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Abstract
Aims/hypotheses This longitudinal analysis evaluated the independent and joint associations of any breastfeeding (BF) or
exclusive BF (EBF) and intake of sugar-sweetened beverages (SSBs) and 100% fruit juice from birth to 1 year with subsequent
overweight and obesity among young children exposed to gestational diabetes (GDM).
Methods The analysis utilised prospectively collected data from participants enrolled in the Study ofWomen, Infant Feeding and Type
2Diabetes after GDM (SWIFT); 1035 pregnantwomen (20–45 years) diagnosedwithGDM, ofwhom75%were of Black,Hispanic or
Asian race and ethnicity. Mother–infant dyad characteristics and infant dietary intake were assessed via research protocols at in-person
examinations, telephone interviews and monthly mailed surveys from birth to 1 year. Child weight, length and height were obtained
from electronic health records at birth (2008–2011) and ages 2–5 years (2010–2016) to classify BMI percentile groups (n= 835).
Results Adequate BF (≥6 months), adequate EBF duration (≥6 months), and SSB and 100% fruit juice intake in the first year were
independently associated with child obesity at ages 2–5 years (all p< 0.05). Compared with children with adequate EBF and no intake
of SSB or 100% fruit juice, those with adequate EBF and intake of 100% fruit juice and/or SSBs had a four- to fivefold higher odds of
obesity (aOR 4.2, 95%CI:1.6, 11.2 for 100% fruit juice; aOR 4.5, 95%CI:1.4, 8.5 for fruit juice or SSBs; and aOR 4.7, 95%CI:1.4, 15
for SSBs; all p< 0.01), while those with inadequate EBF (<6 months) and intake of 100% fruit juice and/or SSBs had a six- to 12-fold
higher odds of obesity (aOR 6.4, 95%CI:2.4, 17.2 for fruit juice; aOR 6.6, 95%CI:2.7, 14.8 for fruit juice or SSBs; and aOR12.2, 95%
CI:4.3, 25 for SSBs; all p < 0.001). Compared with children with adequate BF and no intake of SSB or 100% fruit juice, those with
adequate BF and intake of 100% fruit juice and/or SSBs had a threefold higher odds of obesity (aOR 3.1, 95%CI:1.1, 7.3 for fruit juice;
aOR 3.3, 95%CI:1.3, 8.3 for fruit juice or SSBs; and aOR 3.4, 95%CI:1.3, 8.5 for SSBs; all p < 0.05), while those with inadequate BF
(<6 months) and intake of 100% fruit juice and/or SSB were associated with five- to tenfold higher odds of obesity (aOR 4.8, 95%
CI:2.3, 12.2 for fruit juice; aOR 6.0, 95% CI:2.5, 12.8 for fruit juice or SSBs; aOR 9.5, 95% CI:3.7, 15.1 for SSBs; all p < 0.05).
Conclusions/interpretation This is the first study to prospectively evaluate the relation of BF or EBF duration and intake of SSB and
100% fruit juice during the first year of life with subsequent obesity in children exposed to GDM.Adequate BF or EBF combinedwith
avoidance of SSB and 100% fruit juice during early infancy may ameliorate future child obesity in this high-risk population.
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SGA Small for gestational age
SSB Sugar-sweetened beverage
SWIFT Study of Women, Infant Feeding

and Type 2 Diabetes after GDM Pregnancy
U.S. United States
WIC Special Supplemental Nutrition

Program for Women, Infants and Children

Introduction

Intrauterine exposure to maternal glucose intolerance, known
as gestational diabetes mellitus (GDM), is one of the most
common metabolic complications of pregnancy, affecting 2–
10% of all pregnant women annually in the USA [1] and up to
28% worldwide depending on population characteristics [2].
GDM increases the risk of many adverse maternal and peri-
natal health outcomes. Children exposed toGDMare at higher
risk of macrosomia and being born large for gestational age
(LGA), and have an increased lifelong risk of obesity [3]. In
2015–2016, the prevalence of overweight and obesity among
U.S. children and adolescents (aged 2–19 years) were 16.6%
and 18.5%, respectively; while obesity prevalence was about
14% among children aged 2–5 years [4, 5]. GDM and early

life dietary behaviours such as limited breastfeeding (BF),
limited exclusive BF (EBF) and other postnatal dietary habits
may influence weight gain, obesity and metabolic disease
among young children and adolescents [6–11]. Prospective
studies of GDM infants show conflicting findings for BF
measures and infant linear ponderal growth. In South Asian
infants exposed to GDM, BF duration was associated with
accelerated growth compared with formula fed infants, but
perinatal outcomes including prematurity were not evaluated
in this study [12]. In contrast, our analysis of 464 mother–
infant dyads exposed to GDM showed that higher intensity
and duration of BF were inversely associated with infant
ponderal growth, weight gain, and change in weight-for-
length z scores using repeated measurements from birth and
through the first year [7]. This analysis accounted for maternal
p r e - p r egnancy BMI , ge s t a t i on a l we i gh t g a i n ,
sociodemographics, GDM severity, newborn outcomes
including gestational age, infant sleep and complementary
feeding.

Early introduction to complementary foods, SSBs and
unsweetened fruit juice have been directly associated with
obesity in young children [8, 13–15]. The American
Academy of Pediatrics (AAP) recommends that breast milk
be the sole source of nutrients during the infant’s first 6months
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of life and that solid foods or liquids be introduced around 6
months of age [16]. The AAP also recommends avoiding fruit
juice and SSBs during the infant’s first year because they have
a high sugar content, lower nutrient content, and links with
obesity [17]. Studies of GDM-exposed children were unable
to evaluate infant dietary intake, except for breast and formula
feeding (FF). This is because most of them had retrospective
designs that looked at older children and asked mothers to
recall BF duration and whether BF was mixed with formula
[10, 18–21]; one prospective study has been conducted, but it
had a small sample size (n < 58) [22]. Other studies have eval-
uated cross-sectional associations between concurrent intake
of SSBs or fruit juice with child obesity (ages 5–16 years) and
GDM exposure [8, 13–15, 23, 24]. In contrast, the Study of
Women, Infant Feeding and Type 2 Diabetes after GDM
Pregnancy (SWIFT) enrolled 1035 mother–infant dyads in
which the mother had GDM, and prospectively assessed both
BF intensity and duration and infant dietary intake (e.g. SSBs,
fruit juice, artificial formula, other) every month from birth to
1 year of age [25].

In this study, we evaluated the independent and joint asso-
ciations between BF measures and infant dietary intake and
child BMI percentile categories at 2–5 years of age among
GDM-exposed children. We hypothesised that higher BF
intensity and longer BF duration, and avoidance of SSBs
and 100% fruit juice intake during the first year of life are
associated with lower risk of overweight or obesity at 2–
5 years of age among children exposed to GDM, after
accounting for the intrauterine milieu (maternal BMI, glucose
intolerance, GDM treatment and gestational weight gain),
sociodemographics and other factors known to affect child
obesity.

Methods

Study sample: mother–infant dyads This analysis utilises data
from the SWIFT study, which is a prospective, longitudinal
study of 1035 women with recent GDM enrolled into in-
person research examinations from September 2008 to
December 2011. The study eligibility criteria were as follows:
(1) Kaiser Permanente Northern California (KPNC) member
delivered at a Kaiser Permanente hospital (2008–2011), (2)
maternal age 20–45 years at delivery, (3) diagnosed with
GDM according to the 3 h 100 g OGTT per Carpenter and
Coustan criteria [26], (4) delivery of a singleton, live birth at
≥35 weeks gestation, (5) no history of overt diabetes or other
serious medical conditions, (6) electronic health record (EHR)
data for the GDM pregnancy, (7) not planning to become
pregnant again or move out of the area in the next 2 years,
(8) not taking any medications that affect blood glucose toler-
ance, (9) able to speak English or Spanish, and (10) exclusive
or mostly BF, or exclusive or mostly FF and the intention to

continue for ≥4 months as detailed in the SWIFT study design
[25, 27].

Briefly, the study contacted women with GDM during late
pregnancy and again at 4 weeks postpartum to evaluate BF
intention and study eligibility. The SWIFT study enrolled
1035 women within a single integrated healthcare system
who provided written informed consent for three in-person
research visits starting from 6 to 9 weeks postpartum (study
baseline) and annually thereafter for 2 years. In this analysis,
835 of 1031 SWIFT mother–infant dyads exposed to GDM
and continued in study follow-up had complete information
onBF and infant dietary intake variables (from birth to 1 year),
sociodemographics, prenatal and newborn clinical outcomes,
child weight and height measurements at 2–5 years of age, and
mothers did not have overt diabetes at study baseline. Those
excluded from the analytic sample (n = 196) had lower
attained education, worse maternal glucose intolerance and
shorter BF duration than women included (electronic supple-
mentary material (ESM) Table 1).

Data collection At each SWIFT study in-person research visit
for women (6–9 weeks postpartum, 1 year and 2 year post-
baseline), trained research staff conducted a 2 h 75 g OGTT
(glucose and insulin) and obtained measurements of maternal
anthropometry (weight, height, waist circumference), and
administered interviewer- and self-administered surveys to
assess reproductive and health history, infant feeding/diet,
child health, sociodemographic factors (race/ethnicity, educa-
tion, income), depression and maternal lifestyle behaviours
(diet, physical activity, sleep). Participants also completed
monthly mailed surveys from delivery to 1 year later to report
BF intensity and duration, health status, and detailed infant
dietary intake [25].

This study also obtained clinical data from the Kaiser
Permanente EHR to determine study eligibility and account
for prenatal exposure to maternal hyperglycaemia, including
GDM diagnosis and treatment (i.e. prenatal 3 h 100 g OGTT,
gestational age at GDM diagnosis, and GDM treatment with
diet, oral medication, and/or insulin therapy), maternal height,
pre-pregnancy weight and last weight measured before deliv-
ery (gestational weight gain). Data on newborn outcomes (i.e.
infant sex, gestational age, birthweight, weight and length for
size-at-birth percentiles) and child weight and height measure-
ment between the ages of 2 and 5 years were obtained from the
EHR. The SWIFT Study protocols were approved by the
Kaiser Permanente Northern California institutional review
board and were carried out in accordance with the
Declaration of Helsinki as revised in 2008.

Infant feeding and dietary intake measures Telephone inter-
views were conducted during late pregnancy to assess BF
intention and again at 4–6 weeks post-delivery to assess BF
intensity and intention to assess eligibility for enrolment.
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Women completed detailed infant feeding surveys at in-
person research visits up to 2 years, a telephone interview at
6 months, and monthly mailed surveys from birth to
12 months. Women reported the average frequency of BF
and FF within the past 7 days for each month, including total
number of all feedings, BF and daily amounts of formula fed,
as well as the date of introduction of solids, fruit juice, sweet-
ened beverages, water, sugar water, and other beverages,
including types and amounts of each item. BF duration (total
months of any BF) was evaluated as a continuous variable,
and dichotomised as adequate BF (≥6 months) or inadequate
BF (none or <6 months). EBF duration was dichotomised as
adequate EBF (≥6 months) or inadequate EBF (none or
<6 months). The SWIFT study utilised the method of Piper
and Parks [28] to quantitatively assess BF intensity and dura-
tion [7]. This method calculates a BF intensity score for each
month by dividing the number of breast milk feeds by the total
number of feeds (FF, BF, other liquids) in 24 h (on average
during the past 7 days). The monthly score ranges from 0 for
exclusive FF to 1 for EBF. The 12 month BF intensity/
duration score is the sum of the 12 intensity ratios from birth
to 12 months (range of scores: 0 to 12), as a single continuous
measure across time.

The infant diet variables were assessed from birth to
12 months, including age at initiation of first complementary
foods, intake of fruit juice (100% fruit juice or juice with added
sugar), liquids with added sugar, and SSBs. Intake of beverages
other than milk feeds during the first year of life were
categorised as: (1) consuming SSBs (including any sugary
drinks, Pedialyte, water or juices with added sugar), (2) 100%
fruit juice intake (unsweetened/with no added sugar), or (3) no
SSB/no 100% fruit juice from birth to 1 year of age. Other food
items were assessed and included in the complementary food
intake variable categorised by age of initiation.

Clinical anthropometric measurements from the EHR at birth
and 2–5 years Clinical measurements of neonatal weight and
length in the supine position were obtained from the EHR to
calculate birthweight percentiles based on the KPNC popula-
tion [29, 30]. We also obtained child weight and height from
the EHR clinical paediatric well check visits (measured height
in a standing position without shoes and heels against a wall
using a stadiometer, and measured weight using a calibrated
digital scale) between 2 and 5 years of age [31, 32]. For this
analysis, the weight and height measured at the oldest age
between 2 and 5 years for each child was selected to calculate
the standardised BMI percentiles for age and sex, and catego-
rise each child as normal (BMI <85th percentile), overweight
(BMI ≥85th to <95th percentile) or obese (BMI ≥95th percen-
tile) based on the Centers for Disease Prevention and Control
growth percentiles [33]. ESM Table 2 displays per cent of
individuals among the BMI percentile categories by child
age at last weight and height measurements.

Data analysis Descriptive statistics (i.e. mean, SD, range,
median and quartiles, histograms and Q-Q plots) assessed
the variable distributions. Four separate linear and multinomi-
al logistic regression models estimated adjusted OR (aOR) for
the following BF measures: (1) the continuous BF duration,
(2) any BF duration categories, (3) EBF duration categories,
and (4) 12 month BF intensity/duration score, as well as SSB
intake for child BMI percentile categories at ages 2–5 years.
For the current analysis, a priori covariates were selected for
their known influence on child obesity, including maternal
education level (years of formal schooling), gestational weight
gain, parity (primiparous vs multiparous), Special
Supplemental Nutrition Program for Women, Infants and
Children (WIC) participation, infant sex, size for gestational
age, race/ethnicity, and child age at BMI measurement.
Prenatal GDM severity was measured according to three vari-
ables: (1) 3 h 100 g OGTT laboratory results calculated as the
sum of four z scores for glucose, (2) GDM treatment type (diet
only vs oral hypoglycaemic agents or insulin), and (3) gesta-
tional age at GDM diagnosis.

Finally, to evaluate the joint association between the infant
dietary intake categories (SSB, and 100% fruit juice) and cate-
gorical BF variables, two separate multinomial regression
models were constructed, each stratified by BF adequacy
and EBF adequacy adjusted for the above covariates. All anal-
yses were performed with SAS version 9.4 (SAS, North
Carolina, USA). Significance was denoted at p < 0.05.

Results

Descriptive statistics and correlates Of 835 mother–infant
dyads, BMI percentiles were obtained for 90% of children
using weight and height measured at 3 years or older, with a
mean ± SD age at the last BMI percentile of 40.5 ± 6.3months.
Regarding race/ethnicity, 37% of children were Non-Hispanic
Asian, 23% were Non-Hispanic White, 8% were Black and
30% were of Hispanic origin. Maternal age, GDM treatment
type, gestational weight gain, and parity did not differ among
child BMI categories (Table 1). Child obesity was associated
with higher maternal pre-pregnancy BMI and prenatal 3 h
100 g OGTT z score sum, lower education, earlier gestational
age at GDM diagnosis and WIC participation (Table 1).

Birth outcomes, infant diet and other mother–infant dyad
characteristics among the child BMI percentile categories at
age 2–5 years are shown in Table 2. Thirteen per cent (n =
106) of children were classified with overweight, and 11%
(n = 86) with obesity. Child age at BMI, sex or age of initia-
tion of complementary foods were not associated with BMI
percentile categories. Children with obesity were more likely
to have been LGA than those with overweight and normal
weight. Compared with normal weight children, those with
overweight and obesity had significantly higher mean
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birthweight and birth length. All 835 children were exposed to
GDM but only 20% (n = 163) were exclusively breastfed for
6 months (adequate EBF). Fifty-one per cent (n = 424)
consumed 100% juice before 1 year of age, and 16% (n =
131) consumed SSB before 1 year of age. Compared with
children with normal weight and overweight, children with
obesity had less favourable infant diet intake including shorter
mean BF duration (9.4 and 8.5 vs 6.4 months; p < 0.001),
lower proportions having adequate BF duration (BF
≥6 months; 62% and 59% vs 42%; p < 0.01) or adequate
EBF (21% and 19% vs 12%; p < 0.01), and were more likely
to have consumed 100% fruit juice (57%) and SSBs (26%)
during the first year of life (p < 0.01). Early introduction to
complementary food (≤4 and ≤6 months of age) was not asso-
ciated with child overweight or obesity at 2–5 years of age.

Multinomial logistic and linear regression analyses Compared
with adequately breastfed infants (any BF or EBF for
≥6 months), infants who were inadequately breastfed were

more likely to consume SSBs or 100% fruit juice in the first
year of life (ESM Table 3). The multiple linear regression
model showed an inverse association between months of
any BF duration and BMI percentile adjusted for all covariates
(B = −0.009, 95% CI:−0.02, −0.003, p = 0.003). Results from
multinomial logistic regression models adjusted for covariates
are shown in Table 3. BF duration, EBF duration and
12 month BF intensity/duration scores were each inversely
associated with odds of child obesity at 2–5 years of age.
Compared with children with adequate BF, inadequate BF
was associated with a twofold higher odds of obesity.
Similar strength of direct associations were found between
inadequate EBF (<6 months), and 12 month BF intensity/
duration score (<6 months) with odds of child obesity.
However, there were no significant associations between
BF, EBF and BF intensity/duration score categories for child
overweight compared with normal weight. Infant beverage
intake was associated with child BMI percentile categories.
Both SSBs and 100% juice intakes before age 1 year were

Table 1 Maternal characteristics
among BMI percentile categories
for young children aged 2 to
5 years exposed to GDM

Characteristicsa Child BMI percentile categories at ages 2 to 5 yearsb

All

n=835

Normal

n=643

Overweight

n=106

Obesity

n=86

p-valuec

Maternal age (years) 33.4±4.8 33.5±4.8 33.1±4.5 32.7±5.5 0.29

Education (years) 14.9±2.9 15.1±2.9 14.6±2.6 13.6±2.7 <0.001

Race/ethnicity, n (%)

Non-Hispanic White 195 (23) 149 (23) 29 (27) 17 (20) <0.01

Non-Hispanic Black 67 (8) 46 (7) 8 (8) 13 (15)

Non-Hispanic Asian 311 (37) 262 (41) 28 (26) 21 (24)

Hispanic 246 (30) 172 (27) 39 (37) 35 (41)

Mixed race/other 16 (2) 14 (2) 2 (2) 0 (0)

WIC recipient, n (%) 211 (25) 142 (22) 29 (27) 40 (47) <0.001

Pre-pregnancy BMI (kg/m2) 29.5±7.3 28.5±6.8 31.7±8.3 33.6±7.1 <0.001

Prenatal 3 h 100 g OGTTd z score sum 0±2.7 −0.1±2.5 −0.3±2.4 0.9±3.6 <0.01

GDM treatment type, n (%)

Diet only 587 (70) 457 (71) 74 (70) 56 (65) 0.45

Oral hypoglycaemic agents 223 (27) 165 (26) 29 (27) 29 (34)

Insulin 25 (3) 21 (3) 3 (3) 1 (1)

Gestational age at GDMe (weeks) 28 (25, 29) 28 (26, 29) 27 (25, 29) 27 (13, 29) <0.01

Gestational weight gain (kg) 10.5±6.8 10.6±6.3 10.2±9.1 9.9±7.7 0.65

Parity birth order, n (%)

Primiparous 319 (38) 238 (37) 48 (45) 33 (38) 0.08

Multiparous 516 (62) 405 (63) 58 (55) 53 (62)

a Values are mean±SD unless otherwise stated
bNormal: BMI-for-age <85th percentile. Overweight: BMI-for-age 85th to <95th percentile. Obesity: BMI-for-
age ≥95th percentile
c p values <0.05 are significant; t tests and χ2 tests were run to assess difference in means or % between BMI
percentile groups
d Prenatal 3 h 100g OGTT sum of four z scores (z score for the glucose value at each time point; GDM severity)
e Gestational age at GDM diagnosis [median (Q1, Q3)]
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each associated with higher odds of child obesity at 2–5 years
independent of BF duration (SSB aOR 3.22, 95% CI:1.55,
6.67, p < 0.01, and 100% fruit juice, aOR 2.18, 95%
CI:1.17, 4.06, p = 0.01). However, these associations were
null for the odds of overweight.

In the models stratified by adequate BF and EBF categories
and infant beverage categories, there were overall associations
with the odds of child overweight and obesity in the adjusted
model. Compared with children with adequate BF and no
SSBs or 100% juice intake during infancy (referent), those

Table 2 Characteristics at birth
and infant feeding during the first
year of life associated with over-
weight and obesity categories
among children aged 2 to 5 years
exposed to GDM

Characteristicsa Child BMI categories at ages 2 to 5 yearsb

All

n=835

Normal

n=643

Overweight

n=106

Obesity

n=86

p-valuec

Male sex, n (%) 433 (52) 331 (51) 52 (49) 50 (58) 0.42

Birthweight (g) 3397±499 3341±484 3531±506 3621±478 <0.001

Birth length (cm) 50.5±2.4 50.4±2.5 50.8±2.3 50.9±2.3 0.01

Gestational age (weeks) 39±1.2 39±1.2 39.2±1 39.1±1.2 0.21

Size-at-birth percentile

LGA 176 (21) 113 (18) 27 (25) 36 (42) <0.001

AGA 641 (77) 513 (80) 78 (74) 50 (56)

SGA 18 (2) 17 (3) 1 (1) 0 (0)

Child age at follow-up BMI (months) 40.5±6.2 40.5±6.2 40.5±6.1 40.9±6.4 0.56

Infant dietary intake

Total BF (any) duration (months) 9±7.2 9.4±7.3 8.5±7.4 6.4±6.2 <0.001

BF duration categories

Inadequate BF (<6 months) 335 (40) 242 (38) 43 (41) 50 (58) <0.01

Adequate BF (≥6 months) 500 (60) 401 (62) 63 (59) 36 (42)

EBF duration categories

Inadequate EBF (<6 months) 672 (80) 510 (79) 86 (81) 76 (88) <0.01

Adequate EBF (≥6 months) 163 (20) 133 (21) 20 (19) 10 (12)

BF intensity groups at age 6–9 weeks

Exclusively BF 183 (22) 149 (23) 25 (23) 9 (11) 0.04

Mostly BF 342 (41) 269 (42) 41 (39) 32 (36)

Mixed/inconsistent FF 176 (21) 129 (20) 22 (21) 25 (27)

Exclusively or mostly FF 134 (16) 96 (15) 18 (17) 20 (26)

BF intensity and duration categoriesd

12 month score <6 440 (53) 317 (49) 62 (58) 61 (71) <0.001

12 month score ≥6 395 (47) 326 (51) 44 (42) 25 (29)

Beverage intake from birth to 1 year

No SSB/no 100% fruit juice 280 (33) 232 (36) 33 (31) 15 (17) <0.01

100% fruit juice 424 (51) 319 (50) 56 (53) 49 (57)

SSB 131 (16) 92 (14) 17 (16) 22 (26)

Complementary feeding age of initiation categories

≤4 months (early) 136 (26) 100 (16) 17 (16) 19 (22) 0.37

>4 months (later) 699 (84) 543 (84) 89 (84) 67 (78)

≤6 months (early) 647 (77) 495 (77) 82 (77) 70 (73) 0.57

>6 months (later) 188 (23) 148 (23) 24 (23) 16 (27)

a Values are mean±SD unless otherwise stated
bNormal: BMI-for-age <85th percentile. Overweight: BMI-for-age 85th to <95th percentile. Obesity: BMI-for-
age ≥95th percentile
c p values <0.05 are significant; t tests and χ2 tests were run to assess difference in means or % between BMI
percentile groups
dOverall score sum of 12 monthly ratios (birth to 12 months of age; range 0–12)
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Table 3 Logistic multinomial regression for infant feeding and covariables during the first year of life and the adjusted odds ratios with 95% CIs for
overweight and obesity among children aged 2 to 5 years exposed to GDM

Variable Child BMI categories at ages 2 to 5 yearsa

Overweight Obesity

aORb (95% CI) p valuec aORb (95% CI) p valuec Overall p valuec

Model 1: Any breastfeeding duration (BF) categories 0.02
Adequate BF (≥6 months) 1.00 Referent 1.00 -----
Inadequate BF (<6 months) 1.10 (0.72, 1.68) 0.97 1.99 (1.23, 3.21) 0.01

Model 2: Exclusive BF duration (EBF) categories <0.01
Adequate EBF (≥6 months) 1.00 Referent 1.00 -----
Inadequate EBF (<6 months) 1.04 (0.68, 1.59) 0.86 2.11 (1.32, 3.35) <0.01

Model 3: BF intensity/duration scored categories
12 month score ≥6 1.00 Referent 1.00 ----- <0.01
12 month score <6 1.44 (0.95, 2.19) 0.09 2.21 (1.33, 3.67) <0.01

Covariates for model 1 (above)e

Beverage feeding (intake from birth to 1 year) 0.03
No SSB/no 100% fruit juice 1.00 Referent 1.00 -----
100% fruit juice 1.24 (0.78, 1.98) 0.48 2.18 (1.17, 4.06) 0.02
SSB 1.31 (0.69, 2.50) 0.67 3.22 (1.55, 6.67) <0.01

Race/ethnicity, n (%) 0.03
Non-Hispanic White 1.00 Referent 1.00 -----
Hispanic 1.54 (1.03, 2.38) 0.04 1.61 (1.05, 2.63) 0.03

Prenatal 3 h 100 g OGTT sum of 4 z scores 0.95 (0.87, 1.03) 0.21 1.08 (1.00, 1.16) 0.04 0.04
Size-at-birth percentile categories <0.001
AGA or SGA 1.00 Referent 1.00 -----
LGA 1.33 (0.80, 2.18) 0.26 2.68 (1.62, 4.41) <0.001

Maternal gestational weight gain (kg) 0.97 (0.96, 1.02) 0.55 0.97 (0.94, 1.01) 0.14 0.80
Maternal pre-pregnancy BMI (kg/m2) 1.06 (1.03, 1.09) <0.001 1.07 (1.03, 1.10) <0.0001 <0.0001
Gestational age at GDM diagnosis (weeks) 1.01 (0.98–1.04) 0.41 0.97 (0.94, 0.99) 0.03 0.04
Model 4: Any BF-beverage categories 0.03
Adequate BF, no SSB/100% juice intake 1.00 Referent 1.00 -----
Adequate BF, and 100% fruit juice 1.23 (0.73, 2.34) 0.65 3.13 (1.11, 7.29) 0.03
Adequate BF, and SSB or 100% fruit juice 1.28 (0.71, 2.18) 0.38 3.32 (1.29, 8.25) <0.01
Adequate BF, and SSB 1.31 (0.51, 2.94) 0.65 3.35 (1.32, 8.50) 0.01
Inadequate BF, no SSB/100% juice intake 1.16 (0.53, 2.53) 0.71 3.25 (1.29, 9.62) 0.03
Inadequate BF, and 100% fruit juice 1.31 (0.73, 2.35) 0.36 4.78 (2.33, 12.19) <0.01
Inadequate BF, and SSB or 100% fruit juice 1.32 (0.64, 2.12) 0.61 6.03 (2.45, 12.80) <0.001
Inadequate BF, and SSB 1.60 (0.68, 3.76) 0.27 9.64 (3.70, 15.10) <0.0001

Model 5: EBF-beverage categories <0.01
Adequate EBF, no SSB/100% juice intake 1.00 Referent 1.00 -----
Adequate EBF, and 100% fruit juice 1.28 (0.73, 2.27) 0.39 4.17 (1.55, 11.17) <0.01
Adequate EBF, and SSB or 100% fruit juice 1.05 (0.55, 1.99) 0.43 4.45 (1.40, 8.47) <0.01
Adequate EBF, and SSB 1.26 (0.73, 2.18) 0.72 4.71 (1.43, 15.01) <0.01
Inadequate EBF, no SSB/100% juice intake 1.07 (0.48, 2.37) 0.57 4.43 (1.43, 13.71) <0.01
Inadequate EBF, and 100% fruit juice 1.22 (0.65, 2.29) 0.53 6.40 (2.38, 17.16) <0.001
Inadequate EBF, and SSB or 100% fruit juice 1.29 (0.72, 2.31) 0.75 6.60 (2.71, 14.85) <0.001
Inadequate EBF, and SSB 1.50 (0.65, 3.48) 0.34 12.28 (4.26, 25.40) <0.0001

aOverweight: BMI-for-age 85th to <95th percentile; obesity: BMI-for-age >95th percentile
b aOR values
c p values <0.05 are significant
d Overall BF score sum of 12 monthly ratios (birth to 12 months of age; range 0–12)
e Covariates are from the regression model with any BF variable

The following covariates were used in all five regression models: maternal education level, race/ethnicity, gestational weight gain, prenatal 3 h 100 g
OGTT sum of 4 z scores (z score for glucose values at each time point; GDM severity), GDM treatment type, gestational age at GDM diagnosis, WIC
participation, parity, and infant sex, infant size for gestational age and sex at birth and age at BMI measurement
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with adequate BF and 100% fruit juice intake, SSB intake, or
both combined from birth to 1 year of age had threefold higher
odds of obesity (all p < 0.05). Figure 1 displays the aOR of
obesity by BF-beverage groups among the children (2–
5 years), of whom all were exposed to GDM.

Similarly, compared with children with adequate EBF
and no SSB or 100% fruit juice intake during the first
year (referent), those with adequate EBF and 100% fruit
juice, SSBs intake or both combined had 4.2- to 4.7-
fold higher odds of obesity. Compared with the referent
group, children with inadequate BF and no SSBs or
100% juice intake during the first year had threefold
higher odds of obesity. Similarly, inadequate EBF and
no SSBs or 100% juice intake during infancy was asso-
ciated with a fourfold higher odds of obesity than the
referent group. Compared with adequate BF and no
SSBs/100% juice intake (referent), inadequate BF with
SSBs, 100% fruit juice intake, or both combined were
associated with a five- to tenfold higher odds of obesity.
Compared with the EBF referent group, inadequate EBF
with SSBs, 100% fruit juice intake, or both combined
were associated with a six- to 12-fold higher odds of
obesity. Figure 2 displays the aOR (95% CIs) of obesity
by EBF-beverage groups among all children (aged 2–
5 years) who were exposed to GDM.

Discussion

This prospective longitudinal analysis showed independent
and joint associations for lower BF intensity and shorter dura-
tion, and the initiation of SSBs and 100% fruit juice during the
first year of life with subsequent obesity at 2–5 years of age for
children exposed to GDM. The odds of child obesity was
strongest for the combination of any BF or EBF <6 months
with intake of SSB or 100% fruit juice during the first year of
life: a six- to 12-fold higher odds of obesity compared with
≥6 months of any BF or EBF and no intake of SSBs or 100%
fruit juice. These findings remained after accounting for intra-
uterine risk factors for child obesity, including maternal
hyperglycaemia, pre-pregnancy obesity, gestational weight
gain and sociodemographic factors. To our knowledge, this
is the first study to evaluate independent and joint associations
for BF measures and infant dietary intake of added sugar or
naturally sweetened beverages with subsequent child obesity
among GDM offspring. Of note, the associations of infant diet
of sweetened beverages during the first year of life with child
obesity increased markedly for infants with inadequate vs
adequate BF (five- to tenfold vs threefold higher odds). The
associations persisted after accounting for in utero exposure to
maternal obesity, and severity of maternal glucose intolerance
among other factors.
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Fig. 1 aORs (95% CIs) for
obesity among children aged 2–5
years exposed to GDM associated
with SSB intake and/or 100%
fruit juice during infancy and
stratified by BF duration.
*p<0.05, **p<0.01, ***p<0.001:
significantly higher odds
compared with referent;
RReferent: adequate BF, no SSBs,
no 100% fruit juice; adequate BF:
BF ≥6 months; inadequate BF: no
BF or <6 months BF. Adjusted
covariates: child sex,
race/ethnicity, parity, WIC
participation, maternal education
level, prenatal 3 h OGTT sum of
four z scores (GDM severity),
GDM treatment type, gestational
weight gain, gestational age at
GDM diagnosis, and child age at
BMI measurement
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Previous studies, primarily cross-sectional or retrospective
designs, have shown inverse associations for EBF duration
with BMI-for-age percentile, and/or excessive weight gain [9,
18, 19, 23] or higher prevalence of obesity with concurrent
SSBs intake among elementary school-age children or pre-
adolescents exposed to GDM [23]. However, these studies
did not assess infant dietary intake, except for maternal recall
of BF; in these studies, older children who were exposed to
GDM were investigated and the severity of GDM was not
assessed. A cross-sectional study of WIC participants found a
higher odds of obesity at 1–5 years of age in children who were
exclusively breastfed with concurrent SSB intake, regardless of
GDM exposure [11]. However, this study did not assess GDM
severity or infant diet during the first year of life. The findings
are consistent with our previous analysis showing that higher
BF intensity and longer duration were associated with slower
longitudinal ponderal growth and lower attained weight-for-
length from birth through 1 year of age, independent of prenatal
exposure among 464 SWIFTmother–infant dyads enrolled in a
substudy of infant growth that involved anthropometric
measurements and validated assessment of other infant behav-
iours in the first year of life [7].

There is mounting evidence that intrauterine exposure to
GDM may impact the fetal programming of obesity [34] and
increase glucose-linked hypothalamic activation and therefore
obesity risk in offspring [35]. Women with GDM are less
likely to breastfeed exclusively in the first postpartum hour
and are more likely to formula feed their children in the

hospital than women without GDM are [36], although adverse
clinical perinatal outcomes and maternal obesity may affect
the early feeding practices. While evidence for causal associ-
ations between BF and lower child obesity risk in general is
substantial, much less is known about the impact of BF inten-
sity and infant dietary habits during the first year of life,
specifically, the effect of SSB and fruit juice intake on the
early growth and adiposity of young children exposed to
GDM [7, 10, 11]. Investigation into human milk constituents
such as human milk oligosaccharides, leptin, insulin and other
hormones and nutrients in milk of mothers, particularly those
with GDM, warrant further study for their putative effects on
child obesity rates.

In this prospective study, EBF ≥6 months with added SSBs
or 100% fruit juice increased the odds of obesity at 2–5 years
by fourfold compared with no intake of SSBs or 100% fruit
juice, with much stronger associations for any BF combined
with beverage intakes. Evidence from prospective studies in
the general population is conflicting in relation to 100% fruit
juice intake during infancy and toddlerhood and future child
obesity prevalence [37–39]. A meta-analysis of 100% fruit
juice intake in young children has been associated with higher
BMI z scores at 1–6 years of age [14], but other studies have
shown no effect at older ages (1–18 years) [15]. Another meta-
analysis of 4657 articles reported that eight prospective cohort
studies with 34,470 children (aged 1–18 years) found direct
associations between 100% fruit juice (177–236 ml/day)
consumption and BMI z score controlling for total energy

0

5

10

15

20

Inadequate EBFAdequate EBF

**
**

*** ***

***

****

N
o
 S

S
B
/1

0
0
%

 j
u
ic
e
 i
n
ta

k
e
R

1
0
0
%

 f
ru

it
 j
u
ic
e

S
S
B
 o

r 
1
0
0
%

 f
ru

it
 j
u
ic
e

S
S
B

N
o
 S

S
B
/1

0
0
%

 j
u
ic
e
 i
n
ta

k
e

1
0
0
%

 f
ru

it
 j
u
ic
e

S
S
B
 o

r 
1
0
0
%

 f
ru

it
 j
u
ic
e

S
S
B

 a
O

R
s
 (

9
5

%
 C

I)
 o

f 
c
h

il
d

 o
b

e
s
it
y

Fig. 2 aORs (95% CIs) for
obesity among children aged 2–5
years exposed to GDM associated
with SSB and 100% fruit juice
intake during infancy and
stratified by EBF duration.
**p<0.01, ***p<0.001:
significantly higher odds
compared with referent;
RReferent: adequate EBF, no
SSB, no 100% fruit juice;
adequate EBF: exclusive BF ≥6
months; inadequate EBF: no EBF
or <6 months EBF. Adjusted
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level, prenatal 3 h OGTT sum of
four z scores (GDM severity),
GDM treatment type, gestational
weight gain, gestational age at
GDM diagnosis, and child age at
BMI measurement
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intake only for young children aged 1–6 years. Of note, no
previous studies have assessed the intake of 100% fruit juice
during the first year of life [14]. In contrast, a systematic
review of studies published during 1995–2013 showed no
significant associations between concurrent 100% fruit juice
intake and weight or adiposity in children aged 2–5 years [15].
However, intake of SSBs or 100% fruit juice during the first
year of life was not evaluated and findings were not presented
for GDM-exposed children. While many studies have shown
that SSB intake is directly associated with obesity in children
[8, 40, 41], relatively few have looked at this association
prospectively from infancy through to early childhood or
pre-adolescence (6 and 8–14 years), and findings are mixed
[42, 43]. Our findings from a large, well-characterised
prospective cohort of mother–infant dyads exposed to GDM
provide strong evidence that intake of SSBs or naturally
sweetened fruit juice at <12 months of age markedly increases
the risk of obesity in early childhood, and that this risk
depends on the intensity and duration of BF.

A considerable amount of calories (7.6% of total
caloric intake) in the diet of U.S. toddlers comes from
SSBs [44]. The mechanisms underlying the independent
associations between BF and child obesi ty are
hypothesised to involve satiety responsiveness and
lower protein content of breastmilk [45]. How fruit juice
and SSB intake during early infancy causes obesity is
less clear. Sweet taste and maternal feeding practices
related to nutritional habits and soothing children with
foods and liquid feeding may be associated with higher
daily SSB intake and consequent child obesity [45].

Strengths of this study include the prospective, quantitative
research methods used to assess BF measures, and detailed
recording of infant dietary intake via monthly mailed surveys,
telephone and in-person interviews from birth to 12 months
[28]. We also obtained clinical measures of weight before
pregnancy or during early gestation to calculate pre-
pregnancy BMI and gestational weight gain. Child height
and weight measurements were obtained from KPNC paedi-
atric well-child clinical visits using standardised procedures
with calibrated equipment within a single integrated
healthcare system. Another major strength is the well-
characterised research cohort of mother–infant dyads; 95%
of participants were retained at 1–2 years post-baseline, and
83% of children were still KPNC members at 2–5 years of
age.

This study had some limitations. First, it was not possible
to conduct direct observational or physiological measures of
BF (i.e. weighing infants) in this large prospective cohort of
women with recent GDM. Residual confounding associated
with measurement error for beverage and dietary intake covar-
iates is possible; assessing the clinical and sociodemographic
characteristics would have reduced this possibility. Later
physical activity measurements concurrent with child BMI

were unavailable in the EHR. The racially and ethnically
diverse SWIFT study ofmothers with GDM are representative
of women with GDM in the USA. However, Northern
California women have higher BF initiation rates than other
areas in the USA [46]. The monthly dietary intake assess-
ments determined the age at which SSBs, fruit juice and food
items were introduced, but not the specific quantities.

In summary, the combination of shortened BF or EBF and
exposure to SSB and/or 100% fruit juice during the first year of
life was associated with six- to 12-fold higher odds of obesity.
This indicates that infant feeding exposures, including sugary
beverages, may play a major role in countering fetal life
programming, and that modification of early postnatal infant
feeding habits may be beneficial in ameliorating the risks to
the child from intrauterine exposure tomaternal hyperglycaemia.

Our findings add to a growing body of evidence that none
or inadequate BF combined with intake of SSBs and 100%
fruit juice during the first year independently and synergisti-
cally contribute to future development of child obesity. These
findings highlight the need for interventions targeting preg-
nant women with GDM to focus on promoting higher BF and
EBF duration, particularly in mothers with obesity, and to
avoid giving infants SSBs and 100% fruit juice during the first
year of life. In conclusion, this study suggests that increasing
BF duration and intensity and avoiding SSBs and 100% fruit
juices could combat childhood obesity especially in children
exposed to intrauterine GDM.
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doi.org/10.1007/s00125-020-05379-y) contains peer-reviewed but
unedited supplementary material.
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