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Abstract: The aim of this study was to assess the association between amount (below or above
recommendations), preparation (liquid vs. powder), and type (regular vs. hydrolysate) of infant
formula consumed and weight in infants participating in the Women, Infant and Children (WIC)
Program in Hawaii (HI) and Puerto Rico (PR). This was a secondary analysis of 162 caregivers with
healthy term 0-2-month-old infants. Socio-demographics, infant food frequency questionnaires,
and weight and length were assessed at baseline and after four months. Infant feeding practices
were associated with weight-for-length z-scores using multivariable logistic regression. In total,
37.7% were exclusively breastfed and 27.2% were exclusively formula-fed. Among formula users,
regular (63.6%) and powder (87.0%) formula were the most common; 43.2% consumed formula above
recommendations. Most infants had rapid weight gain (61.1%). Infants fed regular formula had
higher odds of overweight after four months (adjusted OR = 8.77, 95% CI: 1.81-42.6) and higher odds
of rapid weight gain (adjusted OR = 3.10, 95% CI: 1.12, 8.61). Those exclusively formula fed had
higher odds of slow weight gain (adjusted OR = 4.07, 95% CI: 1.17-14.2). Formula preparation and
amount of formula were not associated with weight. These results could inform the WIC program’s
nutrition education messages on infant feeding. Studies with longer follow-up are needed to confirm
these results.
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1. Introduction

Prevalence of infant obesity in the US has been estimated at 8.1% [1]. This is higher among infants
participating in the Special Supplemental Nutrition Program for Women, Infants, and Children (WIC)
(12.3%) [2], particularly among Hispanic (16.4%) and Native Hawaiian (19.3%) compared to African
American (13.0%) and White (13.9%) infants [2].

Early life growth patterns and behaviors have been recognized as playing an important role in
obesity, even though these might not be evident during the early stages of life [3]. Growth is more rapid
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during early infancy than at any other time during the human life cycle, and studies have confirmed
the association between rapid weight gain and risk of obesity later in life [4-7], particularly if the rapid
weight gain occurs within the first months of life [8]. Therefore, early modifiable risk factors could
have an impactful influence on the long-term health of infants.

Multiple factors affect the growth trajectory in infant, but nutrition is considered a key
determinant [9]. Breastfeeding has been long recognized to help reduce the risk of obesity compared
to non-breastfeeding [10,11]. A physiological reason for this is that the protein intake of breast-fed
infants decreases with age and resembles the protein requirements during the early months of life,
while the protein content of standard formulas surpass these requirements after the first couple of
months [11]. On the contrary, formula feeding has been associated with a higher risk of obesity.
An analysis of 70,000 infants enrolled in the WIC Program found that obesity at age 4 was higher in
infants fed only formula (25.9%) compared to those exclusively breastfed (19.8%) [12]. Additionally,
very recent longitudinal studies have shown that infants fed formula during the first 3 months of life
gain significantly more weight compared to breastfed infants at six or nine months of age [13-15].
Formula overfeeding (feeding above recommended guidelines by age) appears to also influence weight,
since bottle-fed infants have less control over feeding volumes [16].

Breastfeeding is the feeding method recommended by the World Health Organization [17].
However, breastfeeding rates are low in the US. Data from the WIC program, a nutrition
supplementation program in the US with more than 1.93 million infants participating nationally
in 2016, showed that only 30.9% were breastfed (12.9% exclusively breastfed and 18.0% partially
breastfed) while 69.1% were formula fed [18]. The most common type of formula used in the US as
recently reported from infant formula sales are regular casein or whey based (not hydrolysate) (63%),
followed by hydrolysate formula (partially or extensively hydrolysate) [19].

However, very little is known about the association between use of different types of formula,
amounts or preparation methods and weight gain early in life. Hydrolyzed formulas appeared to be
more easily absorbed, may exert different satiety responses and may also affect weight differently
compared to regular formulas [20]. Additionally, consumption of formula above recommended
guidelines may also lead to rapid weight gain [21]. Furthermore, reconstitution errors when preparing
powder formulas could lead to overfeeding and thus rapid weight gain [22].

The present study evaluated the association between the type of feeding, formula amount, formula
type, and formula preparation during the first two months of life with the risk of overweight and
rapid weight gain four months later among infants participating in the WIC program in Hawaii and
Puerto Rico. Results from this study could contribute to the new Dietary Guidelines for Americans
being developed for children from birth to two years of age in the US [23]. Although breastfeeding is
the recommended method, this is not the main feeding method used in the US and studies are needed
to understand the contribution of formula feeding to obesity.

2. Methods

2.1. Study Population

This is a secondary analysis of data collected in participants recruited for a multi-site trial using
short mobile messages (SMS) to improve infant weight in low-income minorities conducted in WIC
clinics in PR and HI [24,25]. A total of 202 parents/caregivers of healthy term infants aged 0-2 months
old participating in the WIC program were recruited from two WIC clinics in PR (100 participants)
and four WIC clinics in HI (102 participants). Participants were recruited from the waiting areas of the
WIC clinics by the research team. Those interested in the study were screened for eligibility criteria
which included: caregiver age 18 years and older, owner of a mobile phone, responsible for infant care,
infants without special diets or limited mobility, healthy term birth (>37 weeks), adequate birthweight
(>10th or <90th percentile), and being able to read. A convenience sample was recruited from January
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to May of 2016, which was based on availability of resources. All study visits were conducted at the
WIC clinics. Details of the main study are published elsewhere [24,25].

For the present analysis, data from the infant food frequency questionnaire (FFQ) collected at the
initial visit (when infants were 0-2 months) and anthropometric measures collected at the initial visit
and at the follow-up visit (four months later) were analyzed to quantify the amount and type of formula
consumed in infants 0—2 months and examine its association with weight status and weight gain in
the next four months. A total of 40 participants were excluded due to incomplete anthropometric
measurements and/or feeding practices information. Consequently, a total of 162 participants were
included in the analysis.

The main study was approved by the Institutional Review Board of the University of Puerto
Rico, Medical Sciences Campus and the University of Hawaii at Manoa, in collaboration with the WIC
Program at both sites. Participants provided written informed consent before the study began.

2.1.1. Socio-Demographic Characteristics

Participants completed a short socio-demographic questionnaire at the initial visit. It included
questions about caregivers’ age, race/ethnicity, level of education, number of children, infants” age,
sex, weight and length at birth. It also included a question about weight gain during pregnancy;
this was classified as low, adequate, or high based on the recommended weight gain by the Institute of
Medicine [26].

2.1.2. Infant Food Frequency Questionnaire (FFQ)

We used a FFQ to collect information on type, amount and preparation methods of infant formulas.
For this, participants completed a validated infant FFQ [27]. Briefly, this semi-quantitative FFQ includes
a total of 52 foods commonly consumed by toddlers with a short description of its source and/or
preparation. The frequency of consumption of each food was assessed as feedings per day for foods
consumed daily or per week for foods consumed less often; for the latter, the frequency was divided
by 7 in order to obtain the total amount of each food item per day. The frequency was then multiplied
by the serving size. The FFQ was administered through a face-to-face interview with trained research
personnel. Photographs from a booklet with baby food items were shown to aid participants in
providing precise estimates of portion sizes. From this FFQ, we focused on type of milk consumed (i.e.,
exclusive breastfeeding, both breastmilk and formula feeding, and exclusive formula feeding), type of
formula consumed (i.e., not hydrolysate, partially /extensively hydrolysate, and other), and preparation
of formula (i.e., powdered, concentrated, or ready-to-use). The amount of formula was calculated
taking into account the amount of formula consumed at each feeding (in ounces) and the frequency
reported per day. It was then classified as: (1) low, if consumption was less than 16 ounces/day,
(2) adequate, if consumption was between 16-24 ounces/day, or (3) rapid, if consumption was more
than 24 ounces/day, based on the WIC and the Food and Nutrition Services guidelines for infants this
age [28,29]. To evaluate formula feeding as a risk factor for rapid weight gain, infants were re-classified
as: (1) any breastfeeding or (2) only formula feeding.

2.1.3. Infant’s Weight and Length

The main outcome variables in these analyses were weight status at the follow-up visit and weight
change between the initial (when infants were 0-2 months old) and follow-up (four months later)
visits. Infants were weighed and measured by trained research personnel at each time point at the WIC
clinics. Length was assessed in duplicates using the infant WIC stadiometer. Weight was also obtained
in duplicates using the infant WIC scale with light clothes, no shoes, and clean diaper. The average of
the two measurements was used in the analysis. Weight-for-length (WHL) z-scores were calculated
at each time point using the WHO AnthroPlus macro [30] and compared using the World Health
Organization Growth Charts [31,32]. A z-score < —2 was considered underweight, a z-score > —2 to
< 2 was considered adequate weight, while a z-score > 2 was considered obese [31]. Rapid weight
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gain was defined as a change greater than 0.67 standard deviations (SD) in weight-for-length z-score
between the first and second assessment [4]. Adequate weight gain was considered as a change
in weight-for-length z-score between —0.67 to +0.67 SD, while a slow weight gain was that below
—0.67 SD.

2.1.4. Statistical Analyses

Measures of frequency distributions were performed to describe categorical variables and
summary measures to describe continuous variables. We did not conduct a power analysis; therefore,
we are reporting only effect sizes. A multivariable logistic regression model was used to evaluate
the different feeding variables potentially associated with rapid weight gain and weight status at
the follow-up period, such as feeding method, formula overfeeding, type of formula consumed, and
preparation of formula. Bivariate analyses were conducted between the main outcome variables and
socio-demographic variables to identify confounders for which to adjust in the regression model.
We also included other confounders based on the literature. Results were expressed as the odds ratio
(95% confidence interval) and adjusted odds ratio (95% confidence interval) of weight status at the
follow-up period and weight change from the initial to the follow-up period for each feeding variable
in relation to the reference category. We also planned to stratified results by initial weight status
category. Data were analyzed using SPSS (version 17.0, SPSS, Inc., Chicago, IL, USA).

3. Results

Socio-demographic characteristics of caregivers and infants are shown in Table 1. The median age
of caregivers was 27.0 years and the median number of children was two. Most caregivers had a level
of education of no more than a high school diploma (67.9%), 45.1% had an adequate pre-pregnancy
BMI, and 43.2% had an adequate pregnancy weight gain. The median age of infants at baseline was
1.00 month, with equal sex distribution, and adequate birth weight (median 3.30 kg).

Table 2 shows infant feeding practices at the initial visit. A total of 37.7% of infants were exclusively
breastfed, 35.2% were both breast and formula fed, and 27.2% were exclusively formula fed. Among
those consuming formula, regular formula (not hydroxylate) was more common (63.6%). Most caregivers
used powdered formula (87.0%) and 43.2% consumed formula above current recommendations.

Table 3 shows that most infants had adequate weight status at the initial visit (86.6%) and at
the follow-up visit (70.5%). However, most had rapid weight gain during this period (61.1%). When
stratified by weight status at the initial visit, we found that most underweight infants had rapid weight
change during this period, while most of those categorized as overweight in the initial visit had slow
weight change during this period.

Table 4 shows the associations between the feeding practices and weight status at the follow-up
period. We found that infants fed regular formula (not hydrolysate) had 8.77 higher odds of being
overweight at the follow-up visit compared to those fed hydrolysate formula, even after adjusting
for important confounders (adjusted OR = 8.77, 95% CI: 1.81-42.6). Type of feeding (breastfeeding vs.
formula feeding), formula type preparation (liquid vs. powder) and amount of formula (below or
above recommendations) were not associated with weight status at the follow-up visit.

Table 5 shows the associations between the feeding practices and weight gain between the initial
and final visit. We found a 4.07 higher odds of slow weight gain in infants exclusively formula fed
compared to those breastfed (adjusted OR = 4.07, 95% CI: 1.17-14.2) but no significant association
between type of feeding and rapid weight gain. Compared to hydrolysate formula use (partially or
extensive), using regular formula (not hydrolysate) was associated with a three-fold increase of rapid
weight gain in both the un-adjusted model (OR = 3.39, 95% CI: 1.25, 9.16) and in the adjusted model
(OR =3.10, 95% CI: 1.12, 8.61). Formula type preparation (liquid vs. powder) and amount of formula
(below or above recommendations) were not associated with slow or rapid weight gain. We could
not run the logistic regressions stratified by weight status at the initial visit due to low number of
underweight and overweight infants per feeding categories.
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Table 1. General characteristics of caregivers and their infants at baseline (N = 162).

Variables % (n) or Median (25th, 75th percentiles)
Caregivers
Mother’s Age (years) 27.0(23.0, 31.0)
Ethnicity
Hispanics 63.0 (102)
Non-Hispanics 37.0 (60)
Race
White 45.1 (73)
Black 15.4 (25)
Asian, Native Hawaiian, Pacific 39.5 (64)
Education
<High school 67.9 (110)
>College degree 32.1(52)
Number of children 2.00 (1.00, 2.00)
Pre-pregnancy BMI 24.8 (21.6, 30.7)
Underweight 6.00 (10)
Normal 45.1 (73)
Overweight 23.5 (38)
Obese 25.3 (41)
Pregnancy weight gain (Ibs) 26.0 (20.0, 35.0)
Low 21.6 (35)
Adequate 43.2 (70)
Excessive 35.2 (57)
Infants/toddlers
Age (months) 1.00 (0.68, 1.35)
Sex
Male 50.0 (81)
Female 50.0 (81)
Birth weight (kg) 3.30(2.95, 3.57)
Table 2. Feeding patterns at baseline (N = 162).
Variables % (n) or Median (25th, 75th percentiles)
. Type of feeding
Exclusive breastfeeding 37.7 (61)
Partial breastfeeding 35.2 (57)
Exclusive formula feeding 27.2 (44)
. Type of formula !
Not hydrolysate 63.6 (63.6)
Partially /extensively hydrolysate 35.4 (35.4)
Soy-based 1(1.0)
. Formula preparation !
Liquid-ready to use 11.0 (11)
Liquid-concentrated 2.0(2)
Powder 87.0 (87)
. Amount of formula (oz) 2 24 (18.5, 32.0)
Below recommendations 9.1 (4)
Adequate 47.7 (21)
Above recommendations 43.2 (19)

! Among those that consumed any amount of formula; missing one participant that did not report type, preparation,
or amount of formula. 2 Among those that consumed only formula.
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Table 3. Weight status in infants during the study (N = 162).

Initial Visit Follow-Up Visit
Weight Status (0-2 months) (4-6 months)
% (1) % (1)

Weight-for-length z score

Underweight (<—2 z score) 7.4 (12) 1.2 (2)

Adequate (—2 to 2 z score) 86.4 (140) 72.8 (118)

Overweight/obese (>2 z score) 6.2 (10) 25.9 (42)
Change in weight-for-length z score! Overall By weight status at initial visit

Underweight Adequate Overweight

Slow weight change (<—0.67 SD) 13.0 (21) 0 10.7 (15) 60.0 (6)

Adequate weight gain (—0.67 to 0.67 SD) 27.8 (45) 0 30.7 (43) 20.0 (2)

Rapid weight change (>0.67 SD) 59.3 (96) 100 (12) 58.6 (82) 20.0 (2)

1 Only two infants were categorized as underweight at the follow-up visit, therefore, they were excluded from

the analysis.

Table 4. Factors associated with overweight/obesity at the follow-up visit (N = 162) 1.

Overweight/Obesity at the Follow-Up Visit

Feeding Variables

OR (95% CI) p Value Adjusted OR (95% CI) * p Value

1. Type of feeding

Any breastfeeding 1 1

Only formula 0.98 (0.44,2.19) 0.969 0.74 (0.31, 1.80) 0.510
2. Type of formula !

Hydrolysate (partially or extensive) 1 1

Not hydrolysate 10.86 (2.39-49.3) 0.002 8.77 (1.81-42.6) 0.007
3. Formula preparation

Liquid 1 1

Powder 1.88 (0.38, 9.30) 0.442 1.50 (0.28, 10.5) 0.680
4. Amount of formula

Adequate 1 1

Below recommendations 0.67 (0.32,1.43) 0.307 0.75(0.33,1.71) 0.494

Above recommendations 0.68 (0.20, 2.36) 0.544 0.72(0.18, 2.87) 0.637

! Data from one infant consuming soy formula and two underweight infants at the follow-up visit were not included
in the analysis. *Adjusted for age of the mother and infant, sex of the infant, mother’s level of education, and

pregnancy weight gain status.

Table 5. Factors associated with weight gain during the follow-up period (N = 162).

Slow Weight Gain during the Follow-Up Period

Rapid Weight Gain during the Follow-Up Period

Feeding Variables OR Adjusted OR 4 OR Adjusted OR P
(95% CI) Value (95% CI) * Value (95% CI) Value (95% CI) * Value

1. Type of feeding

Any breastfeeding 1 1 1 1

Only formula 3.62(1.09,12.07) 0.036 4.07(1.17,14.2) 0.028 2.19(0.87,5.50) 0.096 2.04 (0.80, 5.22) 0.137
2. Type of formula !

Hy.drolysate . 1 1 1 1
(partially or extensive)

Not hydrolysate 1.52(0.43,543) 0519 1.64(044,6.17) 0512 3.39(1.259.16) 0.016  3.10(1.12,8.61)  0.030
3. Formula preparation

Liquid 1 1 1 1

Powder 0.33(0.05,2.30)  0.265 0.15(0.02,1.52) 0.108 0.79(0.15,4.21) 0.780  0.54(0.09,3.40)  0.509
4. Amount of formula

Adequate 1 1 1 1

Below recommendations ~ 0.58 (0.19,1.84)  0.583  0.61(0.19,2.06) 0.446  0.60(2.8,1.30) 0.598  0.58 (0.26,1.29)  0.182

Above recommendations 1.31(0.23,7.41) 0.758 1.08(0.18,6.,57) 0.936  0.90(0.24,3.33)  0.805 0.84 (0.22. 3.27) 0.799

! Data from one infant consuming soy formula and two underweight infants at the follow-up visit were not included
in the analysis. *Adjusted for age of the mother and infant, sex of the infant, mother’s level of education, and

pregnancy weight gain status.
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4. Discussion

The present study among healthy term infants participating in the WIC program in Hawaii
and Puerto Rico found that infants fed regular formulas (not hydrolysate) had higher odds of being
overweight at the follow-up visit and of having rapid weight gain during the four months of follow-up
compared to those fed hydrolysate formula. We also found higher odds of slow weight gain in infants
exclusively formula fed compared to those breastfed. Formula preparation (liquid vs. powder) and
amount of formula (below or above recommendations) were not associated with weight status at the
follow-up visit or with slow or rapid weight gain.

This is the first study to show that formula intake increases the odds of slow weight gain compared
to breastfeeding, although it was not associated with weight status at four months. Most prospective
studies have found a positive association between formula feeding and rapid weight gain [13-15,33-37],
showing a different pattern of weight gain by type of feeding. For example, the Darling study following
87 infants (46 breastfed and 41 formula fed) for 12 months showed similar WHL z-scores between
breastfed and formula fed infants during the first four months, but then from the 5th to 18th month,
WHL z-score was consistently higher among formula fed infants [35]. The Canadian Healthy Infant
Longitudinal Development (CHILD) birth cohort, which followed 2553 infants from birth up to
12 months of age, also found that non-exclusive or partial breastfeeding for 3 or 6 months was
associated with rapid weight gain [37]. The potential protective effects of exclusive breastfeeding
on weight gain may be through a modulation of growth rate during the first year. This may explain
why in our study we did not see this potential protective effect of breastfeeding, as we only followed
infants for four months. Additionally, it is important to note that most studies focus on rapid weight
gain and not slow weight gain. One of the few studies to evaluate this was an analysis from the Avon
longitudinal study in the UK; this analysis found that mothers with infants with slow weight gain were
more likely to stop breastfeeding by week 4 after birth [38]. In the present analysis, the proportion of
infants that had stopped breastfeeding by four weeks was similar among those with adequate, rapid
or slow weight gain. We did see, however, that most infants with slow weight gain were overweight at
baseline, and caregivers may have been responding to their perception of their infants” weight. This
has to be evaluated further.

Furthermore, breastfeeding may help in the self-regulation of the amount of milk consumed [39].
It is still not exactly clear the exact mechanism, but several proteins present in milk have been proposed
as possible modulators, such as leptin [40], adiponectin [41], and IGF-1 [42]. Additionally, the protein
content in breastmilk may also be involved [43]. Although formula has somewhat different proteins
than breastfeeding, the type of protein may explain the results found by type of formula in the present
study. Specifically, we found that infants fed regular formulas (not hydrolysate) had higher odds
of overweight at the follow up visit and of rapid weight gain during the study compared to infants
fed hydrolysate formulas. There are very limited studies evaluating the relationship between type
of formula and weight gain. A randomized, double-blind study among 205 infants testing regular
formula, partially hydrolyzed formula, and human milk for four months starting at birth found similar
weight gain among all groups [44]. A more recent study evaluating the long-term effects (three and
five years of age) of consuming regular versus extensively or partially hydrolyzed formulas during the
first year of life showed no differences in growth outcomes [45]. However, two clinical trials conducted
by Mennella’s group among infants comparing regular versus hydrolyzed formulas for several months
found that those consuming the hydrolyzed formula had a significantly lower weight gain velocity
and consumed less to reach satiation than those on the regular formula [46—48]. As mentioned earlier,
protein in hydrolysate formulas is hydrolyzed and appears to be more easily absorbed; as shown in the
aforementioned study, it may exert different satiety responses and, therefore, affect weight gain [20].
More studies are needed to understand the long-term effects of consuming each type of formula on
rapid weight gain in young children.

Formula preparation (liquid vs. powder) was not associated with weight. There are very few
studies evaluating this. A study involving 43 newborns found that infants fed powder formula had
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significantly greater weight gain than those using ready-to-feed (liquid) formula when they were
three- and six-months old [22]. The potential association of powdered formula with weight gain
could be explained by errors in reconstituting milk, as parents could be preparing more concentrated
formulas so that infants sleep longer or for other reasons, but this has to be evaluated in more detail.
In the present study, we did not observe errors in the reconstitution of formula (results not shown).
Similar, amount of formula (below or above recommendations) was also not associated with weight
in the present study, contrary to a few other reports. For example, in another cross-sectional study
conducted by our group among 296 infants and toddlers aged 0-24 months of age participants of the
WIC Program in Puerto Rico, we found that formula overfeeding was associated with greater odds
of obesity, even after adjusting for sex and age of the baby and education of the parents (OR = 2.52;
95% CI: 1.03, 6.15) [21]. Another study that assessed the size of the bottle used for feeding found that
caregivers who used larger feeding bottles (>6 0z) gave four more ounces of formula per day, and
this was significantly associated with rapid weight gain [9,49]. In addition, results from the Avon
Longitudinal Study of Parents and Children in UK, which followed 1112 infants from birth until
10 years of age, found that children who were fed >600 mL (>21 oz) per day had greater weight gain
and also higher BMI, which persisted until later in childhood [50].

It is interesting to note that infants who were categorized as underweight in the initial visit all
had rapid weight gain during the study period. On the contrary, most of the infants categorized as
overweight initially had slow weight gain. The concept of catch-up is usually related to height velocity
for infants with periods of growth inhibition [51] or with catch-up fat or weight among infants born
small for gestational age [52]. However, in the present study among a sample of healthy term infants
with adequate birthweight, we did see a catch-up in weight gain in only four months of follow-up.
A longer follow-up is needed to understand how weight gain is modified beyond this period.

There are some limitations of the present study. This was a secondary analysis and as such, it was
not designed to answer this question directly. The alternative type of formula to cow’s milk formula
that was evaluated in the study can be partially or extensively hydrolyzed, and this was not taken
into account because participants did not specify. However, the WIC program does not include in
their regular food package extensively hydrolyzed formulas; therefore, most formulas used were
probably partially hydrolyzed. The final sample size was small and infants were only followed for four
months; larger sample size with longer follow-up may be needed. Furthermore, all feeding practices
were self-reported at baseline. However, all anthropometric measurements were performed using
standardized methods in both sites. In addition, there are very limited longitudinal data relating
infant feeding practices with weight gain, particularly among high-risk minority groups. Therefore,
a longitudinal study following infants from birth until later in childhood taking into account different
feeding practices and other practices such as sleep and sedentary behaviors is needed.

5. Conclusions

In conclusion, type of feeding (formula vs. breastfeeding) and type of formula (regular vs.
hydrolysate) were associated with weight gain. However, consumption of formula below or above
recommendations and preparation type (powdered vs. liquid formulas) were not. These results could
inform the WIC program’s nutrition education messages on type of feeding and type of formulas
for promoting adequate weight gain. However, studies with longer follow-up are needed to confirm
these results.

Author Contributions: Conceptualization: C.P. and J.B.; methodology: C.P,, J.B., and M.C,; software: C.P. and
R.E.G,; validation: C.P; formal analysis: R.E.G. and C.P,; investigation: R.E.G., C.L.K.G., and M.C.; resources:
C.P. and ].B.; data curation: C.P. and ].B.; writing—original draft preparation: R.E.G. and C.P.; writing—review
and editing: C.P, J.B.,, M.C., C.LK.G,, and R.E.G,; supervision: C.P. and J.B.; project administration: C.P. and ].B.;
funding acquisition: C.P. and J.B.

Funding: This study was supported by the National Institute of Minority Health and Health Disparities (NIMHD),
of the National Institutes of Health under award number U54MD008149. Infrastructure support was also provided
in part by the National Institute on Minority Health and Health Disparities RCMI Grant: 8G12MD007600. This



Nutrients 2019, 11, 695 9of 11

research was also supported in part by grant U54MD007584 (RMATRIX) from the National Institute on Minority
Health and Health Disparities (NIMHD) of the National Institutes of Health (NIH).

Acknowledgments: The authors acknowledge Linda Chock (Branch Chief), Iris Takahashi (Clinic Operations
Section Chief), Laura Morihara (Wahiawa WIC Coordinator), Wendy Baker (Wahiawa WIC Office Assistant),
Jean Kanda (Leeward WIC Coordinator), Dawn Fujimoto-Redoble (Leeward WIC Nutritionist), and Christina
Mariano (Pearl City WIC Coordinator) from the Hawai’i Department of Health WIC Services Branch. They
also acknowledge the Puerto Rico WIC Program, including Dana Miré (Executive Director), Blanca Sastre
(Interim supervisor of Nutrition and Lactation Division), Alexandra Reyes (Nutrition Education Coordinator),
Iris Roldan (Breastfeeding Coordinator), Ivelisse Bruno (Breastfeeding Peer Support Coordinator), Sherley M.
Panell (Nutrition Supervisor in Plaza las Americas WIC Clinic) and her team, and Marta Meaux (Nutrition
Supervisor in Trujillo Alto WIC Clinic) and her team. They also thank the WIC participants and undergraduate
and graduate research assistants.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Ogden, C.L.; Carroll, M.D; Kit, B.K.; Flegal, K.M. Prevalence of childhood and adult obesity in the United
States, 2011-2012. J. Am. Med. Assoc. 2014, 311, 806-814. [CrossRef]

2. Freedman, D.S.; Sharma, A.J.; Hamner, H.C.; Pan, L.; Panzera, A.; Smith, R.B.; Blanck, H.M. Trends in
Weight-for-Length Among Infants in WIC From 2000 to 2014. Pediatrics 2017, 139, €20162034. [CrossRef]

3. Paul, LM.; Bartok, C.J.; Downs, D.S.; Stifter, C.A.; Ventura, A.K,; Birch, L.L. Opportunities for the primary
prevention of obesity during infancy. Adv. Pediatr. 2009, 56, 107-133. [CrossRef]

4. Wang, G.; Johnson, S.; Gong, Y.; Polk, S.; Divall, S.; Radovick, S.; Moon, M.; Paige, D.; Hong, X,;
Caruso, D.; et al. Weight Gain in Infancy and Overweight or Obesity in Childhood across the Gestational
Spectrum: A Prospective Birth Cohort Study. Sci. Rep. 2016, 6, 29867. [CrossRef]

5. Monteiro, PO.A; Victora, C.G. Rapid growth in infancy and childhood and obesity in later life—A systematic
review. Obes. Rev. 2005, 6, 143-154. [CrossRef] [PubMed]

6.  Rolland-Cachera, M.F. Rate of Growth in Early Life: A Predictor of Later Health? In Early Nutrition and Its
Later Consequences: New Opportunities; Springer: Berlin/Heidelberg, Germany, 2005; Volume 569, pp. 35-39.

7. Zheng, M.; Lamb, K.E.; Grimes, C.; Laws, R.; Bolton, K.; Ong, K K.; Campbell, K. Rapid weight gain during
infancy and subsequent adiposity: A systematic review and meta-analysis of evidence. Obes. Rev. 2018, 19,
321-332. [CrossRef] [PubMed]

8. Young, B.E.; Johnson, S.L.; Krebs, N.F. Biological determinants linking infant weight gain and child obesity:
Current knowledge and future directions. Adv. Nutr. 2012, 3, 675-686. [CrossRef]

9. Wood, C.T.; Skinner, A.C.; Yin, H.S.; Rothman, R.L.; Sanders, L.M.; Delamater, A.M.; Perrin, E.M. Bottle Size
and Weight Gain in Formula-Fed Infants. Pediatrics 2016, 138. [CrossRef] [PubMed]

10. Singhal, A.; Lanigan, J. Breastfeeding, early growth and later obesity. Obes. Rev. 2007, 8, 51-54. [CrossRef]

11.  Ziegler, E.E. Growth of Breast-Fed and Formula-Fed Infants. In Protein and Energy Requirements in Infancy and
Childhood; KARGER: Basel, Switzerland, 2006; Volume 58, pp. 51-64.

12. California WIC Association. Higher Breastfeeding Rates Can Reduce Obesity. 2011. Available online:
http:/ /www.calwic.org/storage/ WIC_WORKS_Breastfeeding_Can_Reduce_Obesity.pdf (accessed on
10 January 2019).

13. Huang, J.; Zhang, Z.; Wu, Y,; Wang, Y.; Wang, J.; Zhou, L.; Ni, Z.; Hao, L.; Yang, N.; Yang, X. Early feeding of
larger volumes of formula milk is associated with greater body weight or overweight in later infancy. Nutr. J.
2018, 17, 12. [CrossRef]

14. Cheng, T.S.; Kwok, M.K,; Leung, G.M.; Schooling, C.M. The Associations of Breast Feeding with Infant
Growth and Body Mass Index to 16 years: ‘Children of 1997’. Paediatr. Perinat. Epidemiol. 2017. [CrossRef]
[PubMed]

15. Bell, K.A.; Wagner, C.L.; Feldman, H.A.; Shypailo, R.J.; Belfort, M.B. Associations of infant feeding with
trajectories of body composition and growth. Am. J. Clin. Nutr. 2017, 106, 491-498. [CrossRef] [PubMed]

16. Wright, P.; Fawcett, J.; Crow, R. The development of differences in the feeding behaviour of bottle and breast
fed human infants from birth to two months. Behav. Process. 1980, 5, 1-20. [CrossRef]

17. World Health Organization (WHO). WHO | Breastfeeding; WHO: Geneva, Switzerland, 2018.

18.  WIC Program. FY 2015 WIC Breastfeeding Data Local Agency Report. 2016. Available online: https:
/ /www.fns.usda.gov/wic/wic-breastfeeding-data-local-agency-report (accessed on 12 January 2019).


http://dx.doi.org/10.1001/jama.2014.732
http://dx.doi.org/10.1542/peds.2016-2034
http://dx.doi.org/10.1016/j.yapd.2009.08.012
http://dx.doi.org/10.1038/srep29867
http://dx.doi.org/10.1111/j.1467-789X.2005.00183.x
http://www.ncbi.nlm.nih.gov/pubmed/15836465
http://dx.doi.org/10.1111/obr.12632
http://www.ncbi.nlm.nih.gov/pubmed/29052309
http://dx.doi.org/10.3945/an.112.002238
http://dx.doi.org/10.1542/peds.2015-4538
http://www.ncbi.nlm.nih.gov/pubmed/27273748
http://dx.doi.org/10.1111/j.1467-789X.2007.00318.x
http://www.calwic.org/storage/WIC_WORKS_Breastfeeding_Can_Reduce_Obesity.pdf
http://dx.doi.org/10.1186/s12937-018-0322-5
http://dx.doi.org/10.1111/ppe.12434
http://www.ncbi.nlm.nih.gov/pubmed/29281121
http://dx.doi.org/10.3945/ajcn.116.151126
http://www.ncbi.nlm.nih.gov/pubmed/28659299
http://dx.doi.org/10.1016/0376-6357(80)90045-5
https://www.fns.usda.gov/wic/wic-breastfeeding-data-local-agency-report
https://www.fns.usda.gov/wic/wic-breastfeeding-data-local-agency-report

Nutrients 2019, 11, 695 10 of 11

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Statista Leading Baby Formula (powder) Brands U.S. Dollar Sales, 2016 | Statistic. Available online:
https:/ /www.statista.com/statistics /186157 / top-powdered-baby-formula-brands-in-the-us/ (accessed
on 7 February 2018).

Fleischer, D.M.; Venter, C.; Vandenplas, Y. Hydrolyzed Formula for Every Infant? In Nestle Nutrition Institute
Workshop Series; Karger Publishers: Basel, Switzerland, 2016; pp. 51-65.

Amaro, K; Palacios, C. Formula overfeeding and weight status among Hispanic infants and toddlers from a
WIC clinic in Puerto Rico. FASEB |. 2017, 31, 958.3.

Lucas, A.; Lockton, S.; Davies, P.S. Randomised trial of a ready-to-feed compared with powdered formula.
Arch. Dis. Child. 1992, 67, 935-939. [CrossRef] [PubMed]

United States Department of Agriculture (USDA). Pregnancy and Birth to 24 Months Project | Center for
Nutrition Policy and Promotion. Available online: https:/ /www.cnpp.usda.gov/birthto24months (accessed
on 15 February 2019).

Banna, J.; Campos, M.; Gibby, C.; Graulau, R.E.; Meléndez, M.; Reyes, A.; Lee, ].E.; Palacios, C. Multi-site
trial using short mobile messages (SMS) to improve infant weight in low-income minorities: Development,
implementation, lessons learned and future applications. Contemp. Clin. Trials 2017, 62, 56—60. [CrossRef]
Palacios, C.; Campos, M.; Gibby, C.; Meléndez, M.; Lee, ].E.; Banna, J. Effect of a Multi-Site Trial using Short
Message Service (SMS) on Infant Feeding Practices and Weight Gain in Low-Income Minorities. ]. Am.
Coll. Nutr. 2018, 30, 605-613. [CrossRef] [PubMed]

Institute of Medicine (IOM). Weight Gain During Pregnancy; Rasmussen, K.M., Yaktine, A.L., Eds.; National
Academies Press: Washington, DC, USA, 2009; ISBN 978-0-309-13113-1.

Palacios, C.; Rivas-Tumanyan, S.; Santiago-Rodriguez, E.J.; Sinigaglia, O.; Rios, E.M.; Campos, M.; Diaz, B.;
Willett, W. A Semi-Quantitative Food Frequency Questionnaire Validated in Hispanic Infants and Toddlers
Aged 0 to 24 Months. J. Acad. Nutr. Diet. 2017, 117. [CrossRef] [PubMed]

Infant Nutrition and Feeding. Available online: https://wicworks.fns.usda.gov/wicworks/Topics/FG/
CompletelFG.pdf (accessed on 10 January 2019).

Updated Child and Adult Care Food Program Meal Patterns: Infant Meals. Available online: https:/ /fns-
prod.azureedge.net/sites/default/files/cacfp /CACFP_InfantMealPattern_FactSheet_V2.pdf (accessed on
12 January 2019).

World Health Organization (WHO). WHO AnthroPlus Software. Available online: http:/ /www.who.int/
growthref/tools/en/ (accessed on 18 February 2017).

da Silva Vieira, R.D.F; Taddei, ].A.D.A.C.; Konstantyner, T.; Lopez, F.A.; Marques, A.C.V,; de Oliveira, C.S.;
Braga, ].A.P. Anthropometric indices and exclusive breastfeeding in the first six months of life: A comparison
with reference standards NCHS, 1977 and WHO, 2006. Int. Breastfeed. ]. 2015, 10, 20. [CrossRef]

World Health Organization (WHO). The WHO Child Growth Standards; World Health Organization: Geneva,
Switzerland, 2016.

Patel, N.; Dalrymple, K.V; Briley, A.L.; Pasupathy, D.; Seed, P.T.; Flynn, A.C.; Poston, L.; UPBEAT Consortium.
Mode of infant feeding, eating behaviour and anthropometry in infants at 6-months of age born to obese
women—A secondary analysis of the UPBEAT trial. BMC Pregnancy Childbirth 2018, 18, 355. [CrossRef]
Goetz, A.R.; Mara, C.A; Stark, L.J. Greater Breastfeeding in Early Infancy Is Associated with Slower Weight
Gain among High Birth Weight Infants. J. Pediatr. 2018, 201, 27-33. [CrossRef] [PubMed]

Dewey, K.G.; Heinig, M.].; Nommsen, L.A.; Peerson, ].M.; Lonnerdal, B. Growth of breast-fed and formula-fed
infants from 0 to 18 months: The DARLING Study. Pediatrics 1992, 89, 1035-1041.

Koletzko, B.; von Kries, R.; Monasterolo, R.C.; Subias, J.E.; Scaglioni, S.; Giovannini, M.; Beyer, J.;
Demmelmair, H.; Anton, B.; Gruszfeld, D.; et al. Infant Feeding and Later Obesity Risk. Adv. Exp. Med. Biol.
2009, 646, 15-29.

Azad, M.B.; Vehling, L.; Chan, D.; Klopp, A.; Nickel, N.C.; McGavock, ].M.; Becker, A.B.; Mandhane, PJ.;
Turvey, S.E.; Moraes, T.].; et al. Infant Feeding and Weight Gain: Separating Breast Milk From Breastfeeding
and Formula From Food. Pediatrics 2018, 142, €20181092. [CrossRef]

Hollén, L.I; ud Din, Z; Jones, L.R.; Emond, A.M.; Emmett, P. Are diet and feeding behaviours associated
with the onset of and recovery from slow weight gain in early infancy? Br. |. Nutr. 2014, 111, 1696-1704.
[CrossRef] [PubMed]

Savino, F,; Liguori, S.A.; Fissore, M.E,; Oggero, R. Breast Milk Hormones and Their Protective Effect on
Obesity. Int. ]. Pediatr. Endocrinol. 2009, 2009, 327505. [CrossRef] [PubMed]


https://www.statista.com/statistics/186157/top-powdered-baby-formula-brands-in-the-us/
http://dx.doi.org/10.1136/adc.67.7.935
http://www.ncbi.nlm.nih.gov/pubmed/1519960
https://www.cnpp.usda.gov/birthto24months
http://dx.doi.org/10.1016/j.cct.2017.08.011
http://dx.doi.org/10.1080/07315724.2018.1454353
http://www.ncbi.nlm.nih.gov/pubmed/29708471
http://dx.doi.org/10.1016/j.jand.2016.12.010
http://www.ncbi.nlm.nih.gov/pubmed/28188114
https://wicworks.fns.usda.gov/wicworks/Topics/FG/CompleteIFG.pdf
https://wicworks.fns.usda.gov/wicworks/Topics/FG/CompleteIFG.pdf
https://fns-prod.azureedge.net/sites/default/files/cacfp/CACFP_InfantMealPattern_FactSheet_V2.pdf
https://fns-prod.azureedge.net/sites/default/files/cacfp/CACFP_InfantMealPattern_FactSheet_V2.pdf
http://www.who.int/growthref/tools/en/
http://www.who.int/growthref/tools/en/
http://dx.doi.org/10.1186/s13006-015-0045-6
http://dx.doi.org/10.1186/s12884-018-1995-7
http://dx.doi.org/10.1016/j.jpeds.2018.06.004
http://www.ncbi.nlm.nih.gov/pubmed/30007772
http://dx.doi.org/10.1542/peds.2018-1092
http://dx.doi.org/10.1017/S0007114513004182
http://www.ncbi.nlm.nih.gov/pubmed/24502920
http://dx.doi.org/10.1186/1687-9856-2009-327505
http://www.ncbi.nlm.nih.gov/pubmed/20049153

Nutrients 2019, 11, 695 11 of 11

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Miralles, O.; Sanchez, J.; Palou, A.; Pic6, C. A physiological role of breast milk leptin in body weight control
in developing infants. Obesity (Silver Spring) 2006, 14, 1371-1377. [CrossRef] [PubMed]

Weyermann, M.; Brenner, H.; Rothenbacher, D. Adipokines in human milk and risk of overweight in early
childhood: A prospective cohort study. Epidemiology 2007, 18, 722-729. [CrossRef]

Savino, E; Fissore, M.E,; Grassino, E.C.; Nanni, G.E.; Oggero, R.; Silvestro, L. Ghrelin, leptin and IGF-I levels
in breast-fed and formula-fed infants in the first years of life. Acta Paediatr. 2005, 94, 531-537. [CrossRef]
Michaelsen, K.F; Larnkjeer, A.; Molgaard, C. Amount and quality of dietary proteins during the first two
years of life in relation to NCD risk in adulthood. Nutr. Metab. Cardiovasc. Dis. 2012, 22, 781-786. [CrossRef]
Moran, J.R. Effects of prolonged exposure to partially hydrolyzed milk protein. J. Pediatr. 1992, 121, S90-594.
[CrossRef]

Scalabrin, D.; Harris, C.; Johnston, W.; Berseth, C. Long-term safety assessment in children who received
hydrolyzed protein formulas with Lactobacillus rhamnosus GG: A 5-year follow-up. Eur. J. Pediatr. 2017,
176, 217-224. [CrossRef]

Mennella, J.A.; Ventura, A K.; Beauchamp, G.K. Differential growth patterns among healthy infants fed
protein hydrolysate or cow-milk formulas. Pediatrics 2011, 127, 110-118. [CrossRef] [PubMed]

Mennella, J.A.; Papas, M.A.; Reiter, A.R.; Stallings, V.A.; Trabulsi, ].C. Early rapid weight gain among
formula-fed infants: Impact of formula type and maternal feeding styles. Pediatr. Obes. 2019, e12503.
[CrossRef]

Mennella, J.A.; Inamdar, L.; Pressman, N.; Schall, J.I; Papas, M.A.; Schoeller, D.; Stallings, V.A.; Trabulsi, J.C.
Type of infant formula increases early weight gain and impacts energy balance: A randomized controlled
trial. Am. J. Clin. Nutr. 2018, 108, 1015-1025. [CrossRef]

Wood, C.T.; Skinner, A.C.; Yin, H.S.; Rothman, R.L.; Sanders, L.M.; Delamater, A.; Ravanbakht, S.N.;
Perrin, E.M. Association Between Bottle Size and Formula Intake in 2-Month-Old Infants. Acad. Pediatr. 2016,
16, 254-259. [CrossRef] [PubMed]

Hopkins, D.; Steer, C.D.; Northstone, K.; Emmett, PM. Effects on childhood body habitus of feeding large
volumes of cow or formula milk compared with breastfeeding in the latter part of infancy. Am. J. Clin. Nutr.
2015, 102, 1096-1103. [CrossRef] [PubMed]

Wit, ].-M.; Boersma, B. Catch-up growth: Definition, mechanisms, and models. J. Pediatr. Endocrinol. Metab.
2002, 15 (Suppl. 5), 1229-1241.

Taine, M.; Charles, M.-A; Beltrand, J.; Rozé, ].C.; Léger, ].; Botton, J.; Heude, B. Early postnatal growth and
neurodevelopment in children born moderately preterm or small for gestational age at term: A systematic
review. Paediatr. Perinat. Epidemiol. 2018, 32, 268-280. [CrossRef]

@ © 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http:/ /creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1038/oby.2006.155
http://www.ncbi.nlm.nih.gov/pubmed/16988079
http://dx.doi.org/10.1097/EDE.0b013e3181567ed4
http://dx.doi.org/10.1080/08035250510027642
http://dx.doi.org/10.1016/j.numecd.2012.03.014
http://dx.doi.org/10.1016/S0022-3476(05)81414-3
http://dx.doi.org/10.1007/s00431-016-2825-4
http://dx.doi.org/10.1542/peds.2010-1675
http://www.ncbi.nlm.nih.gov/pubmed/21187303
http://dx.doi.org/10.1111/ijpo.12503
http://dx.doi.org/10.1093/ajcn/nqy188
http://dx.doi.org/10.1016/j.acap.2015.08.001
http://www.ncbi.nlm.nih.gov/pubmed/26525989
http://dx.doi.org/10.3945/ajcn.114.100529
http://www.ncbi.nlm.nih.gov/pubmed/26354544
http://dx.doi.org/10.1111/ppe.12468
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Methods 
	Study Population 
	Socio-Demographic Characteristics 
	Infant Food Frequency Questionnaire (FFQ) 
	Infant’s Weight and Length 
	Statistical Analyses 


	Results 
	Discussion 
	Conclusions 
	References

