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Abstract
Objective: The goal of the present study was to estimate prevalence and maternal
risk factors for infant beverage consumption.
Design: Observational birth cohort.
Setting: Central North Carolina, USA.
Participants:Mothers 20–36weeks pregnant were surveyed every 3months through
their infant’s first year (n 666) on their sociodemographics and infant’s consumption
frequency of 100% fruit and vegetable juices and sugar-sweetened-beverages (SSB).
Repeated-measure models, using a compound symmetry covariance structure, were
used to assess the association of sociodemographic and maternal predictors with
introducing juice and SSB separately and explored interaction terms with time to
determine how the effects of the predictors change over time.
Results: On average, mothers were 28 years old, 72% were non-Hispanic Black and
59%were low-income. We found time by race, income, education, maternal age and
breast-feeding duration interactions for both juice and SSB consumption. At approx-
imately 6–7 months of age through 12 months of age, being Black, having a lower
income (≤$US 20 000 v. >$US 20 000 per year) and education (less than high-school
degree v. high-school degree or higher), being younger (<26 years v. ≥26 years) and
breast-feeding for fewer than 26weekswere each associatedwith introduction of both
juice and SSB consumption.
Conclusions: Future efforts are needed to raise awareness on the importance of
national recommendations of limiting juice and SSB for infants, together with decreas-
ing disparities in unhealthy beverage intake early in life.
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Feeding habits established early in life can influence diet and
health later in life. In particular, exposure to breast milk and
other first beverages and foods can play an important role in
shaping food preferences and later eating habits(1). During
the first year of life, infants should consume breast milk or
formula as their primary beverage(2,3). Unfortunately, before
their first birthdaymost infants are being introduced to sugary
foods including desserts, sweets and sugar-sweetened bever-
ages (SSB)(4). Furthermore, they are also being introduced to
different types of juice, which is not recommended during
the first year of life(5). These beverages can displace healthier
options and contribute a significant amount of energy to
children’s diets(6). Consumption of sugary beverages during
infancy has been associated with obesity(7) and an increased
likelihoodof continued consumptionof these beverages later
in life(8). Furthermore, consumption of sugary beverages has

also been associated with asthma(9), dental caries(10) and
poor academic grades in children(11). Although the risks asso-
ciated with consumption of sugary beverages during the first
year of life have been documented, it is unclearwhat someof
the maternal predictors of consumption during infancy may
be. A better understanding of such predictors can inform
future interventions andother efforts to reduce consumption.

Sugary beverage consumption is more common among
racial and ethnic minority groups and those of low socio-
economic status(12–17). Recent National Health and Nutrition
Examination Survey (NHANES) data found that although there
was a decline in the prevalence of 100% fruit juice consump-
tion among 6- to 11-month-olds from 60·2% in 2005–2008 to
47·7% in 2009–2012, the prevalence remains relatively high.
In addition, this decline differs by racial/ethnicminority group,
with significant declines among non-Hispanic Whites and
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non-Hispanic Blacks but not Mexican Americans.
Similarly, a significant decline from 74·7 to 60·3 % was
observed among older infants participating in the
Special Supplemental Nutrition Program for Women,
Infants, and Children (WIC), who had a higher prevalence
of fruit juice consumption than infants in this age group
overall. Also concerning, there was an increase in sugary
beverage consumption from 2·0 to 9·9 % among non-
Hispanic Blacks as compared with a decrease among
non-HispanicWhites from11·3 to 10·0 %(18). Another study
conducted with NHANES data found that non-Hispanic
Black children consumed the most 100 % juice and SSB
during the first 3 years of life, followed by Hispanic chil-
dren, as compared with White and Asian children(19).
Furthermore, infant beverage consumption may differ
by other maternal characteristics, such as maternal educa-
tion, age ormaternal weight status(20). Most studies to date,
however, have focused on older children and adults with
no studies exploring maternal predictors of infant bever-
age consumption, which may help explain very early
health disparities. Moreover, no studies have explored
SSB in addition to juice, both of which are not recom-
mended during the first year of life. Therefore, the goal
of the present study was to estimate the prevalence and
maternal risk factors for infant beverage consumption,
including both sugary beverages and juice.

Methods

Data for the current analysis came from the Nurture study, a
cohort of predominantly Black mothers and their infants
residing in the Southeast USA. TheNurture study is an obser-
vational birth cohort designed to assess longitudinal associ-
ations of early childcare and multiple caregivers with infant
adiposity and weight trajectories throughout the first year of
life.Womenwere recruited and enrolled inmid-to-late preg-
nancy from a private prenatal clinic and the local county
Health Department prenatal clinic in Durham, North
Carolina. Women providedwritten informed consent to par-
ticipate at enrolment and again at the birth of their infants
when they provided additional consent for both themselves
and their infants. Details of the cohort have been published
elsewhere(21). The study was approved by the Institutional
Review Board at the Duke University Medical Center
(Human Subjects Committee; Pro 00036242).

Measures
Data collection took place from 2013 to 2016. Home visits
were conducted when infants were 3, 6, 9 and 12 months
of age. Women received automated interactive voice
response telephone calls in months 1, 2, 4, 5, 7, 8, 10
and 11 to assess a limited set of behaviours, including care-
giving arrangements, infant feeding practices, infant motor
milestone achievement and infant sleep.

Beverage consumption
Mothers reported all beverages provided to infants via
questionnaire at each home visit using questions from
the Infant Feeding Practices Study II (IFPS II) and the
Feeding Infants and Toddlers Study (FITS)(22,23). The bev-
erage consumption question asked ‘Did your baby try or
drink [beverage] any time from birth to 1 month of age
[asked up to 12months of age]?’, with responses of ‘never’,
‘just to try’, ‘sometimes but less than once per day’, ‘1 time
per day’ with options up to ‘5 or more times per day’.
During the initial data collection period, the fruit and veg-
etable juice question and the SSB question were asked as
two questions. Early in the data collection period, in order
to refine the data collection process, these questions
were separated out into fruit juice and vegetable juice
(two questions) and into juice drinks, sweet teas and
soft drinks (three questions). We utilized both types of
variable to create our outcome variables. For juice, we
used the combined question for those who reported it
in this way and then summed the frequency of fruit and
vegetable juice consumption for the remainder. The same
approach was taken for the SSB variable; when the SSB
combined variable was available we used that and
summed the three separate variables to create the out-
come SSB variable.

Maternal predictors
Sociodemographic information was recorded from mothers
via interviews and questionnaires at recruitment, at birth,
and during each home visit and each call. Based on the prior
literature, maternal variables of interest for the current analy-
sis included race, age, education, working hours, number of
children under the age of 18 years in the household, receiv-
ing benefits from WIC and pre-pregnancy BMI(24). At enrol-
ment and at each home visit, we asked mothers to report
household income and provided the following categories
(≤$US 20 000, $US 20 000–40 000, $US 40 000–70 000 and
>$US 70 000 per year).

Maternal predictors were dichotomized to reflect mean-
ingful groups as follows: maternal race (Black v. non-
Black), household income (≤$US 20 000 v. >$US 20 000
per year to reflect the 2018 federal poverty guidelines for
a household of three members), maternal education (less
than high-school degree v. high-school degree or higher),
maternal hours of work reported during pregnancy
(<35 h/week v. ≥35 h/week), maternal age (<26 years v.
≥26 years) and maternal pre-pregnancy BMI (normal
weight v. overweight/obese). Mothers reported if they
breast-fed via questionnaire at each home visit. Any
breast-feeding was dichotomized into <26 weeks of
breast-feeding (equivalent to 6 months) v. ≥26 weeks
of breast-feeding to reflect current breast-feeding guide-
lines(25). Mothers also reported exclusive breast-feeding
but given the low numbers breast-feeding exclusively
(66·0 % no exclusive breast-feeding, 20·4 % exclusive for
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1–6 months and 13·4 % exclusive for 6–12 months), we uti-
lized any breast-feeding as one of the predictors.

Statistical analysis
Frequencies across maternal predictors were explored and
χ2 analysis was used for unadjusted associations. Repeated-
measure models, using a compound symmetry covariance
structure, were used to assess the association of socio-
demographic and maternal predictors with introducing
juice and SSB separately, and explored interaction terms
with time to determine how the effects of the predictors
change over time. Model fit was assessed using Akaike
information criterion and Bayesian information criterion
fit statistics. Least-square means for each of the predictors
at each of the time points were assessed. All analyses were
conducted using the statistical software package SAS
version 9.4 at a significance level of P< 0·05.

Results

Overall, mothers in the sample were 71·8 % Black, with
60·8 % having a household income of ≤$US 20 000/year
and 47·8 % having less than a high-school degree. Close
to half reported working fewer than 35 h/week (47·0 %)
and were less than 26 years of age (47·6 %). Three-quarters
breast-fed for fewer than 26 weeks (77·5 %) and more than
half were overweight/obese (63·2 %; Table 1).

Overall, 17·1 % of infants aged 1–4 months, 54·9 % of
infants aged 5–8 months and 75·0 % of infants aged 9–12
months were introduced to juice, respectively, for each
time point. Similarly, 3·9 % of infants aged 1–4 months,
16·4 % of infants aged 5–8 months and 33·1 % of infants
aged 9–12 months were introduced to SSB, respectively,
for each time point.

Introduction of juice consumption
In mixed models, there was a race by time interaction and
betweenmonths 7 and 12 (v. month 3), being Black v. other
raceswas associatedwith an increased introduction of juice
consumption (month 7, β= 0·51, P= 0·005; month 8,
β= 0·80, P < 0·0001; month 9, β= 0·90, P< 0·0001; month
10, β= 0·83, P < 0·0001; month 11, β= 0·93, P< 0·0001;
month 12, β= 1·11, P< 0·0001; Fig. 1(a)).

Similarly, there was an income by time interaction and at
months 6, 9 and 12 (v. month 3), being lower income
(≤$US 20 000/year) v. higher income (>$US 20 000/year)
was associated with increased introduction of juice con-
sumption (month 6, β= 0·46, P = 0·03; month 9, β= 0·65,
P= 0·002; month 12, β= 0·76, P= 0·0004).

There was also an education by time interaction and
at months 7–12 (v. month 3), having less than a high-school
degree v. having a high-school degree or higher was
associated with increased introduction of juice consump-
tion (month 7, β= 0·58, P = 0·0008; month 8, β= 0·57,

P = 0·0009; month 9, β= 0·49, P < 0·004; month 10,
β= 0·56, P= 0·0009; month 11, β= 0·65, P< 0·0001;
month 12, β = 0·78, P < 0·0001; Fig. 1(b)).

There was a significant maternal age by time interaction
and starting at month 7, being younger (<26 years) v. older
(≥26 years) was associated increased introduction of juice
consumption (month 7, β= 0·48, P= 0·006; month 8,
β= 0·49, P= 0·006; month 9, β= 0·40, P= 0·02; month
10, β= 0·53, P= 0·002; month 11, β= 0·64, P= 0·0002;
month 12, β = 0·79, P < 0·0001; Fig. 1(c)).

There was a significant breast-feeding by time interaction
and starting at month 7, breast-feeding for <26 weeks v.
breast-feeding for ≥26 weeks was associated with increased
introduction of juice consumption (month 7, β= 0·70,
P= 0·0002; month 8, β= 0·74, P< 0·0001; month 9,
β= 0·82, P< 0·0001; month 10, β= 0·85, P< 0·0001; month
11, β= 0·92, P< 0·0001; month 12, β= 1·10, P< 0·0001;
Fig. 1(d)).

Number of children, maternal hours of work, receiving
WIC benefits andmaternal BMI were not significant predic-
tors on their own nor did they have significant interactions
by time.

Introduction of sugar-sweetened beverage
consumption
Similar to juice consumption, in mixed models, there were
time interactions with race, income, education, maternal
age and breast-feeding duration.

For race, between months 9 and 12 (v. month 3), being
Black v. other races was associated with an increased intro-
duction of SSB consumption (month 9, β= 0·35, P = 0·03;
month 10, β = 0·54, P= 0·0004; month 11, β= 0·62,
P < 0·0001; month 12, β = 0·77, P < 0·0001; Fig. 2(a)).

Table 1 Sociodemographic characteristics of mothers participating
in the Nurture cohort study (n 666), central North Carolina, USA,
2013–2016

n %

Race
Black 476 71·8
Non-Black 187 28·2

Household income
≤$US 20 000/year 369 60·8
>$US 20 000/year 238 39·2

Education
Less than high-school degree 318 47·8
High-school degree or higher 347 52·2

Working hours
<35 h/week 155 47·0
≥35 h/week 175 53·0

Age
<26 years 317 47·6
≥26 years 349 52·4

Breast-feeding duration
<26 weeks 509 77·5
≥26 weeks 148 22·5

Pre-pregnancy BMI
Normal 229 36·8
Overweight/obese 393 63·2

Maternal predictors of infant beverage intake infant beverage intake 2593
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Similarly, there was an income by time interaction, but
only at month 12 (v. month 3) was being lower income
(≤$US 20 000 per year) v. higher income (>$US 20 000/year)
associated with increased introduction of SSB consumption
(month 12, β= 0·85, P< 0·0001).

Similar to juice consumption, there was an education by
time interaction; at months 7–12 (v. month 3), having less
than a high-school degree v. having a high-school degree
or higher was associatedwith increased introduction of SSB
consumption (month 7, β= 0·35, P= 0·02; month 8,
β= 0·38, P = 0·009; month 9, β= 0·52, P= 0·0004; month
10, β= 0·52, P = 0·0009; month 11, β= 0·64, P < 0·0001;
month 12, β= 0·75, P< 0·0001; Fig. 2(b)).

There was a significant maternal age by time interaction

and starting at month 9, being younger (<26 years) v. older
age (≥26 years) was associated with increased introduction

of SSB consumption (month 9, β= 0·3, P= 0·04; month 10,

β= 0·57, P< 0·0001; month 11, β= 0·77, P< 0·0001; month

12, β= 0·84, P< 0·0001; Fig. 2(c)).
There was a significant breast-feeding by time interac-

tion and starting at month 7, breast-feeding for <26 weeks
v. breast-feeding for ≥26 weeks was associated with
increased introduction of SSB consumption (month 7,
β= 0·41, P = 0·009; month 8, β= 0·45, P= 0·005; month
9, β = 0·68, P< 0·0001; month 10, β= 0·89, P < 0·0001;

month 11, β= 0·94, P< 0·0001; month 12, β= 1·10,
P < 0·0001; Fig. 2(d)).

Number of children, maternal hours of work, receiving
WIC benefits andmaternal BMI were not significant predic-
tors on their own nor did they have significant interactions
by time.

Discussion

In this sample of low-income mothers and their infants,
close to three-quarters of infants were introduced to juice
during the first 12 months and one-third were introduced
to SSB during that time. We found time by race, income,
education, maternal age and breast-feeding duration inter-
actions. At approximately 6–7 months of age, the mother
being Black, having a lower income and education, being
younger and breast-feeding for fewer than 26 weeks were
associated with introduction of both juice and SSB con-
sumption. Continued efforts to decrease the disparities in
juice and beverage consumption between these groups,
starting at the time that introduction of foods is beginning,
is critical.

The findings that close to three-quarters of infants are
introduced to juice and one-quarter to SSB by their first
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birthday add to the growing literature on beverage con-
sumption during the first year of life. The IFPS II found that
at 12 months, 77 % of infants were consuming fruit juice(26),
which is consistent with our data and with the FITS data(4).
Our data are also similar to NHANES data, whereby 6 % of
0- to 6-month-olds and 38 % of 6- to 12-month-olds con-
sumed juice. For SSB, NHANES data revealed that 1 % of
0- to 6-month-olds and 6 % of 6- to 12-month-olds were
consuming SSB(27). For our population this was closer to
30 % by month 12. SSB constitute a major source of added
sugar and energy intake in the US diet(28) that could be
replacing higher-quality nutritious beverages during critical
periods of growth and development. Early juice and SSB
consumption have been associated with increased risk
for later and continued SSB consumption(8), subsequent
overweight/obesity and dental caries. Therefore, under-
standing factors that can help tailor interventions is
important(29).

The interaction effects between time and several of the
maternal predictors on juice and SSB outcomes is not sur-
prising and is consistent with previous studies(30). Several of
the differences observed are consistent with what is
observed for the overall diet quality of the US population
in general. It is possible that these differences are observed
at approximately 6–7 months of age (and not before)
because this is the time period where infants are

developmentally ready to begin consuming other foods
besides breast milk and formula and that the quality of bev-
erages being introduced for Black, low-income/education
populations is lower than that for other races, higher
incomes and education. Other studies have found that with
increasing age, and with the introduction of other foods,
the disparities in SSB consumption with race are particu-
larly evident(19). Our results highlight that the differences
observed in diet across different sub-populations occur
early in life and that future studies should try to further
understand what is driving these disparities.

Income disparities are apparent in the diet quality of
infants and children, whereby low-income children have
poorer diet quality. Similarly, there was a time by education
interaction whereby, at approximately 7 months, mothers
with lower education had higher risk of juice and SSB intro-
duction. This is similar to what others have found. Although
our study looked at having a high-school education or
more, Hendriks et al. found that having a college education
was the maternal characteristic associated with the largest
number of positive child feeding behaviours(20). College-
educated mothers were significantly more likely to comply
with the American Academy of Pediatrics’ juice and com-
plementary feeding recommendations. Similarly, in the
IFPS II, the prevalence of unhealthful feeding practices
was inversely associated with maternal education(31).
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Other studies have also found evidence of these socio-
demographic differences in older children(32) and in overall
dietary patterns(33–35). It is possible that mothers with lower
incomes may be taking advice from family members rather
than following health-care provider recommendations dur-
ing this early time period(36). This may be especially true
around the time when infants are being introduced to solid
foods. Furthermore, low-income groups may also just have
less access to health resources and care. We also found
a time by age interaction, whereby at approximately
7 months, younger mothers were more likely to introduce
juice and SSB. This is consistent with another study with
slightly older children (1–8 years) which found that SSB
consumption was significantly higher in children from
young mothers(37). Other studies have also found higher
maternal age to be associated with positive feeding practi-
ces(20). Future studies should explore reasons why these
mothers may be introducing beverages very early in life
and investigate how this can be prevented.

In looking at possible maternal predictors for introducing
juice and SSB, overall breast-feeding for less than the
recommended 6 months was associated with higher risk
of introduction of juice and SSB starting at 6 months of
age. These findings are similar to a national Norwegian study
whereby among 1932 infants, those who were breast-fed
until 12 months had lower intake of sweetened drinks and
added sugars than non-breast-fed infants(38). Similarly,
another longitudinal cohort study found an inverse associa-
tion between breast-feeding and consumption of SSB(39). It is
possible that mothers who choose to and are able to breast-
feed for more than 26 weeks also choose other healthy
practices for their children. It is also possible that infants
who are displacing breast milk and/or formula for more
sugary tastes during this critical time period are being set
up for unhealthier diet patterns later in life, like reluctance
to accept new foods such as vegetables given their bitter
taste(40). Future interventions and programmes that target
motherswho do not breast-feed for 26weeks should include
information on the provision of other beverages.

Our study has some limitations. First, beverage introduc-
tion was self-reported, which is subject to under- or over-
reporting; however, the questions were adapted from prior
cohort studies and are considered a reasonably valid and
reliable tool for this population(22). Second, vegetable
and fruit juice were combined into one single variable
on the questionnaire. Fruit juice tends to have a higher
sugar content than vegetable juice and may have different
effects on future taste preferences in infants and children.
In this cohort however, vegetable juice consumption was
low, with approximately 9 % reporting any consumption
by 6 months and 12 % by 12 months. Third, women partici-
pating in the Nurture study were not entirely representative
of the local population. At recruitment, women were
recruited from one of two obstetric clinics. One clinic
served a high percentage of low-income women (the local
Health Department) and the other served a large

proportion of higher-income, non-Hispanic White women
with higher-risk pregnancies. However, the sample of
women who enrolled had a higher percentage of Black
women than the general population.

Conclusion

Examining beverage intake during the first year of life pro-
vides unique insight into a critical windowwhen an infant’s
dietary patterns are being established. We found that this
population of predominantly Black mothers introduced
beverages to their infants very early in life and that racial,
income and education differences were evident at approx-
imately 6–7 months of age. Future efforts are needed to
raise awareness on the importance of national recommen-
dations of limiting juice and SSB for all infants. In addition,
there is a particular need to decrease unhealthy beverage
disparities early in life.
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