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Abstract

Background—Sparse data are available on the relationship between prenatal exposures and 

asthma during later childhood. In a longitudinal study of adolescents and their mothers, we 

examined the association of (1) maternal pre-pregnancy body mass index (BMI) and (2) 

gestational weight gain (GWG), with incidence of allergic and non-allergic asthma in offspring.

Methods—Analyses were conducted using data from 12,963 children aged 9-14 years at 

enrollment in the Growing Up Today Study, and their mothers, who are participants in the Nurses’ 

Health Study II. Physician-diagnosed asthma and allergies were assessed by questionnaires sent 

regularly to participants and their mothers. Logistic regression was used to evaluate associations of 

maternal BMI and GWG with offspring asthma, overall and by subtype.

Correspondence, Carlos A. Camargo Jr., MD, DrPH, Department of Emergency Medicine, Massachusetts General Hospital, 125 
Nashua Street, Suite 920, Boston, MA 02114-1101 USA, Tel: 617-726-5276. Fax: 617-724-4050. ccamargo@partners.org. 

Conflict of interest: The authors have no potential conflicts of interest to disclose

Author contributions:
OD contributed in the study conception, statistical programming and data analysis, data interpretation and primary manuscript 
preparation. RV contributed in the study conception, assistance with statistical programming and data analysis, data interpretation and 
critical revision of the manuscript. AEF and MWG participated in the acquisition of the data, data interpretation and critical revision of 
the manuscript. CAC participated in the study conception, acquisition of the data, data interpretation and critical revision of the 
manuscript. All authors approved the final version of the manuscript.

HHS Public Access
Author manuscript
Allergy. Author manuscript; available in PMC 2017 September 01.

Published in final edited form as:
Allergy. 2016 September ; 71(9): 1295–1304. doi:10.1111/all.12876.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Results—Physician-diagnosed asthma during childhood or adolescence was reported by 2,694 

children (21%). Maternal pre-pregnancy overweight (OR: 1.19, 95% CI: 1.03-1.38) and obesity 

(1.34, 1.08-1.68) were associated with offspring asthma. In asthma subtype analyses, the 

association was seen only for asthma onset before age 12 years. Moreover, the association of 

maternal obesity with non-allergic asthma was observed in boys (2.39, 1.40-4.09) and not in girls 

(0.96, 0.50-1.85; Pinteraction=0.03); the opposite pattern was suggested for allergic asthma. With 

regard to GWG, an association was suggested between gains of <15 lb and higher risk of offspring 

asthma (1.28, 0.98-1.66), without clear allergy- or sex-related patterns.

Conclusion—The relation of several prenatal factors to risk of childhood asthma supports the 

early origins hypothesis for asthma. The observed allergy- and sex-specific patterns suggest 

multiple etiologic pathways.
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INTRODUCTION

Asthma is a worldwide public health problem (1), affecting almost 10% of U.S. children (2). 

The growing body of research on the Developmental Origins of Health and Disease 

(DOHaD) has underlined the impact of the prenatal and perinatal environment in lifelong 

health (3–5). Although asthma and allergies affect individuals of all ages, and result from 

complex interactions between genetic and environmental factors throughout life, it is widely 

accepted that they have origins early in life (6,7). A better knowledge of risk factors for 

asthma as early as in-utero could offer opportunities for primary prevention (8–10).

Recently, several prospective cohort studies have shown associations between a high 

maternal body mass index (BMI) before or during pregnancy, and risk of asthma during 

early childhood (11–19). The independent role of gestational weight gain (GWG) has 

received less attention (13,15,20), and the results of a recent meta-analysis were not entirely 

consistent, although a positive association with childhood asthma or wheeze was suggested 

(11). Moreover, few studies have examined the associations between prenatal and perinatal 

exposures and asthma incidence during later childhood and adolescence (18).

The mechanisms for any link between maternal BMI and GWG to offspring asthma remain 

poorly understood. While a relationship between maternal BMI and childhood asthma is 

consistently observed (11), associations with allergic phenotypes (e.g., eczema, hay fever, 

skin sensitization to allergens) are lacking (14,15,18,19), suggesting a potential role for non-

allergic pathways. Asthma in obese patients is increasingly regarded as a unique phenotype, 

characterized by non-allergic mechanisms (21,22). A recent study (23) showed an 

association between obesity and asthma only among children with a low Fractional Exhaled 

Nitric Oxide, a marker of eosinophilic airway inflammation. This result further supports 

non-allergic pathways in the relationship between obesity and asthma inception. However, 

data on the associations between maternal BMI and GWG with the risk of developing 

allergic and non-allergic asthma remain scarce. Finally, despite well-known sex differences 

in the natural history of asthma (24,25), with a switch in male to female ratio in asthma 
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incidence during adolescence, and gender difference in the obesity-asthma relationship in 

childhood (26), very limited data are available regarding sex-specific associations of 

maternal BMI and GWG with asthma outcomes (27).

To address this knowledge gap, we examined longitudinal data from pre-adolescents and 

adolescents, and their mothers, to investigate the association of (i) maternal pre-pregnancy 

BMI and (ii) GWG, with incidence of allergic and non-allergic asthma in offspring. We also 

examined effect modification by the child’s sex.

METHODS

Study design and data collection

The Growing Up Today Study (GUTS) was initiated in 1996. The original cohort comprised 

9,039 girls and 7,842 boys born in the 1980s and living throughout the United States. The 

participants are children of women in the Nurses’ Health Study II (NHSII), a prospective 

cohort study of female registered nurses. Details of the GUTS cohort recruitment have been 

published previously (28,29). From age 9-14 years, participants were mailed questionnaires 

approximately annually, to collect a variety of information pertaining to adolescent health. 

The current study uses data from 1996, 1997, 1998 and 1999 questionnaires, when all 

participants were aged <18 years. The response rates to one or more questionnaires in 

1997-1999 were 89% in boys and 94% in girls. GUTS participant’s mothers were also sent 

supplemental questionnaires in 1997, 1999, and 2004, regarding their children’s health, and 

pre-natal and early-life risk factors; 99% of mothers completed one or more questionnaires. 

The current analysis was approved by the human subjects committees at Harvard School of 

Public Health and Brigham and Women's Hospital, Boston, Massachusetts.

Asthma and allergies

The main outcome was the incidence of allergic and non-allergic asthma during childhood or 

adolescence. Asthma was defined by the self-report of physician-diagnosed asthma on any 

questionnaires (“Has a doctor ever said you have asthma?”) from 1996 through 1999. A 

more stringent definition of asthma, involving further confirmation of child’s physician-

diagnosis of asthma by the mother, was used in sensitivity analyses. Age at asthma onset 

was estimated as the minimum value between age at onset reported in mothers’ 

questionnaires (available for 93% of children with asthma), or age at onset calculated based 

on the first time that incident asthma was reported by the GUTS participant on their annual 

questionnaires from 1997 through 1999 (among those who did not report asthma at baseline 

in 1996). Age at asthma onset was then classified as <6, 6-11.9 and 12-17.9 years.

Allergy was assessed by a question about whether the child’s doctor had ever diagnosed the 

child with “hay fever, seasonal allergies or allergic rhinitis” asked in GUTS mothers’ 

questionnaires in 1997, 1999, and 2004 and in GUTS participants’ questionnaire in 2007. 

Because we hypothesized that maternal BMI and GWG would be more strongly related to 

non-allergic asthma, we used a sensitive definition for allergy (i.e., a specific definition for 

“absence of allergy”) in the main analyses, based on the mother or the offspring report of 

allergies in one or more questionnaires. A more specific definition for allergy, based on the 

Dumas et al. Page 3

Allergy. Author manuscript; available in PMC 2017 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



mother and the offspring report of allergies, was used in sensitivity analyses. The definitions 

used for asthma and allergies are summarized in table S1.

Participants with asthma and without allergies (“non-allergic asthma”) and participants with 

asthma and allergies (“allergic asthma”) were compared to participants without asthma.

Prenatal and perinatal exposures

The primary exposures of interest were maternal pre-pregnancy BMI and GWG. We also 

studied two closely related factors: gestational diabetes and the child’s birth weight. All 

variables were ascertained from either NHSII or GUTS mother’s questionnaires: pre-

pregnancy BMI (kg/m2) was ascertained from the NHSII 1989 questionnaire (height) and 

1999 GUTS mother’s questionnaires (pre-pregnancy weight); gestational weight gain (lb) 

and gestational diabetes were ascertained from 1999 GUTS mother’s questionnaires; and 

child’s birth weight was ascertained from 1997 GUTS mother’s questionnaires (see 

additional details in supporting information) (29). To evaluate potentially non-linear 

relationships, each variable was classified into 5 categories: pre-pregnancy BMI (< 20, 

20-22.4, 22.5-24.9, 25-29.9, and ≥30 kg/m2), GWG (<15, 15-24, 25-34, 35-44, and ≥45 lb 

gained) and birth weight (<5.5, 5.5-6.9, 7.0-8.4, 8.5-9.9, and ≥10 lb).

Covariates

Maternal or early childhood risk factors considered as potential confounders are presented in 

figure 1 (directed acyclic graph), and were ascertained from either NHSII or GUTS mother’s 

questionnaires (see additional supporting information).

Statistical analyses

The associations between prenatal and perinatal exposures and offspring asthma, overall and 

by subtype, were evaluated in bivariate analyses and by multivariable logistic regressions. 

Familial dependence between children of the same mother was taken into account using 

generalized estimating equations (GEE). Separate models were used for each of the 

exposures of interest. Models for GWG, gestational diabetes and birth weight were adjusted 

for maternal pre-pregnancy BMI. We performed stratified analyses by sex and tested 

interaction in multivariable models. For all tests (including tests for interaction), a two-sided 

P<0.05 was considered statistically significant. All analyses were run using SAS V.9 (SAS 

Institute, Cary, North Carolina, USA).

RESULTS

Of the 16,875 children enrolled in GUTS, we excluded 437 children without asthma data, 

and 3,475 children without information on maternal pre-pregnancy BMI and GWG. This 

yielded an analytic cohort of 12,963. Comparison of included vs. excluded participants is 

presented in table S2. Participants without asthma data only differed from included 

participants for maternal smoking. Participants without information on maternal pre-

pregnancy BMI and GWG differed from included participants for several characteristics; 

however, the observed differences were small, and in a multivariable model, only differences 
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for maternal age at delivery, maternal asthma, breast feeding duration and birth order 

remained significant.

Before pregnancy, 11% of the mothers were overweight and 4% were obese (table 1). The 

average GWG was 31.2 lb (SD: 10.6). A higher pre-pregnancy BMI was associated with a 

lower GWG, higher risk of gestational diabetes, and a higher birth weight (table S3).

A total of 2,694 children (21%) reported physician-diagnosed asthma during childhood or 

adolescence, and for 88% of them, asthma was confirmed by their mother. When 

considering reports from either the mother or the offspring, 48% of the children ever had 

allergies. However, this proportion was much lower (17%) when considering a more 

stringent definition that required concordance between mother and child. Age at asthma 

onset was under 6 years for 46% of the children, between 6 and 11.9 years for 35% and after 

12 years for 19%; among them, respectively 83%, 82% and 68% had allergic asthma.

Association between prenatal and perinatal exposures and asthma

In multivariable models, we observed a positive association between maternal pre-pregnancy 

BMI and offspring asthma (table 2). An increased offspring asthma risk was observed in 

overweight (BMI 25-29.9, Odds Ratio [OR]: 1.19, 95% Confidence Interval [CI]: 1.03-1.38) 

and obese women (BMI ≥30, OR: 1.34, 1.08-1.68) compared to women with BMI 20-22.4 

kg/m2. As hypothesized, the association appeared stronger for non-allergic asthma than for 

allergic asthma, although the difference was not statistically significant (P for comparison of 

allergic asthma vs. non-allergic asthma=0.12). While the association between maternal BMI 

and allergic asthma was observed only for the highest BMI category (obese, OR: 1.28, 

1.00-1.64), the risk of non-allergic asthma increased from BMI category in the upper end of 

the “healthy” weight range (BMI 22.5-24.9 vs. 20-22.4 kg/m2: OR: 1.29, 1.03-1.62), and 

further increased among overweight (OR: 1.35, 1.02-1.79) and obese (OR: 1.60, 1.06-2.41) 

women.

After adjustment for maternal pre-pregnancy BMI, there was a suggestive association 

between a low GWG (<15 lb vs. 25-34 lb) and increased risk of asthma (OR: 1.28, 95% CI: 

0.98-1.66, P=0.07), without noticeable difference between allergic and non-allergic asthma. 

The association between GWG and offspring asthma did not differ according to maternal 

pre-pregnancy BMI (Pinteraction=0.37, table S4).

Gestational diabetes was not associated with offspring asthma. A suggestive association 

between low birth weight (<5.5 lb) and asthma was observed (OR: 1.25, 95% CI: 0.99-1.57, 

P=0.06), with a stronger and significant association for non-allergic asthma (OR: 1.72, 

1.16-2.57; P for comparison of allergic asthma vs. non-allergic asthma=0.04). The 

association between low birth weight and non-allergic asthma was attenuated when further 

adjusting for preterm birth (OR: 1.45, 95% CI: 0.89-2.36).

When using a more stringent definition for asthma (table S5) or for allergy (table S6), all 

results were confirmed, with similar or stronger associations. In addition, we verified that 

studying associations between prenatal and perinatal exposures and asthma separately 
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among allergic or non-allergic participants subgroups led to similar conclusions (table S7), 

as sometime recommended when analyzing allergic and non-allergic asthma (30).

Age at asthma onset

Associations were generally more pronounced for early-onset asthma (0-5.9 years, table 3). 

We did not observe associations between prenatal and perinatal exposures and asthma 

incidence in adolescence (12-17.9 years). Associations between maternal BMI and asthma 

according to age at onset and allergy are presented in table S8. The association between 

maternal BMI and early-onset asthma appeared stronger for non-allergic (OR for BMI≥30: 

1.99, 95% CI: 1.06-3.73) than for allergic asthma (1.36, 0.97-1.90, p for comparison of 

allergic asthma vs. non-allergic asthma=0.26).

Effect modification by child sex

Associations between maternal pre-pregnancy obesity and asthma in childhood stratified by 

child’s sex are presented in figure 2. While no sex difference was observed in the association 

between maternal obesity and asthma overall, sex-specific patterns were observed for the 

associations with allergic and non-allergic asthma. In boys, an association was observed 

with non-allergic asthma (OR: 2.39, 95% CI: 1.40-4.09), while no association was present in 

girls (OR: 0.96, 95% CI: 0.50-1.85; Pinteraction=0.03). An association was observed with 

allergic asthma (OR: 1.50, 95% CI: 1.08-2.08) in girls and not in boys (OR: 1.09, 95% CI: 

0.76-1.56), but the difference was not statistically significant (Pinteraction=0.26). Results were 

confirmed when using a more stringent definition for allergy. No clear sex-specific pattern 

emerged when studying associations with asthma according to age at onset. No effect 

modification was observed (Pinteraction ranged from 0.30 to 0.40) for GWG, gestational 

diabetes and birth weight (detailed results not shown).

Potential mediators

Despite a positive association between delivery by C-section and offspring asthma (table 1), 

adjustment for mode of delivery did not change the associations between the exposures of 

interest and offspring asthma (OR for maternal BMI≥30: 1.37, 95% CI: 1.10-1.71). The 

association between maternal pre-pregnancy BMI and offspring asthma persisted after 

adjustment for GWG (OR for BMI≥30: 1.28, 95% CI: 1.02-1.60) or for birth weight (OR for 

BMI≥30: 1.34, 95% CI: 1.07-1.68). Finally, the association between a low GWG and 

offspring asthma remained similar (OR: 1.28, 95% CI: 0.98-1.67) when further adjusting for 

the child’s birth weight and preterm birth.

DISCUSSION

In a longitudinal study of 12,963 children and adolescents and their mothers, we found that 

high maternal pre-pregnancy BMI, low GWG and low birth weight, were associated with an 

elevated risk of asthma in the offspring. Overall, stronger associations were observed with 

non-allergic asthma than with allergic asthma, but the associations varied by child sex.

Recent meta-analysis (11) and pooled analysis (12) found relatively modest associations 

between asthma or wheezing in early childhood and maternal overweight (OR: 1.13-1.18) or 
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obesity (OR: 1.22-1.49). However, asthma is heterogeneous in terms of etiology and 

pathobiology (31). We thus hypothesized that maternal BMI may be more strongly 

associated with specific asthma subtypes. One subgroup of interest was early versus late 

childhood onset of asthma. Indeed, we found a stronger association of maternal BMI with 

asthma onset before age 6 and a suggested association with asthma onset at age 6-12, but no 

significant association with later asthma development. Similar results were observed in the 

only other study examining asthma prevalence from childhood through adolescence: among 

3,294 Swedish children, early pregnancy maternal BMI was more strongly associated with 

prevalent asthma in early life than in adolescence (18).

Although allergic and non-allergic asthma are widely recognized asthma subtypes (31), 

studies examining their associations with maternal BMI and GWG are scarce. A few studies 

reported an absence of association between maternal BMI and eczema, hay fever, or skin 

sensitization, indirectly suggesting a role for non-allergic pathways in the relationship 

between maternal BMI and childhood asthma (14–16,18,19). Indeed, we consistently found 

a stronger association of maternal BMI with non-allergic asthma than with allergic asthma. 

However, our results further suggest sex-specific patterns in this relationship, with a stronger 

association with non-allergic asthma in boys than in girls. Only one other study has 

examined sex-specific relationships with asthma outcomes for prenatal risk factors (27). In 

this Swedish registry-based study, investigators reported some evidence that maternal 

obesity was associated with a higher risk of inhaled corticosteroid use in childhood among 

girls, especially after age 6 years; however, allergy phenotypes were not studied.

Sex differences in asthma and atopic diseases are well-known (24–26,32), with a higher risk 

among males in childhood and among females in adolescence and adulthood. Hormone-

related events are also associated with asthma and allergy in women (24,33). However, it is 

unclear at what ages sex differences in asthma originate (34), and factors other than 

hormones (e.g., lung growth, environmental factors) are likely to play a role (25,35). In the 

current study, in both boys and girls, the associations were mainly observed in children with 

asthma onset before the age of 12, suggesting that hormonal factors may not explain the 

observed sex differences. Although our results need replication, future research on the 

relationship between maternal BMI and asthma development should consider the existence 

of multiple, possibly sex-specific pathways.

Maternal GWG has been much less studied in relation to offspring asthma. Our results were 

suggestive of an association between a lower GWG and a higher risk of asthma, even after 

adjustment for maternal BMI. A recent meta-analysis suggested an association with a high 

GWG (11), but the authors underlined the need for further studies, as only three studies 

investigated GWG and maternal BMI simultaneously. Two of these studies, including a 

much lower number of participants than the current study (13,20), reported positive 

association between GWG and wheezing or asthma. In a large Danish study of young 

children (15), a U-shaped relationship between GWG and asthma was suggested, although a 

significant association was observed only for high GWG (>25 kg), similarly in atopic and 

non-atopic children.
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While the mechanisms by which high GWG may impact the child’s asthma may be related, 

as maternal BMI, to a specific inflammatory state associated with adiposity (11), different 

pathways are likely to be involved in a potential effect of a low GWG. Low GWG is 

associated with intrauterine growth restriction (36), which is a risk factor for reduced lung 

function and respiratory disorders in the offspring (37). However, in the current study, the 

suggested association between low GWG and asthma was not attenuated when further 

adjusting for low birth weight and preterm birth. A low GWG may also be a consequence of 

an inappropriate maternal diet during pregnancy, resulting in suboptimal fetus nutrition 

(7,37). A role of epigenetic modifications via intrauterine mechanisms has also been 

suggested for both low and high maternal adiposity in a recent study (38), but results were 

less conclusive for GWG. Given the potentially important prevention opportunities occurring 

during pregnancy (8,10), the exact role of GWG in offspring asthma as well as potential 

mechanisms warrant further study.

Our results of a higher risk of asthma among children with a low birth weight is consistent 

with a recent meta-analysis showing that low, but not high birth weight, is associated with 

childhood wheezing disorders (39). Although a detailed assessment of the separate effects of 

gestational duration and fetal growth was not the main purpose of the current study, we 

found that the association between low birth weight and asthma was attenuated when further 

adjusting for preterm birth. This result is also in accordance with a Swedish study (40) 

suggesting that, even though intrauterine growth retardation is associated with an increased 

risk of asthma, preterm birth may be a stronger risk factor.

Maternal diabetes and offspring asthma has been scarcely studied, and inconsistent results 

have been reported (positive association (41) or absence of association (12)). However, in 

these previous studies, no distinction between maternal diabetes before or during pregnancy 

was made. In the current study, when examining gestational diabetes, we did not observe any 

association with offspring asthma.

The interrelations between maternal BMI, GWG, birth weight and child’s BMI and asthma 

are complex (21). Disentangling each of these associations into causal pathways is 

challenging and could not be fully addressed in the current study. In particular, a higher pre-

pregnancy BMI is also associated with the child’s BMI in childhood and in adolescence 

(10,29,42). However, in the current study, no information on weight and height was available 

before age 9 years, the time period when most cases of asthma onset, and for which an 

association with maternal pre-pregnancy BMI was observed. Thus, we could not investigate 

mediation by the child’s BMI. Nevertheless, studies of young children have found the 

relationship between maternal BMI and offspring asthma only slightly attenuated by the 

child’s BMI (13,16), suggesting that the association is not exclusively explained by the 

child’s own overweight or obesity.

This study had several potential limitations. First, it was not specifically designed to study 

asthma or allergies, and our analyses were based only on a question on self (or mother’s) 

report of physician-diagnosed diseases in generic questionnaires. However, 88% of child’s 

reported asthma diagnoses were confirmed by their nurse mothers. Although children’s and 

mothers’ reports of allergy were less consistent, our results were systematically confirmed 
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when using more stringent definitions for asthma as well as for allergy. Second, the 

possibility of unmeasured or residual confounding cannot be ruled out, especially when 

studying risk factors strongly related to lifestyle and socioeconomic characteristics. 

Although no data was available regarding maternal smoking during pregnancy, we adjusted 

for maternal smoking during child’s early life. In addition, mothers reflected a relatively 

homogenous population (registered nurses) in terms of education and socioeconomic status, 

and we controlled for other sources of socioeconomic disparities (husband’s education, 

household income). Finally, although GUTS design is prospective, maternal risk factors as 

well as outcomes were assessed retrospectively. In particular, pre-pregnancy weight and 

GWG were collected 12-17 years after pregnancy. Recall of GWG was not specifically 

assessed in NHSII nurses but a moderate agreement between recalled and documented GWG 

was suggested in another study (43). However, validity may be higher among NHSII nurses; 

indeed, a high validity of recalled weight, pre-pregnancy weight, and other pregnancy-

related events up to 30 years later, has been demonstrated in NHSII participants (44,45). A 

possible misclassification bias may still have driven some associations towards the null and 

limited power to detect modest associations. However, it is unlikely that our results are 

affected by a differential misclassification bias (which would lead to spurious associations) 

since our main analyses use an asthma definition based on the child’s report only, while 

exposures were based on mother’s reports in separate questionnaires.

In summary, we observed relationships of three prenatal or perinatal factors (maternal BMI, 

GWG, birth weight) with a higher risk of childhood asthma, supporting the early origins 

hypothesis for asthma. The observed allergy- and sex-specific patterns in the relationship 

between a high maternal BMI and childhood asthma suggest an impact on respiratory health 

through multiple etiologic pathways. Clarification of these issues is required for the design 

and implementation of primary prevention programs for asthma.
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Figure 1. 
Directed Acyclic Graph (DAG) presenting the relationships between the main exposures of 

interests, covariates and asthma outcomes.

Maternal smoking and US region were evaluated early in the child’s life (age 2-7).

In main analyses, we hypothesized that mode of delivery (C-section), breastfeeding duration, 

and child’s birth order may confound the relationship of prenatal and perinatal exposures 

with asthma through unmeasured common causes (U); we thus adjusted for these 3 factors 

when studying the associations with offspring asthma. However, mode of delivery is also a 

possible mediator in this relationship (alternative hypothesis not represented in the DAG); 

models not adjusted for C-section were thus also tested in sensitivity analyses.

For simplicity, gestational diabetes was omitted from the DAG; the hypotheses posited for 

the relationship with the other variables were similar for gestational diabetes than for GWG.
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Figure 2. 
Associations (adjusted odds ratio and 95% confidence intervals) between maternal pre-

pregnancy obesity (body mass index ≥30 kg/m2) and incidence of allergic and non-allergic 

asthma in childhood, according to the child’s sex. Reference category for body mass index: 

20.0-22.4 kg/m2. P for interaction are displayed only if statistically significant (<0.05).

BMI – Body Mass Index; OR – Odds Ratio; CI – Confidence Interval
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Table 1

Maternal and child’s characteristics according to the child’s asthma status, among 12,963 mother-child pairs in 

the Growing Up Today Study

All
(n=12,963)

Child with physician-diagnosed asthma

No (n=10,269) Yes (n=2,694) P

Maternal characteristics

Pre-pregnancy BMI, kg/m2, %

 < 20.0 24.4 24.3 24.5 <0.001

 20.0-22.4 41.2 41.7 38.9

 22.5-24.9 19.7 19.9 19.2

 25-29.9 11.0 10.6 12.6

 ≥30 3.7 3.5 4.8

GWG, lb, %

 <15 2.8 2.6 3.7 0.005

 15-24 20.6 20.6 20.7

 25-34 40.8 41.3 38.6

 35-44 22.2 22.1 22.5

 ≥45 13.6 13.4 14.5

Gestational diabetes, % 3.0 2.9 3.5 0.13

C-section, %

 Yes 19.3 18.7 21.6 0.003

 Missing 6.6 6.6 6.6

Age at delivery, mean (SD) 29.4 (3.5) 29.5 (3.5) 29.4 (3.5) 0.25

White, % 97.5 97.7 97.0 0.04

Hispanic, % 1.7 1.6 2.0 0.10

Maternal asthma, % 17.8 14.9 29.1 <0.001

Smoking in child’s early life†, %

 Never 70.2 70.7 68.3 0.02

 Past 21.2 20.6 23.2

 Current 8.6 8.7 8.5

US region in child’s early life†, %

 West 14.3 13.6 17.1 <0.001

 Midwest 35.3 36.2 31.8

 South 13.8 14.0 13.3

 Northeast 36.6 36.2 37.8

Breast feeding duration, %

 Never 9.4 9.5 8.8 0.69

 <3 months 20.0 19.8 20.8

 4-6 months 20.4 20.5 20.0

 ≥7 months 47.0 47.0 47.2

 Missing 3.2 3.2 3.2

Household income
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All
(n=12,963)

Child with physician-diagnosed asthma

No (n=10,269) Yes (n=2,694) P

 ≤ $44,500 10.5 10.8 9.3 0.04

 > $44,500 71.7 71.3 73.4

 Missing 17.8 18.0 17.3

Husband education

 High school or less 16.5 16.5 16.5 0.87

 College graduate 46.1 46.3 45.5

 Graduate degree 30.3 30.2 30.8

 Missing 7.1 7.0 7.2

Child’s characteristics

Female, % 53.8 54.5 51.2 0.002

Birth weight, lb, (n=12,788), %

 <5.5 3.5 3.2 4.4 0.05

 5.5-6.9 19.7 19.8 19.2

 7.0-8.4 52.6 52.6 52.2

 8.5-9.9 22.1 22.0 22.3

 ≥10 2.2 2.2 1.9

Birth order

 1 44.0 43.6 45.5 0.001

 2 33.9 33.7 34.8

 3+ 15.5 16.1 13.1

 Missing 6.6 6.6 6.6

Asthma confirmed by mother, % - - 87.9 -

Allergies* reported by mother or offspring, % 47.7 39.4 79.4 <0.001

Allergies* reported by mother and offspring, % 17.3 8.2 60.8 <0.001

Age at asthma onset (n=2,561), mean (SD) - - 6.6 (4.6) -

BMI – Body Mass Index; GWG – Gestational Weight Gain

*
Ever had hay fever, seasonal allergies or allergic rhinitis, assessed by mother's report during the child's adolescence or by the offspring in early 

adulthood.

†
(age 2-7 years).

% missing values is displayed for variables with >3% missing values
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