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Abstract Introduction: Ages when young child feeding (YCF) transitions occur have strong impact on health. Even though parents
may modify YCF to suit birth outcome, evidence is lacking especially from large national surveys. The objectives of this
study are to determine ages when children transitioned to different foods and any associations with birthweight, income,
and race. Methods: Existing cross-sectional data from the U.S. National Health and Nutrition Examination Survey 2011-
2018 were analyzed to meet research objectives. Multinomial logistic regression models were used to estimate adjusted
odds ratios after controlling for other determinants. The analytical sample comprised 10,169 children, aged 0-5 years.

Results: Low birthweight significantly associated with early cessation of breastfeeding, early transition to formula, longer
months of feeding formula, and delayed start of complementary feeding. Low-income and middle-income parents were
more likely to transition their children from breastmilk to formula, complementary food, or cowmilk at a younger age than
high-income parents. Black parents were less likely to breastfeed, and like Mexican parents were more likely to transition
from breastfeeding before their children reached 6 months of age.

Conclusion: Birthweight, income, and race are significant influential factors of child feeding transition. Perinatal nutrition
programmers should integrate birthweight, income and racial factors into efforts to improve YCF.
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1. Introduction

This study provides information on how birth outcome and sociodemographic factors impact young child feeding
(YCF) transitions using a nationally representative dataset from a technologically advanced country. By Feeding
transition, we mean the initiation or cessation of feeding breastmilk, formula, cowmilk, and complementary foods.
The focus of the present study differs from the study on feeding practices and growth patterns of moderately low
birthweight infants in resource-limited settings (Vesel, Bellad, & Manji, 2023), and differs from the study on
racial/ethnic patterning of birth weight status(Ro, Goldberg, & Kane, 2019). It is most often assumed that ages at
which children transition to different foods during weaning coincide with that stipulated in weaning guidelines.
However, unfavorable birth outcome, socio-economic conditions, and race/ethnic norms are likely to modify feeding
transitions. Nonetheless, how birth outcome, including low birthweight (LBW), modifies young child feeding
transitions has not been specifically reported.

In physiological terms, the age at which children are fed various foods is a strong determinant of their overall health
even in adulthood (Kelly et al,, 2019, Young & Krebs, 2013, Burdette,2006, Stettler et al, 2005).Timely feeding
transition implies suitable exposure of children’s immature gastrointestinal tract, physiology, immunity, and genome
to bioactive food components. Thus, suitable feeding transitions during the early years of life are essential to the
development of healthy dietary pattern, and reduction of cowmilk protein allergy (CMPA), protein-energy
malnutrition (PEM), metabolic diseases, and adverse epigenetic changes (Kelly et al,, 2019, Young & Krebs, 2013,
Stettler et al, 2005, CPS, 2004). Premature child feeding transition has been associated with iron and protein
deficiencies, faltering growth, and childhood obesity (Young & Krebs, 2013, Burdette, 2006, Stettler et al., 2005,
Baker & Greer, 2010, Dewey,1999).

Appropriate young child feeding (YCF) transition begins with timely initiation of weaning, defined as the gradual
transition from exclusive breastfeeding to complementary foods and culturally appropriate family foods (FNS, 2021,
CDC, 2021a, Kleinman,2000, WHO & UNICEF, 2003). However, child weaning practices vary across race/ethnic
groups ranging from an abrupt transition from breastmilk to family food, to graduated transition from breastmilk or
infant formula to pureed complementary foods, and subsequently to family foods (AAP, 2020, PHA,2008, USDA,
2019). The precise nutritional needs of children for growth and development, in addition to their delicate
gastrointestinal environment necessitate careful timing, planning, and efficient management of related resources.
Thus, specific feeding guidelines have been established by health departments and pediatrician groups which
stipulate ages parents should transition from breastmilk or infant formula (formula) to complementary foods and
family diets (AAP, 2020, PHA, 2008, USDA, 2019). Among the sources of YCF guidelines are the American Academy of
Pediatricians (AAP), the Division of Nutrition of the Centers for Disease Control and Prevention, the Special
Supplemental Nutrition Program for Women, Infants, and Children (WIC) of the Food and Nutrition Services of the
USDA, and the Academy of Breastfeeding Medicine (FNS, 2021, CDC, 2021, Kleinman, 2000, AAP, 2020, Karmaus,
Soto-Ramirez, & Zhang, 2017, WHO & UNICEF, 2014). Among the AAP recommendations are exclusive breastfeeding
for the first 4-6 months of life, introduction of solid food at 4-6 months of age, and continued breastfeeding till the
first birthdate depending on the feeding prowess of the child (Kleinman, 2000, AAP, 2020, AAP, 1998). A frequent
recommendation is to transition from breastfeeding at age 12 months, but parents may transition at an earlier or
later age as they deem fit (FNS, 2021, CDC, 2021, Kleinman, 2000, PHA, 2008). Among these guidelines, the decision
to transition from breastfeeding is deemed a personal choice by the child and parent (FNS, 2021, CDC, 2021).
Consequently, feeding guidelines may be modified by parents and pediatricians when birth outcome is unusual.
Parents may rely on experiences and motivating factors to guide transition from breastmilk or formula to
complementary purees, cowmilk, or solid foods (PHA, 2008, USDA, 2019). Some of these motivating factors are late
preterm birth (birth before 37 weeks of gestation), small for gestation age (SGA), premature birth (birth before 28
weeks of gestation), low birthweight (LBW) (birthweight <2.5 kg) and macrosomia (birthweight > 4.0 kg) (Vesel,
Bellad, & Manji, 2023, Kleinman, 2000, AAP, 2020, USDA, 2019, AAP, 1998, Cashin & Oot, 2018). Even when birth
outcome is normal, factors such as maternal health, dry nursing, socio-economic status, and maternal support may
alter feeding transitions (Kleinman, 2000, PHA, 2008, USDA, 2019). Ability to latch, swallow, and to digest food are
factors that influence YCF feeding transition (Kleinman, 2000, PHA, 2008, AAP, 1998). Other influential factors that
alter feeding transition are race/ethnic affiliation and socioeconomic status (Vesel, Bellad, & Manji, 2023, Ro,
Goldberg, & Kane, 2019, Dewey, 1999). Reports on the extent to which birthweight, race/ethnic affiliation and
income influence YCF feeding transitions are lacking. The present study ascertains how birthweight, income and race
alter YCF. The main outcome measure was child’s age when transitioned from one food to another, such as from
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breastmilk to formula. The percentages of children who transitioned at various ages were determined and then
partitioned by birthweight status, family income and race/ethnic group to determine associations.

Methods
Participants and data sources

This study involves analysis of existing survey data from parents who responded to questions about their children,
aged 0-5 years, during the National Health and Nutrition Examination Survey (NHANES) 2011-2018 cycles (CDC,
2023). Parents were included in this study if they had a child aged <5 years, and had data on birthweight, YCF, family
income, race, and sex. The (NHANES) 2011-2018 demographics, early childhood, and diet behavior datasets were
merged to obtain a composite analytical dataset comprising information on 10,169 children (CDC, 2023, CDC, 2019).
This analytical sample comprised 5,164 boys and 5,005 girls. Children ages 0-5 years were included in the study to
acquire large enough sample for reliable analysis.

During the NHANES 2011-2018 cycles, like in other NHANES, protocols involving human subjects received full
review and approval by the Ethics Review Board of the National Center for Health Statistics, Centers for Disease
Control and Prevention (Protocol #2011-17) (CDC, 2017). The current study involves secondary data analysis of
publicly available deidentified datasets so it was exempted from local human subject review.

Data collection

Trained field staff collected in-person interview data from parents in Mobile Examination Centers (MEC) during the
NHANES 2011-2018 cycles. Data collection involved use of a computer-assisted personal interview (CAPI) system
(CDC, 2017, CDC, 2020). Interview data collection applied significant precautions, including repeated measures to
improve reliability and validity. Further details of the data collection procedures are provided elsewhere (CDC, 2017,
CDC, 2020). The datafiles used for this study contained parents’ responses to demographic, diet behavior, early
childhood and YCF questions (CDC, 2023). Excerpts of questions included: 1) was child ever breastfed, 2) age
stopped breastfeeding, 3) age fed formula, 4) age stopped receiving formula, 5) age started other food/beverage, 6)
age fed cowmilk, 7) family income, and 8) race/ethnic affiliation.

Data analysis strategy

The percentages of children at various ages who were transitioned to different foods by their parents were
ascertained by means of frequency tabulation and cross-tabulation analyses across birthweight, income, and
race/ethnic groups. Significant differences between the proportions of children within groups were tested using the
Pearson x2-test of independence. To enable control of confounders, multinomial logistics regression models were
used to determine associations between ages when feeding transitions occurred and birthweight, income, and race.
Because the NHANES uses stratified multistage probability cluster sampling design including oversampling of
minority populations, data are released with analytical weights and guidelines to safeguard unbiased estimation of
nationally representative outcomes (CDC, 2017, CDC, 2018). To accommodate NHANES complex survey design and
analytical weights, STATA version 12.1 software (STATA Corporation, College Station, Texas) was used for deriving
inferential results. The NHANES analytical weights were applied during data analysis (CDC, 2018). Racial groups
were collapsed into three categories: black (non-Hispanic), Mexican American and other Hispanics (Mexicans), and
white (non-Hispanic). The white (non-Hispanic) category included other racial groups such as Asians and multi-
racialpopulations whose sizes were inadequate for partitioning. Income was expressed as poverty income ratio (PIR)
defined by the US Census Bureau(DHHS, 2019). Three income groups were defined in accordance with the individual
family monthly poverty level index (INDFMMPI) used to determine eligibility for federal assistance programs (CDC,
2019). Based on the INDFMMP], participants were classified as low-income (PIR < 1.30), middle-income (PIR = 1.30-
1.85), and high-income (PIR > 1.85) (CDC, 2019, DHHS, 2019, Zhao et al.,, 2020). Birthweight was dichotomized as
low birthweight (birthweight < 2.5 kg) and normal birthweight (birthweight = 2.5 kg) (Ro, Goldberg, & Kane, 2019,
Cashin & Oot, 2018, Tayie et al, 2021, Louer, Simon, & Switkowski, 2017). The low birthweight group includes
children who had low birthweight because they were born SGA, late preterm, or premature. During the multinomial
logistics regression analyses, associations were adjusted for income, race and sex to estimate adjusted odds ratios
(aOR) where applicable. The high-income, normal birthweight, and white (non-Hispanic) categories were treated as
referents to avoid collinearity. During data analyses, statistical significance was assessed at P<0.05.
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Results
Background and demographics

The mean ages in each category of birthweight, income and race were similar (Table 1). Overall, the observed mean
birthweight was 3.09+0.02 kg. The mean birthweight seemed dissimilar between boys (3.14+0.01 kg) and girls
(3.04+0.02 kg), p<0.001. The racial groups in this study comprised 13.3% black, 25.6% Mexican and 61.1% white.
The income groups comprised low-income, 41.6%; middle-income, 13.3%; and high-income, 45.1%. The overall
prevalence of LBW was 12.3%. Compared to whites (10.3%), blacks (21.4%, p<0.001) had significantly higher
prevalence of LBW, but not Mexicans (12.4%, p=0.378). It is noteworthy that the prevalence of LBW among blacks
was within the upper limit of the global prevalence of 15-20% around same period (Cutland et al., 2017). Greater
proportion of the children were fed formula (86.3%) than were fed breastmilk (79.1%), p<0.001. Among the children
who were fed breastmilk, 52.9% of them received formula concurrently.

Overall, 14.9% of the parents stopped feeding breastmilk within the first month. Almost all the children (94.6%) who
transitioned from breastmilk within the first month started formula. Among the children who transitioned from
breastmilk before 6 months of age, over half (54.8%) started formula compared to those (42.8%) who transitioned
from breastmilk after 6 months of age. Among the children who were breastfed, there was no prominent age when
breastfeeding ceased as frequencies spanned from birth to many months (Figure 1A). Among those who were
formula fed, most of them started on day 1 (42.5%). The most frequent age when parents stopped feeding formula
was the 12th month (Figure 1B). Though initially erratic, the most frequent age when complementary feeding started
was 6 months (31.2%) (Figure 1C). Overall, about 13.6% of the children were fed cowmilk before they reached their
first birthdate. However, majority of the children (84%) were transitioned to cowmilk sharply around age 12 months
(Figure 1D).
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Figure 1. Spike plots showing ages when parents transitioned their children to various foods, (N=10,169)

A: Ages when parents stopped feeding breastmilk

B: Ages when parents fed foods other than breastmilk or formula
C: Ages when parents stopped feeding formula

D: Ages when parents fed cowmilk.
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Table 1. Demographic characteristics and feeding transitions by income, race and birthweight

Income level Race/ethnicity Birthweight status
Low Middle Hightt Black Mexican White Low Normal Total
<1.30 PIRt 1.30-1.85 PIR >1.85 PIR Americans <2.5kg >2.5kg sample
Column percentage (%)
Boy (n=5,164) 51.1 56.6 49.6 49.9 51.4 51.3 45.9 51.8 50.8
Girl (n=5,005) 48.9 43.4 50.4 50.1 48.6 48.7 54.1 48.2 49.2
Age stopped breastfeeding
130 (n_l(dl"i’g 20.7* 16.2* 10.2 18.0* 17.3* 133 18.4* 14.5 14.8
31-180 (n:2,291) 33.3* 32.8* 26.2 36.9* 36.0* 26.8 38.6* 29.3 30.2
181-270 (n:1,309) 18.5 19.9 19.1 20.8 15.6 19.5 17.1 18.8 18.6
271-365 (n:1'149) 12.7* 15.9* 24.2 15.3* 15.3* 20.5 14.5% 19.2 18.6
B * * * * *
>365 (n=1.018) 14.8 15.2 20.4 9.1 15.8 19.9 11.4 18.3 17.7
Age fed infant formula
130 (n—gdaazyz 67.2% 64.5% 53.5 68.8*  66.6* 569 723 59.3 61.1
31-180 (n:11908) 20.7 22.5 26.0 19.6* 21.8 24.7 17.6* 24.2 23.3
et * * * * *
>181 (n=1246) 121 13.0 20.5 11.6 11.7 18.4 10.1 16.5 15.6
Age stopped infant
f"lr_’;’g’("n{dl"é’g 2.4 3.1 23 0.8* 25 2.8 1220* Zf 25
31-180 (n:157) 1.6 0.9 2.7 1.7* 1.8 21 5% 3.4 2.0
181-270 (n;308) 5.1* 2.3 2.1 6.3* 2.7* 3.3 70.7* 77.5 3.5
271-365 (n=5,560) 78.4% 79.0% 74.4 80.9* 80.5* 738 20.0* 14.5 76.8
e * * *
>365 (n=991) 12.5 14.6 18.5 10.3 12.6 18.1 15.3
Age fed compl foods (mo)*
1-3 (n=601) 6.5 7.63* 4.2 8.4* 5.7 5.0 5.2 5.7 5.6
4-6 (n=3,737) 34.2* 38.4* 44.7 32.5% 33.8* 42.5 33.4* 39.9 39.5
>6-12 (n=5,700) 59.4* 54.0 51.1 59.1* 60.5* 52.5 61.3* 54.4 54.9
Age fed cowmilk (mo)
<6 (n=174) 2.0 1.2 1.8 2.5 1.3* 2.0 2.6* 1.7 2.0
26-11 (n=1,163) 14.9* 13.7* 9.0 16.0* 9.9 12.0 12.7 11.9 13.6
212 (n=7,237) 83.1* 85.1* 89.3 81.5* 88.7* 86.0 84.7 86.4 84.4

PIR is poverty-income ratio. *Compl is complementary. "'Referent categories: High-income, white, and normal birthweight. NHANES
analytical weights were applied. Low birthweight is birthweight <2.5 kg. Values within columns may not add up to exactly 100% due to
rounding. *Significantly different from the referent category (p<0.05).

Birthweight and feeding transition

Birthweight associated with feeding transitions (Table 1). Ages when feeding transitions occurred in relation to
birthweight status are shown in Figure 2. By age 6 months, 57.0% (p=0.001) of children born LBW had transitioned
from breastmilk compared to 43.7% of children born normal birthweight status. After controlling for income, race
and sex, children who were born LBW were more likely than those born normal birthweight to transition from
breastmilk within the first 30 days (aOR): 1.56, 95% CI: 1.09-2.44). Significantly greater percentage of children who
were born LBW (72.3%, p<0.001) were fed formula within the first 30 days compared to those born normal
birthweight (59.3%). This difference remained significant after controlling for income, race and sex (aOR: 1.87, 95%
CI: 1.29-2.71). Initiation of complementary feeding before 6 months of age seemed delayed for children born LBW
(38.7%, p=0.003) than normal birthweight (45.6%).

Income and feeding transition

Children from low-income and middle-income parents differed from their high-income counterparts in feeding
transitions (Table 1). Significantly lower percentages of children from low-income (72.2%, p=0.001) and middle
income (73.9%, p=0.001) parents were breastfed compared to those from high-income (86.9%) parents. Generally,
greater proportions of children from low-income (54.0%, p=0.001) and middle-income (49.0%, p=0.001) parents
had ceased breastfeeding by 6 months of age compared to children from high-income (36.4%) parents.
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Fed complementary foad 4
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Stopped breastfeeding- -
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Figure 2. Age when parents transitioned their children to other foods in relation to birthweight status
*Significantly different from the normal birthweight category (all p<0.05). Low birthweight, <2.5 kg, normal birthweight 22.5 kg.

After controlling for race and sex, children from low-income parents (aOR: 2.61, 95% CI: 1.95-3.51) and middle-
income parents (aOR: 1.88,95% CI: 1.26-2.80) were more likely to transition from breastmilk within the first 30 days
compared to children from high-income parents. Contrariwise, greater proportions of children from low-income
(67.2%, p=0.001) and middle-income (64.5%, p=0.001) parents were fed formula within the first 30 days compared
to children from high-income parents (53.5%). The differences persisted after controlling for confounders as
children from low-income (aOR: 1.86, 95% CI: 1.44-2.41) and middle-income (aOR: 1.74, 95% CI: 1.10-2.86) parents
were more likely to be fed formula within the first 30 days compared to children from high-income parents.
Cessation of formula feeding did not significantly associate with income level. Similar percentages of children from
low-income parents (40.7%), middle-income parents (46.0%) and high-income parents (48.9%) were fed
complementary food within 6 months of age. Compared to children from high-income parents (10.7%), significantly
higher percentage of children from low-income parents (17.0%, p=0.008) but not middle-income parents (14.9%,
p=0.181) were fed cowmilk before 1 year of age. After adjusting for race and sex, children from low-income parents
(aOR: 1.88,95% CI: 1.37-2.58) and middle-income parents (aOR: 1.66, 95% CI: 1.12-2.45) were more likely to be fed
cowmilk before 1 year of age compared to children from high-income parents.

Race and feeding transition

The proportions of children that had ever been breastfed differed significantly between blacks (58.7%, p=0.001) and
whites (82.5%) but not between Mexicans (81.7% p=0.419) and whites. Compared to whites, blacks were less likely
to feed breastmilk (aOR: 0.38, 95% CI: 0.32-0.46). Of those who transitioned from breastmilk within the first 30 days
of life, blacks comprised 18.0%, Mexicans 17.3% and whites 13.3%. By the end of the 6th month, over half of black
parents (54.9%, p=0.001) and Mexican parents (53.3%, p=0.001) had stopped breastfeeding, compared to white
parents (40.1%) (Table 1). Thus, black parents (aOR: 1.53, 95% CI: 1.22-1.92) and Mexican parents (aOR: 1.41, 95%
Cl: 1.11-1.79) were more likely than white parents to transition their children from breastmilk by 6 months of age.
Black and Mexican parents fed formula at an earlier age and stopped at a younger age than whites (Table 1).
Similarly, black parents (aOR: 1.46, 95% CI: 1.13-1.90) and Mexican parents (aOR: 1.57, 95% CI: 1.17-2.10) were
more likely than white parents to feed formula within the first 30 days. Before 6 months of age, significantly higher
proportion of white parents (47.5%) had started feeding complementary food than black parents (40.9%, p=0.001)
and Mexican parents (39.5%, p=0.001). Before the first birthdate, significantly greater proportion of black parents
(18.5%, p=0.002), but not Mexicans parents (11.3%, p=0.224) had fed cowmilk compared to white parents (14.0%).
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Discussions
Background findings

Most of the children who were transitioned from breastmilk before age 6 months were transitioned to formula,
implying that premature cessation of breastfeeding results in formula feeding. Overall, more than half of the children
were concurrently breastfed and formula fed which is indicative of mixed feeding by parents. Mixed feeding is
associated with inadequate breastfeeding, dry nursing, premature weaning, and calorie splurging as some of the
children gobble up formula and drink less breastmilk (FNS, 2021, Karmaus, Soto-Ramirez, & Zhang, 2017, Koletzko,
2009, Gartner, 2005, Heinig et al.,, 1993). There is ample evidence of benefits to both child and mother to transition
from breastfeeding at recommended ages (CDC, 2023, AAP, 2021, Miliku & Azad, 2018, Dogaru et al., 2014, Kramer et
al,, 2007). Among the benefits, there is decreased risk of infant mortality, breast cancer, asthma, diarrhea, childhood
obesity, and lower cost of YCF (Heinig et al., 1993, CDC, 2023, AAP, 2021, Miliku& Azad, 2018, Dogaru et al,, 2014,
Kramer et al,, 2007). It is worthwhile to note that about a tenth of the children in this study were transitioned to
cowmilk before their first birthdate. This practice is contrary to feeding guidelines and worrisome since premature
exposure of children’s delicate gastrointestinal tract to cowmilk is associated with rapid weight gain, CMPA, and
higher level of insulin-like growth factor-1 (IGF-1) (Kelly et al,, 2019, Young & Krebs, 2013, Koletzko, 2009, Ventura
et al, 2020, Larnkjaer, 2009). Cessation of breastfeeding and initiation of complementary feeding were random and
may be partly explained by the AAP overlapping guidelines for breastfeeding and complementary feeding (FNS,
2021, CDC, 2021, AAP, 2020, PHA, 2008, AAP, 1998).It is thus not unexpected that the pattern of initiation of
complementary feeding was initially erratic but peaked around 6 months of age. Complementary feeding exposes
children to additional bioactive food components and the erratic nature in which it was initiated is bothersome. Even
though repeated exposure of children to bioactive food component could improve tolerance acquisition, premature
exposures could trigger food allergy, food intolerance, and epigenetic changes which can adversely alter food habits
and gastrointestinal health (Kelly et al., 2019, CDC, 2021, Calkins & Devaskar, 2011, Canani et al., 2012). The sharp
overlap of the cessation of formula feeding and initiation of cowmilk feeding may be partly explained by YCF
guidelines which specify not to initiate cowmilk feeding before the first birthdate (CDC, 2021, Kleinman, 2000, AAP,
2020, AAP, 1998). The recommendation not to feed cowmilk before the first birthdate was largely obeyed.

Feeding transition and birthweight

Significant associations between LBW and early cessation of breastmilk feeding, early transition to formula, longer
duration of formula feeding, and delayed start of complementary feeding were observed. Among the reasons for
these associations is modification of feeding practices by parents and pediatricians when birth outcome is unusual,
such as in LBW. Intuitively, parents may transition from breastmilk to formula to aid body weight gain of LBW
children (Stettler et al., 2005, Cohen, 1994, Larnkjaer, 2009).Inability to effectively breastfeed, latch, swallow or feed
adequately are among the YCF issues of LBW which might encourage switching to more supportive foods (Kleinman,
2000, AAP, 2020, WHO & UNICEF, 2014, AAP, 1998). These YCF issues are likely to motivate transition from
breastmilk to formula, extend formula feeding, or delay complementary feeding as observed in the current study
(Dewey, 1999). Age when children were transitioned to cowmilk did not associate with birthweight status. A
plausible explanation is that majority of the children, including those LBW, who transitioned to cowmilk on their first
birthdate in accordance with AAP feeding guidelines may comfortably consume cowmilk at levels similar to normal
birthweight children (FNS, 2021, CDC, 2021, AAP, 2020, PHA, 2008, AAP, 1998).

Feeding transition and income

Income levels significantly associated with feeding transitions, except for cessation of formula feeding. It was
reasoned that income did not associate with cessation of formula feeding largely because most of the parents
stopped formula feeding on their children’s first birthdate, and then transitioned them to cowmilk likely as an
inexpensive alternative. Low-income and middle-income parents were more likely to transition their children from
breastmilk to formula, complementary food, or cowmilk at a younger age than high-income parents. Since breastmilk
is least pricey but effective food for YCF, it was unexpected that low-income and middle-come parents ceased feeding
breastmilk at a younger age than high-income parents. Some reasons may be lack of breastfeeding support for low-
income and middle-income parents including lack of breastfeeding friendly locations, easy availability of weaning
foods through the social support programs, time cost of breastfeeding, convenience to feed other foods, job-related
limitations, and maternal smoking (Ro, Goldberg, & Kane, 2019, Karmaus, Soto-Ramirez, & Zhang, 2017, WHO &
UNICEF, 2014, Walsh, Pieterse, & Mishra, 2023, Guldan et al., 2000). The significant association between low-income
and early initiation of complementary feeding may be partly explained by limited resources of low-income parents
which may encourage early transition to complementary foods. In essence, the associations between child feeding
transition and income appear complicated by income-driven factors. The observed differences in feeding transitions
between income levels is another instance in which income level contributes to health inequity.
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Feeding transition and race

A casual glance at the patterns of feeding transition within the race/ethnic groups portrays resemblance although
there were discernible differences. Similar to findings of other studies, black parents were less likely to feed
breastmilk, and like Mexican parents were more likely to transition from breastmilk before their children were 6
months of age in relation to whites (Pesch et al, 2019, Feldman-Winter et al., 2018, Wright, Fawcett, & Crow, 1980).
Among the racial groups, black and Mexican parents were more likely to initiate formula feeding within the first
month. Access to social support systems such as WIC products has been cited as a reason (Singhal, 2017, Leunissen et
al.,, 2009). This observation, however, did not translate into longer duration of complementary feeding since it is the
children of white parents who received complementary feeding for greater number of months. The observed racial
differences in child feeding transition are partly explained by inherent socio-cultural differences in feeding habits
and apparent socioeconomic inequity (Ro, Goldberg, & Kane, 2019, Guldan et al,, 2000). These differences connote
racial inequality in the exposure of children’s gastrointestinal tract to bioactive food components and may contribute
to the persistent racial disparity in health outcomes (Ro, Goldberg, & Kane, 2019, Burdette, 2006, Cohen, 1994). The
significant evidence of racial influence on child feeding transitions observed in the current study warrants tailored
race-specific perinatal intervention programs that focus on improving child feeding practices (Guldan et al., 2000).

Like other cross-sectional studies, causation could not be asserted in this study. There is a remote possibility of social
desirability bias in responding to survey questions (Perrin etal, 2014). However, many precautions were taken
during the data collection to obtain accurate and reliable data (CDC, 2017, CDC, 2018). The use of large nationally
representative datasets collected by trained field staff connotes reliability, validity, and generalizability of findings.

Conclusion

In conclusions, Birthweight, income and race are significant influential factors of child feeding transition. Both low
birthweight and low-income are associated with early transition from breastmilk and early initiation of formula
feeding. Being low-income and middle income are associated with early transition to cowmilk. Black and Mexican
parents are more likely than whites to initiate formula feeding within the first month and to terminate breastmilk
feeding before 6 months of age. Evidently, among the etiologic pathways for the constellation of poor health
outcomes is unfitting child feeding transition in cognizance of the dietary origin of health and disease.

The outcome of this study is useful for improving child feeding transitions, evaluating existing YCF programs, and
improving child mortality. It provides evidence that can be used to buttress targeted YCF education of demographic
groups. Pediatricians and other healthcare professionals should monitor YCF transitions when birth outcome is
unusual. Overall, an update to YCF intervention programs and guidelines to emphasize appropriate feeding
transitions is clamant.

Conflict of Interest: None declared.
Ethical Approval: Not applicable.

Funding: None.

References

American Academy of Pediatrics Committee on Nutrition. (2020). Feeding the infant. In R. E. Kleinman & F. R. Greer
(Eds.), Pediatric Nutrition (8th ed.). American Academy of Pediatrics.

American Academy of Pediatrics. (1998). Pediatric Nutrition Handbook (4th ed.). In R. E. Kleinman (Ed.), American
Academy of Pediatrics recommendations for complementary feeding. Elk Grove Village, IL: American Academy of
Pediatrics.

American Academy of Pediatrics. (2021). Breastfeeding: Support, challenges, and benefits. American Academy of
Pediatricians Pediatric Collection.https://publications.aap.org/journals/collection/624/Pediatric-Collections-
Breastfeeding-Support?autologincheck=redirected. Accessed June 13, 2023.

Baker, R. D.,& Greer, F. R. (2010). Diagnosis and prevention of iron deficiency and iron-deficiency anemia in infants
and young children (0-3 years of age). Pediatrics, 126(5), 1040-1050.

Burdette, H. L. (2006). Breastfeeding, introduction of complementary foods, and adiposity at 5 years of age. American
Journal of Clinical Nutrition, 83(3), 550-558.

Calkins,K., &Devaskar, S. U. (2011). Fetal origins of adult disease. Current Problems in Pediatric and Adolescent Health
Care, 41,158-176.

Tayie, Aryeetey, and Aklamanu 8



International Journal of Health Sciences DOI: 10.1080/ijhs.v13p1

Canadian Pediatric Society. (2004). Weaning from the breast. CPS Position Statement CP04-01. Pediatric Child Health,
9(4), 249-253.

Canani, R. B,, Nocerino, R, Terrin, G., Coruzzo, A., Cosenza, L., Leone, L., & Troncone, R. (2012). Effect of Lactobacillus
GG on tolerance acquisition in infants with cow's milk allergy: A randomized trial. Journal of Allergy and Clinical
Immunology, 129(2), 580-582.

Cashin, K., & Oot, L. (2018). Guide to Anthropometry: A Practical Tool for Program Planners, Managers, and
Implementers. Food and Nutrition Technical Assistance (FANTA),
USAID.https://www.fantaproject.org/tools/anthropometry-guide. Accessed June 26, 2023.

Centers for Disease Control and Prevention. (2017). National Center for Health Statistics. National Health and
Nutrition Examination Survey MEC Interviewer Procedures Manual. U.S. Department of Health and Human
Services.https://wwwn.cdc.gov/nchs/data/nhanes/2017-2018/manuals/2017_MEC_Interviewers_Procedures.pdf.
Accessed June 19, 2023.

Centers for Disease Control and Prevention. (2018). National Center for Health Statistics. NHANES Survey Methods
and Analytic Guidelines. U.S. Department of Health and Human
Services.https://wwwn.cdc.gov/nchs/data/nhanes/analyticguidelines/11-16-analytic-guidelines.pdf. Accessed June
29,2021.

Centers for Disease Control and Prevention. (2019). National Center for Health Statistics. Data documentation,
codebook, and frequencies. U.S. Department of Health and Human
Services.https://wwwn.cdc.gov/Nchs/Nhanes/2017-2018/INQ _J.htm. Accessed May 23, 2023.

Centers for Disease Control and Prevention. (2020). National Center for Health Statistics. National Health and
Nutrition Examination Survey MEC Interviewer Procedures Manual. U.S. Department of Health and Human
Services.https://wwwn.cdc.gov/nchs/data/nhanes/2019-2020/manuals/2020-MEC-Interviewers-Procedures-
Manual-508.pdf. Accessed June 19, 2023.

Centers for Disease Control and Prevention. (2021).
Weaning.https://www.cdc.gov/nutrition/InfantandToddlerNutrition/foods-and-drinks/cows-milk-and-milk-
alternatives.html. Accessed August 6, 2023.

Centers for Disease Control and Prevention. (2023). Breastfeeding: Recommendations and
benefits.https://www.cdc.gov/nutrition/infantandtoddlernutrition /breastfeeding/recommendations-benefits.html.
Accessed August 5, 2023.

Centers for Disease Control and Prevention. (2023). National Center for Health Statistics. NHANES Questionnaires,
Datasets, and Related Documentation. U.S. Department of Health and Human
Services.https://wwwn.cdc.gov/nchs/nhanes/default.aspx. Accessed June 25, 2023.

Cohen, R.]. (1994). Effects of age of introduction of complementary foods on infant breast milk intake, total energy
intake, and growth: A randomised intervention study in Honduras. The Lancet, 344(8918), 288-293.

Cutland, C. L., Lackritz, E. M., Mallett-Moore, T., Bardaji, A., & Chandrasekaran, R. (2017). Low birth weight: Case
definition & guidelines for data collection, analysis, and presentation of maternal immunization safety data. Vaccine,
35,6492-6500.

Dewey, K. G. (1999). Age of introduction of complementary foods and growth of term, low-birth-weight, breast-fed
infants: A randomized intervention study in Honduras. American Journal of Clinical Nutrition, 69(4), 679-686.

Dogaru, C. M,, Nyffenegger, D., Pescatore, A. M., Spycher, B. D., & Kuehni, C. E. (2014). Breastfeeding and childhood
asthma: Systematic review and meta-analysis. American Journal of Epidemiology, 179, 1153-1167.

Feldman-Winter, L., Burnham, L., Grossman, X, Matlak, S., Chen, N., &Merewood, A. (2018). Weight gain in the first
week of life predicts overweight at 2 years: A prospective cohort study. Maternal and Child Nutrition, 14(1).

Gartner, L. M,, Morton, ]., Lawrence, R. A, Naylor, A. ]., O'Hare, D., &Schanler, R. ]. (2005). Breastfeeding and the use of
human milk. Pediatrics, 115, 496-506.

Guldan, G. S., Fan, H. C,, Ma, X,, Ni, Z, Xiang, X., & Tang, M. Z. (2000). Culturally appropriate nutrition education
improves infant feeding and growth in rural Sichuan, China. Journal of Nutrition, 130, 1204-1211.

Heinig, J. M., Nommsen, L., Peerson, J. M., Lonnerdal, B., & Dewey, K. G. (1993). Energy and protein intake of breast-
fed and formula-fed infants during the first year of life and their association with growth velocity: The DARLING
study. American Journal of Clinical Nutrition, 58(2), 152-161.

Karmaus, W.,, Soto-Ramirez, N., & Zhang, H. (2017). Infant feeding patterns in the first six months of age in the USA: A
follow-up study. International Breastfeeding Journal, 12, 48.

9 Tayie, Aryeetey, and Aklamanu



International Journal of Health Sciences DOI: 10.1080/ijhs.v13p1

Kelly, E., Dunn, G., Murphy, B. P., & O'B Hourihane, J. (2019). Formula supplementation remains a risk for cow's milk
allergy in breast-fed infants. Pediatric Allergy and Immunology, 30(8), 810-816.

Kleinman, R. E. (2000). American Academy of Pediatrics recommendations for complementary feeding. Pediatrics,
106(Suppl 4), 1274 .https://pediatrics.aappublications.org/content/106/Supplement_4/1274.1. Accessed May 22,
2023.

Koletzko, B. (2009). Lower protein in infant formula is associated with lower weight up to age 2 years: A randomized
clinical trial. American Journal of Clinical Nutrition, 89(6), 1836-1845.

Kramer, M. S., Matush, L., Vanilovich, I, Platt, R., Bogdanovich, N., Sevkovskaya, Z. (2007). Effect of prolonged and
exclusive breastfeeding on risk of allergy and asthma: Cluster randomized trial. BMJ, 335, 815.

Larnkjaer, A. (2009). The effects of whole milk and infant formula on growth and IGF-I in late infancy. European
Journal of Clinical Nutrition, 63(8), 956-963.

Leunissen, R. W., Kerkhof, G. F,, Stijnen, T., &Hokken-Koelega, A. (2009). Timing and tempo of first-year rapid growth
in relation to cardiovascular and metabolic risk profile in early adulthood. JAMA, 301(21), 2234-2242.

Louer, L. A, Simon, D. N., &Switkowski, K. M. (2017). Assessment of child anthropometry in a large epidemiologic
study. Journal of Visualized Experiments, 120, 54895.

Miliku, K., & Azad, M. B. (2018). Breastfeeding and the developmental origins of asthma: Current evidence, possible
mechanisms, and future research priorities. Nutrients, 10(8), 995.

Perrin, E. M., Rothman, R. L, Sanders, L. M,, Skinner, A. C., Eden, S. K., Shintani, A, Throop, E. M., & Yin, H. S. (2014).
Racial and ethnic differences associated with feeding- and activity-related behaviors in infants. Pediatrics, 133(4),
e857-e867.

Pesch, M. H,, Pont, C. M., Lumeng, |. C,, McCaffery, H., & Tan, C. C. (2019). Mother and infant predictors of rapid infant
weight gain. Clinical Pediatrics, 58(14), 1515-1521.

Public Health Agency of Canada. (2008). Canadian Perinatal Health Report, 2008 Edition. Ottawa.

Ro, A, Goldberg, R. E., & Kane, ]. B. (2019). Racial and ethnic patterning of low birth weight, normal birth weight, and
macrosomia. Preventive Medicine, 118, 196-204.

Singhal, A. (2017). Long-term adverse effects of early growth acceleration or catch-up growth. Annals of Nutrition and
Metabolism, 70, 236-240.

Stettler, N., Stallings, V. A,, Troxel, A. B,, Zhao, ]., Schinnar, R., & Nelson, S. E. (2005). Weight gain in the first week of
life and overweight in adulthood: A cohort study of European American subjects fed infant formula. Circulation, 111,
1897-1903.

Tayie, F. A, Lambert, L. A, Aryeetey, R, Xu, B., & Brewer, G. (2021). Anthropometric characteristics of children living
in food-insecure households in the USA. Public Health Nutrition, 24(15), 4803-4811.

U.S. Department of Agriculture. (2019). Infant nutrition and feeding: A guide for use in the special supplemental
nutrition for infants, women, and children. Food and Nutrition
Services.https://wicworks.fns.usda.gov/sites/default/files/media/document/infant-feeding-guide.pdf. Accessed
May 7,2023.

U.S. Department of Health & Human Services. (2019). Poverty Guidelines, Research, and Measurement. Washington,
DC: U.S. Department of Health & Human Services.https://aspe.hhs.gov/topics/poverty-economic-mobility /poverty-
guidelines/prior-hhs-poverty-guidelines-federal-register-references. Accessed May 25, 2023.

U.S. Food and Nutrition Services. (2021). WIC breastfeeding support: Weaning your baby. U.S. Department of
Agriculture, Food and Nutrition Services.https://wicbreastfeeding.fns.usda.gov/weaning-your-baby. Accessed May
21,2023.

Ventura, E. R, Konigorski, S.,, Rohrmann, S., Schneider, H,, Stalla, G. K., Pischon, T., Linseisen, ]., &Nimptsch, K. (2020).
Association of dietary intake of milk and dairy products with blood concentrations of insulin-like growth factor 1
(IGF-1) in Bavarian adults. European Journal of Nutrition, 59(4), 1413-1420.

Vesel, L., Bellad, R. M., & Manyji, K. (2023). Feeding practices and growth patterns of moderately low birthweight
infants in resource-limited settings: Results from a multisite, longitudinal observational study. BMJ Open, 13,
e067316.https://doi.org/10.1136/bmjopen-2022-067316

Walsh, A, Pieterse, P., & Mishra, N. (2023). Improving breastfeeding support through the implementation of the
Baby-Friendly Hospital and Community Initiatives: A scoping review. International Breastfeeding Journal, 18,
22.https://doi.org/10.1186/s13006-023-00556-2.

Tayie, Aryeetey, and Aklamanu 10



International Journal of Health Sciences DOI: 10.1080/ijhs.v13p1

World Health Organization & United Nations Children's Fund. (2003). World Health Organization Global Strategy for
Infant and Young Child Feeding.https://apps.who.int/iris/handle/10665/42590. Accessed June 22, 2023.

World Health Organization & United Nations Children's Fund. (2014). Every newborn: An action plan to end
preventable deaths. World Health Organization.

Wright, P., Fawcett, ]., & Crow, R. (1980). The development of differences in the feeding behavior of bottle and breast-
fed human infants from birth to two months. Behavioral Processes, 5(1), 1-20.

Young, B. E., & Krebs, N. F. (2013). Complementary feeding: Critical considerations to optimize growth, nutrition, and
feeding behavior. Current Pediatric Reports, 1, 247-256.

Zhao, F,, Wu, W,, Feng, X,, Li, C,, Han, D., Guo, X., & Lyu, ]. (2020). Physical activity levels and diabetes prevalence in US
adults: Findings from NHANES 2015-2016. Diabetes Therapy, 11, 1303-1316.

Author Biography

Dr. Francis Tayie is a Full Professor of Nutrition Sciences at Southeast Missouri State University, USA. He earned his
PhD in Human Nutrition from Auburn University, AL, USA. He is the director of the Master of Science in Nutrition and
Exercise Science program at Southeast Missouri State University, USA. Dr. Tayie has extensive experiences in
population level nutrition research such as published here.

Dr. Richmond Aryeetey is a Full Professor and Public Health Nutritionist at the University of Ghana School of Public
Health. He earned his PhD in human nutrition from lowa State University, IA, USA. Dr. Aryeetey is a fellow of the
African Nutrition Leadership Program atthe Yale University Global Health Leadership Institute, and the Brown
University International Advanced Research Institute. Dr. Aryeetey has extensive experiences in research involving
public health nutrition includingmaternal &child health.

Dr. Isaac Aklamanu is a Professor of Sociology, Social Work, and Criminal Justice at Lamar University, Beaumont,
TX, USA. He earned his PhD from Southern Illinois University, Carbondale, IL, USA. He currently serves as a board and
council member on aging and disabilities in the Southeast Texas area. Dr. Aklamanu has extensive experiences in
child welfare, case management, child protection, youth & adolescents with behavior problems, autism, and health
behaviors.

Disclaimer/Publisher’s Note: The views, opinions, and data presented in all publications are exclusively those of
the individual author(s) and contributor(s) and do not necessarily reflect the position of BRPI or its editorial team.
BRPI and the editorial team disclaim any liability for any harm to individuals or property arising from the use of any
ideas, methods, instructions, or products mentioned in the content.

11 Tayie, Aryeetey, and Aklamanu



