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Abstract

Introduction
Obesity is common among women of childbearing age; intrauter-
ine exposure to maternal obesity or gestational weight gain may
influence the development of asthma in early childhood. We ex-
amined  the  relationships  of  maternal  obesity  and  gestational
weight gain with asthma in offspring.

Methods
We used data from the Early Childhood Longitudinal Study–Birth
Cohort, which has a nationally representative sample of children
followed from birth in 2001 through age 4 (n = 6,450). Asthma
was based on parental report of a medical professional’s diagnosis.
We used generalized estimating equation binomial models to com-
pute adjusted odds ratios (ORs) of childhood asthma with mater-
nal obesity and 4 measures of gestational weight gain.

Results
Compared with children of normal-weight mothers, children of
obese mothers had increased risk of asthma (adjusted OR, 1.63;
95% confidence interval [CI], 1.26–2.12) by age 4, and children
born to overweight mothers had similar risk (adjusted OR, 1.25;
95% CI, 0.99–1.59). Extreme-low weight gain (<5 kg) and ex-
treme-high weight gain (≥25 kg) were associated with increased
risk of asthma; however, the following measures were not signific-
ant predictors of asthma: meeting gestational weight gain recom-

mendations of the Institute of Medicine, total gestational weight
gain, and weekly rate of weight gain in the second and third tri-
mesters.

Conclusion
Extreme-low or extreme-high gestational weight gain and mater-
nal obesity are risk factors for early childhood asthma, further
evidence of the long-term impact of intrauterine exposure on chil-
dren and the need to target preconception care to improve child
health indicators.

Introduction
Approximately 7% of children receive a diagnosis of asthma by
age 4 years, making asthma one of the most common chronic con-
ditions among children (1). Childhood asthma is a leading cause of
emergency department visits, hospitalizations, and missed school
days (2). Asthma-management practices target symptoms and con-
tribute to huge health care expenditures. For example, a recent na-
tionally representative study of school-aged children in the United
States found that the total annual health care expenditures burden
attributable to asthma was $5.92 billion (3). Therefore, prevention
and early diagnosis of asthma are particularly important in child-
hood.

Childhood asthma is believed to have in-utero origins (4,5); for
example, a cohort study found that 40% of children with a dia-
gnosis of asthma by age 7 had reduced airflow and bronchial re-
sponsiveness as neonates (4).  Maternal weight and gestational
weight gain may change the intrauterine environment and may af-
fect the development of asthma (6). A meta-analysis of possible
links  between  maternal  body  mass  index  (BMI),  gestational
weight gain, and risk of asthma in offspring concluded that mater-
nal obesity is significantly associated with asthma in offspring;
however, limited evidence was given to support associations with
gestational weight gain (7).

To  our  knowledge,  no  studies  have  examined  the  association
between gestational weight gain and asthma in offspring in a na-
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tionally representative sample of children in the United States.
Previous studies used measures of gestational weight gain that did
not account for gestational age, which can affect the amount of
weight gained (ie, the shorter the pregnancy duration, the lower
the weight gain). Furthermore, gestational weight gain was de-
scribed inconsistently among studies (eg, as continuous data, as
tertiles, as cutoffs), limiting comparability between studies.

The objective of this study was to describe the relationships of ma-
ternal obesity and gestational weight gain with risk of asthma in
offspring in a multiethnic,  nationally representative sample of
young children in the United States.

Methods
The Early Childhood Longitudinal Study–Birth Cohort (ECLS–B)
is a longitudinal study conducted by the National Center for Edu-
cation Statistics (NCES) and is designed to collect information on
childhood health, development, care, and education. A nationally
representative sample of children born in the United States in 2001
was selected from birth certificates, and children were followed
through kindergarten entry as part of the ECLS–B (8). We used
birth certificate data as well as data from assessments that took
place when children were aged 9 months, 2 years, and 4 years. The
weighted longitudinal response rates, which take into account re-
sponse for all rounds of data collection, were reported by NCES as
follows: 74.1% at 9-month collection, 69.0% at 2-year collection,
and 63.1% at 4-year assessment (9). The Arnold School of Public
Health is licensed to use the ECLS–B restricted-use data.

Primary outcome

The presence of childhood asthma was assessed at each wave of
data collection. In each interviewer-administered assessment, a
guardian of the child was asked, “Since your child turned (x) years
of age, has a doctor, nurse or other medical professional ever told
you that your child has asthma?”

Primary maternal exposures

In the 9-month assessment, a trained interviewer asked the mother,
“How much did you weigh just before you became pregnant with
[child]?” The mother was also asked to provide information on her
height. These 2 questions were used to obtain data for calculation
of the mother’s pre-pregnancy BMI (measured as weight in kilo-
grams divided by height in meters squared [kg/m2]).  Maternal
BMI was classified as underweight (<18.5 kg/m2), normal weight
(18.5–24.9  kg/m2),  overweight  (25.0–29.9  kg/m2)  and  obese
(≥30.0 kg/m2) (10).

We obtained data on total gestational weight gain from the birth
certificate, and if data on gestational weight gain were missing in

birth certificates (19% of certificates), we used self-reported val-
ues. We used 4 measures of total gestational weight gain. First, we
treated data on gestational weight gain as continuous data. Second,
we determined a measure of weight gain adequacy based on re-
commendations of the Institute of Medicine (IOM) by using meth-
ods described previously (11,12). Briefly, we calculated a ratio of
the observed total gestational weight gain to the expected gesta-
tional weight gain for each mother; we then categorized the ratio
according to the percentage of IOM weight gain recommenda-
tions  met  (ie,  inadequate,  adequate.  and  excessive)  based  on
ranges of the mother’s pre-pregnancy BMI (12). We determined
expected gestational weight gain by using the following equation:
Expected gestational weight gain = recommended first trimester
total weight gain + [(gestational age at weight measure at or be-
fore delivery − 13 weeks) × recommended rate of gain in second
and third trimesters] (11,12), where recommended total first-tri-
mester weight gain was assumed to be 2.0 kg for underweight or
normal-weight mothers,1.0 kg for overweight mothers, and 0.5 kg
for obese mothers. Recommended rate of weight gain in second
and third  trimesters  was  based  on  the  assumption  that  under-
weight, normal-weight, overweight, and obese women gain weight
at the rate of 0.51 kg, 0.42 kg, 0.28 kg, and 0.22 kg per week, re-
spectively (13). Third, we calculated the weekly rate of gestation-
al weight gain in the second and third trimesters by dividing the
estimated total weight gain in the second and third trimesters (ie,
total gestational weight gain minus estimated weight gain in the
first trimester per IOM guidelines) by the number of weeks in the
second and third trimesters (ie, gestational age at delivery minus
13). Fourth, we divided data on gestational weight gain into 6 cat-
egories (<5 kg, 5–9 kg, 10–15 kg, 16–19 kg, 20–24 kg, and ≥25
kg) to enable comparisons between our data and data from other
studies (14). We considered less than 5 kg of weight gain to be an
extreme low and 25 kg be an extreme high, and we designated 10
to 15 kg as the reference level.

Covariates

All 8 covariates were one-time measurements taken from either
the birth certificate or the 9-month assessment. In addition to so-
ciodemographic variables (mother’s race, maternal age, child’s
sex), we selected, on the basis of research, the following covari-
ates: child’s birth weight, parity, gestational age, participation in
the Special Supplemental Nutrition Program for Women, Infants
and Children (WIC) in the previous 12 months, and smoking dur-
ing pregnancy (14–20).

Statistical analyses

Per NCES data-use guidelines, we rounded all sample sizes to the
nearest 50; thus, a sample size of 100 reflects a sample size that
ranges from 75 to 124. Before any exclusions, the sample size was
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10,700. After excluding twins, children with a birth weight of 500
g or less,  and children whose gestational age was less than 28
weeks or more than 45 weeks, the sample was reduced to 8,550.
We then removed children  missing  data  on  ECLS–B weights,
which removed those who did not have a preschool assessment,
reducing the sample to 6,900. Next, we removed children who had
missing data on other covariates (n = 450) , leaving an analytic
sample of 6,450; of these 450 children, 100 were missing data on
gestational weight gain and 250 were missing data on pre-preg-
nancy BMI.

All analyses were adjusted for the clustered sample design and
weighted to account for oversampling of particular groups and at-
trition (8). We tabulated baseline data on descriptive characterist-
ics for the total analytic sample by using weighted percentages,
means,  and  95%  confidence  intervals  (CIs),  with  inference
provided by weighted χ2  tests  (categorical  variables) or t  tests
(continuous variables). With repeated asthma measurements, lo-
gistic regression models via generalized estimating equations with
exchangeable correlation structure produced odds ratios (ORs) and
95% CIs for an asthma diagnosis by age 4 years. We ran 4 models,
one for each measure of gestational weight gain. Each model in-
cluded pre-pregnancy BMI and adjusted for all 8 covariates. We
tested an interaction between each measure of gestational weight
gain with pre-pregnancy BMI and child’s age at asthma diagnosis.
No interactions were significant at the .10 level, and thus no inter-
action terms were included in any model.

As a sensitivity analysis, we applied multiple imputation methods
to impute missing birth certificate data for gestational weight gain
and BMI by using self-reported data and other covariates. Ten im-
puted data sets were analyzed and combined by using standard
multiple imputation techniques (21). Briefly, we first imputed 10
data sets for continuous gestational weight gain by using PROC
MI. Next, we used PROC GENMOD, using the same 8 covariates
described above,  to  analyze  each of  the  10 imputed data  sets.
Then, PROC MIANALYZE was used to combine results for infer-
ence. All analyses were implemented in SAS version 9.3 (SAS In-
stitute Inc).

Results
Half of our sample were boys (51.1%), and most (84.7%) of the
sample had a normal birth weight; the mean gestational age was
38.8  weeks  (interquartile  range,  37.5–40.0)  (Table  1).  At  9
months, almost half (48.9%) of the mothers had received WIC be-
nefits in the previous 12 months, and most (89.1%) reported not
smoking during pregnancy. On average, mothers in this sample
gained about 12.9 kg (95% CI, 12.6–13.2) throughout pregnancy
and 0.44 kg per week in the second and third trimesters (Table 2).

Less than half (43.6%) of mothers exceeded IOM recommenda-
tions for gestational weight gain, 26.2% met adequate weight gain
recommendations, and 30.2% gained inadequate weight during
pregnancy. More than half (55.4%) of mothers had a normal pre-
pregnancy BMI, and 40.5% were either overweight or obese be-
fore pregnancy.

At 9 months, 2 years, and 4 years, 4.9%, 7.9% and 11.6% of chil-
dren  were  ever  diagnosed  with  asthma,  respectively.  Overall,
15.3% of  children were  ever  diagnosed with  asthma by age 4
years. Children with asthma were more likely to have mothers
who had a BMI indicating overweight or obesity pre-pregnancy
than were children without asthma. Children with asthma were
more likely to have mothers with extreme-low or extreme-high
gestational weight gain than were children without asthma (Table
2).

In  the  adjusted  models  (Table  3),  asthma in  offspring  aged  9
months to 4 years of age was not significantly associated with total
gestational weight gain (adjusted OR, 1.00; 95% CI, 0.98–1.02)
(Model 1) or with the weekly rate of weight gain in the second and
third trimesters (adjusted OR, 1.08; 95% CI, 0.69–1.71) (Model
2). The relationship comparing excessive gestational weight gain
with adequate weight gain on overall asthma risk was not signific-
antly different (adjusted OR, 0.85; 95% CI, 0.68–1.08) (Model 3).
In the crude model, gaining more than 25 kg during pregnancy,
compared with gaining 10 to 15 kg, was associated with increased
odds  of  having  a  child  with  asthma  (OR,  1.71,  95%  CI,
1.14–2.55); this association was no longer significant after we ad-
justed for all covariates (adjusted OR, 1.53; 95% CI, 0.99–2.35).
However, gaining less than 5 kg, compared with gaining 10 to 15
kg, was associated with increased odds of having a child with
asthma after adjustment (adjusted OR, 1.56; 95% CI, 1.04–2.35).

Maternal obesity, compared with normal weight before pregnancy,
was significantly associated with increased odds of having a child
with asthma during the first 4 years of life (adjusted OR, 1.63;
95% CI, 1.26–2.12) (Model 1). Maternal overweight was not sig-
nificantly  associated (adjusted OR, 1.25;  95% CI,  0.99–1.59).
Every 1.0-unit  increase in BMI was associated with increased
odds  of  asthma  in  children  (adjusted  OR,  1.03;  95%  CI,
1.01–1.05) (Model 3). A sensitivity analysis that used imputed
data confirmed our results from the primary analysis, with the ex-
ception of gaining less than 5 kg during pregnancy, which was no
longer significant (adjusted OR, 1.30; 95% CI, 0.91–1.86).

Discussion
Using data from a large, nationally representative birth cohort, we
examined longitudinal associations of asthma in early childhood
with pre-pregnancy BMI and maternal gestational weight gain.
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Consistent with previous studies (14,15,20), we found a modest
increased risk of asthma in offspring of obese mothers compared
with normal-weight mothers. We also found that pre-pregnancy
overweight may have a positive but lesser effect. Consistent with
our study, a meta-analysis in 2014 also showed that trends in ma-
ternal overweight and childhood risk of asthma were not signific-
ant (7).

Research is sparse on maternal gestational weight gain and asthma
in offspring, although at least 2 studies that used categorical data
on  gestational  weight  gain  showed  increased  risk  of  asthma
(14,16). Harpsøe et al found in an adjusted model that extreme-
high gestational weight gain (>25 kg), compared with a weight
gain of 10 to 15 kg, was significantly associated (adjusted OR,
1.17;  95% CI,  1.02–1.33) with asthma among children aged 7
years (14). In our study population, the magnitude of association
was greater for extreme-high weight gain (adjusted OR, 1.53 [95%
CI, 0.99–2.35]) than it was in the study by Harpsøe et al, but the
association was not significant. We found significant increased
odds of asthma in offspring for low-extreme gestational weight
gain (adjusted OR, 1.56 [95% CI, 1.04-2.35], but this association
was not significant in the study by Harpsøe et al (adjusted OR,
1.17; 95% CI, 0.94–1.46) (14). For the other 3 measures of gesta-
tional weight gain (total gestational weight gain, meeting the 2009
IOM recommendations,  and weekly rate of  weight  gain in the
second and third trimesters), we found no significant associations
with asthma in offspring.

Several possible factors may explain our results. First, BMI rather
than gestational weight gain might more directly influence child-
hood asthma outcomes. Second, the IOM recommendations are
not sensitive to the effects of weight gain that occur at crucial
points in fetal development (19). Third, if a woman gains more
than or less than the amount recommended by the IOM in the first
trimester,  then our gestational  weight  gain measures (ie,  IOM
weight gain adequacy ratio and the weekly rate of weight gain in
the second and third trimesters) might have errors (22). Addition-
ally, the IOM’s estimates of average weight gain in the first tri-
mester were based on weight gain patterns in the 1980s, which
may not accurately apply to our more recent ECLS-B cohort (22).
Fourth, a meta-analysis found that childhood asthma is positively
associated with children born before 32 weeks (23); however, our
sample consisted of mostly full-term children (85% born at or
after 37 weeks), which may further explain why our findings on
gestational weight gain were not significant. Overall, better meas-
ures of gestational weight gain are needed to separate the poten-
tial effects of gestational weight gain on asthma from the effects of
gestational age.

More studies are needed to further explore the underlying biolo-
gical mechanisms of intrauterine exposures on asthma outcomes in
offspring. For example, the influence of gestational weight gain on
asthma in offspring may differ by the timing of weight gain; there-
fore, measuring weight gain at multiple time points during preg-
nancy may allow investigators  to determine which patterns of
weight  gain  might  have  the  most  effect,  if  any.  Measures  of
truncal obesity, rather than BMI, may be more appropriate in cap-
turing data on weight gain during pregnancy. Truncal obesity in
pregnant women has been associated with visceral adiposity (24),
which in turn could affect the mother’s metabolic profile and sub-
sequently the outcomes of offspring. Gestational weight gain and
maternal BMI are believed to influence childhood asthma through
nonallergic inflammatory mechanisms; for  example,  high pre-
pregnancy BMI and excessive gestational weight gain, particu-
larly in the second and third trimesters, have been associated with
higher levels of cord blood leptin (25,26). Furthermore, excessive
weight gain during pregnancy is a strong predictor for elevated
levels of tumor necrosis factor α (TNF-α) in infants, and TNF-α
has been associated with asthma by age 9 years (16). Leptin and
TNF-α are cell-signaling proteins known as cytokines that are in-
volved in systemic inflammation. More specifically, leptin is a
pro-inflammatory adipokine,  a  type of  cytokine secreted from
adipose tissue, and it may have pro-inflammatory effects on the
child’s airways (16,27). Another potential mechanism involves the
contribution of maternal obesity and excessive gestational weight
gain to childhood obesity (6,28,29), which in turn may have ef-
fects on lung function and increase the risk of asthma develop-
ment (30).

Strengths of our study include the use of a large, multiethnic, na-
tionally representative population-based cohort that is generaliz-
able to US children born in 2001. We assessed our outcome with a
longitudinal design. We included 4 measures of gestational weight
gain. To our knowledge, ours is the first study to include the IOM
weight  gain  recommendations  in  exploring  the  relationship
between gestational weight gain and asthma. The secondary ana-
lysis with imputed data for missing covariates replicated our find-
ings.

Our study has limitations. First, our prevalence estimate of asthma
likely captures data on related conditions (eg, wheeze), because
diagnosis of asthma for children younger than 5 years is imprecise
without performing spirometry; however, a similar asthma preval-
ence was measured in this cohort (31). As many as 50% to 80% of
children with asthma develop recurring bronchitis and symptoms
such as wheeze, cough, and trouble breathing before the age of 5
years (2). Second, pre-pregnancy BMI was calculated by using
self-reported data on height and weight; however, maternal report
is fairly consistent with direct anthropometric measurements (32).
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We accounted for major potential confounders; however, we did
not have information about asthma severity, genetic factors, or en-
vironmental exposures such as endocrine-disrupting chemicals.
Our effect estimates and CIs borderline significance, which may
limit the clinical relevance of our findings; however, our findings
may have implications for public health given that a high propor-
tion of US women in our study gained weight outside of the range
recommended by the IOM and a large number of women entered
pregnancy overweight or obese.

Overall, our findings have important public health implications for
preventing  disease  and  promoting  healthy  lifestyle  behaviors
among mothers during pre-pregnancy. Maternal obesity is a risk
factor for multiple pregnancy complications that affect both moth-
er and child. As a modifiable risk factor, pre-pregnancy obesity
should be targeted in preconception programs that promote optim-
al preconception weight and help women achieve and maintain a
healthy weight throughout pregnancy. Although no single risk
factor can entirely account for childhood asthma, such a preven-
tion strategy may reduce the incidence of early childhood asthma
in future generations.

Using data from a large nationally representative US birth cohort,
our longitudinal analyses support evidence suggesting that mater-
nal obesity and to a lesser extent overweight can affect the devel-
opment of early childhood asthma. Gestational weight gain is also
hypothesized to partly explain childhood asthma, and we provided
evidence to support this for the 2 categories of extreme gestation-
al weight gain. In the population we studied, excessive weight
gain as defined by the IOM did not appear to be a risk factor for
asthma in offspring, but future studies are needed to confirm these
findings. Although a better understanding of the mechanisms of
early childhood asthma is needed, our study provides evidence
that intrauterine exposures to obesity may have long-term effects
on children. Efforts should be made to target preconception care to
help women achieve and maintain a healthy pre-pregnancy weight
and promote ideal weight gain during pregnancy.

Acknowledgments
K.J.P. completed this work as her master’s thesis. None of the au-
thors received funding support for this study.

Author Information
Corresponding  Author:  Jihong  Liu,  ScD,  Department  of
Epidemiology and Biostatistics, Arnold School of Public Health,
University  of  South  Carolina,  915  Greene  St,  Columbia,  SC
29208. Telephone: 803-777-6854. Email: jliu@mailbox.sc.edu.

Author  Affiliations:  1Department  of  Epidemiology  and
Biostatistics, Arnold School of Public Health, University of South
Carolina, Columbia, South Carolina.

References
Bloom B, Jones LI, Freeman G. Summary health statistics for
U.S. children: National Health Interview Survey, 2012. Vital
Health Stat 10 2013;258(258):1–81.

  1.

M a y o  C l i n i c .  C h i l d h o o d  a s t h m a ;  2 0 1 3 .  h t t p : / /
www.mayoclinic.org/diseases-conditions/childhood-asthma/
basics/definition/con-20028628. Accessed November 17, 2014.

  2.

Sullivan PW, Ghushchyan V, Navaratnam P, Friedman HS,
Kavati A, Ortiz B, et al. The national cost of asthma among
school-aged children in the United States. Annals of allergy,
asthma & immunology 2017;119(3):246–52.e1.

  3.

Bisgaard H, Jensen SM, Bønnelykke K. Interaction between
asthma and lung function growth in early life. Am J Respir Crit
Care Med 2012;185(11):1183–9.

  4.

Håland G, Carlsen KCL, Sandvik L, Devulapalli CS, Munthe-
Kaas MC, Pettersen M, et al. Reduced lung function at birth
and the risk of asthma at 10 years of age. N Engl J Med 2006;
355(16):1682–9.

  5.

Adamo  KB,  Ferraro  ZM,  Brett  KE.  Can  we  modify  the
intrauterine environment to halt the intergenerational cycle of
obesity? Int J Environ Res Public Health 2012;9(4):1263–307.

  6.

Forno  E,  Young  OM,  Kumar  R,  Simhan  H,  Celedón  JC.
Maternal obesity in pregnancy, gestational weight gain, and
risk of childhood asthma. Pediatrics 2014;134(2):e535–46.

  7.

Wheeless S,  Ault  K, Park J.  Early Childhood Longitudinal
Study, Birth Cohort (ECLS–B), methodology report for the
preschool  data  collection  (2005–06).  Washington  (DC):
National Center for Education Statistics, Institute of Education
Sciences, US Department of Education; 2008.

  8.

Chernoff J, Flanagan KD, McPhee C, Park J. Preschool: first
findings from the preschool follow-up of the Early Childhood
Longitudinal  Study,  Birth Cohort  (ECLS–B) (NCES 2008-
025). Washington (DC): US Department of Education; 2007.

  9.

Expert Panel on the Identification, Evaluation and Treatment
of  Overweight  in  Adults.  Clinical  guidelines  on  the
identification, evaluations, and treatment of overweight and
obesity in adults: executive summary. Am J Clinical Nutrition
1998;68(4):899–917.

10.

Bodnar LM, Siega-Riz AM, Arab L, Chantala K, McDonald T.
Predictors  of  pregnancy  and  postpartum  haemoglobin
concentrations  in  low-income  women.  Public  Health  Nutr
2004;7(6):701–11.

11.

PREVENTING CHRONIC DISEASE VOLUME 14, E109

PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY   NOVEMBER 2017

The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services,

the Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions.

www.cdc.gov/pcd/issues/2017/17_0196.htm • Centers for Disease Control and Prevention       5



Bodnar LM, Siega-Riz AM, Simhan HN, Himes KP, Abrams
B. Severe obesity, gestational weight gain, and adverse birth
outcomes. Am J Clin Nutr 2010;91(6):1642–8.

12.

Institute  of  Medicine.  Weight  gain  during  pregnancy:
reexamining  the  guidelines.  Rasmussen  KM,  Yaktine  AL,
editors. Washington (DC): National Academies Press, National
Academy of Sciences; 2009.

13.

Harpsøe MC, Basit S, Bager P, Wohlfahrt J, Benn CS, Nøhr
EA, et al. Maternal obesity, gestational weight gain, and risk of
asthma and atopic  disease  in  offspring:  a  study within  the
Danish National Birth Cohort. J Allergy Clin Immunol 2013;
131(4):1033–40.

14.

Ekström S, Magnusson J, Kull I, Lind T, Almqvist C, Melén E,
et  al.  Maternal  body  mass  index  in  early  pregnancy  and
offspring asthma, rhinitis and eczema up to 16 years of age.
Clin Exp Allergy 2015;45(1):283–91.

15.

Halonen  M,  Lohman  IC,  Stern  DA,  Ellis  WL,  Rothers  J,
Wright  AL.  Perinatal  tumor  necrosis  factor-α  production,
influenced  by  maternal  pregnancy  weight  gain,  predicts
childhood  asthma.  Am  J  Respir  Crit  Care  Med  2013;
188(1):35–41.

16.

Leermakers ET, Sonnenschein-van der Voort AM, Gaillard R,
Hofman A, de Jongste JC, Jaddoe VW, et al. Maternal weight,
gestational  weight  gain  and  preschool  wheezing:  the
Generation R Study. Eur Respir J 2013;42(5):1234–43.

17.

Oliveti JF, Kercsmar CM, Redline S. Pre- and perinatal risk
factors for asthma in inner city African-American children. Am
J Epidemiol 1996;143(6):570–7.

18.

Pike KC, Inskip HM, Robinson SM, Cooper C, Godfrey KM,
Roberts G, et al. The relationship between maternal adiposity
and  infant  weight  gain,  and  childhood  wheeze  and  atopy.
Thorax 2013;68(4):372–9.

19.

Reichman  NE,  Nepomnyaschy  L.  Maternal  pre-pregnancy
obesity and diagnosis of asthma in offspring at age 3 years.
Matern Child Health J 2008;12(6):725–33.

20.

Rubin DB. Multiple imputation for nonresponse in surveys.
New York (NY): John Wiley & Sons; 2004.

21.

Hutcheon JA, Bodnar LM, Joseph KS, Abrams B, Simhan HN,
Platt RW. The bias in current measures of gestational weight
gain. Paediatr Perinat Epidemiol 2012;26(2):109–16.

22.

Sonnenschein-van der Voort AM, Arends LR, de Jongste JC,
Annesi-Maesano I, Arshad SH, Barros H, et al. Preterm birth,
infant weight gain, and childhood asthma risk: a meta-analysis
of 147,000 European children. J Allergy Clin Immunol 2014;
133(5):1317–29.

23.

Gunderson  EP,  Sternfeld  B,  Wellons  MF,  Whitmer  RA,
Chiang V, Quesenberry CP Jr, et al. Childbearing may increase
visceral adipose tissue independent of overall increase in body
fat. Obesity (Silver Spring) 2008;16(5):1078–84.

24.

Karachaliou M, Georgiou V, Roumeliotaki T, Chalkiadaki G,
Daraki V, Koinaki S, et al. Association of trimester-specific
gestational weight gain with fetal growth, offspring obesity,
and cardiometabolic traits  in early childhood. Am J Obstet
Gynecol 2015;212(4):502.e1–14.

25.

Karakosta  P,  Georgiou  V,  Fthenou  E,  Papadopoulou  E,
Roumeliotaki T, Margioris A, et al. Maternal weight status,
cord blood leptin and fetal growth: a prospective mother-child
cohort study (Rhea study). Paediatr Perinat Epidemiol 2013;
27(5):461–71.

26.

Kershaw EE, Flier JS. Adipose tissue as an endocrine organ. J
Clin Endocrinol Metab 2004;89(6):2548–56.

27.

Oken  E,  Taveras  EM,  Kleinman  KP,  Rich-Edwards  JW,
Gillman MW. Gestational weight gain and child adiposity at
age 3 years. Am J Obstet Gynecol 2007;196(4):322.e1–8.

28.

Whitaker RC. Predicting preschooler obesity at birth: the role
of  maternal  obesity  in  early  pregnancy.  Pediatrics  2004;
114(1):e29–36.

29.

Papoutsakis C, Priftis KN, Drakouli M, Prifti S, Konstantaki E,
Chondronikola M, et  al.  Childhood overweight/obesity and
asthma:  is  there  a  link?  A  systematic  review  of  recent
epidemiologic  evidence.  J  Acad  Nutr  Diet  2013;
113(1):77–105.

30.

Stoner AM, Anderson SE, Buckley TJ. Ambient air toxics and
asthma  prevalence  among  a  representative  sample  of  US
kindergarten-age children. PLoS One 2013;8(9):e75176.

31.

Brunner Huber LR. Validity of self-reported height and weight
in women of reproductive age. Matern Child Health J 2007;
11(2):137–44.

32.

PREVENTING CHRONIC DISEASE VOLUME 14, E109

PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY   NOVEMBER 2017

The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services,

the Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions.

6       Centers for Disease Control and Prevention  •  www.cdc.gov/pcd/issues/2017/17_0196.htm



Tables

Table 1. Baseline Characteristics of a Sample (n = 6,450) From the Early Childhood Longitudinal Study–Birth Cohort, United States, 2001–2005

Variables No. (%)a

Mother’s race

Non-Hispanic white 2,950 (60.5)

Non-Hispanic black 950 (13.0)

Hispanic 1,100 (20.8)

Non-Hispanic other 1,450 (5.7)

Maternal age, y

≤19 500 (6.7)

20–24 1,600 (23.0)

25–29 1,600 (26.7)

30–34 1,600 (25.7)

≥35 1,200 (17.9)

Parity (no. of previous deliveries)

0 2,700 (41.2)

1–2 3,200 (49.6)

≥3 600 (9.2)

WIC participation in the previous 12 months

Yes 3,350 (48.9)

No 3,150 (51.1)

Smoking during pregnancy

Yes 750 (10.9)

No 5,750 (89.1)

Child’s birth weight, g

Low (<2,500) 1,050 (5.3)

Normal (2,500–3,999) 4,873 (84.7)

High (≥4,000) 550 (10.0)

Child’s sex

Male 3,300 (51.1)

Female 3,150 (48.9)

Maternal age, mean (95% CI), y 28.4 (28.3–28.8)

Child’s gestational age at birth, mean (95% CI), week 38.8 (38.7–38.8)

Abbreviation: CI, confidence interval; WIC, Special Supplemental Nutrition Program for Women, Infants and Children.
a Analyses were weighted to account for attrition and oversampling of some groups. Sample sizes were unweighted and rounded to nearest 50 per data-use agree-
ments. All values are number (percentage) unless otherwise indicated.
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Table 2. Bivariate Associations of Maternal Gestational Weight Gain and Pre-Pregnancy BMI, by Asthma Diagnosis in Offspring by Age 4 Years, Early Childhood Lon-
gitudinal Study–Birth Cohort, United States, 2001–2005a

Maternal Exposures All (n = 6,450)
Offspring Without

Asthma (n = 5,350)
Offspring With Asthma

(n = 1,100) P Valueb

Total gestational weight gain, mean (95% CI), kg 12.9 (12.6–13.2) 12.9 (12.6–13.2) 13.1 (12.5–13.7) .50

Rate of weight gain in the second and third trimesters,
mean (95% CI), kg/week

0.44 (0.43–0.45) 0.44 (0.43–0.45) 0.46 (0.44–0.48) .13

Gestational weight gain per IOM recommendations, % (no.c)

Inadequate 30.2 (2,195) 30.3 29.1

.78Adequate 26.2 (1,662) 26.1 26.8

Excessive 43.6 (2,615) 43.5 44.1

Gestational weight gain, % (no.c)

<5 kg 22.0 (1,664) 22.0 22.5

.001

5–9 kg 15.4 (1,061) 15.2 16.6

10–15 kg 35.7 (2,217) 36.0 34.0

16–19 kg 14.0 (805) 14.7 10.3

20–24 kg 9.5 (536) 9.2 11.3

≥25 kg 3.4 (189) 3.0 5.3

Pre-pregnancy BMI, % (no.c), kg/m2

Underweight (<18.5) 4.1 (360) 4.1 4.4

<.001
Normal (18.5–24.9) 55.4 (3,672) 56.4 49.8

Overweight (25.0–29.9) 25.3 (1,480) 25.0 26.4

Obese (≥30.0) 15.2 (960) 14.5 19.5

Pre-pregnancy BMI, mean (95% CI), kg/m2 24.9 (24.8–25.1) 24.8 (24.6–25.0) 25.7 (25.2–26.2) .005

Abbreviations: BMI, body mass index; CI, confidence interval; IOM, Institute of Medicine. CI: confidence interval.
a Analyses were weighted to account for attrition and oversampling of some groups. Sample sizes were unweighted and rounded to nearest 50 per data-use agree-
ments.
b Tests compared offspring with asthma to offspring without asthma; χ2 test performed on categorical variables and t test performed on continuous variables.
c Unweighted sample sizes were reported for categorical variables in the total column only.
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Table 3. Associations of Maternal Gestational Weight Gain, Pre-Pregnancy BMI, and Asthma in Offspring by Age 4 Years From GEE Binomial Models, Early Child-
hood Longitudinal Study–Birth Cohort, 2001–2005

Variables

Odds Ratio (95% CI)a

Crude Model Model 1 Model 2 Model 3 Model 4

Total gestational weight gain, kg 0.99 (0.97–1.01) 1.00 (0.98–1.02) — — —

Weekly rate of weight gain in the
second and third trimesters,
kg/week

0.95 (0.58–1.55) — 1.08 (0.69–1.71) — —

Gestational weight gain per IOM recommendations

Inadequate 1.13 (0.86–1.48) — — 0.99 (0.76–1.32) —

Adequate 1 [Reference] — — 1 [Reference] —

Excessive 0.95 (0.76–1.19) — — 0.85 (0.68–1.08) —

Gestational weight gain, kg

<5 2.20 (1.50–3.20) — — — 1.56 (1.04–2.35)

5–9 1.25 (0.97–1.61) — — — 1.06 (0.82–1.37)

10–15 1 [Reference] — — — 1 [Reference]

16–19 0.79 (0.58–1.07) — — — 0.84 (0.62–1.13)

20–24 1.14 (0.83–1.55) — — — 1.16 (0.85–1.59)

≥25 1.71 (1.14–2.55) — — — 1.53 (0.99–2.35)

Pre-pregnancy BMI

Underweight 1.18 (0.80–1.74) 1.04 (0.70–1.54) 1.04 (0.70–1.54) — 1.07 (0.72–1.59)

Normal 1 [Reference] 1 [Reference] 1 [Reference] — 1 [Reference]

Overweight 1.26 (0.99–1.58) 1.25 (0.99–1.59) 1.25 (0.98–1.58) — 1.22 (0.96–1.55)

Obese 1.80 (1.40–2.31) 1.63 (1.26–2.12) 1.63 (1.26–2.11) — 1.50 (1.15–1.95)

Pre-pregnancy BMI (continuous) 1.03 (1.02–1.05) — — 1.03 (1.01–1.05) —

Abbreviations: — , variable not included in model; BMI, body mass index; GEE, generalized estimating equations; IOM, Institute of Medicine.
a Each model used a different measure of gestational weight gain: Model 1 (total gestational weight gain), Model 2 (rate of weight gain during second and third tri-
mesters), Model 3 (IOM recommendations), and Model 4 (total gestational weight gain measured categorically). In addition to the adjustment for the primary expos-
ure of interest, models 1–4 were adjusted for parity, mother’s race, mother’s age, participation in the Special Supplemental Nutrition Program for Women, Infants
and Children, smoking during pregnancy, birth weight, child sex, and gestational age. Maternal BMI was included as a categorical variable in models 1, 2, and 4
and as a continuous variable in model 3.
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