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Abstract
Objective: Assess the association between early infant feeding practices and rapid weight gain
during the next months among infants’ participants of the WIC Program in Hawaii and Puerto
Rico.
Design: Secondary analysis of data collected in WIC clinics in Puerto Rico and Hawaii. A total
of 202 caregivers of infants 0 month to 2 months were recruited and followed for 4 months. Data
were collected on the following: socio-demographics, infant feeding patterns (frequency of placing
the infant to sleep with a bottle of milk, using the spoon or bottle to feed solids, distractions while
feeding infant and frequency of adding foods to the bottle), and infant’s weight and length. Simple
logistic regression was conducted to evaluate the associations between early infant feeding patterns
with weight rapid weight gain in the next 4 months. The models were adjusted for caregiver’s
education, infant’s gender, and site.
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Results: A total of 161 infants had complete data; 6.2% were overweight/obese at baseline which
increased to 24.8% after 4 months follow-up, with excessive weight gain during this period in 59.0%.
There was a significantly lower risk of overweight at follow-up when caregivers encouraged infants
to drink more or all of the bottle (p < 0.001) but a significantly higher risk with the use of the bottle
to feed solid foods compared to using the spoon (OR: 4.93; 95% CI 1.257, 1.931; p < 0.05) in the
unadjusted models.
Conclusions: Adding foods to the bottle may increase the risk of overweight in infancy. Longer
studies are needed to understand the impact of these practices in weight later in childhood.
Keywords: Infant; Dietary patterns; Weight gain; Puerto Rico; Hawaii; minorities; WIC
Program

Introduction
Childhood obesity is a major public health problem worldwide with more than 42 million
children under 5 years old either overweight or obese [1]. In the US, it is estimated that 8.1% of
infants are considered obese [2]. This is even higher among children participants of the Special
Supplemental Nutrition Program for Women, Infants and Children (WIC) [3]. There are ethnic
disparities in this prevalence, with Hispanic infants being more likely to be overweight or obese
(14.8%), followed by Native Hawaiians (11.4%), African Americans (8.7%), and Whites (8.4%) [3].
This is even higher among Puerto Rican infants (20.6%), as shown in a sample of 300 infants from
a WIC clinic [4].
Rapid weight gain during the infant’s first months represents a major risk factor for obesity in
late childhood as shown in several studies [5-11]. This is also higher in Hispanic infants compared
to White infants [12,13]. Among Hawaiian infants, a rapid weight gain between 12 months to 23
months was strongly associated with obesity at 4 years to 5 years [14]. This rapid infant weight gain
has been associated with certain feeding practices [15]. Infants with excessive weight gain consume
less breast milk and have solids introduced at an earlier age [15,16]. Other feeding practices may also
1
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Table 1: Socio-demographic characteristics of the infants and caregivers (N= 161).
Variable

Total Sample (N=161)

Puerto Rico (N=88)
th

Hawaii (N=73)

th

N (%) or median (25 , 75 percentiles)
Caregivers
Age (y)

27.0 (23.0, 31.0)

27.0 (23.0, 30.0)

26.0 (23.0, 31.0)

Less than college

67 (41.6)

27 (30.6)

40 (54.8)

Some college

42 (26.1)

25 (28.4)

17 (23.3)

Education

College or higher
Number of children

52 (32.3)

36 (41.0)

16 (21.9)

2.00 (1.00, 2.00)

2.00 (1.00, 2.00)

2.00 (1.50, 3.00)

Pre-pregnancy BMI
Underweight

10 (6.20%)

5 (5.68)

5 (6.85)

Normal

110 (68.3%)

56 (63.7)

54 (74.0)

Overweight/Obese

41 (25.5%)

27 (30.7)

14 (19.2 )

1.00 (0,1.00)

1.00 (0, 1.00)

1.00 (0, 1.00)

Boys

81 (50.3)

46 (52.3)

35 (47.9)

Girls

80 (49.7)

42 (47.7)

38 (52.1)

Infants
Age (months)
Gender

Table 2: Infant weight status at 0-2 months and 4-6 months.
Total Sample (N=161)
Weight status

Puerto Rico (N=88)

Hawaii (N=73)

0-2 months

4-6 months

0-2 months

4-6 months

0-2 months

4-6 months

N (%)

N (%)

N (%)

N (%)

N (%)

N (%)

Underweight (<-2 z-score)

11 (6.80)

0

10 (11.4)

0

1 (1.40)

0

Adequate (≥-2 to <2 z-score)

140 (87.0)

121 (75.2)

73 (83.0)

83 (94.3)

67 (91.8)

38 (52.1)

Overweight/obese (≥2 z-score)

10 (6.20)

40 (24.8)

5 (5.70)

5 (5.70)

5 (6.80)

35 (47.9)

-

22 (13.7)

-

18 (20.5)

-

4 (5.50)

Weight for length z-score

Change in weight for length z-score
Slow weight change (<−0.67 SD)
Adequate weight gain (≥ − 0.67 to + 0.67 SD)

-

44 (27.3)

-

28 (31.8)

-

16 (21.9

Excessive weight change (> + 0.67 SD)

-

95 (59.0)

-

42 (47.7)

-

53 (72.6)

be related to infant weight gain; however, there are very few studies
evaluating such associations, and those available show mixed results
[17-21].

(SMS) to improve infant weight in low-income minorities conducted
in WIC clinics in Puerto Rico and Hawaii [22]. Data for the present
analysis was taken from the baseline and final visit, in which
participants completed questionnaires and anthropometric measures
to evaluate feeding patterns and weight status of infants.

The present study evaluated the associations between different
infant feeding practices (use of bottle for placing infants to sleep,
responsive feeding, feeding using the spoon or bottle, distractions
during the infant’s feeding, and addition of solids to the bottle) in the
first two months of life with risk of overweight and rapid weight gain
in the following four months among infants participating in the WIC
program in Puerto Rico and Hawaii. If these practices are associated
with infant weight status or weight gain early in life, this information
could be translated into practical recommendations for parents to
prevent obesity before it starts.

The study was approved by the Institutional Review Board of
the University of Puerto Rico, Medical Sciences Campus and the
University of Hawaii at Manoa. It was conducted in collaboration
with the WIC Program in Puerto Rico and Hawaii. Parents of infants
participating in the WIC program provided written informed consent.
Subjects
A total of 202 parents and caregivers of infants 0-2 months were
recruited from 2 WIC clinics in Puerto Rico and 4 WIC clinics in
Hawaii. Infants were followed for four months. Inclusion and
exclusion criteria have been published elsewhere [22].

Materials and Methods
Study design
This is a secondary analysis of data collected among participants
recruited as part of a multi-site trial using short mobile messages

Remedy Publications LLC.

Socio-demographics characteristics
Data on socio-demographic characteristics were collected from

2
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Table 3: Infant feeding practices at 0-2 months.
Total Sample (N=161)

Puerto Rico (N=88)

Hawaii (N=73)

N (%)

N (%)

N (%)

Never or almost never

115 (71.4)

68 (77.3)

47 (64.4)

Sometimes

23 (14.3)

15 (17.0)

8 (11.0)

Most times or every time

17 (10.6)

3 (3.4)

14 (19.2)

No answer

6 (3.70)

2 (2.3)

4 (5.5)

Feeding practices
Use of bottle to place infant to sleep

Caregiver’s response to infant’s satiety cues
Take the bottle and stop the feeding

69 (42.9)

57 (64.8)

12 (16.4)

Encourage infant to drink more or all

85 (52.8)

30 (34.0)

55 (75.3)

Have not introduced the bottle

4 (2.50)

1 (1.1)

3 (4.1)

No answer

3 (1.90)

3 (4.1)

Method of feeding infant
Using a spoon

43 (26.7)

9 (10.2)

34 (46.6)

Adding it to the bottle

20 (12.4)

18 (20.5)

2 (2.8)

Have no started solid foods

98 (60.9)

61 (69.3)

37 (50.7)

Without distractions

94 (58.4)

43 (48.9)

51 (69.9)

While the rest of the family is eating

36 (22.4)

22 (25.0)

14 (19.2)

While infant is playing/watching screens

31 (19.2)

23 (26.1)

8 (11.0)

None

125 (77.6)

71 (71.0)

66 (90.4)

Cereal

20 (12.4)

15 (15.0)

5 (6.8)

Baby foods or poi

13 (8.10)

12 (12.0)

1 (1.4)

Other foods

3 (1.90)

2 (2.0)

1 (1.4)

Distractions while feeding infant

Additions of food to the bottle

baseline visit (when infants were 0-2 months) and included the
following: caregivers’ age, race, ethnicity, level of education, number
of children, infants’ age, and gender.

Measurements were taken in duplicate and the average was used.
Weight-for-length z-score was calculated using the World Health
Organization Growth Charts macro for SAS [23]. A z-score > -2 to <
2 was considered adequate weight while a z-score < 2 was considered
underweight and > 2 was considered overweight/obese [24]. Weight
change during the four-month period was considered slow if < - 0.67
SD, adequate if between -0.67 and +0.67, and excessive if > + 0.67
[25]. In addition, participants reported infant’s weight and length at
birth.

Feeding patterns
Caregivers completed a questionnaire about feeding patterns
at baseline. It included questions about frequency of placing the
infant to sleep with a bottle of milk; caregiver’s method of feeding
solids to infant (i.e. using the spoon, adding it to the bottle, or both);
distractions while feeding infant (i.e. while using electronic devices,
while the rest of the family eats or without distractions); and frequency
of adding foods to the bottle (i.e. cereals, baby food or poi, or other
foods). We also asked about caregiver’s response to infant’s satiety
food cues, which included several statements with different behaviors
when feeding infants a bottle, such as encouraging the infant to drink
more or all the bottle despite giving signs of not wanting more food
or stopping the feeding when infant showed signed of being full; we
also included a statement about not having introduced the bottle to
the infant yet.

Statistical Methods
Normality of the sample in this study was assessed using the
Shapiro-Wilk test, which revealed a non-parametric distribution.
Measures of frequency distributions were performed to describe
categorical variables and summary measures to describe continuous
variables. Simple logistic regression was used to evaluate the
associations between feeding patterns at baseline and outcomes of
interest: weight status at follow-up and rate of weight gain during
the observation period. The models were adjusted for variables
significantly associated with weight: caregiver’s education, infant’s
gender, and study site. Statistical analyses were performed using the
SPSS program (version 17).

Infant’s weight and length
Trained research personnel assessed the infant’s weight and
length at baseline and four months later. Length was obtained
using the infant WIC stadiometer. Weights were obtained using
the infant WIC scale with light clothes, no shoes, and clean diaper.

Remedy Publications LLC.

Results
Table 1 shows the socio-demographic characteristics of the
3
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Table 4: Initial feeding patterns (0-2 months) and risk of overweight at 4-6 months(N=161).
Feeding practices

OR (95% CI)

AOR (95% CI)*

p value

p value

Use of bottle to place infant to sleep
Never or almost never

1

1

Sometimes

1.11 (0.375, 3.254)

0.857

0.88 (0.246, 3.133)

0.842

Most times or every time

0.44 (0.152, 1.262)

0.126

1.09 (0.337, 3.537)

0.883

Caregiver’s response to infant’s satiety cues

+

Take the bottle and stop the feeding

1

1

Encourage infant to drink more or all

0.26 (0.094, 0.708)

0.009

1.07 (0.262, 4.369)

0.022

1.18 (0.177, 7.833)

0.925

Method of feeding infant
Using a spoon

1

Using a spoon and/or adding it to the bottle

1

4.93 (1.257, 1.931)

0.867

Distractions while feeding infant
Without distractions

1

1

While the rest of the family is eating

1.41 (0.571, 3.483)

0.46

1.39 (0.562, 3.440)

0.476

While infant is playing orwatching screens

1.16 (0.462, 2.908)

0.754

1.13 (0.450, 2.852)

0.791

0.175

1.02 (0.294, 3.534)

Additions of any food to the bottle
No

1

Yes

2.04 (0.728, 5.732)

1
0.975

Table 5: Initial feeding practices (0-2 months) and risk of rapid weight gain from 0-2 months to 4-6 months (N=161).
Feeding practices

OR (95% CI)

p value

AOR (95% CI)*

Use of bottle to place infant to sleep
Never or almost never

1

1

Sometimes

0.67 (0.165, 2.691)

0.569

0.71 (0.172, 2.908)

Most times or every time

0.89 (0.75, 10.526)

0.926

0.58 (0.460, 7.421)

0.49

1.86 (0.455, 7.606)

Caregiver’s response to infant’s satiety cues+
Take the bottle and stop the feeding

1

Encourage infant to drink more or all

1.55 (0.446, 5.372)

1

Method of feeding infant
Using a spoon

1

Using a spoon and/or adding it to the bottle

0.80 (0.131, 4.874)

1
0.809

1.52 (0.164, 14.07)

Distractions while feeding infant
Without distractions

1

1

While the rest of the family is eating

1.30 (0.291, 5.766)

0.733

1.32 (0.296, 5.879)

While infant is playing orwatching screens

1.39 (0.371, 5.200)

0.626

1.42 (0.378, 5.335)

Additions of any food to the bottle
No

1

Yes

2.11 (0.523, 8.525)

sample. A total of 202 participants were recruited; however, 39 were
excluded due to incomplete data, and only 2 infants were categorized
as underweight, so this category was not included in the analysis.
Therefore, a total of 161 caregivers and their infants (0 months n =
61, 1 month n = 97, 2 months n = 3) were included in the analysis.
The median age of caregivers was 27.0 years and most caregivers had
an educational level of more than college (58.4%). A total of 6.2% of
the infants were overweight/obese at baseline, while the prevalence
increased to 24.8% at the follow-up visit (Table 2). We observed
excessive rate of weight gain in 59.0% of the infants. Hawaii reported
a greater number of overweight/obese infants at the follow-up visit
(47.9%) compared to Puerto Rico (5.7%). This finding is consistent
Remedy Publications LLC.

1
0.294

2.62 (0.623, 11.03)

with the observation of a greater rate of excessive weight gain between
visits in Hawaii (72.6%) compared to in Puerto Rico (47.7%).
In relation to the initial infant feeding practices at baseline
(Table 3), 71.4% of caregivers reported never or almost never using
the bottle to place the infant to sleep. Also, 42.9% of the caregivers
reported removing the bottle and stopping the feeding when the
infant showed signals of being full; however, this was higher in
Puerto Rico (64.8%) compared to Hawaii (16.4%). A large number
of participants in Hawaii encouraged their infants to finish their
bottle (75.3%). The spoon was the feeding method caregivers used
the most to provide solid foods (26.7%), particularly in general most

4
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had not started feeding the infants solid foods (60.9%). Most of the
caregivers (58.4%) reported feeding infants without distractions,
although 22.4% fed infants when the rest of the family was eating and
19.2% while using electronic devices (TV, tablet, phone, etc.). A total
of 77.6% of caregivers reported not adding solids to the bottle. Cereal
was most often used (12.4%) among those who had introduced solids
to the bottle.

be responding to the amount in the bottle rather than responding
to infants’ satiety and hunger cues [29], which could promote
overfeeding.
Placing the baby to sleep with the bottle was not associated
with weight in the present study. Similar results were found in a
secondary analysis of data from the Infant Feeding Practices Study II
(IFPS II), a longitudinal national survey by the U.S. Food and Drug
Administration and Centers for Disease Control and Prevention, that
followed mother-infant dyads (n = 691)from pregnancy through 1
year postpartum [30]. However, a study among 8,030 infants who were
9 months old from the U.S. survey “Early Childhood Longitudinal
Program”, did showed an increase in the likelihood of obesity when
the infant was put to sleep with the bottle [17]. This practice may lead
to rapid weight gain as it may also promote overeating. However,
longer studies are needed to understand how this practice influences
weight gain.

Regarding the initial feeding practices at baseline and the risk of
overweight at follow-up, no significant associations were found for
placing the infant to sleep with the milk bottle (Table 4). However,
we found a significantly lower risk of overweight at follow-up when
caregivers encourage infants to drink more or all the milk bottle (OR
0.26, 95% CI 0.094, 0.708; p < 0.001), although it was not significant
after adjusting for confounders (OR 1.07, 95% CI 0.262, 4,369; p
> 0.05). We also found a significantly higher risk of overweight at
follow-up with the use of the bottle to feed solid foods as opposed
to always using the spoon (OR: 4.93; 95% CI 1.257, 1.931; p < 0.05),
although it was not significant in the adjusted model (adjusted OR
1.18, 95% CI 0.177, 7.833; p > 0.05). No significant associations
were found between feeding with distractions or adding foods to
the bottle and risk of overweight at follow-up in any of the models.
These associations were also evaluated by site adjusting for the other
confounders and similar were found (results not shown).

Contrary to what we expected, infants encouraged to empty their
milk bottle had significantly lower risk of overweight at the follow-up
visit, although it was not significant after adjusting for confounders.
In the IFPS II conducted among 1,896 mothers, encouraging infants
0 month to 6 months to finish their milk bottle was found to be
negatively associated with excess weight at the follow up visit (6
months to 12 months) [19]. A possible explanation for this result
is that perhaps these caregivers perceive their infants to be smaller
and they could be compensating by encouraging them to drink all
or most of their milk. However, in our cohort of infants most had
adequate weight at the baseline visit, with only 6.8% underweight;
therefore, caregivers in this sample may have only perceived a weight
problem. In fact, it has been reported numerous times in the literature
that Hispanic mothers perceive their infants to be leaner than they
actually are, have difficulty identifying their infants as overweight,
and prefer their infants to be heavier as they associate this with
happiness and health [31-34]. It is unknown if this is similar among
mothers in Hawaii. Furthermore, this infant feeding practice was
found in another longitudinal study to be associated with higher odds
of mothers encouraging their child to eat all of their foods at 6 years of
age and to be less responsive to their satiety cues [35]. Therefore, this
behavior warrants more studies with greater follow-up assessments to
understand how it affects weight and feeding behaviors in the short
and long term.

Regarding the initial feeding practices at baseline and the risk
of rapid weight gain from baseline to the follow-up (Table 5), no
significant associations were found. However, adding foods to the
bottle increased the risk 2.62 times (adjusted OR: 2.62; 95% CI: 0.623,
11.029; p=0.188). These associations were also evaluated by site
adjusting for the other confounders and similar results were found
(results not shown).

Discussion
In the present study, 6.2% of infants were overweight at baseline
and this increased to 24.8% at follow-up (four months later). A
total of 59% had excessive weight gain during this period. We
unexpectedly found a non-significant lower risk of being overweight
at the follow up visit among infants encouraged to empty their milk
bottle early in life, and an increased risk of being overweight among
infants fed solid foods using the bottle instead of always using the
spoon. In terms of rapid weight gain during the four-month period,
no significant associations were found; however, adding foods to the
bottle appeared to increase the risk 2.62 times.

It was interesting to note differences in weight status between
infants from Puerto Rico and Hawaii. More infants in Hawaii were
overweight (47.9%) compared with Puerto Rico (5.7%) at 4-6 months.
Also, more infants in Hawaii had excessive weight gain (72.6%)
compared to infants in Puerto Rico (47.7%). More research is needed
to understand these differences between locations, as there may be
differences in infant nutrition education beyond the WIC Program,
differences in healthy eating and physical activity patterns, cultural
differences in weight perception, and differences in availability/
accessibility of healthy foods.

Using the bottle as a way of feeding solids to the infant was
significantly associated with a higher risk of overweight at the followup visit compared to those being fed only with a spoon. It is important
to note that 39.1% of caregivers were already feeding solids very early
in life and, although more were using the spoon (26.7%) compared to
adding it to the bottle (12.4%), solids should not start until 6 months
of age per recommendations from WIC [26] and the World Health
Organization [27]. Similar results were found in two other studies.
For example, a study among 50 infants younger than six month from
India found a greater weight gain in the group of infants fed solids
within the bottle compared to those fed with a spoon [28]. Also, a
study among 100 newborns followed for one month from a hospital
in England found a higher average weekly weight gain in infants who
were fed solids using the bottle compared to infants who were fed
using the spoon, although this was not statistically significant [21].
When caregivers use the bottle as the main feeding method, they may

Remedy Publications LLC.

There are some limitations and strengths of the present study
that should be taken into account when considering the results. One
limitation is the nature of a secondary analysis and the small sample
size. Also, the feeding patterns data were self-reported, and we only
took into consideration results from the baseline visit. However, this
is a high-risk population with very limited data available. Moreover,
little is known about early infant feeding practices that could be
associated with rapid weight gain in infants and the available data
5
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show mixed results.

of the Medical Sciences Campus, University of Puerto Ricoand
the University of Hawaii at Manoa. Written informed consent was
obtained from all subjects.

In conclusion, in this cohort of healthy term infants participating
in the WIC program in Puerto Rico and Hawaii, no significant
associations were found between early feeding practices and weight
or rapid weight gain in the follow-up visit after adjusting for
important confounders. However, we did observe non-significant
greater risk of overweight/obesity at the follow-up visit or with
excessive weight gain between visits with feeding solids to infants
using the bottle instead of always using the spoon and when adding
foods to the bottle. Conflicting results were found when encouraging
infants to drink more or all of the milk in the bottle. Additional larger
and longer studies are needed in these groups to better understand
the influence of these practices. However, this study demonstrated
that there is a need to promote appropriate initial feeding practices
among caregivers of infants in these locations for the prevention of
overweight and rapid weight gain.

ClinicalTrials.gov Identifier: NCT02903186.
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