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Gestational diabetes, atopic dermatitis, and allergen
sensitization in early childhood

Rajesh Kumar, MD,a Fengxiu Ouyang, MD, PhD,b Rachel E. Story, MD, MPH,a Jacqueline A. Pongracic, MD,a

Xiumei Hong, MD, PhD,b Guoying Wang, MD, PhD,d Colleen Pearson, BA,c Kathryn Ortiz, BA,c Howard Bauchner, MD,c

and Xiaobin Wang, MD, ScDb Chicago, Ill, and Boston, Mass
Background: The relationship between the prenatal
environment, maternal-fetal interaction, and allergic disease in
the offspring remains understudied.
Objective: We sought to determine whether gestational diabetes
(GDM) modifies the risk of early childhood atopic
manifestations, including atopic dermatitis and allergen
sensitization.
Methods: This study includes 680 children from the Boston
Birth Cohort. Mother-child dyads were recruited at birth and
followed prospectively to a mean age of 3.2 6 2.3 years, with
study visits aligned with the pediatric primary care schedule.
The primary outcomes were physician-diagnosed atopic
dermatitis on standardized medical record abstraction and
allergen sensitization based on ImmunoCAP to 7 common foods
and 5 common aeroallergens (specific IgE, $0.10 kUA/L;
Phadia, Uppsala, Sweden). GDM was determined by means of
standardized medical record review. Logistic regression
analysis, stratified by term/preterm status, evaluated the
association of GDM with atopic dermatitis and allergen
sensitization, respectively, controlling for maternal
prepregnancy body mass index, fetal growth, and pertinent
covariates.
Results: Of the 680 children, 488 were term, and 192 were
preterm (<37 weeks’ gestation). Overall, 4.9% of the mothers
had GDM. Among the 680 children, 34.4% had atopic
dermatitis, and 51% had allergen sensitization. In term births
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GDM was significantly associated with atopic dermatitis (odds
ratio [OR], 7.2; 95% CI, 1.5-34.5) and allergen sensitization
(OR, 5.7; 95% CI, 1.2-28.0). Adjusting for fetal growth had little
effect. The association with sensitization was driven primarily
by food sensitization (OR, 8.3; 95% CI, 1.6-43.3). The above
associations were not observed in preterm births.
Conclusions: In term births GDM increased the risk of atopic
dermatitis and early childhood allergen sensitization
independently of maternal prepregnancy body mass index and
fetal growth. (J Allergy Clin Immunol nnnn;nnn:nnn-nnn.)

Key words: Atopic dermatitis, eczema, food allergen sensitization,
gestational diabetes

It has been suggested that alternative factors to the hygiene
hypothesis might contribute to the allergy epidemic.1 As per the
‘‘Barker hypothesis,’’ prenatal maternal-fetal interactions and
early-life programming might have influences on disease later
in life.2 Prenatal maternal-fetal interactions and early-life pro-
gramming might be associated with the development of asthma
or allergic diseases.3-8 A number of studies suggest an association
of childhood obesity with early manifestations of atopy, such as
sensitization.9,10 However, the associations of prenatal/early-life
factors associated with maternal obesity and prenatal metabolic
factors with allergic manifestations in the child remain poorly
understood.

Maternal obesity has become very common, with a 20%
prevalence in the United States,11 and it is associated with the de-
velopment of gestational diabetes (GDM)12 and fetal macrosomia
in the offspring.13 GDM and large for gestational age (LGA) have
been associated with wheezing and asthma.14-19 LGA has been
associated with atopic sensitization, serum IgE,20-23 and atopic
dermatitis.24,25 Of these interrelated variables, GDM has not, to
date, been associated with these early allergic manifestations.

The purpose of this study was to evaluate the association
between GDM and early atopic manifestations, such as atopic
dermatitis and allergen sensitization, accounting for maternal
prepregnancy body mass index (BMI), fetal growth, and other
pertinent variables in the Boston Birth Cohort, a large, multieth-
nic inner-city cohort. Because prematurity has effects on the
immunologic system26-28 and seems to have variable associations
with different atopic diseases,15,29-31 we were conscientious to
evaluate whether these associations vary by gestational age.

METHODS

Patient population
The Boston Birth Cohort was initiated in 1998, and recruitment is ongoing

at the Boston University Medical Center (BMC). It is a multiethnic cohort
1
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stitutional review board
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arge for gestational age
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SBWT: S
tandardized birth weight
sIgE: S
pecific IgE
(56% black, 11% white, and 20% Hispanic) that includes subjects from a range

of socioeconomic strata, including inner-city poor up to middle-class subjects.

The Boston Birth Cohort was originally designed to study adverse birth

outcomes, particularly preterm birth. The inclusion criteria of the parent study

are as follows: any woman admitted to the labor and delivery floor at BMC

who was delivered of a singleton live infant and met our case (gestational age

<37 weeks or birth weight <2,500 g) or control (gestational age �37 weeks

with birth weight �2,500 g) criteria was eligible.32 The Children’s Memorial

Hospital Institutional Review Board (IRB), the BMC IRB, and the Massachu-

setts Department of Public Health approved the parent study protocol. Under a

separate Children’s Memorial Hospital and BMC IRB–approved study proto-

col and consent process, all infants enrolled in the Boston Birth Cohort are

eligible for the postnatal follow-up study to determine postnatal health

outcomes, as detailed below.
Data collection and measurements
Recruitment of the birth cohort. Mother-infant pairs were

recruited 24 to 48 hours after delivery. After obtaining signed written in-

formed consent, we interviewed subjects using a standardized questionnaire.

We also reviewed maternal and infant medical records using a standardized

abstraction form to obtain clinical data, including ultrasonographic findings,

placental pathology reports, laboratory reports, pregnancy complications,

labor and delivery course, and birth outcomes.

Postnatal follow-up study. Those subjects who sought primary

or specialist care at the BMC were invited to participate in the postnatal

follow-up study starting in 2004.28 After written informed consent was ob-

tained from the biologic mother, visits were scheduled at 6 to 12 months, 2

years, 4 years, and 6 years in alignment with the child’s pediatric primary

care visit schedule. Mothers were interviewed with standardized postnatal

health questionnaires. We also reviewed the study child’s medical record using

a standard medical record abstraction form to obtain clinical data, including

type and date of visits, clinical diagnosis (including International Classifica-

tion of Diseases, ninth revision, codes), and growth parameters.

Determination of GDM. GDM was determined by means of

standardized review of maternal prenatal and perinatal medical records. All

mothers in the cohort received care in the BMC labor and delivery ward. The

availability of a unified electronic medical record with International Classi-

fication of Diseases, ninth revision, coding of diagnoses provided information

on maternal prenatal and peripartum conditions.

Assessment of maternal BMI. Maternal BMI was calculated

based on prepregnancy weight and height obtained from the maternal

postpartum questionnaire interview and categorized into underweight

(<18.5 kg/m2), normal (18.5-24.9 kg/m2), overweight (25-29.9 kg/m2), and

obesity (�30 kg/m2), according to standard World Health Organization

definitions.33

Assessment of fetal growth. Fetal growth was based on

estimate of standardized birth weight (SBWT). SBWT is defined as birth

weight standardized by mean and variance in the stratum of corresponding

ethnic group, sex, and gestational week in the reference population by using

approximately 15,000 births at BMC during 1998-2003.34 LGAwas defined as

SBWT of greater than the 90th percentile of the SBWT in the reference pop-

ulation at the same gestational week.
Assessment of gestational age. Gestational age was assessed

based on both the first day of the last menstrual period, as recorded in the

maternal medical record, and early (<20 weeks) prenatal ultrasonographic

results. This approach has been used in large, hospital-based preterm studies

and in our ongoing funded preterm studies.

Outcome measures
Given the mean age of our subjects, we chose physician-diagnosed atopic

dermatitis as the primary outcome, as determined by means of standardized

abstraction of the medical record. We also examined allergen sensitization at

each recent follow-up visit, with the data from the most recent follow-up visit

(mean age, 3.2 years) used for this analysis. Allergen sensitization was defined

as having a specific IgE (sIgE) level of greater than 0.10 kUA/L (Immunocap;

Phadia, Uppsala, Sweden) to at least 1 of the tested allergens, including food

allergens (egg white, milk, peanut, soy, shrimp, wheat, and walnut) and

aeroallergens (Dermatophagoides pteronyssinus and Dermatophagoides fari-

nae, German cockroach, cat, dog, and Alternaria alternata).

Statistical analyses
A total of 1,262 children from the Boston Birth Cohort completed at least

1 postnatal follow-up visit. For the purposes of this study, only children who

had sIgE data for both food allergens and aeroallergens were included to avoid

confounding from undetected sensitization (n 5 680). However, their charac-

teristics did not differ from those of the children who were excluded (see Table

E1 in this article’s Online Repository at www.jacionline.org). Children were

categorized into one of 3 groups: children without atopic dermatitis and aller-

gen sensitization (reference group), children with atopic dermatitis, and chil-

dren with allergen sensitization. Of note, the outcome groups of atopic

dermatitis and allergen sensitization were not mutually exclusive because

146 children had both atopic dermatitis and allergen sensitization.

To examine the association of GDM on atopic dermatitis and allergen

sensitization, we performed multivariate logistic regression analysis stratified

by preterm and term status (<37 weeks for preterm and�37 weeks for term).

We also performed a joint analysis by categorizing participants into one of 4

groups based on term status and presence of GDM (with term and no GDM as a

common reference group) to examine the joint association of GDM and

preterm delivery on atopic outcomes.

Aside from the key determinant variables, potential confounding variables

included infant and maternal factors, which were retained in the model based

on significance or repeated associations in prior literature. Infant factors

included child’s current age and sex, breast-feeding, antibiotics in the

peripartum period, fetal growth, and type of delivery. Maternal factors

included maternal ethnicity, family history (maternal and paternal) of atopic

disease, parity, socioeconomic status as measured by the highest level of

maternal education achieved, and maternal prepregnancy BMI. Of these

covariates, delivery by means of cesarean section, maternal history of atopy,

breast-feeding, and socioeconomic status (as determined by maternal educa-

tion) were retained in the model despite a lack of significance because of their

prior associations with atopic disease in the literature.

Because maternal prepregnancy BMI, GDM, and fetal growth are interre-

lated variables, we included maternal pregnancy BMI (with normal BMI as the

reference group) in the main model and added fetal growth in a secondary

model, respectively, to determine whether the effect of GDM on atopic

phenotypes was independent of these factors.

As a secondary analysis, we carried out a nominal regression model to

evaluate the effects of GDM on the outcomes of either atopic dermatitis or

sensitization, atopic dermatitis only, sensitization only, and the combined

group with both sensitization and atopic dermatitis.

All analyses were carried out with the statistical software SAS for Windows

8.20 (SAS Institute, Inc, Cary, NC).

RESULTS

Baseline characteristics of the cohort
When we examine the mother-infant dyads in the entire cohort

(n 5 1,262), this is a predominantly low-income minority
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TABLE I. Description of infant/perinatal factors and maternal

factors by atopic dermatitis and any sensitization*

No atopic dermatitis/no

sensitization

(n 5 245)

Atopic

dermatitis

(n 5 234)

Any

sensitization

(n 5 347)

Infant/perinatal

factors

Age (y), mean

(SD)

2.9 (2.2) 3.6 (2.3) 3.5 (2.3)

Sex, no. (%)

Female 135 (55.1) 107 (45.7) 166 (47.8)

Male 110 (44.9) 127 (54.3) 181 (52.2)

Fetal growth, no.

(%)

Normal 175 (71.4) 177 (76.0) 279 (80.6)

FGR 49 (20.0) 29 (12.4) 37 (10.7)

LGA 21 (8.6) 27 (11.6) 30 (8.7)

Preterm, no. (%) 75 (30.6) 56 (23.9) 97 (28.0)

Delivery by

cesarean

section, no. (%)

73 (29.9) 70 (30.2) 114 (33.8)

Peripartum

antibiotic

use, no. (%)

115 (50.4) 77 (36.2) 120 (38.7)

Feeding, no. (%)

Breast-feeding 79 (69.9) 72 (84.7) 112 (79.4)

Bottle only 34 (30.1) 13 (15.3) 29 (20.6)

Maternal factors, no.

(%)

GDM 10 (4.1) 17 (7.3) 16 (4.6)

Race

Black 169 (69.0) 173 (73.9) 260 (74.9)

Other 76 (31.0) 61 (26.1) 87 (25.1)

Parity

0 87 (35.5) 100 (42.7) 159 (45.8)

�1 158 (64.5) 134 (57.3) 188 (54.2)

Family history of

atopic diseases,

94 (38.7) 81 (35.1) 120 (34.8)

Maternal

prepregnancy
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population. Most (60.1%, n 5 759) mothers were African Amer-
ican, and 21.1% (n 5 266) were Latino. The majority (81.4%,
n 5 639) of mothers had an annual household income of less
than $30,000. The mean age of children at follow-up was 3.1
years (SD, 2.3 years), with equal numbers of male and female sub-
jects. Prematurity was present in 28% of deliveries. The mean age
of follow-up of the children did not differ between term and pre-
term children, with a mean age of follow-up of 3.04 years (SD,
2.29 years) and 3.08 years (SD, 2.24 years), respectively. Of
1,262 births, 66 (5.3%) of the mother’s had pregnancies compli-
cated by GDM, and 396 (31.4%) of the children had atopic
dermatitis.

When we limit our analyses to those 680 subjects who had sIgE
data available, 4.9% of the mothers had GDM and 34.4% of the
infants had atopic dermatitis. Based on sIgE levels, 51% were
sensitized to at least 1 allergen (sIgE >0.1 kUA/L). If a cut-point
of 0.35 kUA/L is used, 44% were sensitized to at least 1 allergen.
There was a high rate of maternal atopy in the cohort, with 33.3%
of mothers having a history of an atopic disease, including food
allergy, atopic dermatitis, and asthma or rhinitis/hay fever.

Table I presents epidemiologic and clinical characteristics of
the children who had sIgE data. The table is stratified by the 3
groups of children: children without atopic dermatitis or sIgE to
food allergen (reference group, n 5 245), children with atopic der-
matitis (n 5 234), and children with sIgE to allergen (n 5 347). Of
note, the groups with allergen sensitization and atopic dermatitis
in this table are not mutually exclusive. Instead, they describe
the case groups for the separate outcomes of allergen sensitization
and atopic dermatitis. The control group excludes all individuals
with atopic dermatitis and known sIgE sensitization.

GDM (7.3%) was more frequent among mothers of children
who had atopic dermatitis, but this only approached statistical
significance. However, after the analyses are stratified by gesta-
tional age, as shown in Fig 1, it becomes clear that GDM increases
the risk of both atopic dermatitis and allergen sensitization in term
infants but has no effect in preterm infants. As a result, all subse-
quent analyses are stratified by preterm/term status.
BMI (kg/m2)

<18.5 12 (4.9) 4 (1.7) 13 (3.7)

18.5 to <25 108 (44.1) 102 (43.6) 145 (41.8)

25 to <30 64 (26.1) 70 (29.9) 117 (33.7)

�30 61 (24.9) 58 (24.8) 72 (20.7)

Household income

<$30,000 125 (80.1) 116 (83.5) 173 (86.1)

�$30,000 31 (19.9) 23 (16.5) 28 (13.9)

Education

< High school 75 (31.0) 74 (32.2) 110 (32.3)

High school 88 (36.4) 78 (33.9) 124 (36.4)

> High school 79 (32.6) 78 (33.9) 107 (31.4)

*The groups of food allergen sensitization and atopic dermatitis in this table are not

mutually exclusive. Instead, they describe the case groups for each analysis. Maternal

history of atopic diseases included food allergy, atopic dermatitis, asthma, and hay

fever. Fetal growth restriction (FGR) is defined as an SBWT of less than the 10th

percentile of the SBWT in the reference population at the same gestational week. LGA

is defined as an SBWT of greater than the 90th percentile of the SBWT in the

reference population at the same gestational week. SBWT is defined as birth weight

standardized by mean and variance in the stratum of corresponding ethnic group, sex,

and gestational week in the reference population by using approximately 15,000 births

at BMC during 1998-2003.
Associations of maternal GDM with atopic

dermatitis
Table II displays the results of 2 separate analyses evaluating

the associations of GDM with atopic dermatitis. In the stratified
analyses by preterm status, term children exposed to GDM in
utero had a 7.90 times increased risk of atopic dermatitis (odds ra-
tio [OR], 7.90; 95% CI, 1.53-40.94; P 5 .01) after adjusting for
maternal BMI. After further adjustment for fetal growth, the
effect size was slightly diminished (OR, 5.86; 95% CI, 1.07-
32.05; P 5 .0412).

To better understand these findings, we also evaluated whether
GDM and gestational age had a joint effect on the outcomes, as
shown in the second column of analyses in Table II. Compared
with term infants without GDM, prematurity alone was not asso-
ciated with atopic dermatitis (OR, 0.75; 95% CI, 0.46-1.22). The
combination of preterm status and GDM together was not associ-
ated with atopic dermatitis (OR, 0.33; 95% CI, 0.06-1.81). Again,
the highest risk was found in term children born to mothers with
GDM (OR, 7.38; 95% CI, 1.53-35.71; P 5 .01). This finding was
unchanged on the analysis adjusting for fetal growth (OR, 6.50;
95% CI, 1.30-32.57; P 5 .02). This is consistent with the findings
of our stratified analysis.



FIG 1. Prevalence of atopic dermatitis and food allergen sensitization in children with and without GDM

stratified by term/preterm status. Term children are represented by solid bars. Preterm children are repre-

sented by striped bars. The black solid and striped bars represent the prevalence of atopic dermatitis in term

and preterm children, respectively. The gray solid and striped bars represent the prevalence of allergen sen-

sitization in term and preterm children, respectively.

TABLE II. Association of maternal GDM with atopic dermatitis

Atopic dermatitis including adjustment for maternal BMI

Stratified analysis Joint analysis

Term/preterm status Total no. AD no. Percent OR 95% CI P value OR 95% CI P value

Term

No GDM 330 164 49.7 1.00 1.00

GDM 18 14 77.8 7.90 1.53-40.94 .0138 7.38 1.53-35.71 .0129

Preterm

No GDM 122 53 43.4 1.00 0.75 0.46-1.22 .2415

GDM 9 3 33.3 0.60 0.10-3.65 .5821 0.33 0.06,1.81 .1997

Atopic dermatitis including adjustment for maternal BMI and fetal growth

Stratified analysis Joint analysis

Term/preterm status Total no. AD no. Percent OR 95% CI P value OR 95% CI P value

Term

No GDM 330 164 49.7 1.00 1.00

GDM 18 14 77.8 5.86 1.07-32.05 .0412 6.50 1.30-32.57 .0228

Preterm

No GDM 122 53 43.4 1.00 0.68 0.41-1.11 .1232

GDM 9 3 33.3 0.74 0.11-4.91 0.7554 0.27 0.05-1.52 .1361

Basic model is adjusted for children’s age, sex, maternal race (black/other), maternal education (< high school, high school, > high school), breast-feeding (breast/bottle feeding),

peripartum antibiotic use (yes, no), family (paternal or maternal) history of atopic diseases (including food allergy, atopic dermatitis, asthma, and hay fever), parity (0, �1),

delivery by means of cesarean section, and prepregnancy BMI (<18.5, 18.5 to <25, 25 to <30, and �30 kg/m2). Fetal growth was characterized by use of SBWT. SBWT is defined

as birth weight standardized by mean and variance in the stratum of corresponding ethnic group, sex, and gestational week in the reference population by using approximately

15,000 births at BMC during 1998-2003. Fetal growth restriction is defined as an SBWT of less than the 10th percentile of the SBWT in the reference population at the same

gestational week. LGA is defined as an SBWT of greater than the 90th percentile of the SBWT in the reference population at the same gestational week.
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Associations of maternal GDM with allergen

sensitization
We performed a similar analysis for the outcome of allergen

sensitization. As shown in Table III, in the stratified analyses term
children exposed to GDM in utero had a 6 times increased risk of
allergen sensitization (OR, 6.05; 95% CI, 1.17-31.18; P 5 .03).
After adjustment for fetal growth, the result was no longer signif-
icant, but effect size was only slightly diminished (OR, 4.85; 95%



TABLE III. Association of maternal GDM with allergen sensitization in children

Sensitization including adjustment for maternal BMI

Stratified analysis Joint analysis

Term/preterm status Total no. Sensitization no. Percent OR 95% CI P value OR 95% CI P value

Term

No GDM 403 237 58.8 1.00 1.00

GDM 17 13 76.5 6.05 1.17-31.18 .031 5.81 1.18-28.61 .0304

Preterm

No GDM 163 94 57.7 1.00 1.01 0.65-1.52 .9957

GDM 9 3 33.3 0.33 0.07-1.60 .1614 0.32 0.07-1.39 .1281

Sensitization including adjustment for maternal BMI and fetal growth

Stratified analysis Joint analysis

Term/preterm status Total no. Sensitization no. Percent OR 95% CI P value OR 95% CI P value

Term

No GDM 403 237 58.8 1.00 1.00

GDM 17 13 76.5 4.85 0.91-25.84 .0643 5.29 1.04-26.77 .0441

Preterm

No GDM 163 94 57.7 1.00 0.90 0.59-1.39 .6404

GDM 9 3 33.3 0.37 0.07-1.88 .2300 0.26 0.06-1.17 .0788

Basic model is adjusted for children’s age, sex, maternal race (black/other), maternal education (< high school, high school, > high school), breast-feeding (breast/bottle feeding),

peripartum antibiotic use, family (maternal or paternal) history of atopic diseases (including food allergy, atopic dermatitis, asthma, and hay fever), parity (0, �1), delivery by

means of cesarean section, and prepregnancy BMI (<18.5, 18.5 to <25, 25 to <30, and �30 kg/m2). Fetal growth was characterized by use of SBWT. SBWT is defined as birth

weight standardized by mean and variance in the stratum of corresponding ethnic group, sex, and gestational week in the reference population by using approximately 15,000 births

at BMC during 1998-2003. Fetal growth restriction is defined as an SBWT of less than the 10th percentile of the SBWT in the reference population at the same gestational week.

LGA is defined as an SBWT of greater than the 90th percentile of the SBWT in the reference population at the same gestational week.
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CI, 0.91-25.84; P 5 .06). To better understand these findings, we
also evaluated whether GDM and gestational age had a joint effect
on the outcomes, as shown in the second column of analyses in
Table III. Compared with term infants without GDM, prematurity
alone was not associated with allergen sensitization (OR, 1.00;
95% CI, 0.65-1.52). The combination of preterm status and
GDM was not associated with allergen sensitization (OR, 0.32;
95% CI, 0.07-1.39). The direction of these findings is again con-
sistent with the findings of our stratified analysis.
Associations of maternal GDM on food and

environmental allergen sensitization in children
Table IV presents the results of stratified and joint analyses of

the effects of GDM on food allergen and aeroallergen sensitiza-
tion, respectively. In term infants GDM was associated with
greater risk of food allergen sensitization (OR, 8.28; 95% CI,
1.59-43.20; P 5 .01). The association with aeroallergen sensitiza-
tion (OR, 5.66; 95% CI, 1.01-31.63; P 5 .05) was of borderline
significance. There were no effects seen in preterm children.
Again, there was no evidence of a joint effect of preterm delivery
and GDM in this population.
Sensitivity analysis with a cut-point of 0.35 versus

0.1 kUA/L
In addition to using a cut-point of 0.1 kUA/L, we also carried out

a sensitivity analysis using a cutoff of 0.35 kUA/L as a definition of
sensitization in the analyses. These results are presented in
Tables E2 and E3 (available in this article’s Online Repository
at www.jacionline.org) and show that the direction and signifi-
cance of the effects is largely unchanged. The only exception is
that the findings for aeroallergen sensitization became
nonsignificant. Our data suggest that this study was not affected
significantly by nonspecific antibody binding in the range between
0.1 and 0.35 kUA/L.
Secondary analysis of associations of GDM by using

nominal regression
We carried out a nominal regression model, reorganizing the

subjects into 4 groups: control subjects, those with atopic
dermatitis only, those with sensitization only, and those with
both sensitization and atopic dermatitis. The results are presented
in Table E4 (available in this article’s Online Repository at
www.jacionline.org). The OR for those with atopic dermatitis
and sensitization is increased (OR, 7.15; 95% CI, 1.26-40.48).
The effects for atopic dermatitis only (OR, 5.56; 95% CI, 0.81-
38.32) and sensitization only (OR, 2.06; 95% CI, 0.30-14.20)
are no longer significant, although the ORs are in the same direc-
tion, possibly because of smaller sample size.
DISCUSSION
In this prospective birth cohort study, we found that GDM was

significantly associated with increased risk of early childhood
atopic dermatitis and sensitization to both food allergens and
aeroallergens in term infants, even after accounting for maternal
prepregnancy BMI and fetal growth status. Specifically, term
infants of pregnancies with GDM have a 7.57-fold increased risk
of atopic dermatitis and a 5.91-fold increased risk of allergen
sensitization. Furthermore, only a minority of this effect seen in
term infants was accounted for by the inclusion of fetal growth as
a covariate. These data suggest that, at least in term infants,
prenatal metabolic risk factors increase the risk of allergic disease
and sensitization in early life.
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TABLE IV. Evaluation of association of maternal GDM with food allergen and aeroallergen sensitization in children

Food sensitization

Stratified analysis Joint analysis

Term/preterm status Total no. Cases no. Percent OR 95% CI P value OR 95% CI P value

Term

No GDM 349 183 52.4 1.00 1.00

GDM 17 13 76.5 8.28 1.59-43.20 .0121 7.72 1.56-38.16 .0122

Preterm

No GDM 131 62 47.3 1.00 0.90 0.57-1.45 .6650

GDM 8 2 25.0 0.26 0.04-1.64 .1513 0.30 0.05-1.62 .1618

Aeroallergen sensitization

Stratified analysis Joint analysis

Term/preterm status Total no. Cases no. Percent OR 95% CI P value OR 95% CI P value

Term

No GDM 313 147 47.0 1.00 1.00

GDM 13 9 69.2 5.66 1.01-31.63 .0484 5.34 0.98-29.09 .0530

Preterm

No GDM 132 63 47.7 1.00 0.86 0.53-1.40 .5408

GDM 8 2 25.0 0.38 0.07-2.19 .2810 0.29 0.05-1.64 .1625

Adjusted for children’s age, sex, maternal race (black/others), maternal education (< high school, high school, > high school), breast-feeding (breast/bottle feeding), peripartum

antibiotic use, family (maternal or paternal) history of atopic diseases (including food allergy, atopic dermatitis, asthma, and hay fever), parity (0, �1), delivery by means of

cesarean section, prepregnancy BMI (<18.5, 18.5 to <25, 25 to <30, and �30 kg/m2).
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Although our findings on GDM and atopic dermatitis and
sensitization to both food allergens and aeroallergens are novel,
other findings are generally consistent with those of previous
studies. Our finding that LGA was not associated with atopic
dermatitis status is consistent with the results of a number of other
studies.35,36 However, it is notable that some studies have found
an association of birth weight, birth length, and ponderal index
with atopic sensitization and serum IgE,20-23 and a few others
have found an association of LGAwith atopic dermatitis.24,25 No-
tably, these studies did not evaluate the role of GDM in addition to
that of LGA. Furthermore, although maternal prepregnancy
weight might influence the rates of GDM,12 in our analyses the ef-
fects of GDM were independent of maternal prepregnancy BMI.
The association of GDM with early childhood atopy mirrors some
findings in a large Dutch epidemiologic study of adults, which
found that insulin resistance might have mediated the association
of obesity on allergen sensitization.10

Interestingly, we did not find any associations of GDM with
atopic dermatitis and allergen sensitization in preterm infants.
The direction of the effect was in an opposite direction than seen
in the term children. Thus it is unlikely that the lack of a similar
effect in preterm infants is purely caused by sample size. It is
unclear whether this is due to the duration of exposure to the insult
or susceptibility to the insult at a particular point of immunologic
development. The fact that the effect of GDM was only seen in
term infants is consistent with the known effects of GDM on other
disorders. Specifically, only hyperglycemia in the last trimester of
pregnancy has been associated with augmented fetal growth.37

The differential findings between term and preterm births might
also be due to noncontrolled confounders, such as antenatal ste-
roids, and early-life feeding patterns, such as differences in the
duration and exclusivity of breast-feeding.

The biologic mechanism by which GDM affects atopic derma-
titis and allergen sensitization remains unclear. The fact that the
effect of GDM was still significant despite the inclusion of LGA in
the model implies that the effects are likely due to exposure to
GDM in utero but unlikely to occur through the same pathway that
leads to fetal macrosomia. Other pathways need to be considered.
Mothers with GDM have higher levels of TNF-a, leptin, and
visfatin, as well as lower levels of adiponectin.38-40 Adiponectin
attenuates allergic inflammation in murine models.41 Thus it is
possible that altered levels of adipokines associated with GDM
might have some effect on immunologic development in infancy.
Future studies will need to be carried out to evaluate these ques-
tions. Also, food allergen sensitization accounted for most of
the effect of GDM on sensitization. The effect on aeroallergen sen-
sitization was at best of borderline significance and was no longer
significant when a cutoff of 0.35 kUA/L was used to define sensi-
tization instead of 0.1 kUA/L. It has been hypothesized that atopic
dermatitis can augment food allergen sensitization.1 This hypoth-
esis could suggest a reason for a differential effect on food and
aeroallergen sensitization. This is consistent with our secondary
analysis, which found a larger effect of GDM in those with both
atopic dermatitis and sensitization. There was less of an effect in
those with atopic dermatitis only, and no clear effect was seen
on those with sensitization only. It is possible that some of the
effect of GDM on sensitization might be through atopic
dermatitis.

A particular strength of the Boston Birth Cohort is that it is a
prospectively followed cohort with large numbers of inner-city
minority subjects and detailed and extensive phenotyping of
prenatal and perinatal clinical data, including postnatal atopic
phenotypes. However, our study has the following limitations.

First, the data used to evaluate prepregnancy BMI were derived
from self-reported height and weight. This could lead to a
systematic decreasing of maternal BMIs because individuals
tend to underreport weight by up to 5 pounds.42,43 Although it is
possible that this might lead to some residual confounding, the ef-
fect size for GDM was not diminished by the inclusion of mater-
nal BMI in the final analysis.

Second, despite the large number of children included in this
report, the number of children born to mothers with GDM is
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relatively small. The smaller numbers in this group resulted in
larger CIs for our effects. Replication in even larger cohorts would
be important.

Another limitation is the duration of follow-up. The mean age of
the children at follow-up was 3.2 years. Although some children
might not have experienced the outcomes of interest by the time of
follow-up, studies such as the Multi-center Allergy Study suggest
that most children who develop eczema will do so within the first 2
years of life.44 Also, other birth cohorts also found a significant
number children to be sensitized within the first 2 years of life.45-47

Other questions might arise around the choice of a cut-point of
0.1 kUA/L as evidence of sensitization. We obtained very similar
findings in a sensitivity analysis with a cut-point of 0.35 kUA/L,
suggesting that our findings were not a function of nonspecific
binding of the assay between 0.1 and 0.35 kUA/L.

Finally, caution should be exercised when generalizing our
study findings to other populations because there was a high
proportion of African American and Latino subjects in our cohort
and most individuals were living in the inner city.

In summary, we found an association between GDM, a
prevalent risk factor in inner-city populations, and the develop-
ment of atopic dermatitis and sensitization to allergens, specif-
ically food allergens, in the offspring. This is of great interest
because the allergy and obesity/metabolic syndrome epidemics
are coincident in westernized societies. Our findings suggest that
there might be an early-life link between these 2 epidemics. If
replicated, our findings might open a new area for future
investigation and offer a new potential for early prediction and
prevention of allergic diseases.

Clinical implications: GDM might predispose to both allergen
sensitization and atopic dermatitis in the offspring. Children af-
fected by GDM could be at high risk for these atopic conditions.
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TABLE E1. Description of infant/perinatal factors and maternal

factors by availability of IgE data

Subjects with sIgE

data included in the

analysis (n 5 680)

Excluded Subjects

without sIgE data

(n 5 582)

P

value

Infant/perinatal factors,

mean (SD)

Age (y) 3.2 (2.3) 2.9 (2.3) .012

Sex, no. (%)

Female 343 (50.4) 288 (49.5)

Male 337 (49.6) 294 (50.5) .778

Fetal growth

Normal 520 (76.7) 432 (74.9)

FGR 95 (14.0) 100 (17.3)

LGA 63 (9.3) 45 (7.8) .207

Preterm delivery 192 (28.2) 168 (28.9) .853

Delivery by cesarean

section

207 (30.9) 196 (33.8) .310

Peripartum antibiotic

use

266 (43.0) 220 (41.6) .679

Feeding

Breast-feeding 227 (76.9) 328 (76.3)

Bottle only 68 (23.1) 102 (23.7) .904

Maternal factors, no. (%)

GDM 33 (4.9) 33 (5.7) .601

Race

African American 491 (72.2) 395 (67.9)

Other 189 (27.8) 187 (32.1) .106

Parity

0 283 (41.6) 257 (44.2)

�1 397 (58.4) 325 (55.8) .394

Maternal or paternal

history of atopic

diseases

235 (34.6) 192 (33.0) .598

Maternal

prepregnancy

BMI (kg/m2)

<18.5 26 (3.8) 26 (4.5)

18.5 to <25 290 (42.6) 266 (45.7)

25 to <30 213 (31.3) 189 (32.5)

�30 151 (22.2) 101 (17.4) .186

Household income

<$30,000 338 (82.8) 301 (79.8)

>$30,000 70 (17.2) 76 (20.2) .323

Education

< High school 212 (31.6) 162 (28.1)

High school 243 (36.2) 200 (34.7)

> High school 216 (32.2) 214 (37.2) .161

Maternal history of atopic diseases included food allergy, atopic dermatitis, asthma,

and hay fever. Fetal growth restriction (FGR) is defined as an SBWT of less than the

10th percentile of the SBWT in the reference population at the same gestational week.

LGA is defined as an SBWT of greater than the 90th percentile of the SBWT in the

reference population at the same gestational week. SBWT is defined as birth weight

standardized by mean and variance in the stratum of corresponding ethnic group, sex,

and gestational week in the reference population by using approximately 15,000 births

at BMC during 1998-2003.
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TABLE E2. Association of maternal GDM with allergen sensitization (cut-point defined at sIgE >0.35 kUA/L) in children

Sensitization including adjustment for maternal BMI

Stratified analysis Joint analysis

Term/preterm status Total no. Cases no. Percent OR 95% CI P value OR 95% CI P value

Term

No GDM 397 203 51.1 1.00 1.00

GDM 17 13 76.5 7.98 1.55-41.16 .0131 7.85 1.59-38.69 .0113

Preterm

No GDM 160 78 48.8 1.00 0.93 0.61-1.42 .7233

GDM 9 2 22.2 0.19 0.03-1.15 .0700 0.22 0.04-1.12 .0679

Sensitization including adjustment for maternal BMI and fetal growth

Stratified analysis Joint analysis

Term/preterm status Total no. Cases no. Percent OR 95% CI P value OR 95% CI P value

Term

No GDM 397 203 51.1 1.00 1.00

GDM 17 13 76.5 6. 41 1.20-34.31 .0299 6.76 1.34-34.11 .0207

Preterm

No GDM 160 78 48.8 1.00 0.85 0.55-1.31 .4675

GDM 9 2 22.2 0.19 0.03-1.18 .0747 0.17 0.03-0.91 .0380

Basic model is adjusted for children’s age, sex, maternal race (black/other), maternal education (< high school, high school, > high school), breast-feeding (breast/bottle feeding),

peripartum antibiotic use, maternal or paternal history of atopic diseases (food allergy, atopic dermatitis, asthma, and hay fever), parity (0, �1), delivery by means of cesarean

section, and prepregnancy BMI (<18.5, 18.5 to <25, 25 to <30, and �30 kg/m2). Fetal growth was characterized by use of SBWT. SBWT is defined as birth weight standardized

by mean and variance in the stratum of corresponding ethnic group, sex, and gestational week in the reference population by using approximately 15,000 births at BMC during

1998-2003. Fetal growth restriction is defined as an SBWT of less than the 10th percentile of the SBWT in the reference population at the same gestational week. LGA is defined as

an SBWT of greater than the 90th percentile of the SBWT in the reference population at the same gestational week.
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TABLE E3. Evaluation of association of maternal GDM with food allergen and aeroallergen sensitization (cut-point defined at sIgE>0.35

kUA/L) in children

Food sensitization

Stratified analysis Joint analysis

Term/preterm status Total no. Cases no. Percent OR 95% CI P value OR 95% CI P value

Term

No GDM 377 183 48.5 1.00 1.00

GDM 17 13 76.5 8.85 1.72-45.47 .0090 8.49 1.73-41.60 .0083

Preterm

No GDM 144 62 43.1 1.00 0.86 0.55-1.34 .5127

GDM 9 2 22.2 0.24 0.04-1.49 .1262 0.26 0.05-1.34 .1065

Aeroallergen sensitization

Stratified analysis Joint analysis

Term/preterm status Total no. Cases no. Percent OR 95% CI P value OR 95% CI P value

Term

No GDM 273 79 28.9 1.00 1.00

GDM 8 4 50.0 4.95 0.62-39.69 .1324 4.17 0.53-32.54 .1735

Preterm

No GDM 123 41 33.3 1.00 1.06 0.59-1.90 .8570

GDM 8 1 12.5 0.22 0.02-2.22 .2003 0.23 0.02-2.29 .2098

Adjusted for children’s age, sex, maternal race (black/other), maternal education (< high school, high school, > high school), breast-feeding (breast/bottle feeding), peripartum

antibiotic use, maternal or paternal history of atopic diseases (food allergy, atopic dermatitis, asthma, and hay fever), parity (0, �1), delivery by means of cesarean section (yes, no),

and prepregnancy BMI (<18.5, 18.5 to <25, 25 to <30 and �30 kg/m2).
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TABLE E4. Nominal logistic regression of maternal GDM with atopic dermatitis and sensitization status

Atopic dermatitis

and sensitization Atopic dermatitis only Any sensitization only

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

Term

GDM 8.96 (1.63-49.16) .012 8.08 (1.23-52.91) .029 2.46 (0.37-16.50) .355

Preterm

GDM — — 4.40 (0.54-36.06) .167 0.86 (0.18-4.06) .850

Model additionally adjusted for fetal growth

Term

GDM 7.15 (1.26-40.48) .026 5.56 (0.81- 38.32) .082 2.06 (0.30-14.20) .465

Preterm

GDM — — 4.74 (0.54-41.31) .159 0.96 (0.19-4.75) .956

The response variable is atopic dermatitis and sensitization status. The absence of both atopic dermatitis and allergic sensitization was treated as the reference group. Models were

as follows: dermatitis and sensitization status 5 GDM plus covariates (which include children’s age, sex, maternal race [black/other], maternal education [< high school, high

school, > high school], breast-feeding [breast/bottle feeding], peripartum antibiotic use, maternal or paternal history of atopic diseases [including food allergy, atopic dermatitis,

asthma, and hay fever], parity [0, �1], delivery by means of cesarean section, and prepregnancy BMI [<25, 25 to <30, and �30 kg/m2]).

—, Sample size too small to calculate the parameters.
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