen-
dations: underweight (BMI <18.5 kg/m2), normal weight (18.5 kg/m2 
to ≤25 kg/m2), overweight (25.0 kg/m2 to <30 kg/m2) and obese 
women (BMI ≥30.0 kg/m2). 

The primary outcome was SGA, which is defined as a birthweight 
below the 10th percentile for gestational age and sex using Canadian 
standards (23). Among the secondary outcomes, LGA, defined as a 
birthweight above the 90th percentile for gestational age, and preterm 
birth, defined as a birth before the 37th week of gestation, were 
considered.

A total of 17 potentially confounding variables were classified into 
three categories. Maternal characteristics included age at the begin-
ning of the pregnancy (<18, 18 to 34, >34 years of age), annual family 
income during pregnancy (≤$18,000, $18,001 to $30,000, >$30,000), 
receiving social assistance one year before or during pregnancy (yes/
no), living in a rural area during pregnancy (yes/no), being nullipara 
(yes/no) and the number of years of education attained at delivery 
(0 to 11, 12 to 15, ≥16  years). Pregnancy-related variables included a 
high-risk pregnancy (yes/no), gestational diabetes (yes/no), pregnancy-
induced hypertension (yes/no), at least one visit to the obstetrician or 
gynecologist (yes/no), number of perinatal visits (≤5, six to 14, >14), 
maternal weight gain during pregnancy according to the Canadian 
recommendations based on the mother’s prepregnancy BMI (inferior, 
normal, superior [24]), low birth weight (LBW) infant or a preterm 
delivery before the current delivery, and delivery of a boy in the cur-
rent delivery. Maternal lifestyle habits included cigarette smoking 
(yes/no) and alcohol consumption during pregnancy (yes/no). 

use of asthma medications and health care services for asthma
To describe the use of asthma medications and health care services, 
the following asthma-related variables were reported: the use of short-
acting inhaled beta2-agonists (0, >0 to 3, >3 to 10, >10 doses per week), 
daily use of inhaled corticosteroids (μg of fluticasone-equivalent) during 
pregnancy (0 μg, >0 μg to 250 μg, >250 μg), use of at least one add-on 
controller therapy (long-acting beta2-agonists, antiallergic (cromolyn 
or nedocromil), leukotriene-receptor antagonists or theophylline) 
(yes/no), one or more filled short-course prescription of OCS (yes/no), 
one or more visit to the emergency department for asthma (yes/no), 
and one or more  hospitalization for asthma (yes/no) during pregnancy. 
These variables were not considered to be potential confounders 
because obesity may act on them and an adjustment for such variables 
could have obscured an association between obesity and perinatal 
outcomes.

Statistical analysis
Descriptive statistics (frequencies and means) were used to describe the 
characteristics of the pregnancies included in the subcohort. The preva-
lence of the three perinatal outcomes according to the mother’s prepreg-
nancy BMI were also calculated. Missing data were present for five 
confounding variables retrieved from the questionnaire at a rate of 2.2% 
or less and the missing values were included in the category that was the 
most prevalent (see Appendix for more details). Moreover, a weight 
gain of ≥50 kg or a weight loss ≥30 kg during pregnancy was considered 
to be an outlier (25); these extreme values were replaced by the average 
weight gain or weight loss in the woman’s BMI category.

Logistic regression models were used to estimate the crude and 
adjusted ORs for SGA, LGA and preterm birth comparing under-
weight, overweight and obese women with normal weight women. To 
find the final model for a specific outcome, the independent variables 
that were associated with this outcome with P≤0.1 were retained. 
After that, all retained independent variables and the BMI were 
included in a model, and a backward selection strategy was used to find 
the final reduced model by gradually withdrawing variables that were 
not confounders on the BMI-outcome association (ie, did not change 
the ORs associated with BMI by ≥10%) and were not significantly 
associated with the outcome under study (P>0.05). Ninety-five per 
cent CIs were calculated for adjusted ORs and all statistical analyses 
were performed using SPSS version 16.0 (IBM Corporation, USA).

details of ethics approval
Approvals from the Ethics Board of the Hôpital du Sacré-Cœur de 
Montreal (Montreal, Quebec) (Approval number: 2009-10-85), and 
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TabLe 1
Characteristics of all pregnancies included in the cohort as a function of the prepregnancy body mass index (bMI) (n=1386)

Variable

bMI
<18.5 kg/m2  

(n=149) 
18.5 kg/m2 to <25.0 kg/m2 

(n=739) 
25.0 kg/m2 to <30 kg/m2 

(n=273) 
≥30.0 kg/m2 

(n=225) 
Maternal characteristics
Age at the beginning of pregnancy, years
   <18 11 (7.4) 36 (4.9) 7 (2.6) 4 (1.8)
   18–34 129 (86.6) 661 (89.4) 250 (91.6) 204 (90.7)
   >34 9 (6.0) 42 (5.7) 16 (5.9) 17 (7.6)
Annual family income, $
   18,000 98 (65.8) 445 (60.2) 177 (64.8) 140 (62.2)
   18,001–30,000 33 (22.1) 162 (21.9) 52 (19.0) 56 (24.9)
   >30,000 18 (12.1) 132 (17.9) 44 (16.1) 29 (12.9)
Recipient of social assistance* 128 (85.9) 519 (70.2) 199 (72.9) 165 (73.3)
Rural residency at delivery 22 (14.8) 191 (25.8) 75 (27.5) 42 (18.7)
Nullipara 72 (48.3) 279 (37.8) 86 (31.5) 69 (30.7)
Number of years of education attained at delivery
   0–11 91 (61.1) 424 (57.4) 162 (59.3) 124 (55.1)
   12–15 53 (35.6) 254 (34.4) 95 (34.8) 86 (38.2)
   ≥16 5 (3.4) 61 (8.3) 16 (5.9) 15 (6.7)
Pregnancy-related variables
   High-risk pregnancy 50 (33.6) 260 (35.2) 89 (32.6) 94 (41.8)
   Gestational diabetes 8 (5.4) 52 (7.0) 29 (10.6) 42 (18.7)
   Pregnancy-induced hypertension 4 (2.7) 41 (5.5) 22 (8.1) 40 (17.8)
At least one visit to the obstetrician or  
   gynecologist

101 (67.8) 515 (69.7) 188 (68.9) 165 (73.3)

Number of prenatal visits
   ≤5 22 (14.8) 101 (13.7) 32 (11.7) 31 (13.8)
   6–14 112 (75.2) 530 (71.7) 209 (76.6) 155 (68.9)
   >14 15 (10.1) 108 (14.6) 32 (11.7) 39 (17.3)
Maternal weight gain during pregnancy† 
   Normal 46 (30.9) 209 (28.3) 60 (22.0) 50 (22.2)
   Inferior 44 (29.5) 166 (22.5) 30 (11.0) 32 (14.2)
   Superior 59 (39.6) 364 (49.3) 183 (67.0) 143 (63.6)
Low birth weight infant before the current delivery 24 (16.1) 80 (10.8) 28 (10.3) 20 (8.9)
Premature infant before the current delivery 23 (15.4) 78 (10.6) 40 (14.7) 32 (14.2)

Birth weight, g, mean ± SD 3082±450 3182±590 3328±531 3368±571
Delivery of a male infant in the current  delivery 80 (53.7) 385 (52.1) 143 (52.4) 109 (48.4)
Lifestyle habits
Maternal cigarette smoking during pregnancy 122 (81.9) 485 (65.6) 174 (63.7) 144 (64.0)
Maternal alcohol consumption during  
   pregnancy

36 (24.2) 162 (21.9) 48 (17.6) 29 (12.9)

asthma-related variables measured during pregnancy
Use of SABA, doses per week
   0 56 (37.6) 241 (32.6) 78 (28.6) 63 (28.0)
   >0–3 39 (26.2) 213 (28.8) 83 (30.4) 61 (27.1)
   >3–10 41 (27.5) 180 (24.4) 71 (26.0) 68 (30.2)
   >10 13 (8.7) 105 (14.2) 41 (15.0) 33 (14.7)
Daily use of ICS (fluticasone-equivalent), μg
   0 96 (64.4) 402 (54.4) 135 (49.5) 103 (45.8)
   >0–250 50 (33.6) 309 (41.8) 126 (46.2) 110 (48.9)
   >250 3 (2.0) 28 (3.8) 12 (4.4) 12 (5.3)
Use of at least one add-on controller therapy‡ 10 (6.7) 31 (4.2) 18 (6.6) 14 (6.2)
≥1 filled short-course prescription of  
   oral corticosteroids 

11 (7.4) 63 (8.5) 25 (9.2) 26 (11.6)

≥1 emergency department visit for asthma 23 (15.4) 120 (16.2) 48 (17.6) 40 (17.8)
≥1 hospitalization for asthma 2 (1.3) 8 (1.1) 4 (1.5) 3 (1.3)

Data presented as n (%) unless otherwise indicated. *Receipt of social assistance in the year before or during pregnancy; †According to the Canadian recommenda-
tions based on the mother’s prepregnancy BMI; ‡Long-acting beta2-agonists, anti-allergic medication, leukotriene antagonists or theophylline. ICS Inhaled corticos-
teroids; SABA Short-acting inhaled beta2-agonists
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the Commission d’accès à l’information du Québec were obtained before-
proceeding with the study.

ReSulTS
A total of 1386 singleton pregnancies from 1337 asthmatic mothers 
were included in the subcohort including 11% underweight, 53% nor-
mal weight, 20% overweight and 17% obese women before their 
pregnancy. Baseline characteristics are summarized in Table 1. 
Underweight women were younger, more likely to receive social assist-
ance, more often nulliparous, had a lower level of education, more 
likely to have given birth to a LBW infant in a previous pregnancy and 
were more likely to smoke. On the other hand, obese women were 
more likely to have a high-risk pregnancy, gestational diabetes and 
pregnancy-induced hypertension. Moreover, they were more likely to 
gain more weight during pregnancy than what is recommended by 
Health Canada (24). Underweight women used fewer short-acting 
beta2-agonists, and obese women used more inhaled corticosteroids 
and OCS, and went to the emergency department for asthma slightly 
more often.

The prevalence of the outcomes as a function of BMI are presented 
in Table 2. The prevalence of SGA babies was found to be inversely 
related to the mother’s BMI, being 23.5% for underweight and 8.4% 
for obese women. On the other hand, it was found that the prevalence 
of LGA babies tended to increase (but again not perfectly) with 
increasing BMI. Surprisingly, normal-weight women had the highest 
risk of preterm birth, followed by underweight, obese and overweight 
women. 

As shown in Table 3, the adjusted analysis revealed that obese 
asthmatic women were not more at risk of giving birth to a SGA 
baby than normal-weight asthmatic women (adjusted OR 0.6 [95% 
CI 0.4 to 1.1]). Underweight and overweight women were not signifi-
cantly more at risk to give birth to an SGA baby. This logistic regres-
sion model also showed that women <18 years of age, those who were 
nulliparous, women who had a history of LBW infants and those who 
smoked were significantly more at risk, while women who gained more 
weight than what is recommended by Health Canada and those who 
had a history of premature infant birth were significantly less at risk of 
giving birth to an SGA baby. 

As shown in Table 4, no significant associations between BMI and 
LGA, or between BMI and preterm birth were observed. Despite these 
nonsignificant results, an increasing trend of LGA babies with increas-
ing BMI was observed. 

dISCuSSIoN
The results of our study revealed that obese asthmatic women were not 
at increased risk of giving birth to an SGA or LGA baby, nor were they 
more at risk of having a preterm delivery than normal-weight asth-
matic women. These results do not support our hypothesis that women 
with asthma and obesity are at an increased risk of adverse perinatal 
outcomes. The absence of a double-negative impact of obesity and 
asthma on perinatal outcomes is reassuring. 

Asthmatic women have been shown to be at increased risk of giv-
ing birth to SGA babies (3). This association can be explained by 
maternal uncontrolled asthma inducing hypoxia and respiratory 

TabLe 2
Prevalence of adverse perinatal outcomes as a function of 
the mother’s body mass index (bMI) among women with 
asthma

bMI, kg/m2

<18.5 18.5 to <25.0 25.0 to <30 ≥30.0
Pregnancies, n 149 739 273 225
Perinatal  
outcomes Cases, n (%)
SGA 35 (23.5)  118 (16.0) 32 (11.7) 19 (8.4)
LGA 35 (2.7) 45 (6.1) 14 (5.1) 22 (9.8)
Preterm birth 14 (9.4) 82 (11.0) 18 (6.6) 21 (9.3)

SGA Small for gestational age; LGA Large for gestational age

TabLe 3
Impact of prepregnancy body mass index (bMI) on the risk 
of a small-for-gestational-age baby among women with 
asthma

Variable
OR (95% CI)

Crude adjusted*
Maternal characteristic
Prepregnancy BMI, kg/m2

   <18.5 1.6 (1.1–2.5) 1.3 (0.8–2.0)
   18.5 to <25.0 Reference Reference
   25.0 to <30 0.7 (0.5–1.1) 0.9 (0.6–1.4)
   ≥30.0 0.5 (0.3–0.8) 0.6 (0.4–1.0)
Maternal age at the beginning of pregnancy, years
   <18 2.6 (1.4–4.7) 2.2 (1.2–4.2)
   18–34 Reference Reference
   >34 1.4 (0.8–2.4) 1.3 (0.7–2.4)
Annual family income, $
   ≤18,000 Reference Reference
   18,001–30,000 0.6 (0.4–0.9) NR
   >30,000 0.8 (0.5–1.2) NR
Recipient of social assistance† 1.7 (1.2–2.4) NR
Rural residency at delivery 0.9 (0.6–1.2) NR
Nullipara 1.3 (0.98–1.8) 1.5 (1.1–2.1)
Number of years of education attained at delivery
   0–11 Reference Reference
   12–15 0.8 (0.6–1.1) NR
   ≥16 0.5 (0.2–0.98) NR
Pregnancy-related variables
High-risk pregnancy 1.2 (0.9–1.7) NR
Gestational diabetes 1.0  (0.6–1.6) NR
Pregnancy-induced hypertension 0.9 (0.5–1.6) NR
At least one visit to the obstetrician  
   or gynecologist

1.2 (0.8–1.6) NR

Number of prenatal visits
   ≤5 1.0 (0.7–1.6) NR
   6–14 Reference Reference
   >14 0.8 (0.5–1.2) NR
Maternal weight gain during pregnancy‡ 
   Normal Reference Reference
   Inferior 1.7 (1.2–2.6) 1.5 (1.0–2.3)
   Superior 0.6 (0.4–0.9) 0.6 (0.4–0.8)
Low birth weight infant before  
   the current delivery

2.3 (1.6–3.5) 3.7 (2.1–6.4)

Premature infant before  
   the current delivery

0.9 (0.6–1.5) 0.4 (0.2–0.8)

Delivery of a male infant in the  
   current delivery

1.1 (0.8–1.4) NR

Lifestyle habits
Maternal cigarette smoking  
   during pregnancy

2.7 (1.9–4.0) 2.6 (1.8–3.9)

Maternal alcohol consumption  
   during pregnancy

0.9 (0.6–1.3) NR

Bolded values indicate statistical significance. *Adjusted for maternal age at the 
beginning of pregnancy, nullipara, maternal weight gain during pregnancy, low 
birth weight infant before the current delivery and maternal cigarette smoking 
during pregnancy; †Receipt of social assistance in the year before or during 
pregnancy; ‡According to the Canadian recommendations based on the 
mother’s prepregnancy BMI. NR Not retained
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alkalosis that decrease placental blood flow, which can reduce oxygen 
to the fetus and affect fetal growth (26). Furthermore, hypoxia appar-
ent in asthma exacerbation or severe asthma may also increase the 
inflammatory state and cause cortisol liberation. This hormone could 
be responsible for growth retardation and decrease of placental blood 
flow (26). However, our results suggest that the effect of asthma may 
be overridden by the effect of obesity, and other mechanisms can 
explain the protective effect of obesity on SGA, an effect that has 
been described in some studies investigating general populations of 
pregnant women (10,27). In fact, pregnancy is characterized as an 
insulin-resistant condition, with an increase of almost 50% in insulin 
resistance during pregnancy among normal weight women (27). Also, 
maternal prepregnancy weight is strongly correlated with insulin sensi-
tivity and fetal growth (27). Furthermore, in obese women, placental 
dysfunction that increases the availability of glucose, free fatty acids 
and amino acids may be present (27). Therefore, there would be more 
risk for impaired glucose tolerance (and/or prediabetes) among obese 
pregnant women and it is known that diabetes increases the risk of 
macrosomia (28). 

Our study is is not comparable with others because it was the first 
to evaluate the combined effect of asthma and obesity on the risk of 
SGA. However, preterm birth in asthmatic obese women has been 
studied by Hendler et al (15), who divided pregnant women into obese 
(BMI ≥30 kg/m2) and nonobese (BMI <30 kg/m2) categories. Similar 
to our results, they found a nonsignificant reduced risk of preterm birth 
among 521 obese asthmatic women compared with nonobese asth-
matic women, suggesting again that the effect of asthma on preterm 
delivery is overridden by the effect of obesity (15). A possible mechan-
ism that explains the protective effect of obesity on preterm delivery 
relates to leptin (an adipose-derived hormone), which inhibits the 
onset of spontaneous uterine activity and is found in higher levels in 
obese women compared with nonobese women (29). Hendler et al 
(15) did not study the risk of LGA babies, but they observed that 
babies from obese asthmatic women had a mean birthweight higher 
than babies from nonobese asthmatic women (mean [± SD] weight 
3117±748 g versus 3107±653 g). These results were statistically sig-
nificant (P=0.001) but not clinically significant according to the 
authors.  

Furthermore, in our study, we found a trend toward a higher risk of 
LGA among asthmatic obese women, suggesting that obese women 
give birth to babies that are heavier than babies born to normal weight 
asthmatic women. Khashan and Kenny (9), and Lu et al (30) found a 
higher risk of LGA among obese women regardless of the presence of 
asthma (RR 1.63 [95% CI 1.51 to 1.77] and RR 2.2 [95% CI 1.9 to 
2.4], respectively). These two studies, as well as many others, also 
reported an increased risk of macrosomia among obese women 
(9-12,30). 

Our study has several strengths. To our knowledge, the present 
study was the first to evaluate the risk for SGA infants among asth-
matic and obese pregnant women. Also, by using administrative data-
bases, we were able to obtain a relatively large sample of pregnancies 
in asthmatic women. The statistical analysis allowed the inclusion of 
several potential confounding variables, reducing the risk of residual 
confounding bias. Finally, SGA and LGA were calculated using new 
Canadian standards, and the measure of gestational age recorded in 
the databases has been formally analyzed and found to be highly valid 
(20,23).

A few limitations, however, should be kept in mind when inter-
preting the results. A nondifferential measurement error may be 
present for height and weight of the mother because they were self-
reported; it is documented that people tend to overestimate their 
height and underestimate their weight (31). Consequently, the BMI 
calculated from self-reported height and weight may have been lower 
than it actually was. Also, despite the fact that we measured several 
potential confounders, we cannot completely rule out the possibility of 
residual confounding due to the observational nature of the study 
design. Post hoc power calculations revealed that our study had 80% 

power to detect an OR of 1.6 for SGA infants, an OR of 2.1 for LGA 
infants and an OR of 1.8 for preterm delivery when comparing obese 
with normal weight women. This implies that smaller associations 
could have been missed due to a lack of power. Finally, our cohort was 
less representative of women with higher socioeconomic status because 
all of the women included in our cohort were covered by the public 
drug insurance plan.

CoNCluSIoN
In the present study, we observed that obese asthmatic women were 
not at a higher risk for perinatal outcomes than normal-weight asth-
matic women. We found no negative interaction between maternal 
asthma and obesity on the growth of the fetus. These results are 
reassuring for obese asthmatic women; however, pregnant women 
should be encouraged to follow the recommendations for weight gain 
during pregnancy to avoid adverse outcomes related to overweight and 
obesity.
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TabLe 4
Impact of pre-pregnancy body mass index (bMI) on the 
risk of a large-for-gestational-age (LGa) baby and preterm 
birth among women with asthma

OR (95% CI)
LGa* Preterm birth†

Prepregnancy BMI, kg/m2

   <18.5 0.5 (0.2–1.5) 0.7 (0.4–1.2)
   18.5 to <25.0 Reference
   25.0 to <30 0.7 (0.3–1.2) 0.6 (0.3–1.1)
   ≥30.0 1.2 (0.7–2.1) 0.7 (0.4–1.2)

*Adjusted for number of years of education attained at delivery, nullipara, ges-
tational diabetes and maternal weight during pregnancy; †Adjusted for high-
risk pregnancy, pregnancy induced hypertension, number of prenatal visits, 
maternal weight gain during pregnancy, premature infant before current deliv-
ery and maternal cigarette smoking during pregnancy 

AppeNdIx
Analysis for missing data
Missing values were present in a low proportion for five potential 
confounding variables: annual family outcome (2.0%); parity 
(0.2%); weight gain during pregnancy (1.4%); LBW infant before 
the present delivery (0.3%); alcohol consumption during preg-
nancy (2.2%); and highest level of education attained (2.2%). All 
missing values, except for weight gain during pregnancy, were 
included in the most prevalent category: 0 to 11 years for the high-
est level of education attained, ≤$18,000 for the income, nullipara 
for the parity, no-LBW for LBW infant before the current delivery 
and no alcohol for maternal alcohol consumption. For weight gain 
during pregnancy, the average weight gain of the corresponding 
category of BMI were attributed to the missing values.
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