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Abstract

Background: Childhood asthma is a common chronic disease that likely has prenatal origins.
Gestational diabetes alters maternal physiology and may influence fetal risk for childhood onset
disease. However, the association between gestational diabetes and child asthma is not well
characterized.

Objective: To investigate the association between gestational diabetes and wheeze/asthma at
approximately 4 years of age in a racially diverse U.S. cohort.

Methods: We studied mother-child dyads enrolled prenatally in the Conditions Affecting
Neurocognitive Development and Learning in Early Childhood study. Gestational diabetes was
determined by medical chart review. At approximately 4 years of age, we assessed child
respiratory outcomes including parent report of physician-diagnosed asthma (ever), current
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wheeze (symptoms within the past 12 months), and current asthma (physician diagnosis and/or
medication or symptoms within the past 12 months). We used modified Poisson regression to
assess associations of gestational diabetes and child respiratory outcomes, adjusting for maternal
age, race, prenatal smoking, pre-pregnancy body mass index, parity, asthma history,
socioeconomic status and infant sex.

Results: Among 1,107 women, 66% were African-American/Black. Six percent (n=62) had
gestational diabetes documented during pregnancy. Gestational diabetes was associated with
increased risk of physician-diagnosed asthma (adjusted risk ratio (RR) [95% Confidence Interval]:
2.13[1.35, 3.38]; prevalence: 14%), current wheeze (RR: 1.85 [1.23, 2.78]; prevalence: 19%) and
current asthma (RR: 2.01 [1.30, 3.10]; prevalence: 16%).

Conclusions: Gestational diabetes was associated with increased risk of asthma and wheeze
outcomes. Additional studies are needed to elucidate modifiable pathways underlying this
association.

Keywords

Diabetes; gestational; asthma; prenatal exposure delayed effects; pregnancy complications;
pediatrics

Introduction

Asthma is a prevalent chronic disease of childhood that, along with related wheezing
conditions, disproportionately affects low-income children in the United States (U.S.), as
well as certain racial or ethnic groups such as Blacks/African-Americans.(1) Asthma and
wheeze likely have prenatal origins as immune system and lung development begin /in utero
and continue into childhood.(2) These conditions are commonly associated with a T helper 2
(Th2) dominant immune profile,(3) although other contributory mechanisms may be
important. Fetal respiratory development is susceptible to prenatal exposures (e.g., tobacco
smoke, air pollution and maternal obesity) that are linked to altered immune response,
inflammation and oxidative stress.(4-6) Certain maternal complications during pregnancy,
including diabetes mellitus, are also associated with these mechanisms.(7-9) As such,
gestational diabetes may be a plausible modifiable risk factor for childhood asthma and
related diseases.

Gestational diabetes mellitus (GDM) occurs with the onset of hyperglycemia in the second
and third trimesters of pregnancy, commonly in the form of insulin resistance. In recent
decades, the prevalence of GDM in the U.S. has increased from <1% (1979-1980) to 5.8%
(2008-2010) among hospital deliveries.(10) Risk factors for GDM include obesity,
hypertension, inactivity, polycystic ovarian syndrome, family history of diabetes, personal
history of GDM, older age, and other lifestyle factors.(11) Maternal diabetes is associated
with numerous perinatal complications, including prematurity and fetal distress, as well as
offspring complications in childhood such as obesity and type 2 diabetes.(12)

Emerging evidence suggests that GDM can have lifelong effects on child health through
changes that influence fetal development, including development of the lung and immune
system.(13) Epidemiologic studies broadly support the association between maternal
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diabetes and childhood respiratory outcomes (14), but are primarily focused on European/
White populations, yielding limited generalizability. Further, few of these studies have
distinguished GDM from existing type 2 diabetes. Among studies specific to GDM, a
Danish registry-based study reported an association between GDM and early-onset
persistent wheeze,(15) while a U.S. health-system based study estimated increased risks of
asthma among GDM pregnancies requiring medication but not without.(16) In this analysis,
we examined the relationship between GDM and the development of childhood asthma and
wheeze in offspring using a well-characterized, racially diverse, prospective U.S. pregnancy
cohort.

Study Population

We studied mother-child dyads enrolled in the Conditions Affecting Neurocognitive
Development and Learning in Early Childhood (CANDLE) study, a prospective study based
in Shelby County (Memphis), Tennessee. The study design and data collection methods for
CANDLE have been previously described.(17, 18) In brief, CANDLE recruited women
during the second trimester of pregnancy (16-28 gestational weeks) between 2006 and 2011.
Eligible women were English-speaking Shelby County residents, age 16-40 years, with low
medical risk, singleton pregnancies at enrollment and plans to deliver at a designated study
hospital. Staff screened 5,228 women and 3,320 met eligibility; of these, 1,503 (45%) agreed
to participate and enrolled in CANDLE.(17) All women were engaged in prenatal care at or
prior to the time of enroliment. Low medical risk was defined as the absence of certain
chronic medical conditions and pregnancy complications, including insulin-dependent (type
1) diabetes, although women with asthma remained eligible.(17) Within our analytic sample,
we did not identify any women with active type 2 diabetes at enroliment. Fifteen
multiparous women endorsed “ever” having diabetes at enrollment, but did not endorse
having diabetes currently, with “ever” diabetes thus likely related to having GDM in a prior
pregnancy.

CANDLE participants responded to questionnaires and provided biospecimens during the
second and third trimesters and at delivery. In addition, study research nurses and assistants
documented pregnancy complications and labor and delivery information through
abstraction of birth records provided by study hospitals.(17) Postnatally, mother-child dyads
participated in annual in-person clinic visits through age 3, and again at approximately age 4
years, with maximum age for this study capped at 6.5 years of age. For the current study, we
included dyads with estimated gestational age = 32 weeks, completion of a 4-year study
visit, and documented GDM status. Each woman provided written informed consent for
herself and her child at enrollment and at the 4-year visit. The study was approved by the
Institutional Review Boards of Vanderbilt University and the University of Tennessee Health
Science Center.

Gestational diabetes

For all participants included in this analysis, GDM was determined by study nurses and staff
through medical record review.

Pediatr Allergy Immunol. Author manuscript; available in PMC 2022 August 01.
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Childhood respiratory assessment

Research assistants assessed child’s history of wheeze and asthma by parent-report at the 4-
year visit using questionnaires based on the International Study of Asthma and Allergies in
Children (19) and report of asthma-specific medication and healthcare use.(20) We defined
current wheeze as experiencing wheezing or whistling in the chest in the past 12 months and
current asthma as meeting at least two of the following criteria: (1) current wheeze; (2)
parent report of provider diagnosis of asthma (or reactive airway disease); or (3) asthma-
specific medication use in past 12 months. Parent report of provider diagnosis of asthma was
analyzed as a separate outcome (“diagnosed asthma”).

Statistical Analysis

Results

For descriptive purposes, we compared characteristics for dyads with and without GDM
using Pearson X2 and Wilcoxon rank sum tests for categorical and continuous variables,
respectively (ascertainment of covariates described in Supplemental Methods). We also
compared characteristics between eligible dyads who were included in the study and those
who were not. We determined the association between maternal GDM and child respiratory
outcomes using modified Poisson regression with robust sandwich errors to estimate risk
ratios (RR) and corresponding 95% confidence intervals (95% CI). We developed a directed
acyclic graph (DAG) based on published literature and clinical expertise to identify
confounders for the primary models, assuming a similar confounding structure for asthma
and wheeze outcomes (e-Figure 1). Primary models were adjusted a priori for child sex
(male; female), as well as the following minimal adjustment set identified by the DAG:
maternal age (years), race (African-American/Black; White or Other), prenatal smoking
(yes; no), pre-pregnancy BMI (continuous kg/m?), parity (0; = 1), asthma history (yes; no),
and SES composite score (continuous). Birth outcomes and postnatal factors were
considered to potentially be on the causal pathway between GDM and childhood asthma/
wheeze and therefore were not included in our adjustment set. Pregnancy-related factors,
including gestational hypertension and total weight gain during pregnancy, were added to the
adjustment set in sensitivity analyses. We used SAS version 9.4 (Cary, North Carolina) for
data management and R version 3.4.0 (The R Foundation, Vienna, Austria) for analyses, and
a two-sided type 1 error rate of 0.05 for statistical significance.

Of 1503 enrolled pregnancies, 1435 live births occurred at or after 32 weeks gestation and
remained active in the study up to delivery. Of these, 1110 (77%) children participated in 4-
year follow-up visit between ages 3.7 and 6.5 years of age. The final analytic sample
included 1107 dyads (n=3 excluded due to missing GDM status). Dyads included in the
analysis were more likely to be parous, and had older maternal age and higher maternal
education, pre-pregnancy BMI, and SES than eligible CANDLE live births that were not
included (e-Table 1). Among included dyads, 66% of women identified as Black/African-
American, 33% identified as White, and 1% identified as another race; 57% reported a high
school education or less and 43% reported a history of atopic disease. Women had a median
age of 26 years (interquartile range [IQR]: 22, 30) at enrollment, a median pre-pregnancy
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BMI of 26 kg/m? (IQR: 22, 32), and a median weight gain during pregnancy of 14 kg (IQR:
10, 18) (Table 1).

Gestational diabetes was documented for 5.6% of pregnancies (n=62) (Table 1). Women
with GDM were older than women without GDM (median 31 vs. 26 years), had higher
socioeconomic status (SES composite score, median: 0.20 vs. —0.10) and higher pre-
pregnancy BMI (median 30 vs. 26 kg/m?). Women with GDM gained less weight during
pregnancy than women without GDM (median 11 vs. 14 kg) and were more likely to
experience pre-eclampsia/gestational hypertension (17.7% vs. 9.0%). Maternal history of
asthma did not differ by GDM status. Among children, those born to mothers with GDM
were larger at birth (median birth weight: 3362 vs. 3250 g) compared to those who were not.

At follow-up, children had a median age of 4.2 years (IQR: 4.1, 4.5). The reported
prevalence of current wheeze and current asthma was 19.0% (n=209) and 15.7% (n=173),
respectively. Parent-reported diagnosed asthma was documented for 14.1% of children
(n=155) (Table 1). All outcomes were more common among children of women with GDM
than among children of women without (current wheeze: 30.6% vs. 18.3%; current asthma:
27.4% vs. 15.0%; diagnosed asthma: 25.8% vs. 13.4%) (Table 1), corresponding to
unadjusted RRs (95% CI) of 1.67 (95%Cl: 1.13, 2.49) for current wheeze, 1.83 (95%ClI:
1.19, 2.81) for current asthma and 1.93 (95%Cl: 1.23, 3.02) for diagnosed asthma.
Following adjustment for our primary set of covariates, RR estimates remained consistent at
1.85 (95%Cl: 1.23, 2.78) for current wheeze, 2.01 (95%CI: 1.30, 3.10) for current asthma
and 2.13 (95%Cl: 1.35, 3.38) for diagnosed asthma (Table 2). Sensitivity analyses
additionally adjusting for gestational hypertension or total weight gain did not substantially
change these results (e-Table 2).

Discussion

In this large and racially diverse prospective cohort study, we investigated the association
between GDM and childhood asthma and wheeze at approximately 4 years of age. We
observed that GDM was associated with increased risk of both current wheeze and asthma,
as well as parent-reported diagnosed asthma. Findings were robust to adjustment for
multiple confounding factors.

While noting some inconsistencies (14), several prior studies have reported positive
associations between maternal diabetes and childhood respiratory outcomes.(15, 16, 21-26)
For example, several large European cohort studies have examined maternal diabetes and
childhood wheeze (21, 22) and asthma (23-25). In general, these studies did not distinguish
between pre-existing and gestational onset diabetes. In a large Italian cohort, Rusconi et al.
reported an odds ratio of 1.84 (95% CI 1.06, 3.20) for persistent wheezing at age 6-7, based
on parental questionnaire, with a maternal diabetes prevalence of approximately 2%. Zugna
et al. conducted a pooled analysis of multiple European cohorts and observed a borderline
association between maternal diabetes and recurrent wheeze (RR 1.24, 95% Cl, 0.86, 1.79)
but not ever wheeze (RR 1.04 95% CI 0.97, 1.13) up to age 2, noting high variability in
GDM definitions and screening practices across countries/cohorts.(22) In a series of
Swedish register-based studies, Aspberg reported elevated odds of asthma, defined as asthma
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medication prescription fills (OR: 1.19 95% CI 1.12, 1.28) (24) or as asthma hospitalization
(OR: 1.20 95% ClI: 1.02, 1.42) (23) in children older than 2 years. In contrast, Haajata et al.
observed a significant positive association with maternal diabetes and child asthma among
those born moderately preterm, but not among those born at term, also relying on asthma
medication prescription fills to define asthma cases.(25)

Of the few studies that distinguished maternal diabetes type, a large Danish registry-based
study demonstrated an association between GDM (defined as diabetes first diagnosed during
pregnancy) and early-onset persistent wheeze (wheezing at 0-3 years and 4-6 years of age)
(OR: 1.15 95% CI: 1.05, 1.26).(15) Similar to other European studies, the prevalence of
GDM was low in this study at 1.5%. In a racially diverse Boston-based cohort, Kumar et al.
observed increased odds of allergic sensitization at age 3 in association with GDM
(prevalence: 5.3%); however, childhood asthma and wheeze were not specifically assessed.
(27) Finally, a health system-based study in California reported increased risk of childhood
asthma after age 5 for pregnancies with GDM requiring medication (adjusted Hazard Ratio
[aHR]: 1.17 [95% CI 1.06, 1.30]); associations were stronger for pregnancies with existing
type 2 diabetes (aHR: 1.32 [95% CI 1.19, 1.46]), but null for pregnancies with GDM not
requiring medication (aHR: 1.00 [95% CI 0.92, 1.08]).(16) While this study does support
some association between GDM and child asthma, there appear to be differences in the
magnitude of the point estimates when compared to ours. These differences may be due, in
part, to differences in study design and study sample demographics.

Immune and lung system development begins prenatally, so it is plausible that asthma
development might be influenced by pregnancy complications such as GDM. However, the
mechanisms by which GDM might influence asthma risks in offspring are unclear,
particularly since diabetes is associated with multiple pathological factors. During a healthy
pregnancy, maternal insulin sensitivity adapts to the needs of the developing fetus,
progressing from increased insulin sensitivity in early pregnancy to a modest state of insulin
resistance later in pregnancy, designed to increase glucose transport across the placenta and
promote fetal growth.(28, 29) This insulin resistance is exaggerated in women with GDM,
leading to multiple metabolic disruptions including increased glucose and downstream
effects such as fetal hyperinsulinemia and hypoxia (30) which may influence lung
development. Diabetes is also associated with processes such as inflammation, oxidative
stress, and altered T-cell immune profiles (7-9) which have been hypothesized to influence
the development of asthma.(2)

Our study has many strengths. Relative to the published literature, our study is among few to
prospectively assess associations between GDM and allergic/respiratory outcomes in a
predominantly Black/African-American cohort, addressing an important data gap by
extending generalizability outside European and predominantly White populations. While
CANDLE is not designed as a truly representative cohort, it shares many characteristics with
births in the underlying population of Shelby County, TN. For example, both include
majority Black populations and both have a majority of high school or less for maternal
educational attainment.(17) We note some loss to follow up between birth and age 4,
however this attrition did not substantially alter the demographics of our analytic sample. In
addition, both exposure and outcome characterizations were well captured, as cases of GDM

Pediatr Allergy Immunol. Author manuscript; available in PMC 2022 August 01.
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were confirmed through medical record review, and childhood respiratory outcomes were
assessed prospectively using a widely validated questionnaire.(19) Similarly, our rich
covariate data allowed for adequate adjustment for many confounding factors and for co-
occurring pregnancy complications such as gestational hypertension. This attribute is useful
in demonstrating that gestational diabetes, not pregnancy complications more generally, are
associated with respiratory outcomes. Finally, our follow-up extended to 4 years of age,
which allows for characterization of asthma outcomes (as opposed to early, transient
wheeze).

Our study also has limitations. It is possible that a woman may have had unreported or
undiagnosed type 2 diabetes at study entry that was subsequently captured as GDM.
Additionally, despite a thorough approach to confounding adjustment, we acknowledge the
possibility for unmeasured confounding. We relied on self-report for pre-pregnancy BMI
which may contribute to misclassification of maternal BMI, an important confounder. Our
study had no information on diabetes management or medication use during pregnancy. Our
data show that women with GDM gained less weight than women without GDM, suggesting
some effective clinical management of disease. However, this was not examined directly.
Understanding the relationship between diabetes, diabetes management (including diet,
medications, and glycemic control) and child respiratory outcomes will be an important next
step in elucidating mechanism related to the associations we observed here. Lastly, larger
studies will be needed to assess potentially informative effect modifiers, such as maternal

atopy.

In conclusion, we observed a strong association between GDM and childhood asthma and
wheeze, suggesting GDM may be a childhood asthma risk factor. This relationship was
robust to adjustment for multiple possible confounding factors. We have characterized this
association in an urban, racially diverse, understudied population of the southern U.S., but
our findings may be generalizable to other populations. Our findings warrant replication in
other racially diverse cohorts, with further characterization of childhood asthma phenotypes
and exploration of possible underlying mechanisms.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

Gestational diabetes is associated with perinatal complications and childhood morbidities
such as obesity and type 2 diabetes. Findings from epidemiologic studies investigating
maternal diabetes and childhood wheeze/asthma have been inconsistent.

After adjusting for a rich set of potential confounders, this study found strong
associations between gestational diabetes and childhood asthma and wheeze in a
predominantly African-American/Black pregnancy cohort.

Exposure to gestational diabetes /n7 utero may increase a child’s likelihood of developing
wheeze or asthma; gestational diabetes is a possible modifiable risk factor for these
outcomes.
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Characteristics of eligible dyads in the Conditions Affecting Neurocognitive Development and Learning in

Early Childhood (CANDLE) cohort

Characteristic Gestational Diabetes (=) | Gestational Diabetes (+) Total
n (%) 1045 (94.4) 62 (5.6) 1107 (100)
Maternal Characteristics
f

Race, n (%)

African-American/Black 688 (66.0) 36 (58.1) 724 (65.5)

White/Other 355 (34.0) 26 (41.9) 381 (34.5)
Education, n (%) 7=

< High School 606 (58.0) 27 (43.5) 633 (57.2)

> High School 438 (42.0) 35 (56.5) 473 (44.8)
Gestational hypertension, yes, n (%) 1.5% 94(20) 1Qarn 105 (9.5)
Asthma history, yes, n (%) f 120 (11.6) 7 (11.5) 127 (11.6)
Nulliparous, yes, n (%) 417 (39.9) 21 (33.9) 438 (39.6)
Cesarean delivery, yes, n (%) 380 (36.4) 29 (46.8) 409 (36.9)
Prenatal smoking, yes, n (%)f 89(85) 9(145) 98(8.9)
Age, median (IQR), years 26 (22, 30) 31 (25, 34) 26 (22, 30)

Household-size adjusted income, median (IQR) 14

13,043 (4709, 28,571)

18,750 (8333, 28571)

13,397 (5110, 28571)

SES composite, median (IQR) *

-0.10 (~0.63, 0.85)

0.20 (-0.35, 1.12)

-0.09 (~0.60, 0.85)

Pre-pregnancy BMI, median (IQR) T 26 (22, 32) 30(26,33) 26 (22, 32)

Total weight gain, median (IQR), kg T 14(10,19) 11(8.15) 14(10.18)

Child Characteristics

Sex, male, n (%) 515 (49.3) 36 (58.1) 551 (49.8)

Age at visit, median (IQR), years 42(4.1,45) 42(41,47) 42(4.1,45)
Gestational weeks, median (IQR) * 39 (38, 40) 39(38, 39) 39 (38, 40)

Birth weight, median (IQR), g *

3250 (2971, 3563)

3362 (3033, 3803)

3260 (2974, 3572)

Child Respiratory Outcomes

Diagnosed asthma, yes, n (%)7‘ *

Current wheeze, yes. n (%) * 190 (18.3) 19 (30.6) 209 (19.0)
Current asthma, yes, n (%) 7 * 156 (15.0) 17 (27.4) 173 (15.7)
139 (13.4) 16 (25.8) 155 (14.1)

*
p <0.05 for Wilcoxon rank sum or Pearson X test, IQR = Interquartile Range; kg = kilograms; BMI = body mass index (kilograms/metersz)

fmissing data: maternal race n = 2; maternal education n = 1; household-size adjusted income n = 7; gestational hypertension n = 2; total weight
gain n = 65; asthma history n = 8; prenatal smoking n = 1; pre-pregnancy BMI n = 3; child BMI at assessment n = 82; diagnosed asthma n = 6;

current wheeze n = 7; current asthman =5

ihousehold income was reported at enroliment (n = 1031) or obtained from a later CANDLE study visit, if missing.
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§ . . .
pre-eclampsia or gestational hypertension

”Subjects that were missing responses for one (n = 17) or two (n = 1) of the defining criteria for current asthma and had one negative response to
the remaining criteria were treated as non-asthma subjects. Subjects missing responses for all three criteria were treated as missing.
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Risk ratios (RR) and 95% confidence intervals for the association between gestational diabetes and childhood
respiratory outcomes.

n RR (95% CI)

Current Wheeze

Unadjusted 1100 | 1.67 (1.13, 2.49)
Adjusted * 1087 | 1.85(1.23,2.78)
Current Asthma

Unadjusted 1102 | 1.83(1.19, 2.81)
Adjusted * 1089 | 2.01 (1.30, 3.10)
Diagnosed Asthma

Unadjusted 1101 | 1.93(1.23,3.02)
Adjusted * 1088 | 2.13(1.35, 3.38)

*
Adjusted for age (continuous years), race (African American/Black; White or Other), prenatal smoking (yes/no), pre-pregnancy body mass index

(BMI) (continuous kg/mz), parity (0/=1), maternal asthma history (yes/no), SES composite score (continuous) and infant sex (male/female)
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