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Abstract

Background: Although breastfeeding confers significant benefits to infants, women with diabetes in pregnancy
experience unique nutrition and health challenges, which may influence infant feeding practice. This study
aimed to determine the association between nutrition and exercise behaviors of women with diabetes in preg-
nancy and breastfeeding at birth and 6 months.
Methods: A secondary data analysis of a longitudinal study on maternal pregestational diabetes mellitus (DM)
and gestational diabetes (GDM) and infant development was conducted. Women self-reported engaging in
nutrition behaviors, such as using meal plans, and exercise health behaviors. Primary outcomes were exclusive
breastfeeding at birth and any breastfeeding at 6 months. Logistic regression models adjusted for significant
maternal-infant covariates.
Results: Of n = 48 women with diabetes in pregnancy, 94% had GDM and 6% had pregestational type 1 or
type 2 DM. Forty percent of women exclusively breastfed at birth and 68% partially or exclusively breastfed at
6 months (of n = 34 with complete 6-month data). Women who cooked their own meals had two times greater
adjusted odds of exclusive breastfeeding at birth (adjusted odds ratio [AOR] = 1.94, 95% confidence interval
[CI] = 1.12–5.11), and women who exercised during pregnancy had seven times greater adjusted odds of any
breastfeeding at 6 months (AOR = 7.2, 95% CI = 1.10–42.8).
Conclusion: Nutrition and exercise behaviors were associated with exclusive breastfeeding at birth and any
breastfeeding at 6 months. Health behaviors to effectively manage diabetes during pregnancy may inform
efforts to improve breastfeeding initiation and duration, and future studies in a larger sample are needed.
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Introduction

D iabetes in pregnancy, defined as pregestational dia-
betes (diagnosis of type 1 [T1DM] or type 2 diabetes

mellitus [T2DM] before pregnancy) and gestational diabetes
(GDM) (diagnosis of diabetes mellitus [DM] during preg-
nancy), can confer significant health risks to women and
infants, such as maternal preeclampsia and fetal macrosomia.
Treatment of diabetes in pregnancy to achieve and maintain
glycemic control generally includes lifestyle and dietary
modification and potential pharmacotherapy with insulin and
other medications. These management strategies introduce
unique nutrition and health challenges that may burden
women during pregnancy, especially women from low-
income and racial and ethnic minoritized communities in the
United States.

Diabetes in pregnancy disproportionately burdens U.S.
women from low-income and racial and ethnic minoritized
communities, and these communities also experience dis-
parities in successful breastfeeding initiation and continua-
tion.1 Extensive literature has demonstrated the relationship
between diabetes in pregnancy and reduced infant breast-
feeding; however, less is known of the influences of modi-
fiable, diabetes-related perinatal nutrition and health
behaviors on infant breastfeeding practice. Understanding
the lifestyle behaviors of women with diabetes in pregnancy
from predominantly historically underserved and socioeco-
nomically disadvantaged backgrounds is critical to informing
programs and interventions targeted at improving breast-
feeding initiation and continuation in these communities. We
aimed to determine the associations between nutrition and
exercise health behaviors of women with diabetes in preg-
nancy and infant breastfeeding practice at birth and 6 months.

Materials and Methods

A secondary data analysis of an on-going longitudinal
study on maternal diabetes and infant neurodevelopment
at an academic medical center in New York City was con-
ducted.2 The parent study enrolled postpartum women
between 18 and 46 years of age with a history of gestational
or pregestational diabetes as the only pregnancy complica-
tion and their full-term newborns; postpartum women with
history of other pregnancy complications, such as hyperten-
sion, twin or multiple pregnancy, or a preterm newborn
<37 weeks gestational age were excluded. Nondiabetic
mother-infant dyads (controls) were matched to case dyads
by infant gestational age at birth, sex, and ethnicity. The
parent study obtained approval from the New York State
Psychiatric Institute institutional review board (protocol no.
7050R) in accordance with the ethical standards of the res-
ponsible committee on human experimentation and with the
Helsinki Declaration of 1975, as revised in 1983.

The main predictors were diabetes-related self-reported
nutrition and exercise health behaviors: using a meal plan,
using nutrition labels when grocery shopping and cooking,
cooking own meals at home, eating outside the home, and
exercising before and during pregnancy.

The main outcomes were exclusive breastfeeding at birth and
any breastfeeding (partial or exclusive breastfeeding) at
6 months. Covariates included sociodemographic characteris-
tics, prepregnancy body mass index (BMI), delivery mode, and
postpartum depression risk. Maternal pregnancy nutrition and

activity behaviors and sociodemographic characteristics were
obtained through self-reported questionnaires; the parent study
abstracted all other covariates from electronic medical records.

SAS� (version 9.4; SAS Institute, Inc., Cary, NC) was
used for statistical analyses (significance at a < 0.05). Bi-
variate analyses compared maternal diabetes status and out-
comes and covariates. Logistic regression models estimated
the association of diabetes-related nutrition and exercise
behaviors with breastfeeding at birth and at 6 months. After
identification of potential confounders significant on

Table 1. Descriptive Statistics of Women

with Pregestational and Gestational Diabetes

in Pregnancy (N = 48)

Variable
Maternal diabetes

(n = 48)

Age, years 34.2 – 5.9
Racea

Black 5 (12)
Asian 1 (2)
White 8 (19)
Native American 2 (4)
Other 29 (67)

Hispanic ethnicity 39 (81.3)
Birth region of origin in the Caribbean 20 (48.8)
Married 19 (49)
Highest education level completed

Less than high school 5 (12)
High school degree

or equivalent
12 (29)

College degree or greater 25 (59)

Unemployed 12 (31)
Income, U.S. dollars

<$50,000 25 (68)
$50,001–$100,000 6 (16)
>$100,000 6 (16)

Sometimes or often not having
enough to eat

5 (13)

Housing hardshipb 5 (12)
Prepregnancy BMI, kg/m2 29.7 – 6.0
Parity 1.4 – 1.2
Cesarean section delivery 31 (65)
Number of other children in household 1.7 (41)
Read nutrition food labels as

dietary guides
31 (76)

Cooks own home meals >5 days/week 30 (63)
Eats out 3 or more times/week 29 (67)
Used a meal plan 34 (81)
Exercised before pregnancy 17 (38)
Exercised during pregnancy 14 (33)
Gestational age, weeks 38.8 – 0.8
Infant birthweight, grams 3,273.7 – 663.6
Infant female sex 23 (48)
No childcare at 6 months 11 (34)
EPDS depression score at 6 months 3.9 – 5.3

aDue to missing responses, not all variables reflected the total
sample size.

bHousing hardship was defined as one or more of the following:
ever homeless or lived in a homeless shelter, not being able to
afford paying full amount of rent or mortgage, or having serious
financial problems with inability to pay monthly bills at least once
in the 12 months before the study.

BMI, body mass index; EPDS, Edinburgh Postnatal Depression
Scale.
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bivariate analyses and removing multicollinearity, final lo-
gistic regression models estimating exclusive breastfeeding
at birth were each adjusted for prepregnancy BMI and infant
sex, and models estimating any breastfeeding at 6 months
were each adjusted for maternal Hispanic ethnicity and em-
ployment status.

Results

The parent study comprised N = 108 women; n = 48
women had diabetes in pregnancy and were included in this
analytic sample. Six percent of women with diabetes in
pregnancy had pregestational T1DM or T2DM and 94% had
GDM. Women with diabetes in pregnancy had mean age
34.2 – 5.9 years, and the majority self-identified as Hispanic
(81.3%) and Other Race (67%) and reported a household
income of <$50,000 (Table 1). Almost half of the sample
were married (49%) and a third of the women were unem-
ployed when their infant was born (31%). Nineteen women
(40%) exclusively breastfed at birth and 23 (68%) reported
any breastfeeding (partial or exclusive breastfeeding) at
6 months (out of N = 34 with complete data at 6 months).

On bivariate analyses, prepregnancy BMI ( p = 0.04) and
infant sex ( p = 0.04) were significantly associated with infant
breastfeeding at birth, and maternal Hispanic ethnicity
( p = 0.03) and employment ( p = 0.02) were significantly
associated with any infant breastfeeding at 6 months. Among
the diabetes-related nutrition and exercise health behaviors,
eating homecooked meals ( p = 0.04) and using nutrition
labels ( p = 0.04) were significantly associated with breast-
feeding at birth and exercise during pregnancy ( p = 0.05) was
significantly associated with breastfeeding at 6 months.

On adjusted analyses, women who reported cooking their
own meals at home at least 5 days a week had almost two
times greater adjusted odds of exclusive breastfeeding at
birth compared to women who cooked their own meals 3 days
or less a week (adjusted odds ratio [AOR] = 1.94, 95% con-
fidence interval [CI] = 1.12–5.11) (Fig. 1). Use of nutrition
labels conferred almost two times greater odds of exclusive
breastfeeding at birth compared to women who did not use
nutrition labels, although no longer statistically significant on
the adjusted model (AOR = 1.83, 95% CI = 0.36–9.32).

Women who reported exercising during pregnancy had
seven times greater adjusted odds of any breastfeeding,

FIG. 1. Forest plot of unadjusted and adjusted ORs for the association between diabetes-related nutrition and exercise
behaviors and exclusive breastfeeding at birth among women with a history of diabetes in pregnancy. Logistic regression
models estimated associations between diabetes-related nutrition behaviors (using a meal plan, using nutrition labels when
grocery shopping and cooking, eating out ‡3 times/week, and cooking own meals at home ‡5 times/week) and health
behaviors (exercise before pregnancy and exercise during pregnancy) and exclusive breastfeeding practice at birth among
women with a history of diabetes in pregnancy (N = 48 women with pregestational and gestational diabetes). Unadjusted
ORs shown with filled circle markers. Adjusted models were each adjusted for prepregnancy BMI (triangle markers) and
infant sex (square markers). Using nutrition labels (unadjusted OR = 1.08, 95% CI = 1.05–4.63) and cooking own meals
(OR = 1.925, 95% CI = 1.14–3.387) were significantly associated with exclusive breastfeeding at birth. Cooking own meals
remained statistically significant after adjusting for infant sex (AOR = 1.94, 95% CI = 1.1–5.11). AOR, adjusted odds ratio;
BMI, body mass index; CI, confidence interval; OR, odds ratio.
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partial or exclusive, at 6 months postpartum (AOR = 7.2, 95%
CI = 1.10–42.8) compared to women who did not exercise
during pregnancy (Fig. 2).

Discussion

In an urban, racially/ethnically and economically diverse
sample of women with a history of pregestational diabetes
and GDM, cooking own meals almost every day, using nu-
trition labels when shopping and cooking, and exercise be-
haviors during pregnancy were associated with infant
breastfeeding practice on unadjusted models. These nutri-
tional and behavioral health factors correlate with successful
management of diabetes, as well as an overall healthy life-
style. After adjusting for infant sex and maternal demo-
graphic characteristics, cooking own meals and exercise
during pregnancy maintained a positively significant asso-
ciation with breastfeeding at birth and any breastfeeding at
6 months of age, respectively. Less is known of influences of
nutrition and exercise factors utilized by women with dia-
betes in pregnancy on infant feeding, and our findings pro-
vide novel insights on factors that may impact breastfeeding
practice among this medically vulnerable population.

The positive association between cooking own meals and
exclusive breastfeeding at birth found in our study suggests
that maternal prenatal diet quality may influence breast-
feeding exclusivity. Pregnant women cooking their own
meals at home are potentially more knowledgeable about the
nutritional components of their diets and are more likely to
appreciate the benefits of exclusive breastfeeding as the
modality to supply all the necessary nutrients to infants in
their 1st month of life. While no longer statistically signifi-
cant on adjusted models in our study, using nutrition labels
has been associated with decreased risk for poorer dietary
quality,3 elements of healthful dietary behaviors,4 and
increased health literacy.5 Health literacy is suggested as a
protective factor against breastfeeding cessation.6 Previous
studies have shown that mother’s dietary quality and nutri-
tional knowledge may influence their breastfeeding initiation
and continuation decisions.7

Exercise during pregnancy was significantly associated
with any breastfeeding at 6 months, although the wide CI was
a likely consequence of the smaller sample size with infant
feeding data at that follow-up time point. The World Health
Organization and the American College of Obstetricians and
Gynecologists recommend at least 150 minutes of moderate-

FIG. 2. Forest plot of unadjusted and adjusted ORs for the association between diabetes-related nutrition and exercise
behaviors and any breastfeeding practice at 6 months among women with a history of diabetes in pregnancy. Logistic
regression models estimated associations between diabetes-related nutrition behaviors (using a meal plan, using nutrition
labels when grocery shopping and cooking, eating out ‡3 times/week, and cooking own meals at home ‡5 times/week) and
health behaviors (exercise before pregnancy and exercise during pregnancy) and any breastfeeding practice (partial or
exclusive) at 6 months among women with a history of diabetes in pregnancy (N = 34 women with pregestational and
gestational diabetes with complete infant feeding data at 6 months). Unadjusted ORs shown with filled circle markers.
Adjusted models were each adjusted for maternal Hispanic ethnicity (square markers) and maternal employment
(diamond markers). Exercising during pregnancy remained statistically significant after adjusting for maternal employ-
ment (AOR = 7.25, 95% CI = 1.1–42.8). AOR, adjusted odds ratio; CI, confidence interval; OR, odds ratio.
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intensity aerobic exercise throughout the week for a healthy
pregnancy,8 and exercise has been prescriptive for glucose
control in women with pregestational diabetes and GDM.9

Only 17% of women in our sample reported any exercising
during pregnancy, less than the estimated national prevalence
of 40% of U.S. women with healthy pregnancies.10 Exercise
has also been associated with positive emotional and mental
health, and women with diabetes who exercise in pregnancy
may have improved emotional wellbeing that supports
breastfeeding practices postpartum. A qualitative study of
prenatal physical activity and breastfeeding decisions rep-
orted that mothers believed prenatal exercise behavior, as a
continuation of exercise habits before pregnancy, and breast-
feeding practice were indirectly connected around themes
of healthy lifestyle and health benefits for both mother and
baby.11 A study of Vietnamese mothers found a significant
association between prenatal physical activity and breast-
feeding initiation and duration, possibly due to physical
activity behaviors correlating with other healthy lifestyle
knowledge and choices.12

Other nutrition-related diabetes management behaviors
and reports of exercising before pregnancy were not signifi-
cantly associated with infant breastfeeding at birth or
6 months in our study. There may be other social support,
economic, familial, and maternal health experiences among
women with pregestational DM or GDM, which were
stronger contributors to infant breastfeeding practice that
should be investigated with a larger sample. In previous lit-
erature, modifiable factors correlated with breastfeeding to at
least 6 months postpartum include breastfeeding intention,
self-efficacy, social support, especially from a close family
member and/or partner, continuity of breastfeeding education
and support, limited pacifier use, and workplace reintegration
supports.13–16

Our study was limited by small sample size, which likely
inhibited the ability to identify small effects from the other
potential predictors and contributed to the wide CI for the
estimate of the effect of exercising during pregnancy on any
breastfeeding practice at 6 months. There was an absence of
information about expressed breast milk feeding, and moth-
ers who reported no breastfeeding may have given their
infants expressed breast milk rather than latched the infant.
The small sample size and data from a single hospital center
limited generalizability of findings. In addition, maternal
nutrition and exercise behaviors were self-reported and
potentially susceptible to recall and response biases.

Despite the limitations, these preliminary results contrib-
ute valuable insights into the role of nutritional and exercise
behaviors in shaping breastfeeding practices of women with a
history of pregestational diabetes and GDM during preg-
nancy. Further research on perinatal nutrition and lifestyle
health behaviors in larger samples of women with a history of
diabetes in pregnancy is necessary to confirm these associa-
tions and to inform nutrition- and exercise-related compo-
nents of future pregnancy and postpartum interventions that
support breastfeeding initiation and duration among high-risk
women and infants.
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