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Summary

Background: Early rapid weight gain (RWG) increases, whereas longer durations of
breastfeeding decreases, odds for later obesity.

Objectives: To determine the independent and interactive effects of early weight gain and diet on
infant weight status trajectories and odds for overweight at 1 year.

Methods: We conducted secondary analysis on data from two longitudinal trials with repeated
anthropometric measures. One trial consisted of predominantly or exclusively breastfed (BF, n=
97) infants, whereas the other consisted of exclusively formula-fed (FF, 7= 113) infants. Weight-
for-length z-score (WLZ) change from 0.5 to 4.5 months was used to categorize early weight gain
as slow (<-0.67; SWG), normal (-0.67 to 0.67; NWG) or rapid (>0.67; RWG). Linear-mixed
effects models were fit to examine the independent effects and interaction of early diet (BF, FF)
and weight gain (SWG, NWG, RWG) groups on WLZ trajectories; logistic regression was used to
assess odds for overweight at 1 year.

Results: While similar percentages (41%) of BF and FF infants experienced RWG, we found a
significant diet x early weight gain group interaction (£ < .001) on weight status. At 1 year, the
WLZ of FF infants with RWG (1.57 £ 0.99) was twice that of BF infants with RWG (0.83 £ 0.92).
Using BF infants with NWG as the reference group, FF infants with RWG had increased odds
[OR: 25.3 (95% CI: 3.21, 199.7)] for overweight at 1 year, whereas BF infants with RWG did not.

Conclusions: Early diet interacts with early weight gain and influences weight status
trajectories and overweight risk at 1 year.
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11 INTRODUCTION

Infancy is regarded as a sensitive period when nutrition and accelerated weight gain program
risks for later diseases.! A convergence of evidence from an international body of
randomized control trials, prospective and retrospective studies, systematic reviews and
meta-analyses, indicates that the patterning of early weight gain affects later weight status.
More specifically, early rapid weight gain (RWG) associates with greater weight gain
trajectories (ie, weight for length Z-scores [WLZ] in infancy and childhood, and greater
odds for later overweight, obesity and adverse metabolic and cardiovascular profiles).2-10

Early RWG has been defined a variety of ways, including relatively higher gains in weight
during the first week, 2 months or 4 months; increases in weight-for-age (WAZ) or WLZ
scores from birth to 4 or 6 months; or increases in WAZ or WLZ greater than 0.67 standard
deviations (SD) from birth to varying ages during childhood.*:8:9 Driven in part by
overnutrition,1 RWG is influenced by both maternal (eg, pre-pregnancy body mass index
[BMI],12 incomel3) and infant (eg, birth weight,14 formula feeding on a schedule,®
postnatal diet!4-17) factors.

During early life, the postnatal diet is unique in that it is typically delivered as a liquid
consisting of breast milk, breast milk substitutes (ie, infant formula) or a combination of
both (mixed). In general, infant formula feeding is a risk factor for RWG in infancy.14-17
Longer duration of breastfeeding, which is a corollary to shorter durations of formula
feeding, has been associated with lower odds of early RWG.14:15 Particularly when exclusive
(ie, no other food or drink, not even water, except breast milk with vitamins, minerals and
medicines!®), or predominant (ie, breastmilk predominant with water, nutritive liquids,
vitamins, minerals and medicines!8), longer duration of breastfeeding is also associated with

lower weight status during childhood1419 and lower odds for obesity across the lifespan.
14,17,19-21

The present article focuses on the interaction between these two known risk factors: early
weight gain patterns and the postnatal diet. To this end, we analyzed a unique data set from
two longitudinal trials that lasted from 0.5 months to 1 year. One trial was comprised of
exclusively formula-fed infants (FF),22 whereas the other consisted of infants who were
either exclusively or predominantly breastfed (BF) for at least the first 4.5 months, with
breastfeeding lasting for more than 10.5 months with no formula supplementation for the
majority.23 We aimed to determine whether the weight status (WLZ) trajectories during the
first year and the risk for overweight at 1 year, differed based on the interaction between
early weight gain and the type of diet. Based on the evidence of protective effects of
breastfeeding,14:17.19-21 we hypothesized that increases in WLZ (0.5 months to 1 year)
would be lower in BF infants with early RWG, when compared to FF infants with RWG. We
also hypothesized that FF infants with RWG would have greater odds for overweight at 1
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year, whereas BF infants with RWG would not, when compared to the reference group that
consisted of BF infants with NWG.

21 METHODS

2.11 Participants and overview of trials

Data from two longitudinal trials were combined for secondary data analyses. While both
trials focused on the growth of healthy term infants living in the Philadelphia area, the type
of diet experienced differed substantially and resulted in two distinct groups.

One trial was designed to determine the effects of infant formula composition on energy
balance and growth among exclusively FF infants during the first year?2 (NCT01700205;
years of study: 2012-2015). Mothers were recruited after parturition and enrolled only if
their decision not to breastfeed was established at 2 weeks postpartum. In this trial, 113 FF
infants were randomized to be exclusively fed either cow milk formula (CMF; Enfamil,
Mead Johnson Nutrition; N = 59) or an isocaloric, extensive protein hydrolysate formula
(EHF; Nutramigen, Mead Johnson Nutrition; N = 54).

The other trial was designed to determine the effects of maternal diet on the BF infants' (N =
97) acceptance of vegetables at weaning?® (NCT01667549; years of study: 2012-2015;
Figure S1). Pregnant or recently parturient women who intended to breastfeed their infants
exclusively (with no formula supplementation) were recruited. This inclusion criteria
resulted in a group of infants for which breast milk was the exclusive or predominant source
of nourishment for the first 4.5 months. After 4.5 months, the majority of BF infants
continued to be breastfed such that 81% were still breastfeeding and 62% had never been fed
infant formula at 10.5 months. In sum, the grouping based on early diet was dichotomous:
the FF infants were never breastfed and BF infants never or rarely fed infant formula during
the time period in which they were classified into early weight gain groups (0.5-4.5 months)
or months thereafter.

Inclusion criteria for both trials included that infants were born healthy and at term (37-42
weeks), with body weights that were considered typical (2500-4500 g).24 Exclusion criteria
included maternal gestational diabetes or infant congenital malformations, systemic or
congenital infections, or family history of atopy. Anthropometric data were obtained from
FF infants on 13 separate occasions, at monthly intervals from 0.5 to 12.5 months and from
BF infants on eight occasions; monthly from 0.5 to 4.5 months, at the 3-days vegetable
acceptance test at ~7.5 months (6.5-9.5 months) and then again at two follow-up visits: 10.5
months and ~1 year (11.5-15.5 months; see Figure S1). There was variability in the timing
of the latter two visits. The evaluation of infants' acceptance of pureed vegetables (ie, ~7.5
months) and vegetable juices (~1 year) was dependent upon when the mothers decided to
complement breastfeeding with solid foods and when they gave their child a sippy cup,
respectively. Mothers were not instructed by study personnel on how or how much infant
formula to feed their infants (FF group), when or how long to breastfeed (BF group), or
when or how to complement their infants' diets with solid foods (FF and BF groups). Both
trials were reviewed and approved by the Institutional Review Board of the University of
Pennsylvania and were conducted in accordance with the ethical standards of the responsible
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committee on human experimentation and with the Helsinki Declaration. Written informed
consent was obtained from each mother prior to study entry.

2.21 Anthropometry, weight gain and overweight status

Infant birth weight was obtained by maternal report. Beginning when the infant was 0.5
month, weight was measured to the nearest 0.001 kg and length was measured to the nearest
0.1 cm in triplicate at each study visit, by research personnel trained and certified in standard
anthropometric techniques, using calibrated equipment. The digital pediatric scale (Scale-
Tronix, White Plains, NY) and infantometer (Harpenden 702; Crymych, Dyfed, UK),
accurate to 0.001 kg and 0.1 cm, respectively. From these data, anthropometric measures
were converted to Z-scores using World Health Organization (WHO) growth standards2®: Z-
scores for weight for age (WAZ), length for age (LAZ), and weight for length (WLZ).

Because changes in WLZ (or in older children weight-for-height Z) have been shown to
have a strong effect on prevalence ratios of later obesity and overweight26 and because of the
precedence in the literature (eg, Taveras et al,2”; Hawkins et al,28; Wills et al2), we used
WLZ changes to define early weight gain groups and overweight status at 1 year, and report
on WLZ changes from 0.5 months to 1 year. Early weight gain groups were determined
based on changes in WLZ from baseline (0.5 month) to 4.5 months: WLZ changes <-0.67
SD were categorized as slow weight gain (SWG); between —0.67 and 0.67 SD, as normal
weight gain (NWG); and >0.67 SD, as RWG.30:31 Overweight status at 1 year was defined
as WLZ > 85th percentile (WLZ > 1.0364).

2.31 Secondary outcomes

In addition to early diet and early weight gain, a number of potential confounders,
10,12,13,32,33 getermined a priori, that could impact overweight status at 1 year were
assessed: infant birth weight, maternal age, pre-pregnancy weight and height, gestational
weight gain, race, infant sex, parity, household income and maternal education. While pre-
and peri-pregnancy anthropometric measures were obtained from maternal reports, each
woman was weighed (kg) and height (m) was measured at enrolment in duplicate by trained
research personnel, while wearing light clothing and no shoes. To gain insight into the
influence of the complementary diet and maternal feeding beliefs on infant weight status, we
analyzed the caloric content of the complementary diet (ie, solid foods and beverages
excluding formula or breastmilk) fed to infants and the feeding beliefs of the mothers, as
measured by the Infant Feeding Style Questionnaire (IFSQ).34 We chose the age of 10.5
months because complementary foods had been introduced to the diet of all infants and both
studies had a visit that occurred at this time.

With respect to diet, mothers recorded all foods and beverages ingested by their infants for a
24-hour period. These data were analyzed using Nutrient Data System for Research (NDS-
R; University of Minnesota, Minneapolis, Minnesota) to determine available energy intake
(EI) from the complementary diet for the infants. Data were not available on the amount of,
or energy content of breast milk for the BF group. All diet records were reviewed by
registered dietitians, and diet records with physiologically implausible energy intakes, either
based on estimated energy needs or because incomplete, were eliminated.
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With respect to feeding beliefs, mothers completed the IFSQ,3# a validated questionnaire.
From these data, we report on five constructs that have been associated with infant feeding
and growth,3%:36 Jaissez-faire (ie, mother has little interaction during feeding and does not
believe child should have limits on food), pressuring (ie, mother believes child should finish
feed, should be fed to soothe or help fall asleep), restrictive (ie, mother believes she should
limit quantity and control quality of food given to child), responsive (ie, mother believes she
should encourage exploration and attend to child cues) and indulgent (ie, mother does not
believe in setting limits on quality or quantity of food given to child). For each question, if
the mother deemed it applicable, values ranged from 1 to 5; higher scores reflect more of
that belief. Cronbach a coefficients for each construct were calculated to determine internal
consistency, which was acceptable for the restrictive, pressuring and indulgent scales (a

> .70) but questionable for laissez-faire and responsive (a = .42).

2.41 Statistical analyses

Infant and maternal characteristics at baseline were evaluated two ways. First, we focused on
the FF infants only and compared characteristics between the type of infant formula group:
(CMF vs EHF). Because we found no significant differences in baseline characteristics
between formula groups (CMF, EHF), we combined them into a single formula fed (FF) diet
group. Second, we compared characteristics by diet group: FF vs BF. Two-sample #tests
were used for continuous variables and Chi-squared or Fisher Exact probability (if one cell
<5) tests were used for categorical variables.

Consistent with prior research, we used a class-based approach3:4:14.17.26.31.37 and grouped
infants based on early diet, early weight gain, and their combinations. We then fit a linear-
mixed effects model with a random intercept for infant and a random slope for time to
examine predictors of WLZ score over the first year. Time was measured in monthly
intervals from 0.5 to 12.5 months for FF infants and 0.5 to 4.5, 7.5 (1), 10.5 and 12.5 (£1)
months (hereafter referred to as 1 y) for BF infants. Fixed effects in the model included time,
diet group (BF, FF), early weight gain group (SWG, NWG, RWG), and a diet group x early
weight gain group interaction that compared infants WLZ over time across diet and early
weight gain groups, using BF infants with NWG as the reference group. An unstructured
correlation matrix was chosen for the correlation among repeated WLZ measurements per
infant after comparison of models with other correlation matrices. Marginal means and
standard error of the means (SEM) were generated from the linear-mixed effect model and
utilized to demonstrate differences in WLZ growth over time by diet group x early weight
gain group combination.

Next we examined odds for overweight at 1 year. We identified potential confounders by
determining whether baseline infant and maternal characteristics differed between
overweight and non-overweight infants. Logistic regression models were fit to estimate the
odds ratio for overweight at 1 year associated with diet group (BF, FF) and early weight gain
group (SWG, NWG, RWG). To examine the combined effects of diet and early weight gain
groups, an interaction term was created that resulted in six dummy variables (BF infants
with SWG, BF infants with NWG, BF infants with RWG, FF infants with SWG, FF infants
with NWG, FF infants with RWG). For each model, the group of BF infants with NWG was
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the reference group against which the other five groups were compared. Two overall models
were then fit. Model 1 examined the crude association of the diet (BF, FF) and early weight
gain group (NWG, SWG, RWG). Model 2 adjusted for infant and maternal characteristics
that differed between overweight and non-overweight status at 1 year. For each model, the
overall effect of the interaction between diet group and early weight gain group was
evaluated using a Wald chi-squared test statistic.

Finally, as an exploratory aim, separate general linear models were used to examine
differences in the caloric content of the complementary diet (kcal/d) or maternal feeding
beliefs (ie, laissez-faire, restrictive, pressuring, responsive, indulgent) at 10.5 months by diet
group (BF, FF), early weight gain group (NWG, SWG, RWG), and their interaction. All
statistical tests and corresponding P-values less than .05 were considered statistically
significant.

31 RESULTS

3.11 Study populations and characteristics

3.21

The study populations consisted of 113 FF (n = 59 CMF, n = 54 EHF) infants and 97 BF
infants at enrolment (0.5 month). As shown in Figure S1, 81% of FF infants and 84% of BF
infants completed the 4.5 month visit, and thus were categorized into early weight gain
(NWG, SWG, RWG) groups. The completion rates were 73% (n = 83) at 12.5 months for
the FF trial and 79% (n = 77) for the ~1 year follow-up visit for the BF trial (n = 58 infants
tested at 11.5-13.5 months; n = 19 infants tested at 14.5-15.5 months).

As shown in Figure 1A, the percentage of infants in each of the early weight gain groups (ie,
SWG, NWG, RWG) differed by infant formula type (CMF, EHF) and BF groups (Chi-
squared test, 2= .005). Overall, EHF fed infants were over-represented in the SWG category
and under-represented in RWG category. Comparing the BF group with the FF group
(Figure 1B), the percentage of infants in each of the early weight gain groups did not differ
between BF infants and FF infants as a group (Chi-squared test, 7= .298).

Infant and maternal characteristics by diet group

Baseline infant and maternal characteristics by infant formula type (CMF, EHF) group and
by diet (BF, FF) group are shown in Table 1. The two formula type groups were combined
into a single FF diet group because there were no significant differences in these
characteristics. When compared to the BF group, the FF group had a lower percentage of
white infants and higher percentage of black infants. FF infants had lower WAZ and LAZ at
birth and lower WAZ and LAZ at 0.5 month compared to BF infants. While FF infants had a
higher WLZ at birth than BF infants, there was no significant group difference at baseline
(0.5 months). Mothers of FF infants were significantly younger and had higher BMI pre-
pregnancy and at baseline, lower household incomes and lower education levels, and a
greater percentage were multiparous compared to mothers of BF infants. Although smoking
rates were low (<15%) in both groups, a greater percentage mothers of FF infants smoked
during pregnancy.
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3.31 Infant and maternal characteristics by weight status at 1 year

All analyses on weight status at 1 year included the 83 FF infants who completed the 12.5
month visit (Figure S1). However, because of the variability in the BF infants' ages at
testing, we included only those BF infants who completed the follow-up visitat 12.5 + 1
months. Table 2 summarizes the baseline characteristics of the dyads by infant weight status
at 1 year. Infants who were overweight at 1 year had higher WLZ at birth and at 0.5 month
when compared to non-overweight infants. There were no between-group differences in
other infant or in maternal characteristics by weight status group (overweight, non-
overweight). We repeated the analysis and included the BF infants who were not tested until
14.5 to 15.5 months and the results were unchanged.

3.41 Changes in WLZ over time

The linear-mixed effects model revealed a statistically significant diet group x early weight
gain group interaction on longitudinal changes in WLZ during the first year (P-for-
interaction <.001; Figure 2). Compared to BF infants with NWG, BF and FF infants with
RWG had a greater increase in WLZ over the study period (BF infants with RWG: g= 0.36;
95% ClI: 0.00, 0.72; FF infants with RWG: 8= 0.65; 95% CI: 0.30, 0.99). However at 1 year,
the WLZ of FF infants with RWG (1.57 + 0.99, mean £ SD) was twice that of BF infants
with RWG (0.83 + 0.92). As a reference, the WLZ of BF infants with NWG at 1 year was
0.50 + 0.79. We repeated WLZ trajectory modeling and included the BF infants who were
not tested until 14.5 to 15.5 months and the results were unchanged. Compared to BF-NWG
infants, BF-RWG infants and FF-RWG infants, had increased WLZ over the study period
(BF-RWG: Bg=0.34; 95% CI: -0.02, 0.70; FF-RWG: = 0.67; 95% CI: 0.33, 1.02,
respectively).

3.51 0Odds for overweight at 1 year

3.61

In model 1, a statistically significant interaction between diet group (BF, FF) and early
weight gain group (SWG, NWG, RWG) was found for odds for overweight at 1 year (Chi-
squared = 26.7; < .001). Compared to the reference group (BF infants with NWG), FF
infants with RWG had 25 times greater odds for overweight at 1 year, whereas BF infants
with RWG did not have increased odds (Table 3). This association remained after adjustment
for characteristics (ie, WLZ at 0.5 month) that differed between overweight and non-
overweight status at 1 year (model 2). Although the mean WLZ at birth also differed, it was
highly correlated with WLZ at 0.5 month and thus was not included in model 2 due to
multicollinearity. A statistically significant diet group x early weight gain group interaction
was found (Chi-squared = 30.2, A< .001). When compared to the reference group (BF
infants with NWG), FF infants with RWG had 31 times greater odds for overweight at 1 year
(OR: 30.9 [95% CI: 3.1, 305.5]).

Maternal feeding style beliefs and the complementary diet of infants

There was a main effect of diet group (BF, FF) on maternal feeding style beliefs, but no
main effect of early weight gain group or diet group x early weight gain group interaction.
The laissez-faire and restrictive feeding belief scores did not differ between mothers in each
diet group; however, FF mothers' belief scores regarding pressuring (P < .001) and
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indulgence (£ < .001) were higher and belief scores regarding responsiveness (£ < .001) was
lower than those among BF mothers. Similarly, there was a main effect of diet group (BF,
FF) on the energy intake from complementary foods. FF infants had a significantly higher
energy intake from complementary foods (537 + 421 kcal/d; £< 0.001) compared to BF
infants (322 + 194 kcal/d). There was no main effect of early weight gain groups or diet
group x early weight gain group interaction on energy intake from the complementary diet.

41 DISCUSSION

Whether the source of early nutrition during the sensitive period of the first 4.5 months
consisted solely of breast milk or infant formula, just under half of the BF (41%) and FF
(41%) infants experienced early RWG. However, the consequence of the early RWG on
weight trajectories and odds for overweight differed based on the type of early diet (BF, FF).
While both BF and FF infants with RWG had greater increases in WLZ over time compared
to the reference group of BF infants with NWG, the mean WLZ of BF infants with RWG
was 0.74 SD lower than FF with RWG infants. Additionally, FF infants with RWG had
significantly higher odds of overweight at 1 year, whereas BF infants with RWG did not.
While there were no interactions between diet and early weight gain groups in the mothers'
feeding belief scores over time or in the infants' energy intake from solid foods, mothers of
BF infants were less indulgent or pressuring and more responsive and fed their infants a
complementary diet that was lower in energy than mothers who formula fed their infants.

These findings, which come from two dichotomous early diet groups consisting of
exclusively FF and predominantly BF infants, build upon prior research that shows that early
RWG increases,? 710 whereas longer durations of breastfeeding decreases, 142038 risks for
later obesity. In examining the interaction of these two known risk factors, we found that FF
infants with RWG were at the highest risk for being overweight at 1 year and thus may be
particularly vulnerable to longer term consequences of RWG. Several explanations, not
mutually exclusive, may contribute to the protective effects of breastfeeding among infants
with RWG.

First, there are marked differences in the composition of the breast milk and infant formula.
The metabolizable energy content of mature human milk3940 is lower than that of most
infant formulas for term infants, which may lead to lower energy intake in the breastfed
infant.# Moreover, the total protein concentration of mature human milk decreases to from
~13 g/L at 1 to 2 months to ~11 g/L at 5 to 6 months postpartum.#! In contrast, FF infants
are consistently exposed to a protein concentration of 13 to 14 g/L and hence higher protein
intake.*2 Protein intake in excess of requirements may drive higher weight gain in the FF
infant, as higher concentrations of fasting*3 and postprandial#4-46 branched chain amino
acids may stimulate increased insulin concentrations and, in turn, increase cellular glucose
uptake. 4547

Second, the higher weight status of FF infants with RWG may be due to the differences in
the complementary diet fed to them. Although we focused on energy intake from
complementary foods at 10.5 months only, energy intake from the complementary was
higher in FF compared to BF infants. Research has shown that FF infants are introduced to
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complementary foods at an earlier age,*® and their total food*9 and energy intake from
formula and complementary foods#? is greater in the first year when compared to BF infants.

Third, the differential weight gain may be due to the differences in the feeding beliefs
between lactating and formula feeding mothers. We found that lactating mothers were less
indulgent or pressuring and more responsive in their feeding beliefs than mothers of FF
infants, a finding consistent with prior research.59-52 A recent intervention trial by Savage,
Paul, Birch and colleagues1® that investigated whether a multi-component, responsive
parenting practices intervention differed between FF and BF infants, found that responsive
parenting was equally effective in lowering the incidence of overweight status at 1 y among
BF and FF infants. These findings suggest that mothers of FF infants with RWG during early
infancy may be important targets for such preventative interventions.

Strengths of this study include that all infants were born term and were unique in that their
early diet consisted of the sole source of nutrition. That is, FF infants were exclusively
formula fed and all BF infants were exclusively or predominantly fed breastmilk for the first
4.5 months, with the majority of BF infants continuing to be breastfed and not formula fed
during the second half of the first year. Given that 47% of infants in the United States are
exclusively breastfed through 3 months,>3 the incidence of breastfeeding in our cohort is
above that reported nationally. Additionally, anthropometric measures were by trained
research personnel, and BF and FF infants were recruited from the same geographic area and
during the same time period.

The study had limitations. First, the small sample size limits the precision of our estimated
effects and the models presented may be overfit. However, we underscore that the present
discovery of an interaction between early diet and early weight gain on odds for overweight
at 1 year, should be considered in the context of the large body of research>* demonstrating
the relationship between early RWG and later life weight status.34:14.17,26,31.55-59 gacong,
inherent to research that compares outcomes of BF and FF infants is the heterogeneity of the
study populations due in part to the sociocultural influences on infant feeding.6%-61 While we
adjusted for maternal and infant characteristics that differed by infant overweight status at 1
year, we recognize that there is the potential for unmeasured or residual confounding that
could influence the relationship among early RWG, diet and odds for overweight. Third, we
acknowledge that there are other parental (eg, food insecurity,52 self-efficacy83) and infant
(eg, appetite,®* temperament®3) factors that may be on the causal pathway to overweight
status at 1 year and beyond.54:65 Understanding how such factors protect or exacerbate
weight status as the child grows, especially among those who experience early RWG, is an
important area for further research.

51 CONCLUSIONS

What infants are fed interacts with how rapidly they gain weight during the sensitive period
of the first 4.5 months and influences weight status trajectories and risk for overweight at 1
year. While a similar proportion of BF and FF infants demonstrated early RWG, the WLZ of
FF infants with RWG was twice that of BF infants with RWG and they had greater odds for
overweight at 1 year. While no similar interactions were found between early diet and
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weight gain for the energy intake from complementary foods or the feeding belief scores of
the mothers, formula feeding mothers, as a group, fed their infants a complementary diet
higher in energy and were more indulgent and less responsive in feeding beliefs. These data
highlight the importance of this early sensitive period and the need for a better
understanding of the influences and interactions of the compaosition of the diet (infant
formula, breast milk, complementary foods), timing and duration of exposure to the diet, and
caregiver feeding beliefs interact on later obesity risks which will, in turn, inform healthy
weight gain initiatives.
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FIGURE 1.
A, Percentage (%) of infants breastfed (BF), fed cow milk formula (CMF), or extensive

protein hydrolysate formula (EHF) in each early weight gain category [slow (SWG), normal
(NWG) and rapid (RWG)] differed by infant formula type (CMF, EHF) and BF groups (Chi-
squared test, Z=.005); based on contributions to the overall Chi-squared, EHF fed infants
were over-represented in SWG and under-represented in RWG categories. B, Percentage (%)
of breastfed (BF) and formula-fed (FF) infants as a group, in each early weight gain category
(SWG, NWG, RWG) did not differ (Chi-squared test, P=.298)
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Weight-for-length Z-scores (WLZ; based on World Health Organization growth standards)
by diet group (breastfed [BF]: n =59, formula fed [FF]: n = 83) and early weight gain
category (rapid [RWG], normal [NWG], slow [SWG]). Linear-mixed effects model revealed
a statistically significant interaction between diet group and early weight gain category on
longitudinal changes in WLZ during the first year (P < .001). Data are least-square means +
SE of the means. At 1 year, FF infants with RWG had an average WLZ score (1.57 + 0.99)
twice that of the BF infants with RWG (0.83 + 0.92); as a reference, BF infants with NWG
had an average WLZ of 0.50 + 0.79
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TABLE 3

Odds for overweight at 1 year

Oddsratio® 95% Confidenceinterval

Breastfed infants

NWG 1.00 -

SWG 111 (0.23, 5.47)

RWG 0.56 (0.12, 2.55)
Formula-fed Infants

NWG 0.43 (0.19, 1.97)

SWG 1.92 (0.21,17.81)

RWG 253 (3.21, 199.70)

Abbreviations: NWG, normal weight gain; SWG, slow weight gain; RWG, rapid weight gain.

a . L . . . .
Crude model coefficients from logistic regression using breastfed infants with NWG as reference group.
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