
Maternal Obesity: Risks for Developmental Delays in Early
Childhood

Kathleen O’Connor Duffany1
• Katharine H. McVeigh2

• Trace S. Kershaw1
•

Heather S. Lipkind3
• Jeannette R. Ickovics1

Published online: 22 December 2015

� Springer Science+Business Media New York 2015

Abstract

Objective To assess the risk for neurodevelopmental

delays for children of mothers who were obese (C200

pounds) prior to pregnancy, and to characterize delays

associated with maternal obesity among children referred

to and found eligible to receive Early Intervention Program

services.

Methods We conducted a retrospective cohort study

(N = 541,816) using a population-based New York City

data warehouse with linked birth and Early Intervention

data. Risks for children suspected of a delay and ‘signifi-

cantly delayed’, with two moderate or one severe delay,

were calculated. Among the group of children eligible by

delay for Early Intervention, analyses assessed risk for

being identified with a moderate-to-severe delay across

each of five functional domains as well as risks for multiple

delays.

Results Children of mothers who were obese were more

likely to be suspected of a delay (adjusted RR 1.19 [CI

1.15–1.22]) and borderline association for ‘significantly

delayed’ (adjusted RR 1.01 [CI 1.00–1.02). Among chil-

dren eligible by delay, children of mothers who were obese

evidenced an increased risk for moderate-to-severe

cognitive (adjusted RR 1.04 [CI 1.02–1.07]) and physical

(adjusted RR 1.04 [CI 1.01–1.08]) delays and for global

developmental delay (adjusted RR 1.05 [CI 1.01–1.08]).

Conclusion Maternal obesity is associated with increased

risk of developmental delay in offspring. Among children

with moderate or severe delays, maternal obesity is associ-

ated with increased risk of cognitive and physical delays as

well as with increased risk for global developmental delay.

While causation remains uncertain, this adds to the growing

body of research reporting an association between maternal

obesity and neurodevelopmental delays in offspring.

Keywords Obesity � Pregnancy � Cognitive delay �
Developmental delay

Significance

What is already known on this subject?

Obesity of the mother during pregnancy impacts phys-

ical and mental health of her offspring.

What this study adds?

Obesity of the mother during pregnancy appears to be

linked to substantial, severe and specific developmental

delays in early childhood. Children of mothers who were

obese during pregnancy had significantly higher risks of

cognitive, physical, and global developmental delays, even

after controlling for important maternal and infant risk factors.

Introduction

Obesity during pregnancy contributes to increased risks for

maternal health issues, as well as adverse pregnancy out-

comes and increased health risks for the offspring [1–5].

& Kathleen O’Connor Duffany

kathleen.oconnorduffany@yale.edu

1 Yale University School of Public Health, 40 College Street,

New Haven, CT 06520-8063, USA

2 Division of Family and Child Health, New York City

Department of Health and Mental Hygiene, New York, NY,

USA

3 Department of Obstetrics, Gynecology, and Reproductive

Science, Yale University School of Medicine, New Haven,

CT, USA

123

Matern Child Health J (2016) 20:219–230

DOI 10.1007/s10995-015-1821-z

http://crossmark.crossref.org/dialog/?doi=10.1007/s10995-015-1821-z&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s10995-015-1821-z&amp;domain=pdf


Recent studies focusing on longer-term risks for offspring

of pre-pregnancy obesity in the mother suggest an associ-

ation with neurodevelopmental delays in early childhood.

While some prior studies found no association with

maternal obesity and offspring’s motor development [6, 7],

attention, non-verbal [8] or verbal skills [6], recent studies

have reported an association with cognitive delays or

impairment [7, 9, 10] and developmental delays [11] in

early childhood, as well as behavior problems [12] and

autism [11]. A burgeoning field of study, the risks for

neurodevelopmental delays and severity of delays associ-

ated with maternal obesity is not well characterized. With

the high prevalence of obesity affecting over 30 % of US

women of child-bearing age [13], identifying the associated

risks is of public health importance. Additionally, as

developmental delays are noted to be amenable to change,

negative long-term effects could be mitigated by early

detection and intervention [14].

Using a large and diverse urban cohort, this study aims

to contribute to the growing body of research by assessing

risk for delays across a range of five functional domains

used to identify developmental delays in early childhood:

communication, cognitive, physical, social–emotional, and

adaptive, among a high-risk cohort of children referred and

found eligible for Early Intervention services. Additionally,

we consider the complexity of delays for children of

mothers who were obese prior to pregnancy, assessing risk

for multiple delays, simultaneously.

Methods

Population

This study comprised a birth cohort of children born in

New York City (NYC) of resident mothers from 1994 to

2001 (N = 541,816) with the study focusing on those

receiving a referral to the NYC Early Intervention Program

through 2004 (N = 59,589) and a subset of those referred

and found eligible by delay for Early Intervention services

(N = 45,709). Data were obtained from the Longitudinal

Study of Early Development data warehouse, a compilation

of linked de-identified data from birth and death certificates

and Early Intervention Program records from the NYC

Department of Health and Mental Hygiene.

The cohort of children referred to Early Intervention was

limited to those who had been born in NYC and who had

been referred to Early Intervention in NYC. Therefore, it

did not include those who moved into NYC, or those who

moved out of NYC prior to being referred for early inter-

vention services. Inclusion criteria identified children of

mothers 18–45 years at delivery, singleton pregnancies,

and children born at 32 weeks or more gestational age.

Children of mothers with sexually-transmitted diseases and

rubella, as well as children with congenital anomalies at

birth, were excluded. If, after exclusions, children of the

same mother remained in the cohort, one child was ran-

domly selected and the other(s) excluded. List-wise dele-

tion was employed for missing data.

Measures

Since maternal height data were unavailable, maternal

body mass index (BMI) could not be calculated. Using

weight data, obesity was categorized as pre-pregnancy

weight of 200 pounds or more. The 200 pound cut-point

has been used in prior studies to categorize maternal obe-

sity when height data were not available [15–17]. Based on

the US standard for obesity (BMI C 30 kg/m2) [18],

approximately 0–5 % of women would not be obese at 200

pounds (NYC DOHMH 2014) [19].

We controlled for socio-demographic variables, includ-

ing maternal and infant characteristics obtained from birth

certificate records. Self-reported maternal variables were

coded as noted in Table 1: maternal race/ethnicity (Non-

Hispanic black, Non-Hispanic white, Hispanic, Asian,

Other), age (18\ 20, 20\ 35, 35? years), education level

(\high school education yes/no), nativity (foreign born

yes/no), marital status (married yes/no), insurance payer

(Medicaid yes/no), parity (nulliparous yes/no), and drug

use during pregnancy (smoking, drinking, drugs yes/no).

Maternal weight gain was considered excessive if women

\200 pounds gained[40 pounds or if women 200 pounds

or more gained[25 pounds. A variable indicating maternal

diabetes included women with either chronic or gestational

diabetes. Infant characteristics included infant year of birth,

birth weight (\1500, 1500–2499, 2500–3999, 4000–6000),

and preterm birth (32–36 weeks/[36 weeks). Since speci-

fic delays are more prevalent at different developmental

stages, we also adjusted for the influence of the child’s age

at referral on their risk for delays. The age at first referral,

obtained from Early Intervention records, was categorized

into five age-spans: 0–11, 12–17, 18–23, 24–29, and 30?

months.

Referred to Early Intervention Children referred to the

NYC Early Intervention program at any time from birth to

3 years of age were categorized as ‘suspected of having a

developmental delay’. Early Intervention is a government

program established by the Education of the Handicapped

Act Amendments of 1986 (renamed in 1990, the Individ-

uals with Disabilities Education Act), enacted to ensure

infants and toddlers with developmental delays receive

services (PL 99-457) [20, 21]. Children suspected of hav-

ing a developmental delay can be referred to Early Inter-

vention by parents directly, or by medical or social service

professionals with parental permission [22].
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Eligible by Delay for Early Intervention Services Each

child referred to Early Intervention is expected to be

assessed for delays across five functional domains: com-

munication, cognitive, physical (fine/gross motor, hearing,

vision), social–emotional, and adaptive (life skills) [20, 23,

24]. In line with the NYC Early Intervention definition, a

‘significant delay’ was defined as having at least a

12-month or 33 % delay in any one domain, or a 25 %

delay in each of two domains, or performing at least 2.0

standard deviations (SD) below the mean on assessments in

one domain or 1.5 SD below the mean on assessments in

each of two domains [22]. Children identified with a ‘sig-

nificant delay’ are eligible by delay for Early Intervention

in NYC. While most children eligible for Early Interven-

tion are found eligible by delay, children can also be eli-

gible for Early Intervention if they are identified with a

condition that is known to result in developmental delays

(e.g., infantile cerebral palsy) [25].

Characterizing Risk in Functional Domains Among

children fully evaluated and found eligible by delay for

Early Intervention, we characterized risks for specific

delays across the five functional domains for children of

mothers who were obese prior to pregnancy. A delay was

defined by 1.5 SD or more below the mean on assessments

in a specific domain or exhibiting at least a 25 % chrono-

logical age delay in a specific domain. Accordingly, this

category comprised children evaluated and identified with

a moderate or severe delay in the noted domain. Based on

the data available from Early Intervention records, children

with a mild delay (1.0 SD to less than 1.5 SD below the

mean) were included in the ‘no delay/mild delay’ reference

group.

Children were considered to have a global develop-

mental delay if they have a severe delay (at least 2.0 SD

below the mean on assessments) in two or more domains

[26, 27].

This study was approved by the Department of Health

and Mental Hygiene Institutional Review Board.

Statistical Analysis

Chi-square statistics were computed to compare groups in

relation to maternal and perinatal data. Bivariate and

multiple regression analyses were conducted to evaluate

the associations between maternal obesity and children

being referred to Early Intervention at any time and eligible

by delay for Early Intervention. Among those found eli-

gible by delay, analyses were also conducted to assess the

risk for a delay in each of the five domains, a global

developmental delay, and a delay in all five domains

simultaneously. All associations were assessed with sig-

nificance set at p\ .05. Covariates were identified a priori

based on prior research; as such, models were not corrected

for multiple comparisons.

All analyses were conducted using SAS 9.3 (SAS

Institute Inc., Cary, NC). We used the log-binomial gen-

mod procedure to obtain relative risks. Log-binomial

models that did not converge were assessed using Poisson

regression with robust error variance and an unstructured

correlation matrix for obtaining relative risks [28, 29].

Multiple models for each outcome variable were assessed:

the main effect models, models controlling for all maternal

and infant covariates, and, when assessing risk for delays,

full models also adjusted for age at first referral.

Additional analyses were conducted to confirm and

elucidate results. As a sensitivity analysis, to assess atten-

uation of risk related to women who were obese but

weighed less than 200 pounds and to ensure that risks

related to severe obesity were not exaggerating the risks for

children of mothers who were obese, we assessed relative

risks differentiating maternal weight by five weight cate-

gories (\100, 100–149 [reference], 150–199, 200–299,

C300). An additional sensitivity analysis was conducted to

assess any change in the risk for children of women who

were obese when controlling for neighborhood poverty

level. Poverty levels were categorized as in Vital Statistics

records to report the percent of families living in poverty in

the neighborhood (0–4, 5–9, 10–19, 20–29 and C30 %).

Furthermore, to benchmark the risks found in this high-risk

population of those evaluated for Early Intervention, rela-

tive risks for children of mothers who had less than a high

school education were assessed to serve as a comparison to

understand magnitude of risks found for maternal obesity.

In all analyses, final full models were not reduced, but

rather included all conditions and covariates. Proportional

change in variance for the full models assessing risk for

each developmental delay was assessed using McFadden’s

pseudo-R2.

Results

Maternal and perinatal characteristics for children referred,

fully evaluated, and found eligible by delay for Early

Intervention are presented in Table 1.

Suspected of Delay, Fully Evaluated, and Eligible

by Delay

From the 1994–2001 birth cohort (N = 541,816), 11 %

were suspected of a delay and referred to Early Interven-

tion. Compared to children of mothers who weighed less

than 200 pounds, children of mothers who were obese prior

to pregnancy were 19 % more likely to be suspected of
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Referred to Early Intervention (N=59,589) 

Evaluated by Early Intervention

Fully Evaluated

“ ”

Global Developmental Delay

 Children from 1994-2001 Birth Cohort (N=541,816) 

Maternal obesity associated with 
children being suspected of a delay 
and referred to Early Interven�on   
[URR: 1.21 (1.18-1.25), ARR: 1.19 
(1.15-1.22)]

Borderline associa�on between 
maternal obesity and children 
iden�fied as “significantly delayed” 
among children fully evaluated for 
a delay [URR: 1.01 (1.00-1.02), ARR: 
1.01 (1.00-1.02)]

Maternal obesity associated with 
children having a Global 
Developmental Delay among 
children significantly delayed. 
[URR: 1.06 (1.03-1.10), ARR: 1.05 
(1.01-1.08)]

Maternal obesity associated with 
children having a moderate-to-
severe cogni�ve [URR: 1.08 (1.05-
1.11), ARR: 1.04 (1.02-1.07)] and 
physical [URR: 1.07 (1.04-1.11), 
ARR: 1.04 (1.01-1.08)] delay among 
children significantly delayed.

Fig. 1 Early Intervention Referral, Evaluation, and Delays in 1994–2001 Birth Cohort

Table 2 Association between maternal obesity and children being identified with a moderate-to-severe developmental delay in specific func-

tional domains among children eligible by delay for Early Intervention (N = 45,709)

Obese (C200 pounds) \200 pounds p value

n % n %

Moderate/severe delay in functional domains

Communications delay n = 40,255 (88.1 %) 2994 88.1 37,261 88.1 0.25

Cognitive delay n = 27,538 (60.3 %) 2195 64.6 25,343 59.9 \0.0001

Physical delay n = 23,194 (50.7 %) 1840 54.1 21,354 50.5 \0.0001

Social–emotional delay n = 19,994 (43.7 %) 1591 46.8 18,403 43.5 0.0002

Adaptive delay n = 16,137 (31.8 %) 1245 36.6 14,824 35.0 0.06

Delays in Multiple Domains

Global developmental delaya n = 22,503 (49.2 %) 1772 52.1 20,731 49.0 0.0005

Delay in all five domains n = 8223 (18.0 %) 692 20.4 7531 17.8 0.0002

Children found eligible by delay for Early Intervention in NYC are by definition ‘significantly delayed’ (scoring 2.0 SD below the mean in one

domain or 1.5 SD below the mean in two or more domains)
a Global developmental delay: a score of 2.0 SD below the mean in two or more domains
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having a developmental delay and referred to Early Inter-

vention (ARR 1.19 [CI 1.15–1.22]).

Of those referred (n = 59,589), 10.4 % did not receive

further services, 3.3 % were found eligible for Early

Intervention prior to an Early Intervention evaluation, and

the remaining 86.3 % were evaluated by Early Intervention

(Fig. 1). Of those evaluated, 98.6 % (n = 50,735) received

a full evaluation of all five functional domains. Among the

50,735 children referred to Early Intervention and fully

evaluated for delays, 90.1 % (45,709) were reported to

have at least one severe delay or two or more moderate

delays across the five domains (i.e., ‘significantly

delayed’), and were thus ‘eligible by delay’ to receive

Early Intervention services. Among this NYC birth cohort,

children found eligible by delay represent 91.3 % of all

children found eligible for Early Intervention services.

Among children suspected of a delay and referred to

Early Intervention, maternal obesity was not associated

with being fully evaluated, but, among those evaluated,

was borderline significant for being ‘eligible by delay’ for

Early Intervention services (ARR 1.01 [CI 1.00–1.02]).

Risk for Delays in Functional Domains Among

Children Eligible by Delay

Moderate to Severe Delays by Functional Domain

Among children eligible by delay for Early Intervention,

being a child of a mother who was obese prior to pregnancy

was associated with higher prevalence of a moderate-to-

severe cognitive (64.6 vs. 59.9 % [p\ .0001]), physical

(54.1 vs. 50.5 % [p\ .0001]), or social–emotional (46.8

vs. 43.5 % [p = .0002]) delay, as compared to children of

mothers weighing less than 200 pounds (Table 2). In fully

adjusted models, children of mothers who were obese

evidenced an increased risk for a moderate-to-severe cog-

nitive (ARR 1.04 [CI 1.02–1.07]) or physical (ARR 1.04

[CI 1.01–1.08]) delay (Table 3). McFadden’s pseudo-R2

for each model for each domain, which provides an

approximate variance in the outcome accounted for by the

variables in the model, ranged from 0.03 to 0.25 [adaptive

(0.03); cognitive and emotional (0.05); physical (0.13);

communication (0.25)].

Table 3 Maternal obesity and

relative risk for moderate-to-

severe developmental delays

among children eligible by

delay for early interventiona

(N = 45,709)

Unadjusted effects

RR 95 % CI

Adjusted effectsbcd

RR 95 % CI

Moderate-to-severe delay in functional domainsa

Communications 0.99 (0.99–1.01) 1.00 (0.99–1.02)e

Cognitive 1.08 (1.05–1.11) 1.04 (1.02–1.07)e

Physical 1.07 (1.04–1.11) 1.04 (1.01–1.08)e

Social–emotional 1.08 (1.04–1.12) 1.02 (0.98–1.08)

Adaptive 1.05 (0.99–1.09) 1.02 (0.97–1.07)

Delays in multiple domains

Global developmental delay 1.06 (1.03–1.10) 1.05 (1.01–1.08)

Delay in all five domains 1.14 (1.07–1.23) 1.06 (0.99–1.14)

a Children found eligible by delay for Early Intervention in NYC are by definition ‘significantly delayed’

(scoring 2.0 SD below the mean in one domain or 1.5 SD below the mean in two or more domains)
b Covariates include race/ethnicity, maternal age, maternal nativity, maternal education, marital status,

Medicaid, year of birth, parity, tobacco use during pregnancy, alcohol use during pregnancy, drug use

during pregnancy, infant sex, infant birth weight, preterm birth, gestational weight gain, and age group at

first referral. Age at first referral, obtained from Early Intervention records, was categorized into five age-

spans: 0–11, 12–17, 18–23, 24–29, and 30? months
c In adjusted models not controlling for ‘‘age group at first referral’’, all results were essentially the same
d In adjusted models controlling for neighborhood poverty, relative risks were essentially the same.

[Communications RR 1.00 (0.99–1.02); Cognitive RR 1.04 (1.01–1.07); Physical RR 1.04 (1.01–1.07);

social–emotional RR 1.02 (0.98–1.06); Adaptive RR 1.02 (0.97–1.07); Global developmental delay

RR:1.04 (1.01–1.08); Delay in all five domains RR 1.06 (0.98–1.14).]
e Poisson with robust error variance used due to non-convergence
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Table 4 Relative risk for

delays for children of mothers

of various weight categories

(N = 45,709)

Unadjusted RR Adjusted RRa

Communication delay

C300 lbs 1.06 (.92–1.23) 1.00 (.94–1.06)b

200–299 lbs 1.10 (1.07–1.13) 1.01 (.99–1.02)b

150–199 lbs 1.07 (1.05–1.09) 1.00 (.99–1.01)b

100–149 lbs 1.00 1.00

\100 lbs 1.03 (.99–1.08) 0.99 (.97–1.01)b

Cognitive delay

C300 lbs 1.06 (.92–1.23) 1.01 (.88–1.16)

200–299 lbs 1.10 (1.07–1.13) 1.07 (1.04–1.10)

150–199 lbs 1.07 (1.05–1.09) 1.05 (1.03–1.06)

100–149 lbs 1.00 1.00

\100 lbs 1.03 (.99–1.08) 1.01 (.96–1.05)

Physical delay

C300 lbs 1.14 (.97–1.34) 1.09 (.93–1.27)

200–299 lbs 1.08 (1.05–1.12) 1.05 (1.02–1.09)

150–199 lbs 1.03 (1.01–1.05) 1.02 (1.01–1.04)

100–149 lbs 1.00 1.00

\100 lbs 1.03 (.98–1.09) 1.01 (.96–1.06)

Social–emotional delay

C300 lbs 1.16 (.96–1.40) 1.08 (.91–1.28)

200–299 lbs 1.10 (1.06–1.14) 1.04 (.99–1.08)

150–199 lbs 1.08 (1.06–1.11) 1.05 (1.03–1.07)

100–149 lbs 1.00 1.00

\100 lbs .98 (.92–1.05) 0.97 (.91–1.03)

Adaptive delay

C300 lbs 1.15 (.91–1.44) 1.10 (.89–1.37)

200–299 lbs 1.06 (1.01–1.11) 1.04 (.99–1.09)

150–199 lbs 1.06 (1.03–1.09) 1.05 (1.02–1.08)

100–149 lbs 1.00 1.00

\100 lbs 1.01 (.93–1.09) 0.6 (.89–1.03)

Global developmental delay

C300 lbs 1.13 (.96–1.34) 1.09 (.93–1.29)

200–299 lbs 1.09 (1.05–1.12) 1.07 (1.03–1.10)

150–199 lbs 1.07 (1.05–1.09) 1.05 (1.03–1.07)

100–149 lbs 1.00 1.00

\100 lbs 1.06 (1.00–1.12) 1.02 (.96–1.07)

Delay in all five domains

C300 lbs 1.13 (.77–1.64) 1.00 (.69–1.45)

200–299 lbs 1.19 (1.11–1.28) 1.10 (1.02–1.19)

150–199 lbs 1.13 (1.08–1.18) 1.08 (1.04–1.13)

100–149 lbs 1.00 1.00

\100 lbs 1.03 (.91–1.16) 0.98 (.87–1.10)

a Covariates include race/ethnicity, maternal age, maternal nativity, maternal education, marital status,

Medicaid, year of birth, parity, tobacco use during pregnancy, alcohol use during pregnancy, drug use

during pregnancy, infant sex, infant birth weight, preterm birth, gestational weight, gain, and age at first

referral
b Poisson was used due to non-convergence
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Severity of Diagnosis

Among children who were eligible by delay for Early

Intervention, children of mothers who were obese during

pregnancy, compared to children of mothers who weighed

\200 pounds, had a higher prevalence of a global devel-

opmental delay (52.1 vs. 49.0 %, respectively

[p = .0005]), and a moderate-to-severe delay in all five

domains (20.4 vs. 17.8 %, respectively [p = .0002]).

Increased risk for a global developmental delay remained

significant in adjusted risk models (ARR 1.05 [CI

1.01–1.08]). McFadden’s pseudo-R2 was 0.03 for both

global developmental delay and the model assessing all

five delays simultaneously.

Sensitivity Analyses

Risk for Delays by Refined Maternal Weight Categories

and Risk for Delays Controlling for Neighborhood Poverty

Table 4 provides relative risks for delays by five maternal

weight categories, among children found eligible by delay.

When compared to the reference group of children of

mothers weighing 100–149 pounds, children of mothers

who weighed 200–299 pounds evidenced increased risk for

a moderate-to-severe cognitive (ARR 1.07 [CI 1.04–1.10])

and physical (ARR 1.05 [CI 1.02–1.09]) delay, and a

global developmental delay (ARR 1.07 [CI 1.03–1.10])

with slightly increased but similar results to the bivariate

analysis which included women weighing 150–199 pounds

in the non-obese category. Additionally, compared to the

reference group, children of mothers who weighed

200–299 pounds evidenced an increased risk for a mod-

erate-to-severe delay in all five domains (ARR 1.10 [CI

1.02–1.19]).

These results were similar when collapsing the 200–299

pounds obese and 300 pounds-or-more morbidly obese

categories. Due to the small number of mothers who were

morbidly obese in this cohort (N = 114), we were under-

powered to separately report results for this group.

Additionally, sensitivity analyses indicated that relative

risks for children of mothers who were obese were similar

with or without controlling for neighborhood poverty level

(See footnote Table 3).

Benchmarking Risk

Risk for Delays Related to Maternal Education

Magnitude of risks for delays associated with children of

mothers with less than a high school education in this high

risk group of children found eligible by delay for Early

Intervention include a non-significant risk for a moderate-

to-severe physical delay (ARR 1.02 [CI .99–1.04]), a 1 %

increased risk for a moderate-to-severe communications

delay (ARR 1.01 [CI 1.01–1.02]), a 5 % increased risk for

a moderate-to-severe cognitive (ARR 1.05 [CI 1.04–1.07])

social–emotional (adjusted RR 1.05 [CI 1.03–1.07]), and

global developmental delay (ARR 1.05 [CI 1.02–1.07]), a

6 % increased risk for a moderate-to-severe adaptive delay

(ARR 1.06 [CI 1.03–1.09]), and a 9 % increased risk for a

moderate-to-severe delay in all five domains (ARR 1.09

[CI 1.04–1.14]).

Discussion

Children of mothers who were obese prior to pregnancy

evidenced an increased risk for being suspected of a

developmental delay and referred to Early Intervention and

for having a ‘significant delay’ and found eligible by delay

for Early Intervention. Additionally, in adjusted models,

among children who were identified as having a ‘signifi-

cant delay’ and, thus, found eligible by delay for Early

Intervention services, children of mothers who were obese

evidenced an increased risk for a moderate-to-severe cog-

nitive and physical delay and an increased risk for global

developmental delay. In the sensitivity analysis, compared

to a reference group of children whose mothers weighed

100–149 pounds, we also found significant increased risks

for children of mothers who were obese to have a delay in

all five domains.

Two recent studies support our findings of children of

mothers who were obese being at increased risk for a delay

in general. A recent study analyzing data from two control

groups from a prior medical study, Craig et al. assessed

associations between obesity in mothers and three domains

in offspring: cognitive, language, and motor, in 101 two-

year-old children. A significant association was found for

children of mothers who were obese and a composite

variable representing the risk for a delay in at least one area

[30]. Yet, the authors note that the study may not have been

large enough to detect differences in specific domains.

Another study using a composite delay variable reported

higher odds of having any developmental delay for chil-

dren of mothers who were obese, but did not report asso-

ciations between obesity and specific domains assessed

[11]. Casas et al. also found an association with cognitive

scores but mixed results for psycho-motor scores among

11–22 month old children in two cohorts in Europe [31].

While prior research also suggests an increased risk for

attention and behavioral issues including those related to

externalizing behavior at 2 years old [12], inattention as

reported by teachers [32], and attention deficit hyperac-

tivity disorder (ADHD) [33], further research is needed in

each of the functional domains to confirm risks.
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The present study extends the current research by

characterizing risks across each of five functional domains.

Beyond individual delays, we also were able to report on

severe delays in two or more domains, which is understood

to be a more profound condition than one specific delay,

with notable long-term consequences [34]. Children with

delays in multiple domains have demonstrated an increased

risk for negative long-term school outcomes, such as grade

retention or need for special assistance services, and need

for special education [35]. Furthermore, children with early

global developmental delay are likely to be diagnosed with

a lasting impairment [36] and poor performance in all

functional domains into the elementary school years [37].

An additional strength of our study includes adjustment

for multiple maternal and infant characteristics obtained

from official documents. Further, unlike many other studies

in this area, we were able to control for the effect of dia-

betes on risk [38]. In a study on fetal anomalies in obese

women, Biggio et al. reported that diabetes was associated

with an increased risk for anomalies whereas BMI was not,

suggesting that maternal weight ‘may be a surrogate’ for

diabetes [16]. In controlling for diabetes, we were able to

address this concern in relation to risk for delays in the

current study.

A limitation of our study includes potential selection

bias. Although Early Intervention is available to all chil-

dren ages 0–3 years, some children may not have had

contact with an adult aware of the system, the referral

process, or the child’s need. While this is a limitation of

using Early Intervention data to represent all children with

moderate-to-severe delays, Early Intervention reportedly

captures, not all, but the majority of children with delays in

NYC with similar coverage expected before 2004. We

conducted sensitivity analyses to explore bias in relation to

referral and loss to follow-up and found none.

Analysis for our study was limited by data available in

vital statistics records. In the absence of height data we

were not able to calculate mothers’ body mass index and

had to rely on weight as a measure of obesity as used in

previous studies [15–17]. Based on NYC data from the

2002 Community Health Survey and the 2004 Health and

Nutrition Examination Survey, our sensitivity analysis

comparing the women in the 200–299 pound category with

the reference group of women weighing 100–149 pounds

would provide 99 % sensitivity and specificity for evalu-

ating obese versus non-obese women (NYC DOHMH

2014). This analysis revealed a slightly higher risk for

children of obese mothers weighing 200–299 pounds

compared to a reference group of children of mothers

weighing 100–149 pounds; an analysis that effectively

excluded women who were obese and weighing 150–199

pounds, confirming that our bivariate cut-point provides

conservative results. Additionally, our sensitivity analysis

addressed the potential concern of exaggerated risk con-

tributed by children of mothers who were severely obese

[7]; risks for children of mothers who were obese were

found to be similar in analyses with and without those

weighing 300 pounds or more. Future cohort studies may

assess risks for these various developmental delays across

the range of maternal body mass index and ascertain a

potential threshold for risk.

While relative risks were not large, results may be

noteworthy due to the consistency in findings, the severity

of delays reported, and their potential long-term impact.

With higher obesity rates in the current generation of

women of childbearing age [13], it should be of particular

concern that obesity in pregnancy confers a higher risk for

severe outcomes in important functional domains, includ-

ing a global developmental delay. Although risks may

seem low, these were risks among a defined high-risk

group of children and the magnitude of the risks found for

children of mothers that were obese were similar to the

magnitude of risk found for other known maternal risk

factors; in this study, risks for delays for children of

mothers who were obese were not dissimilar to risks

reported for children of mothers who did not finish high

school.

The American College of Obstetricians and Gynecolo-

gists recommend that obese women lose weight before

pregnancy. In light of these findings, these recommenda-

tions may have implications for child development in

addition to the known implications for improved pregnancy

outcomes [39]. However, it is important to note that our

study does not confirm causality. While our study reports

an increased risk for children of obese mothers, it remains

unclear if the risk is related to pre-natal or post-natal fac-

tors. Studies are needed to better understand effects of

obesity on the developing fetus; research suggests mecha-

nisms such as inflammation and leptin levels in mothers

who are obese during pregnancy may effect fetal brain

structure or function, with the hippocampus, a region

central to memory and spatial relations, of particular

interest, making our findings related to cognitive and

physical delays particularly compelling [40, 41]. Addi-

tional factors we were unable to assess may confound this

relationship including maternal depression [42], maternal

cognitive ability [9], maternal exercise, and breastfeeding

[43, 44]. Future studies should examine these covariates.

Nonetheless, the mounting evidence suggests that sec-

ondary prevention efforts could be advisable. While

causality may be a requisite for touting primary prevention

efforts, the consistent associations found with maternal

obesity and offspring’s risk for delays may be sufficient to

encourage secondary intervention efforts [38]. Early

intervention has been reported to be beneficial for both the

child and the family and to diminish risks for long-term
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consequences, such as school retention and delinquency

[14, 45]. If pediatricians and other health care providers are

made aware of the potential increased risk for develop-

mental delays for children of mothers who were obese

during pregnancy, children in need may receive more

timely screening and intervention services.
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