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Background: The relationship between childhood asthma and central nervous sys-
tem defects in offspring is poorly understood. We assessed if childhood asthma
was associated with the risk of having an infant with neural tube or other nervous
system defects compared with asthma during pregnancy.
Methods: We analyzed a longitudinal cohort of 128,060 women who were 5 years
or less at study entry and later delivered an infant in Quebec, Canada (1989–2014).
We identified women hospitalized for asthma before pregnancy, including child-
hood and adolescence, and determined if asthma was present during pregnancy
based on obstetric records. Main outcomes were neural tube and non-neural tube
defects in pregnancy. We used log-binomial regression models to determine risk
ratios (RR) and 95% confidence intervals (CI) for the association between asthma
and risk of nervous system defects, adjusting for patient characteristics.
Results: Asthma was associated with a greater risk of neural tube defects in off-
spring (RR 2.39, 95% CI 1.03–5.53) compared with no asthma, but not non-neural
tube defects (RR 1.10, 95% CI 0.71–1.71). Women whose asthma resolved before
pregnancy had a greater risk of neural tube defects (RR 3.43, 95% CI 1.35–8.69),
while women with asthma during pregnancy were at greater risk of non-neural tube
defects, especially microcephaly (RR 2.80, 95% CI 1.23–6.40).
Conclusions: Asthma that resolved before pregnancy was associated with an
increased risk of neural tube defects in offspring but not non-neural tube defects.
Further investigation is needed to determine the pathophysiology connecting child-
hood asthma with nervous system defects in offspring.
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1 | INTRODUCTION

A growing number of studies suggest that asthma is linked
with birth defects in offspring (Blais, Kettani, Elftouh, &
Forget, 2010; Lin et al., 2012). Asthma affects up to 12% of
pregnant women (Murphy & Schatz, 2014; Namazy et al.,
2013), but the association with central nervous system defects
in offspring receives relatively little attention compared with
other congenital anomalies. There is conflicting evidence that
asthma during pregnancy is associated with nervous system
defects (Blais et al., 2010; Garne et al., 2015; Garne et al.,

2016; Lin et al., 2012). One study suggests that asthma
increases the risk up to 1.8 times (Blais et al., 2010). Associa-
tions with asthma merit attention as central nervous system
defects are among the most common congenital anomalies,
with neural tube defects affecting between 1 and 10 per 1,000
births (Imbard, Benoist, & Blom, 2013). Central nervous sys-
tem defects are a major cause of morbidity and mortality
(Irvine, Luo, & León, 2015), as well as a significant burden
on families and health systems (Higashi et al., 2015).

Although asthma is a chronic condition often appearing
in childhood (Martinez & Vercelli, 2013), symptoms may
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resolve or improve during adulthood (Sears et al., 2003).
However, the majority of research on central nervous system
defects focuses on asthma in pregnancy only (Blais et al.,
2010; Garne et al., 2015; Garne et al., 2016; Lin et al.,
2012). Much less is known on how asthma early in life is
related to risk of nervous system defects in offspring.
Asthma that presents during childhood but improves later in
life may have a unique phenotype that continues to affect
risk of central nervous system defects (Martinez & Vercelli,
2013). In addition, a growing number of studies suggest that
there may be shared pathways between immune disorders
such as asthma, and folate-sensitive neural tube defects
(Denny et al., 2013). Studies that focus on asthma during
pregnancy only (Blais et al., 2010; Garne et al., 2015; Garne
et al., 2016; Lin et al., 2012), however, do not address risks
in women whose asthma resolved before pregnancy. Our
objective was to determine the risk of neural and non-neural
tube defects in offspring of women with asthma, and if the
risk differs between childhood asthma that resolved before
pregnancy and active asthma during pregnancy.

2 | MATERIALS AND METHODS

2.1 | Study design and population

We conducted a longitudinal cohort study of all women
who were 5 years or less at study entry and later gave
birth to a live infant in Quebec (Canada) before March
31, 2014 (N = 128,060). Women were eligible for entry to
the cohort if they were aged 5 years or less in 1989 or
thereafter, and delivered their infant in any hospital in
Quebec. We followed the cohort through childhood and
prepregnancy reproductive years to identify hospitalizations
in which asthma was documented, and during pregnancy
to determine if asthma was present in prenatal follow-up.
We obtained the data from hospital discharge abstracts in
the Maintenance and Use of Data for the Study of Hospital
Clientele registry, an administrative database containing
discharge summaries for all hospitalizations in Quebec
(Ministère de la Santé et des Services Sociaux, 2016). In
Quebec, women are followed prenatally using standardized
obstetrics charts that are added to the hospital chart at
delivery (Collège des Médecins du Québec, 2005), provid-
ing the physician with the entire obstetric history including
asthma. The physician, therefore, completes the discharge
abstract using the entire pregnancy history, not only hospi-
talization records.

In the data, maternal hospital charts are linked with the
neonate, allowing us to determine if central nervous system
defects were present at delivery. Follow-up for central ner-
vous system defects during pregnancy ended on March
31, 2014 for all women. Almost all deliveries in Quebec
occur in hospital (99%) (Auger, Fraser, Healy-Profitós, &
Arbour, 2015), thus, the cohort is representative of the

majority of women in the province from 1989 onward who
subsequently gave birth. However, we did not include
women who had only stillbirths, as information on birth
defects was not available for fetal deaths.

2.2 | Asthma

We defined asthma using the 9th and 10th revisions of
the International Classification of Diseases (ICD-9 493;
ICD-10 J45). The main exposure measure was a diagnosis of
asthma any time during follow-up (yes, no). We further cate-
gorized asthma according to timing (childhood asthma that
resolved before pregnancy, asthma in pregnancy, no
asthma). Although there was no age cut off for prepregnancy
asthma hospitalizations, 84% occurred before age 18, and
71% before age 15. We identified childhood asthma using
primary or secondary diagnosis codes during any hospital
admission before pregnancy. Thus, we mainly captured hos-
pitalizations for severe or poorly controlled asthma
(Hasegawa, Tsugawa, Brown, & Camargo, 2013), but not
mild or well controlled asthma that never resulted in hospi-
talization. During pregnancy, however, we captured both
mild and severe asthma because diagnosis codes reflected
the prenatal obstetric chart and did not rely on hospitaliza-
tions during gestation. Asthma that is not documented on the
obstetric chart represents potentially resolved or inactive dis-
ease (Sears et al., 2003). We could not determine the sensi-
tivity and specificity of diagnostic codes for asthma, but
previous studies report high validity for other codes in the
data (Landry, Croitoru, & Menzies, 2012; Tairou, De
Wals, & Bastide, 2006).

2.3 | Central nervous system defects

The main outcome measure was presence of a central ner-
vous system defect in any pregnancy. We grouped central
nervous system defects into two major categories: neural
tube versus non-neural tube. We did so because the patho-
genesis of neural tube defects is primarily related to folic
acid deficiency (Wallingford, Niswander, Shaw, & Finnell,
2013), whereas the pathways leading to non-neural tube
defects differ (McAllister, 2012; Woods & Parker, 2013). As
secondary outcomes, we assessed the three most prevalent
defects, including (1) spina bifida, (2) microcephaly, and
(3) hydrocephaly. We used International Classification of
Disease codes to identify nervous system defects, as well as
procedure codes for spina bifida and hydrocephaly from the
Canadian Classification of Diagnostic, Therapeutic, and Sur-
gical Procedures and the Canadian Classification of Health
Interventions (Table S1).

2.4 | Covariates

We accounted for several covariates, including maternal age
at delivery (<25, 25–34, ≥35 years), parity (0, 1, ≥2 previ-
ous deliveries), socioeconomic deprivation (quintiles ranging
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from least to most disadvantaged neighborhoods for income,
education and employment) (Auger et al., 2015), rural resi-
dence (rural, urban, unknown), time period at delivery
(1989–1996, 1997–2004, 2005–2014), and comorbidities
diagnosed before or during the pregnancy hospitalization
(epilepsy, obesity, substance abuse, type I or type II diabe-
tes). These comorbidities are associated with potentially
greater risk of birth defects (Blais et al., 2010; Lin et al.,
2012). We used ICD codes to identify epilepsy, obesity, sub-
stance abuse (including alcohol or illicit drugs), and diabetes
(Supporting Information Table S1).

2.5 | Data analysis

We calculated the prevalence of central nervous system
defects in offspring for every 10,000 deliveries in women
with and without asthma. We used log-binomial regres-
sion models to calculate risk ratios (RR) and risk differ-
ences (RD) for the association of maternal asthma with
central nervous system defects in offspring, using general-
ized estimating equations for deliveries nested in women.
Because the outcome was rare, we accounted for potential
confounders through propensity scores (Austin, 2011;
Stürmer, Wyss, Glynn, & Brookhart, 2014). We com-
puted the propensity score for asthma using age, parity,
socioeconomic deprivation, rural residence, time period
and comorbidity as predictors (Martinez & Vercelli,
2013). We subsequently computed the inverse probability
of the propensity score and produced stabilized weights
normalized to the original sample size (Lanehart et al.,
2012; Leslie & Thiebaud, 2007). We verified that the
weights were balanced, and used the inverse probability
of the propensity score to weight the log-binomial regres-
sion models (Austin, 2011; Stürmer et al., 2014). Use of
inverse probability weights creates a fictitious population
that is distributed equally on study characteristics, ruling
out bias due to the confounders (Austin, 2011). Inverse
probability weights are ideal for rare outcomes that pro-
hibit standard adjustment in regression models due to
small cell sizes (Stürmer et al., 2014).

We carried out sensitivity analyses in which we removed
14 infants with central nervous system defects that also had
chromosomal anomalies and 7,267 women aged less than
18 years at pregnancy to ensure that the results were robust.
Where sample sizes were sufficient, we estimated standard
regression models adjusted for confounders to ensure that
results were similar to the propensity score models. We also
examined models in which we used women as the unit of
analysis as opposed to pregnancies.

We used SAS v9.3 (SAS Institute Inc., Cary, NC) for
data analysis. The data contained no identifying information
and the University of Montreal Hospital Centre institutional
review board waived ethical review.

3 | RESULTS

There were 128,060 women in the cohort, including 6,559
hospitalized for asthma during follow-up (Table 1). Among
the 6,559 women with asthma, 3,611 had childhood asthma
that resolved before pregnancy. An additional 2,948 had
asthma during pregnancy, including 2,203 (74.7%) who
were never hospitalized for asthma during childhood. Com-
pared with no asthma, women with any asthma had a higher
prevalence of central nervous system defects in their off-
spring. Women with asthma had younger age at first deliv-
ery, higher total parity, greater material deprivation, and
more comorbidity. Among 3,611 women with asthma that
resolved before pregnancy, 2,049 (56.7%) were less than
10 years old when first hospitalized, and an additional
996 (27.6%) were between 10 and 18 years.

Women with any asthma had a greater but nonsignificant
risk of later delivering an infant with a nervous system
defect compared with women with no asthma (RR 1.23,
95% CI 0.83–1.82) after accounting for potential

TABLE 1 Characteristics of women with and without asthma

Number of women (%)

Asthmaa

(N = 6,559)
No asthma
(N = 121,501)

Central nervous system defect

Yes 29 (0.4) 402 (0.3)

No 6,530 (99.6) 121,099 (99.7)

Age at delivery, yearsb

<25 5,075 (77.4) 80,733 (66.4)

25–34 1,484 (22.6) 40,768 (33.6)

≥35 – –

Total parity

1 3,683 (56.2) 73,496 (60.5)

2 2,101 (32.0) 37,335 (30.7)

≥3 775 (11.8) 10,670 (8.8)

Socioeconomic deprivationb

Low 1,845 (28.1) 31,520 (25.9)

Low-moderate 1,493 (22.8) 27,193 (22.4)

Moderate 1,264 (19.3) 23,992 (19.8)

Moderate-high 998 (15.2) 20,036 (16.5)

High 617 (9.4) 13,300 (11.0)

Rural residenceb

Yes 1,404 (21.4) 27,510 (22.6)

No 5,014 (76.4) 91,608 (75.4)

Time periodb

1989–1996 0 (0.0) 5 (0.0)

1997–2004 817 (12.5) 11,786 (9.7)

2005–2013 5,742 (87.5) 109,710 (90.3)

Comorbidityb,c

Yes 900 (13.7) 5,849 (4.8)

No 5,659 (86.3) 115,652 (95.2)

aAsthma before (N = 3,611) or during pregnancy (N = 2,948).
bMeasured at first delivery.
cEpilepsy, obesity, substance abuse, Type I or II diabetes.
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confounders (Table 2). The association was somewhat stron-
ger for neural tube defects (RR 2.39, 95% CI 1.03–5.53)
than non-neural tube defects (RR 1.10, 95% CI 0.71–1.71).
Women with asthma had 2.83 excess infants with neural
tube defects per 10,000 births (95% CI -1.25–6.90), and 4.03
excess infants with any nervous system defect (95% CI
-5.97–14.04), compared with no asthma. Among specific
defects, women with any asthma had a greater risk of spina
bifida (RR 2.61, 95% CI 1.08–6.34) in offspring, but not
microcephaly (RR 1.86, 95% CI 0.90–3.85) or hydrocephaly
(RR 0.86, 95% CI 0.50–1.48) (Table 3).

Childhood asthma was related to the type of nervous sys-
tem defect (Table 4). Compared with no asthma, women
with asthma that resolved before pregnancy had a signifi-
cantly greater risk of neural tube defects (RR 3.43, 95% CI
1.35–8.69) in offspring, but not non-neural tube defects
(RR 0.60, 95% CI 0.26–1.39). In contrast, women with
active asthma in pregnancy had a borderline elevated risk of
non-neural tube defects (RR 1.59, 95% CI 0.95–2.67) but
not neural tube defects (RR 1.24, 95% CI 0.27–5.62).

A similar pattern emerged for specific nervous defects
(Table 5). Compared with no asthma, women with asthma
before pregnancy had significantly greater risk of spina

bifida (RR 4.35, 95% CI 1.69–11.16) in offspring, but not
microcephaly (RR 0.77, 95% CI 0.19–3.12) or hydrocephaly
(RR 0.55, 95% CI 0.19–1.55). In contrast, there was no asso-
ciation between active asthma during pregnancy and spina
bifida, but an association was present with microcephaly and
hydrocephaly, although the risk of hydrocephaly was modest
and not statistically significant.

In sensitivity analyses, exclusion of infants with chromo-
somal defects or women aged less than 18 years at preg-
nancy did not influence the results. Similar associations
were obtained with standard regression models adjusted for
individual covariates, and when using women as the unit of
analysis.

4 | DISCUSSION

In this population-based study, we found that asthma was
associated with an increased risk of delivering an infant
with a neural tube defect, even if asthma resolved before
pregnancy. The association with non-neural tube defects
was weaker and statistically nonsignificant. Non-neural
tube defects were however more strongly associated with

TABLE 2 Association of asthma with central nervous system defects in offspring

No. deliveries
No. defects
in offspring

Prevalence
per 10,000 (95%
confidence interval)

Risk ratio (95%
confidence interval)a

Risk difference
per 10,000 (95%
confidence interval)a

Neural tube defect

Asthmab 10,594 7 6.6 (1.7, 11.5) 2.39 (1.03, 5.53) 2.83 (−1.25, 6.90)

No asthma 184,711 43 2.3 (1.6, 3.0) Referent Referent

Non-neural tube defect

Asthmab 10,594 23 21.7 (12.8, 30.6) 1.10 (0.71, 1.71) 1.21 (−7.88, 10.30)

No asthma 184,711 360 19.5 (17.5, 21.5) Referent Referent

Any nervous system defect

Asthmab 10,594 30 28.3 (18.2, 38.4) 1.23 (0.83, 1.82) 4.03 (−5.97, 14.04)

No asthma 184,711 403 21.8 (19.7, 23.9) Referent Referent

aWeighted by the inverse probability of the propensity score.
bAsthma before (N = 5,335) or during pregnancy (N = 5,259).

TABLE 3 Association of asthma with spina bifida, microcephaly, and hydrocephaly in offspring

No. deliveries
No. defects in
offspring

Prevalence
per 10,000 (95%
confidence interval)

Risk ratio
(95% confidence
interval)a

Risk difference
per 10,000 (95%
confidence interval)a

Spina bifida

Asthmab 10,594 6 5.7 (1.1, 10.2) 2.61 (1.08, 6.34) 2.98 (−1.03, 6.98)

No asthma 184,711 34 1.8 (1.2, 2.5) Referent Referent

Microcephaly

Asthmab 10,594 9 8.5 (2.9, 14.0) 1.86 (0.90, 3.85) 3.69 (−1.93, 9.31)

No asthma 184,711 79 4.3 (3.3, 5.2) Referent Referent

Hydrocephalyc

Asthmab 10,594 15 14.2 (7.0, 21.3) 0.86 (0.50, 1.48) −2.18 (−9.37, 5.00)

No asthma 184,711 282 15.3 (13.5, 17.0) Referent Referent

aWeighted by the inverse probability of the propensity score.
bAsthma before (N = 5,335) or during pregnancy (N = 5,259).
cHydrocephaly, reduction deformities (lissencephaly) and other specified anomalies (macrogyria, amyelia, Arnold-Chiari syndrome).
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active asthma in pregnant women. To our knowledge, this
is the first study to find that women with childhood
asthma that resolved before pregnancy continue to have
an elevated risk of neural tube defects in offspring. This
study provides novel evidence that the pathways linking
asthma with nervous system defects in offspring may dif-
fer depending on asthma onset time. A better understand-
ing of the pathways by which childhood asthma affects
the risk of nervous system defects in offspring has poten-
tial to improve prevention of central nervous system
anomalies.

There is evidence that maternal asthma increases the risk
of congenital anomalies, with studies finding links with cleft
palate, gastroschisis, renal dysplasia, and anal atresia (Garne
et al., 2015; Lin et al., 2012). Evidence for the association
between asthma and central nervous system defects is more
conflicting. Studies investigating a wide-range of congenital
defects report no association between maternal asthma and
spina bifida or other neural tube defects (Garne et al., 2016;
Lin et al., 2012), while others have found increased risks of
encephalocele (Garne et al., 2015) and non-neural tube
defects (Blais et al., 2010). Much of this literature addresses
asthma that is active only during pregnancy (Blais et al.,
2010; Garne et al., 2015; Garne et al., 2016; Lin et al., 2012;
Namazy et al., 2013), with most studies looking at asthma
medication or symptoms up to 1 year before pregnancy
(Blais et al., 2010; Charlton et al., 2016). Some of the sus-
pected pathways include the possibility that maternal hyp-
oxia and inflammation are somehow involved in the genesis
of birth defects (Blais et al., 2010; Lin et al., 2012). Another
possible pathway is exposure to asthma medications,
although current research suggests that associations with
inhaled corticosteroids and beta-agonists are unlikely
(Eltonsy, Forget, Beauchesne, & Blais, 2015). While our
results support an association between active asthma and

microcephaly, we could not investigate drug-related path-
ways as we did not have data on prescription medications.

Studies have not investigated the possibility that child-
hood asthma that resolves before pregnancy can continue to
affect the risk of central nervous system defects in offspring,
despite evidence of phenotypic and genetic differences
between childhood and adult onset asthma (Martinez &
Vercelli, 2013). In our study, asthma that had resolved
before pregnancy was associated with neural tube, but not
non-neural tube defects. Evidence suggests that folate defi-
ciency and impaired folate metabolism is involved in the
development of asthma and atopic diseases (Thuesen et al.,
2010). While the origins of nervous system defects are not
fully established, it is generally accepted that folic acid path-
ways are important in the development of neural tube defects
(Wallingford et al., 2013), while non-neural tube defects
appear to have a wider range of genetic and environmental
causes (McAllister, 2012; Woods & Parker, 2013). The asso-
ciation we found between resolved asthma and neural tube
defects supports folate dependent pathways, including the
hypothesis of an immunologic component in neural tube
defects that are resistant to folic acid supplementation
(Denny et al., 2013). There is also evidence that DNA meth-
ylation is implicated in childhood onset asthma (Perera
et al., 2009; Rastogi, Suzuki, & Greally, 2013), as well as
folic acid metabolism and neural tube defects (Blom, 2009;
Imbard et al., 2013). Thus, epigenetic mechanisms may be
involved. Use of asthma medications for extended periods in
childhood may be an additional contributor (Chauhan,
Chartrand, Ni Chroinin, Milan, & Ducharme, 2015; Zhang,
Prietsch, & Ducharme, 2014).

This study had several limitations. We used information
from administrative hospital data and misclassification of
variables is possible, although differential misclassification
is unlikely. We adjusted for a wide range of potential con-
founders, but cannot rule out residual confounding from

TABLE 4 Timing of asthma and risk of central nervous system defects in offspring of girls followed over time

No. deliveries
No. defects in
offspring

Prevalence
per 10,000 (95%
confidence interval)

Risk ratio
(95% confidence
interval)a

Risk difference
per 10,000 (95%
confidence interval)a

Neural tube defect

Asthma before pregnancy 5,335 5 9.4 (1.2, 17.6) 3.43 (1.35, 8.69) 5.68 (−1.43, 12.78)

Asthma in pregnancyb 5,259 <5 3.8 (0.0, 9.1) 1.24 (0.27, 5.62) 0.56 (−3.79, 4.92)

No asthma 184,711 43 2.3 (1.6, 3.0) Referent Referent

Non-neural tube defect

Asthma before pregnancy 5,335 7 13.1 (3.4, 22.8) 0.60 (0.26, 1.39) −7.86 (−17.83, 2.11)

Asthma in pregnancyb 5,259 16 30.4 (15.5, 45.3) 1.59 (0.95, 2.67) 11.50 (−4.41, 27.42)

No asthma 184,711 360 19.5 (17.5, 21.5) Referent Referent

Any nervous system defect

Asthma before pregnancy 5,335 12 22.5 (9.8, 35.2) 0.90 (0.48, 1.69) −2.19 (−14.66, 10.29)

Asthma in pregnancyb 5,259 18 34.2 (18.4, 50.0) 1.55 (0.95, 2.54) 12.08 (−4.42, 28.58)

No asthma 184,711 403 21.8 (19.7, 23.9) Referent Referent

aWeighted by the inverse probability of the propensity score.
bAsthma in pregnancy with or without asthma in childhood.
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unmeasured covariates such as teratogenic medication use,
unreported substance use, or supplementary folic acid. How-
ever, Quebec has universal folic acid food fortification since
the late 1990s. Although, we used an analytic method that
allowed adjustment for total parity, alternate approaches
could be used. We could not identify women with childhood
asthma who were lost to follow-up or were never pregnant
in Quebec; however, selection bias due to having asthma
during pregnancy was not possible because all pregnant
women were included in the cohort regardless of prior dis-
ease. We could not review charts to obtain details on asthma
severity, or confirm the absence of asthma in women with
childhood asthma that was no longer documented at deliv-
ery. It is possible that asthma was not correctly documented
on obstetric records due to coding errors or unreported use
of asthma medication. We did not have access to asthma pre-
scriptions or types of medications taken. We analyzed
women whose prepregnancy asthma required hospitaliza-
tion, but could not identify milder forms. It is likely that we
identified cases of more severe or poorly controlled asthma.
Thus, the nonasthmatic category contains a fraction of
women with mild asthma, which may have attenuated
the differences and resulted in conservative associations.
Likewise, asthma recorded on obstetric charts reflects a mix-
ture of mild and severe cases, an issue that should be consid-
ered when comparing the results with the predominantly
severe cases captured during childhood admissions.

As central nervous system defects are rare, we had low
statistical power and cannot exclude the possibility of Type I
or II error. However, a body of evidence suggests that
asthma during pregnancy is associated with central nervous
system defects (Blais et al., 2010; Garne et al., 2015), thus a
relationship with childhood asthma is not implausible. Some
women may not have completed reproduction by the end of
the study, and the outcome may be misclassified for women

who were pregnant after the study ended. We did not have
information on women who had abortions, including the
presence of nervous system defects in aborted fetuses.
Although, it is unlikely that abortion rates differ between
women with and without asthma, central nervous system
defects are a common reason for pregnancy terminations
(Rossi & Prefumo, 2016). Thus, pregnancy terminations
may have reduced the study power, and statistical signifi-
cance of associations between asthma and nervous system
defects. This problem may also explain why previous studies
have found conflicting evidence for the association between
asthma and nervous system defects, particularly studies with
small sample sizes (Blais et al., 2010). Nonetheless, the
results are likely generalizable to the majority of women
with severe asthma, including those who undergo abortion.

This study suggests that asthma during childhood is
associated with the later risk of some types of nervous sys-
tem defects in offspring, even if asthma resolves before
pregnancy. Childhood asthma may be more strongly associ-
ated with neural tube than non-neural tube defects. The find-
ings merit follow-up in future mechanistic studies as asthma
is common (Murphy & Schatz, 2014; Sears et al., 2003), and
central nervous system defects place significant pressure on
health care and families. Further investigation of these pat-
terns may provide insight into the pathology of both asthma
and central nervous system defects, perhaps leading to thera-
peutic or preventive approaches.
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No. deliveries
No. defects in
offspring

Prevalence
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bAsthma in pregnancy with or without asthma in childhood.
cHydrocephaly, reduction deformities (lissencephaly) and other specified anomalies (macrogyria, amyelia, Arnold-Chiari syndrome).
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Table S1 Diagnostic and procedural codes

International Classification of
Diseases 9th revision/Canadian

Classification of Diagnostic,
Therapeutic, and Surgical Procedures

(before 2006)

International Classification of
Diseases 10th revision/Canadian

Classification of Health
Interventions

(beginning in 2006)
Central nervous system
defect

740-742/15.31-15.43, 16.42, 16.59 Q00-Q07/1.AC.52-1.AC.54,
1.AW.72, 1.AX.73

Neural tube defect
Spina bifida 741/16.42, 16.59 Q05, Q07.0/1.AW.72, 1.AX.73
Other 740, 742.0 Q00, Q01
Any 740, 741/16.42, 16.59 Q00-Q01, Q05, Q07.0/1.AW.72,

1.AX.73
Nonneural tube defect

Microcephaly 742.1 Q02
Hydrocephaly 742.3/15.31-15.43 Q03/1.AC.52-1.AC.54
Other 742.2, 742.4-742.9 Q04, Q06, Q07.8, Q07.9
Any 742.1-742.9/15.31-15.43 Q02-Q04, Q06, Q07.8,

Q07.9/1.AC.52-1.AC.54
Asthma 493 J45
Comorbidity

Epilepsy 345, 649.4 G40
Obesity 278.0 E66
Substance abuse 291, 292, 303-305, 357.5, 357.6,

425.5, 535.3, 571.0-571.3, 577.0,
577.9, 655.4, 655.5, 790.3, 965.0,
967.0, 967.4, 969.1-969.9, 970.8,

980.0, V11.3, V65.42, V79.1

F10-F16, F18, F19, K29.2, K70,
K85.2, K86.0, K86.9, O35.4,

O35.5, R78.1-R78.5, T51.0, X42,
X45, X62, X65, Y12, Y15, Z50.2,
Z71.4, Z71.5, Z72.1, Z72.2, Z86.4

Diabetes 648.0 O24.5-O24.7
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