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A Scoping Review of the Relationship Between
Maternal BMI and Offspring Incidence of Respiratory
Infection: Where Do We Go From Here?

Deborah M. Sloboda, PhD**%”

Introduction: Pregnancy complications, including high maternal BMI, are associated with altered
early development and child health outcomes. A growing body of work links the prenatal environ-
ment, specifically maternal BMI, with respiratory infections in offspring. In this rapid review, the
authors review the literature supporting the hypothesis that high maternal BMI during pregnancy
is associated with childhood respiratory infection incidence.

Methods: The authors employed systematic search criteria in known databases—EMBASE, EMCARE,
MEDLINE, CINAHL, and PsychINFO—searching from inception to January 2023. Included were pri-
mary research studies that involved (1) human pregnancy, (2) pregravid or gestational overweight or obe-
sity, and (3) childhood respiratory infection with or without hospitalization.

Results: Only 7 population-based cohort studies met the criteria, investigating maternal BMI as an
exposure and childhood respiratory infection as an outcome (age 6 months to 18 years). Therefore,
the authors conducted a qualitative analysis, and outcomes were reported. The authors found that
>85% of the albeit few published studies support the hypothesis that maternal BMI may have inde-
pendent and profound consequences on respiratory infection risk across childhood.

Discussion: This area of research needs large-scale, well-controlled studies to better understand
the relationship between maternal BMI and childhood respiratory infection. Possible resources
such as cohort catalogs and combined databases are discussed. These findings add to the growing
evidence that early environmental factors influence lifelong respiratory health. By incorporating a
life course approach to infectious disease risk, policy makers can put this research to work and tar-
get health vulnerabilities before they arise.
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INTRODUCTION

Respiratory infections are among the most common
causes for pediatric emergency department visits in North
America and are responsible for almost 20% of all infec-
tious deaths of children aged <5 years worldwide.' ™
Children who survive these infections are at risk of serious
long-term consequences. Indeed, recurrent respiratory
infection in childhood has been identified a predictor of
asthma, poor lung function, and chronic obstructive
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pulmonary disease in adulthood, one of the leading causes
of hospitalization and the third most common cause of
adult mortality worldwide.” "’ Globally, particularly in
low- and middle-income countries, childhood environ-
ment conditions (water, sanitation, hygiene), below opti-
mal nutrition, and low birth weight are clearly linked to
respiratory infection."' "’

A growing body of evidence points also to the early
life environment, where factors arising during critical
periods of development influence adaptations in lung
and immune function, which could lead some children
to be more susceptible to infectious illnesses and their
consequences.'* Thus, investigating early life risk factors
in the context of respiratory infection susceptibility in
childhood is critically important as a first step in pre-
venting long-term lung damage and the global burden of
respiratory disease. The prenatal environment is an
undeniable factor influencing lifelong health and disease
risk for offspring.'” In particular, maternal metabolic
homeostasis (including BMI and glucose metabolism)
has been associated with negative consequences on the
developing child. Rising global incidences of high BMI
and adiposity make this one of the most common com-
plications during pregnancy.'® High pre-pregnancy BMI
and excessive gestational weight gain are associated with
increased risk of many obstetric and neonatal complica-
tions, including caesarean delivery, maternal infection,
gestational hypertension, diabetes, chorioamnionitis,
pre-eclampsia, preterm birth, and macrosomia.'®

Although it is important to consider that children
born preterm require more respiratory health service
usage over time, the same is true for newborns that are
large for gestational age—a risk factor in pregnancies
complicated by high maternal BML'" High maternal
BMI is associated with adverse neonatal respiratory out-
comes, including respiratory distress syndrome, chronic
lung disease, and requirement for ventilatory support
postnatally.'® Beyond infancy, a high maternal BMI and
excess gestational weight gain are consistently associated
with childhood asthma,'”*’ bronchodilator use,”’
decreased lung function,”” and wheezing.”’

To date, the link between maternal BMI and adiposity
and offspring noncommunicable disease risk has investi-
gated changes to lung and immune function indepen-
dently, but the emerging hypothesis that infectious
disease risk may have early origins is gaining evidence.
The authors set out to review whether there are sufficient
published data on the hypothesis that maternal BMI may
have independent and profound consequences on respi-
ratory infection risk across childhood. By understanding
the origins of the susceptibility to respiratory infections
and applying a life course approach, it may be possible
to begin to understand who is at risk and why.

METHODS

The authors conducted a systematic search of published
articles between the years 1946 and 2023, which yielded
22,489 titles and abstracts (Appendix Figure 1, available
online). Two additional articles were manually searched
from relevant reference lists and added to title and
abstract screening, with a total of 94 articles being
reviewed for full-text screening (Appendix Figure I,
available online). Of the 22,489 titles and abstracts that
were found using the selection criteria (Appendix I,
available online, and Appendix Table 1, available
online), only 7 population-based cohort studies met the
inclusion criteria. Studies that examined the relationship
between maternal pregravid or gestational BMI and
childhood respiratory infections in offspring aged from
6 months to 18 years were included in the review.
According to assessments using the Effective Public
Health Practice Project tool,”* study quality ranged from
moderate to strong for all studies (Table 1771, The
studies were from a range of countries, reflecting differ-
ent healthcare systems, prenatal care protocols, and lev-
els of access to public health care. Study populations
were predominantly from higher-income countries:
Norway,25 Taiwan,”® Australia,”” the United Kingdom,28
Sweden,”” Tsrael,”” and the U.S.”" Table 2*°~*' summa-
rizes the characteristics of the studies. Because the search
yielded such a limited number of studies with varying
methodologies, a qualitative assessment and narrative
summary were then completed.

RESULTS

All included studies recruited pregravid or pregnant par-
ticipants and collected postnatal data to monitor for
incidence of child respiratory and infectious outcomes.
Five of the studies collected data from questionnaires,
interviews, or surveys” ~”’'; of the remaining 2, one
study combined data from several birth, inpatient, and
death registers”’; the other sourced information from a
single tertiary medical centre.” Total population sample
sizes in the cohorts ranged from 2,778 to 838,756
mother—child pair527’29 (Table 2771,

To calculate maternal BMI, 5 studies collected self-
reported height and weight obtained by interviews and
questionnaires.”” *”*" One study used a combination of
self-reported height and measured weight to calculate
BML* Two studies calculated BMI using records of
measured height and weight.”>*" Most studies based
their categorization of obesity on WHO definitions of
underweight (<18.5 kg/m?), optimal weight (BMI of
18.5—24.9 kg/m?), overweight (BMI of 25.0—29.9 kg/
m?), and obesity (BMI >30 kg/mz).ZS’N_29 In contrast,
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Table 1. EPHPP Tool Quality Assessment Summary

Study

Haberg et al.2®

Chen et al.2®

Cameron et al.%”

Rajappan et al.>®

Videholm et al.?°

Gutvirtz et al.>°

Gutierrez et al.>*

Are the individuals
selected to
participate in the
study likely to be
representative of
the target
population?

What percentage
of selected
individuals agreed
to participate?
Rank this section
Study design

Rank this section

Confounders:
Were there
important
differences
between groups
prior to the
intervention?
Rank this section
Blinding: Was
(were) the
outcome assessor
(s) aware of the
intervention or
exposure status of
participants?
Were the study
participants
blinded to their
allocation and/or
the research
question?

Was the data
collection tool
valid?

Somewhat likely

<60% agreed

Moderate

Population-based
cohort study

Strong
Yes

Strong
Unable to ascertain

Unable to ascertain

Yes

Somewhat likely

80%—100% agreed

Strong
Prospective birth
cohort study

Strong
Yes

Strong
Unable to ascertain

Unable to ascertain

Yes

Somewhat likely

80%—100% agreed

Strong

Prospective birth
cohort study

Strong
Yes

Strong
Unable to ascertain

Unable to ascertain

Yes

Very likely

80%—100% agreed

Strong
Longitudinal cohort
study

Strong
Yes

Strong
Unable to ascertain

Unable to ascertain

Yes

Very likely

Not applicable

Strong

Population-based
cohort study

Strong
Yes

Strong
Unable to ascertain

Unable to ascertain

Yes

Very likely

Not applicable

Strong
Population-based
retrospective cohort
study
Moderate

Yes

Strong
Unable to ascertain

Unable to ascertain

Yes

Somewhat likely

Not applicable

Prospective birth
cohort study

Moderate
Yes

Strong

Unable to
ascertain

Unable to
ascertain

Yes

(continued on next page)
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Table 1. EPHPP Tool Quality Assessment Summary (continued)

Study Haberg et al.>® Chen et al.>® Cameron et al.>”  Rajappan etal.’®  Videholm et al.>® Gutvirtzetal.>°  Gutierrez et al.>*
Was the data No No Yes Yes Yes Yes Yes
collection tool

reliable?

Rank this section Weak Weak Moderate Moderate Moderate Moderate Moderate
Withdrawals and Not applicable Yes Yes Yes Not applicable Not applicable Not applicable

drop outs: Were
withdrawals and
drop-outs reported
in terms of
numbers and/or
reasons per
group?

Indicate the
percentage of
participants
completing the
study (if the
percentage differs
by groups, record
the lowest)

Rank this section

Global Ranking: 1
strong=no weak
ratings; 2
moderate, all
moderate ratings
or 1 weak rating; 3
weak, 2 or more
weak ratings

Not applicable

Not applicable
Moderate

80%—100%

Strong
Moderate

80%—100%

Strong
Strong

80%—100%

Strong
Strong

Not applicable

Not applicable
Strong

Not applicable

Not applicable
Strong

Not applicable

Not applicable
Strong

EPHPP, Effective Public Health Practice Project.
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Table 2. Characteristics of Included Studies

Study

Recruitment setting and
methods

Cohort size

Length of follow-up

Confounders

Funding sources

Haberg et a

Cheneta

Cameron et a

Rajappan et al.”®

26
l.

25
I8

Setting Study design

Norway Prospective birth
cohort

Taiwan Prospective birth
cohort

1.7 Australia Prospective birth
cohort

United Prospective birth
Kingdom cohort

Norwegian Mother and Child
Cohort Study: Routine
ultrasound appointment at 13
—17 weeks gestation;
questionnaires at the ages of
6, 12, and 18 months.

Taiwan Birth Cohort Study:
Random sampling from
national birth registry and
interviews; interviews at age of
6 months.

Environments for Healthy
Living Cohort: Surveys during
routine antenatal
appointments in third
trimester from 3 public
maternity hospitals and
admitted patient data from
Queensland Hospital.

Southampton Women'’s Survey
Cohort: Interviews at
preconception, 11 and 34
weeks of pregnancy, and 6, 3,
and 12 months after birth.

33,192

24,400

2,778

2,799

Age of 18 months

Age of 6 months

Age of 5 years

Age of 12 months

From questionnaires: Maternal asthma;
educational level; income; age; marital
status; parity; and smoking during
pregnancy, smoking after birth,
breastfeeding, and daycare attendance
versus care at home. From birth records:
child’s sex, caesarean delivery,
birthweight, gestational age, diabetes,
gestational diabetes, hypertension, and
pre-eclampsia.

Prenatal conditions: Medication use during
pregnancy, pregravid BMI, gestational
weight gain, morbidities of gestation,
tobacco smoking, betel nut chewing, shift
work, and exposure to environmental
tobacco smoking. Postnatal conditions:
Sex of the baby, gestational age, birth
weight, vaccination of Hemophilus
influenzae type B, parental education level,
family income level, number of siblings at
home, and congenital cardiopulmonary
disease. Environmental conditions:
Exposure to cockroaches, water damage,
visible mold on walls of home, carpeted
flooring, incense burning, and pet
ownership

Maternal factors: Education, marital
status, age, diabetes (pre-existing or
gestational), cigarette smoking,
recreational drug use and/or high-level
alcohol consumption, number of other
children living in the household, partner’'s
employment status, and income quintile.
Child and birth factors: Sex, plurality,
gestational age, mode of delivery, newborn
admission to intensive or special care, and
birth weight.

Maternal factors: Age, height, parity,
education, late-pregnancy 25-
hydroxyvitamin D status, smoking in
pregnancy, smoking in child’s infancy, and
asthma. Paternal factors: Age, height, and
asthma. Child and birth factors:
Birthweight, gestation, age at last
breastfeed, exposure to smokers in the
home other than the mother, and adiposity
gain between birth and 6 age of months.

Norwegian Ministry of Health, Division
of Intramural Research, National
Institute of Environmental Health
Sciences, NIH.

Not available

Griffith University

Medical Research Council, British
Heart Foundation, Food Standards
Agency, Dunhill Medical Trust, the
European Union’s Seventh Framework
Program, projects Early Nutrition and
Dr Katharine Pike was supported by a
grant from the British Lung Foundation.

(continued on next page)
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Table 2. Characteristics of Included Studies (continued)

Recruitment setting and

Study Setting Study design methods Cohort size Length of follow-up Confounders Funding sources
Videholm et al.”°  Sweden Population-based Data from the Swedish 838,756 Age of 5 years Maternal age, maternal education level, This study was supported by a grant
retrospective cohort  Medical Birth Register, the maternal smoking, parity, geographic from the Oskarsfonden (Box 36, 932
National Inpatient Register, region, and time trends (year of birth). 51 Burea, Sweden).
the Cause of Death Register,
the Total Population Register,
and the Longitudinal
integration database for health
insurance and labor market
studies.
Gutvirtz et al.>° Israel Population-based Singleton deliveries from a 249,840 Up to first hospitalization Maternal age, maternal hypertensive Not available
retrospective cohort  single regional tertiary medical for infection morbidity or disorders of pregnancy (chronic
center (Soroka University 18 years of age. hypertension, gestational or pre-eclampsia
Medical Center). with or without severe features, and
eclampsia), maternal diabetes mellitus
(pregestational and gestational),
chorioamnionitis during labor, preterm
delivery, birthweight, lack of prenatal care,
and mode of delivery
Gutierrez et al.> u.s. Prospective birth Boston Birth Cohort: 2,790 Age of 12 months Maternal factors: Maternal age at delivery,  Johns Hopkins School of Medicine; the

cohort

Predominantly urban, low-
income minority cohort
recruited at birth in the Boston
Medical Centre. Data points
sourced from epidemiologic
questionnaires, EMR, and
clinical measurements at all
primary care visits.

race/ethnicity, parity, maternal smoking
during pregnancy, education level, and
cardiometabolic conditions during
pregnancy (chronic and gestational
diabetes, hypertensive disorders of
pregnancy). Child and birth factors:
Gestational age at birth, season of birth,
delivery type, and breastfeeding (ever
breastfed versus never breastfed) during
the first year of life.

Academy of Allergy, Asthma and
Immunology Foundation; NIH

EMR, electronic medical record.
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Table 3. Summary of Findings From Included Studies

BMI category (kg/m?3)

Study Exposure of interest Underweight Normal Overweight Obese  Outcome of interest Findings
Haberg et al.?®: Maternal ~ Self-reported (height and <18.5 18.5—-24.9 25.0—29.9 >30 Maternal report of LRTI, LRTI:
obesity in pregnancy and  weight) maternal pregravid Hospitalization for LRTI aRD=0.6 (p=0.724 [95% Cl=
respiratory health in early BMI —1.0, 2.2])
childhood Hospitalization for LRTI:
aRD= —0.5 (p=0.570 [95% CI=
—1.5, 0.5])
Chen et al.?®: Prenatal Self-reported (height and Not applicable <24 >24 Not Maternal/caregiver report  Pneumonia:
and postnatal risk factors weight) maternal pregravid applicable of pneumoniauptoage 6 AOR=2.09 (p<0.001 [95%
for infantile pneumonia BMI months Cl=1.4, 3.07])
in a representative birth aAR=14.8
cohort
Cameron et al.””: Self-reported (height and <18.5 18.5—-24.9 25.0—29.9 >30 Childhood all-cause All-cause hospitalization:
Maternal pregravid body  weight) maternal pregravid (including infectious and aRR=1.48 (p<0.01 [95%
mass index and child BMI respiratory) hospitalization Cl=1.10, 1.98])
hospital admissions in as defined by ICD-10-AM Infectious disease
the first 5 years of life: coding up to age 5 years hospitalization:
results from an aRR=2.3
Australian birth cohort Respiratory disease
hospitalization:
aRR=1.3
Rajappan et al.?%: Measured maternal <18.5 18.5—-24.99 25.0—29.99 >30 Maternal report of wheeze, Pregravid obesity + LRTI:
Maternal body mass pregravid BMI and cough, and/or respiratory aRR=1.23 (p=0.02 [95%
index: relation with infant  gestational weight gain infections at ages of 6 and Cl=1.03, 1.48])
respiratory symptoms 12 months
and infections
Videholm et al.>°: Self-reported (height) and <18.5 18.5—-24.9 25.0—29.9 >30 Childhood infection LRTI:
Maternal weight and measured weight for —related hospitalization as  alRR=1.19 (95 % Cl=1.15,
infections in early maternal gestational BMI defined by ICD-10 coding 1.24)
childhood: a cohort study at 8—12-week gestation up to age 5 years URTI
alRR=1.19 (95% Cl=1.14, 1.24)
Gutvirtz et al.>°: Maternal Measured maternal Not applicable Not applicable Not applicable >30 Childhood infection Total infectious-related

Obesity and Offspring
Long- Term Infectious
Morbidity

gestational BMI at first
prenatal visit

—related hospitalization as
defined by ICD-9-CM
coding up to age 18 years

hospitalizations:

aHR=1.125 (p=0.017 [95%
Cl=1.021, 1.238])
Respiratory infection
hospitalizations: Higher rate in
children born to mothers with
obesity than in those born to
non-obese mothers (6.3% vs
5.5%, p=0.04).

(continued on next page)
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Table 3. Summary of Findings From Included Studies (continued)

BMI category (kg/m?)

Findings

Outcome of interest
LRTI:

Normal Overweight Obese

Underweight
Not applicable

Exposure of interest

Study

Infant LRTI as defined by

>30

25.0—29.9

18.5—24.9

Self-reported (height and

Gutierrez et al.>*:

0.012 [95%

=1.43 (p=

AOR
Cl

presence of bronchiolitis,

weight) maternal pregravid

BMI

Maternal pre-pregnancy

weight and early life

1.08, 1.88])

bronchitis, or pneumonia
identified by ICD-9 and

lower respiratory tract

infections in a low-

ICD-10 coding up to age 12

months

income urban minority

birth cohort
aAR, adjusted attributable ratio; aHR, adjusted hazard ratio; alRR, adjusted incidence risk ratio; aRD, adjusted risk; aRR, adjusted risk ratio; ICD-10-AM, ICD-10, Australian Modification; ICD-9, Interna-

tional Classification of Diseases, Ninth Revision; ICD-9-CM, International Classification of Diseases, Ninth Revision, Clinical Modification; LRTI, lower respiratory tract infection; URTI, upper respiratory

tract infection.

Warmington et al / AJPM Focus 2024;3(4):100234

Chen et al.*® (2012) outlined BMI >24 kg/m2 as over-
weight according to criteria for Asian populations”®**
and also reported nonoverweight participants as having
pregravid BMI <24 kg/m®. Gutvirtz et al.”’ (2019) cate-
gorized BMI as obese (>30 kg/mz) and nonobese (<30
kg/m?).”" Neither of these 2 studies reported an under-
weight BMI category. Cohorts differed in the proportion
obese to total participants; in the smallest cohort, the
obese BMI category made up 499 of 2,778 total partici-
pants.”” In contrast, the largest cohort was made up of
245,058 participants with obesity of 838,756 total partici-
pants.”” Across cohorts, the proportion of participants in
the obese BMI category of the total cohort ranged from
1.3% to 29%.

Five of the 7 studies assessed pregravid BML >~ %!
The remaining 2 studies collected gestational BMI at the
time of first prenatal visit and ultrasound assessment
visit.””*" Chen et al.”® and Rajappan et al.”® also mea-
sured gestational weight gain. Chen et al.”® (2012) quan-
tified gestational weight gain as either <16 kg or >16 kg;
Rajappan et al.”® (2017) categorized gestational weight
gain as inadequate, adequate, and excessive according to
Institute of Medicine guidelines, which accounts for pre-
gravid BML.>%****

All studies identified potential confounding variables
that were controlled for in their analyses (Table 227730,
Most studies included factors such as maternal smoking,
parity, and age as confounders. The majority of the studies
controlled for gestational diabetes as a maternal confound-
ing variable.”*”**! Child and birth factors were also con-
sidered, including caesarean delivery, prematurity,
birthweight, and infant sex (Table 2°°7°"). Rajappan
et al.” (2017) also collected data on paternal age, height,
and history of asthma. Most of the studies also noted soci-
odemographic factors, including maternal income, educa-
tion level, marital status, and race (Table 272°771) 22772931
Of note, Gutierrez et al.>! sourced maternal—child data
from the Boston Birth Cohort, a primarily low-income,
urban, minority cohort.

Child follow-up ranged from age 6 months to 18 years.
Gutvirtz et al.”’ (2019) had the longest follow-up time of
18 years and terminated follow-up upon first report of
the outcome of interest. Defined outcomes ranged from
incidence of prolonged cough to upper respiratory tract
infection (URTI) or lower respiratory tract infection
(LRTI). Cameron et al.”” (2014) defined outcomes as
childhood all-cause hospitalization and reported sepa-
rate findings on infectious and respiratory disease hospi-
talizations. Videholm et al”’ (2019) defined the
outcome of interest as childhood infection—related hos-
pitalizations but reported specific statistics on LRTI and
URTT. Similarly, Gutvirtz et al.’” (2019) defined the out-
come of interest as childhood infection—related

www.ajpmfocus.org
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hospitalizations while also specifying risks of hospitaliza-
tion for respiratory infection.

Three of the studies relied on maternal self-reports,
which enabled the authors to report on incidences of
respiratory outcomes that did not necessitate
hospitalization.z5’26’28 Haberg et al.”> (2009) collected
reports of separate incidences of LRTI, with and without
hospitalization. LRTI were identified as maternal reports
of respiratory syncytial virus, bronchiolitis, bronchitis,
and pneumonia.25 Chen et al.”° (2012) collected data on
incidences of child pneumonia, identified through
maternal reports of a pneumonia diagnosis by a physi-
cian and hospital admission as a result of the diagnosis.
Rajappan et al.”® (2017) relied on maternal reports of
wheeze, prolonged cough, and/or LRTIs (defined as
croup, croupy cough, a doctor-diagnosed chest infection,
bronchitis, bronchiolitis, or pneumonia).

The other 4 studies””*” "' used International Classifi-
cation of Disease (ICD) coding—a classification list used
to categorize patient information (hospital records, med-
ical charts, visit summaries, and bills)—to define out-
comes.”” There are iterations of ICD across healthcare
systems, which varied across the reviewed studies: Gut-
virtz et al.’’ (2019) used ICD-9-CM codes,” whereas
Videholm et al.”” (2019) used ICD-10 codes, and
Cameron et al.”” (2014) used the International Statistical
Classification of Diseases and Related Health Problems,
Tenth Revision, Australian Modification. Gutierrez et
al.>! (2021) defined LRTIs using ICD-9 and ICD-10 cod-
ing but did not specify ICD modifications. Cameron et
al.”” (2014) set the outcome as childhood all-cause
(including infectious and respiratory) hospitalization.
The other 3 studies defined the desired outcome as a
childhood infection—related hospitalization with subca-
tegorizations of respiratory infections’ or LRTIs and
URTIs.”

All studies reported adjusted analyses for predeter-
mined covariates. Nearly all (6 of the 7) studies reported
significant associations between maternal BMI and off-
spring respiratory outcomes. Four studies found an asso-
ciation between pregravid overweight or obese BMI and
offspring respiratory outcomes and infections.”* *®"'
Chen et al.”® (2012) reported an increased risk of pregra-
vid overweight (BMI >24 kg/m?) to be associated with
an increased risk of infantile pneumonia up to the age of
6 months (AOR=2.09, p<0.001; adjusted attributable
risk=14.8, p<0.001).

Cameron et al.”’ (2014) examined the associations
between pregravid obesity (BMI >30 kg/m?) and the
total number of hospitalizations in person years (PYs)
and found that children born to participants with obesity
had an increased adjusted rate ratio of all-cause hospital-
izations in the first 5 years of life (95% CI=1.10, 1.98).””

August 2024

These children suffered 2.3 times the rate of admissions
for infectious diseases (19.6 vs 8.6 admissions per 1,000
PYs) as children born to participants in the optimal BMI
category (18.5—24.9 kg/mz) (Table 3*°7°"). Children
born to participants who had obese pregravid BMI also
had the greatest absolute burden of respiratory hospital-
izations, 1.3 times the rate of children born to those with
BMI at 18—24.9 kg/m* (40.7 vs 31.0 admissions per
1,000 PYs) (Table 3).” ' Consistent with these data,
Rajappan et al.”® (2017) found a significant association
between high pregravid BMI (>30 kg/m®) and LRTI
(adjusted rate ratio=1.23, p=0.02 [95% CI=1.03, 1.48]) in
United Kingdom children up to age 12 months. Gutier-
rez et al.’' (2021) reported a significant association
between obese pregravid BMI (>30 kg/m?) and infant
LRTI (AOR=1.43; 95% CI=1.08, 1.88; p=0.012), an asso-
ciation that persisted after adjusting for ethnicity
(Table 3).2°73! Haberg et al.”> (2009) identified a modest
increase of LRTI with pregravid BMI >30 kg/m” in
crude analyses, which was no longer evident after adjust-
ment for confounding variables. Similarly, hospitaliza-
tions for LRTIs were not associated with high pregnancy
BMI in this cohort (Table 3).2> "

When evaluating maternal pregravid BMI and associ-
ations with outcomes, it is important to recognize that a
significant proportion of people enter pregnancy in 1
BMI category but gain gestational weight beyond the
recommended amount.’® Of the 2 studies that measured
gestational weight gain, neither Chen et al.”® (2012) nor
Rajappan et al.”® (2017) found significant associations
between gestational weight gain and respiratory out-
comes of interest. Videholm et al.”’ (2019) examined the
relationship between first trimester BMI and incidence
rates of child hospitalization for infectious disease up to
age 5 years in PYs. They found that children of partici-
pants who were obese in their first trimester (BMI >30
kg/m?) were 18% more likely to be admitted to hospital
for infectious disease (adjusted incidence rate ratios
[aIRRs]=1.18 [95% CI=1.16, 1.21]) and more specifically
were at a 19% increased risk of LRTI (aIRR=1.19 [95%
CI=1.15, 1.24]) and URTI (aIRR=1.19 [95% CI=1.14,
1.24]).” These data suggest that not only is maternal
BMI an important factor to consider, but weight gain
within different trimesters may have more or less impact
on development and therefore neonatal and child
health.

Consistent with these data, Gutvirtz et al.”’ (2017)
examined the relationship between first trimester BMI
and infection-related hospitalizations in children up to
age 18 years. This study grouped all non-obese categories
together to form a comparator group (BMI <30 kg/m?)
and identified a significant and independent association
between maternal obesity and long-term risk for
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infectious-related hospitalization in offspring (adjusted
hazard ratio=1.125, p=0.017 [95% CI=1.021, 1.238]),”
where children of participants with high early pregnancy
BMI (BMI <30 kg/m?) had a significantly increased risk
of respiratory infections compared with children of
healthy weight participants (6.3% vs 5.5%, p=0.04).”

DISCUSSION

The authors systematically reviewed the literature to
answer the question of whether sufficient human data
exist to suggest that maternal BMI and/or gestational
weight gain influences neonatal and childhood respira-
tory infection risk. They found that relatively few pri-
mary studies have been published investigating the
relationship between maternal BMI and adiposity before
and during pregnancy and offspring respiratory infec-
tion. Despite this limitation, of the 7 studies that met the
criteria for review, 6 studies reported that a high pre-
pregnancy/early pregnancy BMI (BMI >30 kg/m®) was
associated with a greater risk of child respiratory infec-
tions across different developmental stages. Specific
covariates (e.g., maternal age, race, smoking, income)
differed across studies; however, adjustment for these
covariates had a negligible impact on the primary find-
ing that a high maternal BMI increased the risk of respi-
ratory infections in offspring.

In terms of the impact of maternal BMI, the early life
environment has a significant role to play in establishing
health and disease risk and forms the foundation of the
Developmental Origins of Health and Disease
paradigm.'”*” One of the many factors thought to drive
changes in offspring phenotype is early life exposure to
inflammatory environments. Indeed, the proinflamma-
tory milieu observed in cases of high pregravid/gravid
BMI (BMI >30 kg/m®) has been suggested to alter off-
spring immune and respiratory development.”® In some
studies, a high BMI before and during pregnancy leads
to an increase in immunomodulatory cytokine produc-
tion, systemic inflammation,”” and macrophage accu-
mulation in the placenta.””*' Circulating monocytes of
babies born to mothers who are overweight or obese
exhibit decreased inflammatory cytokine production in
response to infectious stimuli, suggesting that these pre-
natal inflammatory exposures might result in fetal adap-
tations to immune development and blunted responses
to later pathogenic insults.””~**

Prospective studies found that high BMI during preg-
nancy was associated with decreased lung function in
children up to age 5 years.”” Animal models of obesity
during pregnancy have observed increased immune cell
infiltration and subsequent collagen deposition in lung
tissues of offspring born to mothers with obesity.*

Others have observed decreased lung compliance*® and
increased proinflammatory cytokine expression in lung
tissues of offspring born to dams fed an obesogenic
diet.”” Furthermore, these offspring were more suscepti-
ble to severe disease after respiratory syncytial virus
infection,”” suggesting that obesity in pregnancy is a pri-
mary catalyst in these respiratory and immunologic con-
sequences and subsequent infection susceptibility. Some
data suggest that a proinflammatory in utero environ-
ment may influence fetal immune development and
priming; studies using umbilical cord immune cell pro-
filing as a marker have noted associations between

maternal BMI and cord blood immune cell
frequencies*****” and function.”
Limitations

The authors set out to systematically examine the litera-
ture and determine whether human data support the
hypothesis that high maternal BMI was associated with
offspring respiratory infection throughout childhood.
However, of the 20,143 searched articles, only 7 effec-
tively tested this hypothesis, highlighting a significant
gap in the literature. Exposure—outcome relationships
are more complex in the human context, and as a result,
the primary limitation of these studies related to the het-
erogeneity in the methodology, data collection, and
characterization of the exposure and controls.

In terms of categorization of BMI, most of the studies
collected maternal BMI data from self-reported height
and weight, whereas those that measured height and
weight varied between collecting data at pregravid time
points and collecting at first prenatal visit (first trimes-
ter). Rajappan et al.”® (2017) noted that the time from
pregravid measures to conception in their participants
could be up to a year, leading to potential deviation
from precise BMI at conception. The best possible data,
although fraught with its own logistical difficulties,
would be collected from the point of first missed men-
strual period. Currently, the easiest and most available
data are collected at first prenatal visit, which occurs
with relative consistency in most developed countries by
10 weeks gestation.”"

There was significant study-to-study variability in the
use of the established WHO BMI categories.”” Two of
the reviewed studies did not identify a category of under-
weight BMI.°>*" Gutvirtz et al.”” categorized participant
groups as obese (>30 kg/m?®) or nonobese (<30 kg/m?),
combining the overweight and nonobese categories.
Gutierrez et al.”' found that participants whose BMIs
were categorized as overweight also showed increased
offspring respiratory infection risk; therefore, collapsing
overweight and optimal BMI categories by Gutvirtz et
al.”’ may have weakened the observed associations. The
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use of national cohort catalogs and databases may help
to mitigate the variability in clinical measures, consoli-
date findings, and offer access to more consistent data to
conduct future epidemiologic studies.”

In terms of the outcome of childhood respiratory
infection, 3 studies used caregiver and maternal reports
to assess incidence of LRTIs and, more specifically,
pneumonia.”>”>*® This allowed researchers to capture
any illnesses that did not necessitate hospitalization. The
remaining 4 studies focused exclusively on hospitaliza-
tion as the outcome of interest; thus, milder cases that
would have been handled in clinics or ambulatory cen-
ters would have been missed. In future studies, the inclu-
sion of these lower-acuity cases in analyses would
provide a more comprehensive landscape of respiratory
infection vulnerability, severity, and incidence between
populations.

In terms of follow-up time, the longest follow-up time
was 18 years; however, this study terminated participant
follow-up upon first hospitalization. Future studies
should consider investigating repeated service use as a
measure of severity and vulnerability to infection in chil-
dren born to women with high BMI; this would
strengthen any potential associations. Bentley et al.”*
(2018) found a significant association of caesarean deliv-
ery, earlier gestational age, and formula feeding with
repeated infection-related hospitalization in children up
to age 5 years. Given the relationship between high
maternal BMI and these perinatal factors’ and the sub-
sequent role in childhood respiratory morbidity,'” inves-
tigating obesity during pregnancy as an independent
variable in repeated respiratory infection hospitaliza-
tions of children should be explored.

CONCLUSIONS

The authors of this review set out to investigate the cur-
rent human literature on the association between mater-
nal BMI and offspring respiratory infections throughout
childhood. The key findings align with the growing evi-
dence that maternal BMI may have independent and
profound consequences on respiratory infection risk
across childhood. Given that only a very limited number
of primary publications met the search criteria, in this
review, the authors also identify a significant gap in the
research space and encourage more primary investiga-
tions of linkages between maternal BMI and offspring
respiratory infections. The limited but strong associa-
tions serve to highlight that this significant gap in the lit-
erature has important implications in clinical practice
and public health policy, where emerging evidence sug-
gests that childhood infections predispose individuals to
long-term infection vulnerability.”>”” Thus, every effort
should be made to further explore this relationship as a
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first step in preventing long-term lung damage and the
longer-term burden of respiratory disease.
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