
 
  

  
  

    
    

  

 

 
 

 
 

 

 
 
 

 

 
 
 

 

 
 

 
 

 
 
 
 
 
 
 

 
 
 
 

 

Predictors of Resilience Among Infants at Risk  
for Rapid Weight Gain 
Alison K. Ventura  and Kristen Thompson 

Objective: The study objective was to investigate factors associated with resilience to rapid weight gain 
(RWG) among predominantly bottle-fed infants. 
Methods: Data came from 1,353 mothers who participated in the Infant Feeding Practices Study 2. Mothers 
completed a prenatal questionnaire and monthly surveys of infant feeding and growth between birth and 12 
months. Infants were classified as resilient if they were predominantly bottle fed but did not exhibit RWG 
between birth and the latter half of infancy (≥+0.67 change in weight-for-age z score). 
Results: Thirty-five percent of the sample (n =467) was predominantly bottle fed but did not exhibit RWG 
(“Resilient”), 17% (n =228) was predominantly bottle fed and exhibited RWG (“Not Resilient”), and 49% 
(n=658) was not predominantly bottle fed (“Low Risk”). Significant predictors of resilience to RWG were 
greater gestational age (P=0.042) and weight (P<0.001) at birth, lower frequency of adding cereal to the 
bottle (P =0.022), lower frequency of infant-led bottle-emptying (P=0.047), and greater frequency of mater-
nal encouragement of bottle-emptying (P=0.002). 
Conclusions: Associations between bottle-feeding and RWG may be moderated by infant characteristics 
and maternal feeding practices. The present study highlighted several characteristics of predominantly 
bottle-fed infants who were resilient to RWG, but further research is needed to identify a broader array of 
key targets for future intervention efforts. 

Introduction 
Rapid weight gain (RWG) during infancy is one of the earliest postnatal 
risk factors for the development of later obesity and metabolic dysfunc-
tion (1) and is therefore a prime target for prevention and intervention 
efforts (2,3). Formula/bottle-feeding is a modifiable predictor of risk for 
RWG, with a growing body of research illustrating independent and com-
bined effects of milk type (i.e., formula vs. breastmilk) and feeding mode 
(i.e., from a bottle vs. directly from the breast) on increasing infants’ risk 
for overfeeding, impaired satiety responsiveness, and RWG (4-6). 

Reduction of formula/bottle usage through promotion of breastfeeding is 
ideal and has been the focus of health promotion efforts (7). Despite con-
tinued focus on breastfeeding promotion, formula/bottle-feeding rates 
remain high (8-10). In 2015, 16.8% of infants were exclusively formula 
fed from birth, with rates increasing to 42.4% of infants at 6 months of 
age (11). In addition, approximately 17.2% of breastfed infants were sup-
plemented with formula within the first 2 days post partum, increasing 
to 28.8% at 3 months of age and 34.5% at 6 months of age (11). A pau-
city of secondary prevention efforts attempt to improve health outcomes 
for formula/bottle-feeding infants, and this research gap is amplified by 
findings that formula/bottle-feeding mothers report receiving inadequate 
support related to learning appropriate and healthy feeding practices (12). 

It is also notable that not all formula/bottle-fed infants exhibit RWG 
(5). Previous research has illustrated that infants can effectively com-
municate satiation and regulate intake during infant-led bottle-feed-
ing (13,14) and that some mothers are responsive to infant cues 
during bottle-feeding interactions (14,15). Therefore, the association 
between formula/bottle-feeding and RWG, although statistically sig-
nificant, is not an absolute for all dyads and may be moderated by 
what both infants and mothers “bring to the table” during feeding 
interactions (14). Previous research has predominantly used a risk-
based approach focused on identifying and removing risk factors, 
such as the use of formula and bottles via breastfeeding promotion; 
we instead propose a resilience-based perspective. The concept of 
resilience, or the process wherein an individual achieves healthy 
outcomes despite the presence of significant risk factors, has been 
applied within studies on a wide range of developmental outcomes, 
including mental health, socio-emotional development, and academic 
achievement (16-18). These studies have illustrated that positive out-
comes are possible for children exposed to significant risk factors and 
can be promoted by protective factors that mitigate risk. A key benefit 
of a resilience perspective is the potential to provide an evidence base 
for strength-based approaches to obesity prevention efforts among 
high-risk groups (19). 

Department of Kinesiology and Public Health, California Polytechnic State University, San Luis Obispo, California, USA. Correspondence: Alison K. Ventura 
(akventur@calpoly.edu) 

Disclosure: The authors declared no conflict of interest. 

Ventura. 2019. Published in Obesity, 27(1): 130-136.

mailto:akventur@calpoly.edu


  

  

 
 
 
 

 
 

 
 
 

 

 

To this end, the aims of the current study are to identify predominantly 
formula/bottle-fed infants who were resilient to RWG across the first 
year and describe the combination of factors during early infancy (0-6 
months of age) that characterize these infants, including characteristics 
of the infants (i.e., sex, gestational age, birth weight), the mothers (i.e., 
age, socioeconomic status, education, race/ethnicity, prepregnancy obe-
sity, smoking during pregnancy), and infant feeding history or practices 
(i.e., frequency of breastmilk feeding, of putting the infant to bed with 
a bottle, of adding cereal to the bottle, of infant-led bottle-emptying, 
and of maternal encouragement of bottle-emptying; timing of introduc-
tion of complementary foods and beverages [CFB]; number of daily 
feedings). 

Methods 
Participants 
We analyzed data from a subsample of the Infant Feeding Practices 
Study 2 (IFPS II), a study conducted by the Centers for Disease Control 
and Prevention and the Food and Drug Administration (20). Details 
about study methods have been published previously (21). Briefly, 
study participants were mothers in their third trimester of pregnancy 
recruited from a consumer opinion panel of ~500,000 US households. 
Inclusion criteria included to be a healthy woman > 18 years of age, 
and the initial sample included ~4,900 pregnant women. Mothers were 
excluded from further assessments if they or their infants had medical 
conditions that affected feeding, if their infants were born before 35 
weeks of gestation, or if their infants spent > 3 days in the intensive care 
unit. Mothers were recruited through a prenatal questionnaire, which 
was mailed to all mothers in the panel who were ~7 months pregnant. 
A brief telephone interview occurred near the time of the infant’s birth; 
all other assessments were collected via mailed questionnaires sent to 
mothers during their third trimester, then at 1, 2, 3, 4, 5, 6, 7, 9, 10, 
and 12 months post partum. As a secondary analysis of deidentified 
data, this present study was exempt from Institutional Review Board 
approval. 

Measures 
Infant diet, feeding practices, and eating behaviors. Mothers 
completed a food frequency questionnaire for their infants at all 
postpartum assessments. Mothers were asked to recall their infant’s 
diet during the past 7 days, with specific prompts focused on the 
frequency of consumption of breastmilk, formula, and all other CFB. 

As previously described by Li and colleagues (4,22,23), milk feed-
ing practices were conceptualized in the following two ways: (1) bot-
tle-feeding intensity, or the percentage of daily milk feedings from a 
bottle, and (2) breastmilk-feeding intensity, or the percentage of daily 
milk feedings that were breastmilk. To obtain these values, we first 
calculated the percentage of daily milk feedings that were breastmilk 
from the breast, expressed breastmilk from a bottle, and nonhuman 
milk at each assessment. Bottle-feeding intensity was then calcu-
lated as the proportion of milk feedings given by the bottle (percent 
expressed breastmilk from a bottle plus percent nonhuman milk), and 
breastmilk-feeding intensity was defined as the proportion of feedings 
containing breastmilk (percent breastmilk from the breast plus percent 
expressed breastmilk from a bottle). Consistent with previous research 
using the IFPS II data set (24), these values were then averaged across 

the first 6 months to obtain values for average bottle-feeding intensity 
and average breastmilk-feeding intensity during early infancy. 

Infant age at introduction of CFB was determined as the age at which 
mothers first reported their infants consumed CFB. Each infant was 
then categorized as having “early” (< 4 months) or “recommended” 
(≥ 4 months) timing of CFB introduction. As described above, data on 
CFB intake were limited to maternal reports of how often, in the past 7 
days, infants were fed a variety of CFB; data on the amount consumed 
were not collected. At 6 months, mothers also reported the total number 
of daily feedings (including breastmilk, formula, and/or CFB, if appli-
cable) to obtain an estimate of the amount of food eaten on a daily basis. 

At each assessment, infant-led bottle-emptying, or the frequency 
with which the infant finished the bottle of breastmilk or formula, 
was assessed by two questions that referred to formula and expressed 
breastmilk feedings, respectively: “How often does your baby drink all 
of his or her bottle of formula?” and “How often does your baby drink 
all of his or her cup or bottle of pumped milk?” Similarly, maternal 
encouragement of bottle-emptying, or the frequency with which moth-
ers encouraged their infants to finish the bottle, was assessed by two 
questions that referred to formula and expressed breastmilk feedings, 
respectively: “How often is your baby encouraged to finish the bottle 
if he or she stops drinking before the formula is all gone?” and “How 
often is your baby encouraged to finish a cup or bottle if he or she stops 
drinking before the pumped breastmilk is all gone?” Previous research 
using the IFPS II data set has used infant-led bottle-emptying as a 
proxy for low satiety responsiveness and/or high appetite (22-24) and 
maternal encouragement of bottle-emptying as a measure of pressuring 
feeding practices (24,25). For all of these questions and at each assess-
ment, mothers’ responses to the formula and pumped milk versions 
of these two questions were averaged to create infant bottle-emptying 
and maternal encouragement of bottle-emptying scores. Mean mater-
nal encouragement of bottle-emptying and infant-led bottle-emptying 
scores over the first six postpartum surveys were then calculated. 

Mothers also reported the frequency with which they added cereal to their 
infant’s bottle of formula or expressed breastmilk and the frequency with 
which they put their infant to bed with a bottle of formula or expressed 
breastmilk. Mean frequencies of adding cereal to the bottle and bottle-to-
bed scores over the first six postpartum surveys were calculated. 

High- and low-risk bottle use groups. In our previous study (5), 
we conducted a group-based trajectory modeling (GBTM) analysis with 
the IFPS II data to identify distinct bottle-feeding-intensity trajectories 
across the first year post partum. Briefly, within our previous study (5), 
we used GBTM to estimate models with one to five groups representing 
differing patterns of bottle-feeding intensities across the first year post 
partum. Model selection criteria indicated that a four-group trajectory 
model best fit the data, as follows: (1) the “High-Stable Bottle Use 
Group” (31.1%) reported that ~100% of milk feedings were from 
bottles at all assessments; (2) the “Rapid Increase in Bottle Use Group” 
(19.4%) reported low levels of bottle-feeding intensity during the 
neonatal assessment (~30% of milk feedings) but a significant bottle 
usage increase to ~100% of milk feedings at subsequent assessments; 
(3) the “Gradual Increase in Bottle Use Group” (24.6%) had similarly 
low levels of bottle-feeding at early assessments and a more gradual 
increase in bottle-feeding intensity across the study period; and (4) 
the “Low-Stable Bottle Use Group” (24.9%) had low levels of bottle-
feeding (<10%) at all assessments (5). The High-Stable Bottle Use and 



  
 
 
 
 
 
 
 
 
 
 
 
 

  

 

  
 
 
 
 
 
 
 
 
 

 

 
 

 
 
 
 
 

 

 
 
 

 
 

 
 

  
 

 
  

  
  

  

  
  

 

      

Rapid Increase in Bottle Use groups had significantly greater weight 
gain across infancy and higher weight-for-age z scores (WAZs) at 12 
months compared with the Gradual Increase in Bottle Use and Low-
Stable Bottle Use groups (5). Therefore, for the present study, we used 
these same groups identified in our previous study and derived from our 
GBTM analysis, and we categorized infants in the High-Stable Bottle 
Use and Rapid Increase in Bottle Use groups as the “High Risk Bottle 
Use Group” (“High Risk”) and infants in the Gradual Increase in Bottle 
Use and Low-Stable Bottle Use groups as the “Low Risk Bottle Use 
Group” (“Low Risk”). 

RWG. Mothers reported infant birth weight and length 
measurements. Additionally, within the assessments at 3, 5, 7, 
and 12 months, mothers reported their infant’s measured weight 
and length at their last pediatrician visit. Weight measurements 
were standardized to age- and sex-specific WAZs based on the 
World Health Organization Child Growth Standards (26). Outliers 
(WAZ greater than 5 or less than −5) were eliminated because 
of biological implausibility. All infants included in the present 
study had data on birth weight and at least two other weight 
measurements, but because the timing of these measurements 
varied from infant to infant, RWG between birth and later infancy 
was defined as the difference between WAZ from birth to the last 
weight assessment between 6 and 12 months of age. RWG was 
then defined as WAZ change≥+0.67 (27). 

Resilience to RWG. Infants who were resilient to RWG were 
determined by calculating the proportion of the High Risk group 
who did versus did not exhibit RWG. Then infants were classified as 
follows: (1) “Resilient” (High Risk and no RWG), (2) “Not Resilient” 
(High Risk and RWG), and (3) “Low Risk.” 

Sociodemographic correlates. Maternal and familial 
demographic characteristics were assessed in the prenatal survey. 
Consistent with previous research that has used the IFPS II data 
set, the following variables were explored as potential correlates of 
resilience to RWG (4,22,23): infant sex and gestational age as well 
as maternal age, prepregnancy obesity, smoking status (smoker vs. 
not), parity, poverty-income ratio (defined as a ratio of household 
income to the poverty threshold by household size), postpartum 
participation in the Special Supplemental Nutrition Program for 
Women, Infants, and Children (WIC) program, race/ethnicity, and 
education. 

Statistical analyses 
All analyses were conducted using SAS version 9.4 (SAS Institute Inc., 
Cary, North Carolina). Participants were excluded for the following rea-
sons: (1) mother was away from her infant more than 70 hours per week 
at any assessment, (2) mother reported that the infant had a serious health 
problem at any age, and (3) missing data on any of the predictor or out-
come variables. The final analytical sample included 1,353 participants. 

Descriptive information was generated for all variables of interest, 
and each outcome variable was assessed for normality. ANOVA with 
a general linear model and χ2 was used to assess differences among 
Resilient, Not Resilient, and Low Risk groups for infant and mother 
characteristics and family demographics. Variables associated with 
resilience to RWG were then evaluated using a binomial logistic regres-
sion model limited to infants who were High Risk for RWG to compare 
the Resilient versus Not Resilient groups. Within this logistic regres-
sion model, we included variables that represented (1) characteristics 
of the infant (sex, gestational age, and birth weight), (2) characteristics 
of the mother (age, prepregnancy obesity, smoking during pregnancy, 
parity, poverty-income ratio, WIC participation, education level, race/ 
ethnicity), and (3) aspects of infant feeding during early infancy (breast-
milk-feeding intensity, frequency with which the infant was put to bed 
with a bottle, frequency with which the mother put cereal in the bottle, 
frequency of infant-led bottle-emptying, frequency of maternal encour-
agement of infant bottle-emptying, whether CFB were introduced early 
or in line with recommendations, and total number of daily feedings at 6 
months). Descriptive statistics are presented as means±SDs or percent-
ages (n). Logistic regression results are presented as the odds of group 
membership and associated 95% CIs in each level of categorical explan-
atory variables relative to the specified reference category, or per unit 
change in continuous variables. P <0.05 indicated significant effects. 

Results 
Sample characteristics 
Thirty-five percent of the sample (n = 467) had high-risk patterns of 
bottle-feeding but did not exhibit RWG (Resilient), 17% (n =228) 
had high-risk patterns of bottle-feeding and exhibited RWG (Not 
Resilient), and 49% (n =658) was classified as Low Risk. As illustrated 
in Table 1, average WAZ change from birth to the latter half of infancy 
for Resilient infants was significantly less than average WAZ change 
for Not Resilient infants (P <0.001) but was also significantly different 
from Low Risk infants (P =0.029). 

TABLE 1 Mean (SD) values for infants’ weight-for-age z score (WAZ) change 

Low Risk Resilient Not Resilient 
(n =658), 48.6% (n =467), 34.5% (n =228), 16.9% P value 

Birth WAZ 0.40a 0.61b −0.35c <0.001 
(0.90) (0.82) (0.79) 

Last WAZ during the latter  0.08a 0.16a 1.13b <0.001 
half of infancy* (1.18) (0.96) (0.89) 

WAZ change† −0.31a −0.45b 1.48c <0.001 
(1.24) (0.88) (0.70) 

Means with different superscripts are significantly different at P < 0.05. 
*All infants included in present study had data on birth weight and at least two other weight measurements, but because timing of measurements varied from infant to infant, 
the last WAZ measurement was determined from last weight assessment during latter half of infancy (i.e., between 6 and 12 months of age). 
†Calculated as difference between WAZ from birth to latter half of infancy (i.e., last WAZ assessment between 6 and 12 months of age). 

https://change�+0.67


 
 
 

     
     

 

     
 

     
         

     

 
 

     
  

     
 
 

     
 

     
     

    

   

      

  

 

  

Initial descriptive analyses revealed that Resilient infants could be 
distinguished from both other groups in a number of ways (Table 2). 
Resilient infants were born at a significantly greater gestational 
age (F[1, 1,352] = 24.27; P < 0.001) and higher birth weight (F[1, 
1,352] = 90.69; P < 0.001) than both other groups. With respect 
to maternal characteristics, a significantly greater proportion of 
mothers of infants in the Resilient group had obesity prior to preg-
nancy compared with the Low Risk group (χ2 = 6.52; P = 0.038). A 
greater proportion of mothers of Resilient and Not Resilient infants 
smoked during pregnancy (χ2 = 53.51; P < 0.001), were primiparous 
(χ2 = 13.33; P = 0.001), participated in WIC (χ2 = 34.13; P < 0.001), 
and had low levels of education (χ2 = 36.08; P < 0.001) compared 
with mothers of Low Risk infants. 

Compared with Low Risk infants, both Resilient and Not Resilient 
infants had significantly lower levels of breastmilk-feeding intensity (F[1, 
1,352]=2,625.73; P<0.001). Significantly greater proportions of both 
Resilient and Not Resilient infants were introduced to CFB early (<4 
months of age) compared with Low Risk infants (χ2 =117.13; P<0.001), 
and mothers of infants in both the Resilient and Not Resilient groups 
reported significantly lower frequency of feedings when their infants 
were 6 months of age (F[1, 1,352]=63.68; P<0.001). Mothers of both 
Resilient and Not Resilient infants also reported significantly greater 
frequency of adding cereal to the bottle (F[1, 1,352] =80.47; P<0.001), 
infant-led bottle-emptying (F[1, 1,352] =69.29; P<0.001), and maternal 
encouragement of bottle-emptying (F[1, 1,352]=25.52; P<0.001) com-
pared with mothers of infants in the Low Risk group (data not shown). 

TABLE 2 Percentages (n) or mean (SD) for group characteristics (n =1,353) 

Low Risk Resilient Not Resilient 
(n =658), 48.6% (n =467), 34.5% (n =228), 16.9% P value 

Infant characteristics 
Sex, percent female 48.8 51.8 47.8 0.499 

(321) (242) (109) 

Gestational age, wk 39.4a 39.5b 38.9c <0.001 
(1.2) (1.1) (1.4) 

Birth weight, lb 7.7a 7.9b 6.9c <0.001 
(1.0) (0.9) (0.8) 

Maternal characteristics 
Age at study entry, y 30.3a 29.7b 29.5b 0.047 

(5.0) (5.3) (5.5) 

Percent with prepregnancy obesity 21.9a 28.5b 25.9ab 0.038 
(144) (133) (59) 

Percent smoked during pregnancy 7.75a 20.6b 24.1b <0.001 
(51) (96) (55) 

Percent primiparious 24.6a 32.3b 35.5b 0.001 
(162) (151) (81) 

PIR level, percent of poverty level 287.6 297.8 278.7 0.478 
(190.5) (217.3) (210.4) 

Percent WIC participation 23.5a 36.2b 41.2b <0.001 
(155) (169) (94) 

Percent high school degree or less 10.8a 21.8b 25.0b <0.001 
(71) (102) (57) 

Percent minority race/ethnicity 10.6a 11.1a 17.5b 0.017 
(70) (52) (40) 

Infant feeding characteristics 
Average bottle-feeding intensity, 12.7a 87.8b 88.2b <0.001 

0 to 6 months (12.9) (19.6) (19.7) 

Average breastmilk-feeding intensity,  79.7a 11.1b 9.5b <0.001 
0 to 6 months (18.2) (17.6) (15.3) 

Percent introduced CFB early (< 4 months) 33.8a 62.5b 63.6b <0.001 
(222) (292) (145) 

Daily frequency of feeding at 6 months 6.0a 5.3b 5.3b <0.001 
(1.1) (1.2) (1.3) 

Means with different superscripts are significantly different at P<0.05. 
CFB, complementary foods and beverages; PIR, poverty-income ratio; WIC, Special Supplemental Nutrition Program for Women, Infants, and Children. 

https://1,352]=25.52
https://1,352]=63.68
https://�2=117.13
https://1,352]=2,625.73


  

  
  

  
  

  

 

 
 
 
 
 

 
 

 
  

 

  

  
  

   
   

  
   

   
   

  

  
  
  

Predictors of resilience among High Risk infants 
Table 3 presents results for the logistic regression model limited to 
the subgroup of High Risk infants (n =695) to identify the combina-
tion of variables that distinguished High Risk infants who were ver-
sus were not resilient to RWG. Significant predictors of resilience to 
RWG among High Risk infants were greater gestational age (P = 0.042) 
and weight (P < 0.001) at birth, lower frequency of adding cereal to 
the bottle (P = 0.022), lower frequency of infant-led bottle-emptying 
(P = 0.047), and greater frequency of maternal encouragement of bot-
tle-emptying (P = 0.002). 

TABLE 3 Binomial logistic regression predicting resilience to 
RWG among High Risk infants (n =695) 

Resilienta (“High 
Risk” and no RWG) 

Infant characteristics 
Sex (reference = girl) 0.68 (0.46-1.00) 

Gestational age 1.19 (1.01-1.40)* 
Birth weight 4.03 (3.07-5.28)*** 

Maternal characteristics 
Age 1.00 (0.95-1.04) 

Prepregnancy obesity 0.97 (0.63-1.50) 
(reference = normal weight or with 
overweight) 

Smoking during pregnancy (refer- 1.32 (0.67-2.60) 
ence = no smoking) 

Primiparity (reference = multiparous) 0.93 (0.60-1.44) 

PIR level 1.00 (0.99-1.01) 

WIC participation 1.23 (0.76-2.00) 
(reference = no participation) 

Education level  0.83 (0.51-1.38) 
(reference = some college) 

Race/ethnicity (reference = white) 0.79 (0.45-1.40) 

Infant feeding characteristics 
Breastmilk-feeding intensityb,c 1.01 (1.00-1.02) 

Frequency of bottle-to-bedc 0.89 (0.75-1.05) 

Frequency of cereal in bottlec 0.82 (0.69-0.97)* 
Frequency of infant-led 0.66 (0.44-1.00)* 

bottle-emptyingc 

Frequency of maternal 1.34 (1.11-1.61)** 
encouragement of bottle-emptyingc 

Early introduction of CFBc 1.20 (0.78-1.86) 

Frequency of feedingsd 0.98 (0.84-1.14) 

aOdds of group membership compared with “Not Resilient” (“High Risk” and RWG) 
reference group. 
bDefined as number of daily breastmilk feedings divided by total number of milk feed-
ings times 100. 
cAverage score across neonatal and month 2, 3, 4, 5, and 6 assessments. 
dAssessed at 6 months. 
*P< 0.05. 
**P <0.01. 
***P<0.001. 
CFB, complementary foods and beverages; PIR, poverty-income ratio; RWG, rapid 
weight gain; WIC, Special Supplemental Nutrition Program for Women, Infants, and 
Children. 

Discussion 
A striking paucity of studies have explored predictors of healthy 
weight-gain trajectories for infants who are formula/bottle fed. To this 
end, the aims of the present study were to identify predominantly for-
mula/bottle-fed infants who were resilient to RWG during the first year 
post partum and to describe the combination of infant and maternal 
characteristics and behaviors associated with resilience. Key predic-
tors of resilience were greater gestational age and weight at birth, lower 
frequency of infant-led bottle-emptying, lower frequency of adding ce-
real to the bottle, and greater frequency of maternal encouragement of 
bottle-emptying during the first 6 months post partum. 

Individual variation in gestational age and weight at birth is influenced, 
in part, by preconception and prenatal factors that affect interuterine 
growth and birth outcomes, such as maternal smoking, preconception 
weight status, and gestational weight gain (28,29). Our finding that 
infants with higher birth weight and greater gestational age were at 
lower risk for RWG is not entirely surprising given well-documented 
differences in rates of postnatal growth for infants who are smaller ver-
sus larger at birth (30). However, it was somewhat surprising that a 
greater proportion of mothers of resilient infants had obesity prior to 
pregnancy compared with mothers of low-risk infants. Although pre-
vious research has illustrated that mothers who have overweight or 
obesity prior to pregnancy are at increased risk for having infants with 
greater birth weights (31), similar connections between maternal pre-
pregnancy obesity and infants’ increased risk for RWG have also been 
documented (32,33). Additional research is needed to better understand 
associations between preconception and prenatal factors and infants’ 
risk for RWG; however, one possible implication of the present find-
ings is that primary prevention efforts should target preconception and 
prenatal factors to help promote appropriate gestational age and birth 
weight, thus promoting a proper foundation for slower rates of weight 
gain during the first year. 

Previous research using the IFPS II data set has used infant-led bot-
tle-emptying as a proxy for low satiety responsiveness and/or high 
appetite (22-24); a limitation to this interpretation is that frequency 
of infant-led bottle-emptying was not measured within the context of 
how much milk or formula was offered. However, greater frequency 
of infant-led bottle-emptying predicts lower satiety responsiveness at 
6 years (24), suggesting that it may be an effective proxy. Our finding 
that lower frequency of infant-led bottle-emptying was associated with 
greater odds of resilience to RWG is consistent with previous research 
suggesting that self-regulation of intake (34,35) and lower appetitive 
drive (36) during infancy may protect against excess weight gain during 
infancy and promote healthier weight status during later childhood. 

Responsive feeding practices and styles are theorized to be key sup-
ports for infants’ developing abilities to self-regulate intake (37), and 
promotion of responsive feeding has been the focus of recent interven-
tions (38,39) and recommendations (2,3) related to preventing RWG 
during infancy. A limitation of the present study is that the IFPS II did 
not include a validated measure of maternal feeding practices and styles, 
which hindered our ability to effectively explore feeding practices and 
styles as a correlate of resilience. Available measures of feeding practices 
within the IFPS II included putting the infant to bed with a bottle, addi-
tion of cereal to the bottle, and maternal encouragement of infant bot-
tle-emptying. Our finding that mothers of resilient infants reported lower 
frequency of added cereal is consistent with previous research linking 

https://0.84-1.14
https://0.78-1.86
https://1.11-1.61
https://0.44-1.00
https://0.69-0.97
https://0.75-1.05
https://1.00-1.02
https://0.45-1.40
https://0.51-1.38
https://0.76-2.00
https://0.99-1.01
https://0.60-1.44
https://0.67-2.60
https://refer-1.32
https://0.63-1.50
https://0.95-1.04
https://3.07-5.28
https://1.01-1.40
https://0.46-1.00
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this feeding practice with excess infant weight gain (40) and implicates 
this feeding practice as a potential target for future intervention efforts. 
However, it is likely that the greater encouragement of infant bottle-emp-
tying among mothers of resilient infants reflects mothers’ concerns for 
their infant’s weight status and desire to promote weight gain rather than 
an effect of encouraging bottle-emptying on lowered risk for RWG. 
Given previous research linking maternal encouragement of bottle-emp-
tying to mothers’ use of more controlling feeding practices and poorer 
child satiety responsiveness when children are 6 years old (24), further 
research is needed to understand mothers’ motivations for encouraging 
bottle-emptying and longer-term outcomes for infants who were resilient 
to RWG despite mothers’ use of pressuring feeding practices. 

Additional study limitations highlight opportunities for further research. 
The present study was limited by the fact that the IFPS II sample was 
relatively low risk and was not nationally representative of the US pop-
ulation. Additionally, our use of observational data limits our ability 
to understand causal mechanisms. We chose to define RWG as WAZ 
change≥+0.67 because this definition has been widely used in previous 
research (27). However, a possible limitation of this definition is that it 
highlights infants who exhibit upward crossing between major percen-
tile lines on infant growth charts (e.g., the 50th to 75th) and thus may 
only capture infants with very large positive changes in WAZ. Although 
there has been significant evidence for the predictive validity of this 
definition of RWG (27), further research that examines implications of 
lesser degrees of RWG may be informative. 

Conclusion 
Bottle-feeding is a ubiquitous part of infant feeding, yet few studies 
focus on promoting healthy feeding interactions and growth trajecto-
ries for bottle-fed infants. Bottle-feeding caregivers need better sup-
port to reduce the use of undesirable practices (e.g., placing cereal in 
bottle, encouraging infant bottle-emptying) and adopt desirable prac-
tices (e.g., bottle-feeding that is responsive to infant hunger and sati-
ation cues) that may moderate their infant’s heightened risk for RWG. 
A resilience-based approach allows for identification of strengths and 
effective practices that support optimal outcomes for predominantly 
bottle-fed infants. The present study highlighted several characteristics 
of predominantly bottle-fed infants who were resilient to RWG, but fur-
ther research is needed to identify a broader array of key targets for 
future intervention efforts.O 
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