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Abstract

To evaluate the relationship between infant age of egg introduction and

malnutrition‐related growth outcomes in the United States, we analysed secondary

data of 1716 mother–child dyads in the Infant Feeding Practices Study II and itsYear

6 Follow‐Up Study. Malnutrition‐related growth outcomes included body mass

index z‐score (BMIZ), obesity (weight‐for‐height z‐score [WHZ] ≥3 or BMIZ ≥ 2),

WHZ, wasting (WHZ < −2), height‐for‐age z‐score (HAZ), and stunting (HAZ < –2).

Infant age at egg introduction was analysed as a continuous variable. We used

generalised estimating equations to estimate the mean difference in continuous

outcomes and relative risk [RR]) for binary outcomes, adjusting for related maternal

and child confounders. We also explored interactions with child sex, maternal race/

ethnicity, maternal educational level, ever breastfeeding, and formula feeding. In the

total sample, a later infant age at egg introduction was associated with a lower mean

difference in HAZ (confounder‐adjusted mean difference = −0.08, 95% confidence

interval [CI]: −0.12 to −0.03 per month) and a higher risk of stunting (confounder‐

adjusted RR = 1.17, 95% CI: 1.03–1.33 per month) at 6 years. The associations

between infant age at egg introduction and 12‐month growth outcomes differed by

child sex. Among females but not among males, later introduction of eggs was

associated with a lower meanWHZ (−0.06 [−0.12 to 0.00] per month) at 12 months.

Later egg introduction during infancy was associated with a lower mean HAZ and a
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higher risk of stunting in 6‐year‐old children. Besides this, it was associated with a

lower WHZ among females at 12 months.

K E YWORD S

child growth, complementary feeding, eggs, infant growth, malnutrition, obesity, stunting

1 | INTRODUCTION

Malnutrition refers to deficiencies, excesses, or imbalances in energy

intake and nutrients (World Health Organization, WHO, 2020a).

Inadequate nutrition in early infancy may associate with poor intelligence

quotient levels and academic skills in school‐age and further increase

child mortality (Langley‐Evans, 2015; Reinbott & Jordan, 2016). Expected

malnutrition‐related child growth outcomes include obesity, wasting, and

stunting. In the United States, the overall prevalence of stunting and

wasting was 2.9% and 0.2%, respectively, among children under 5 years

(UNICEF, 2021). The corresponding prevalence of stunting and wasting

was 3.0% and 0.4% among children under 24 months, and 2.8% and 0.1%

among children from 24 to 59 months (UNICEF, 2021). Besides this, the

prevalence of these malnutrition‐related outcomes differs by child sex.

Both prevalence of stunting (3.2% vs. 2.6%) and wasting (0.4% vs. 0.1%)

were higher in males than in females under 5 years (UNICEF, 2021).

There are considerable disparities in these outcomes among vulnerable

subpopulations. For example, stunting is higher among Hispanic (6.1%)

than Non‐Hispanic White (2.6%) children aged 2–19 years in the United

States (Iriart et al., 2013).

Proper complementary feeding is important for healthy growth

and attaining a child's human potential (Wang et al., 2021). On the

basis of WHO infant feeding recommendations, children should

transit from exclusive breastfeeding to sharing household meals,

beginning at the age of 6–24 months (Cheikh Ismail et al., 2022).

During this transition period, nutrient‐dense foods are needed to

complement breast milk and support healthy growth and develop-

ment (Prado et al., 2020). For example, the egg is nutrient‐rich

(Iannotti et al., 2014; McKune et al., 2020), protein‐dense

(Drewnowski, 2010), and cost‐efficient food for infant feeding

(Papanikolaou & Fulgoni, 3rd, 2020). Evidence showed that subjects

with a relatively high‐protein diet had a higher sense of satiety and

the effect of decreasing appetite than those under isoenergetically

fed conditions in ad libitum feeding conditions (Weigle et al., 2005;

Westerterp‐Plantenga et al., 2012). Besides, a 50 g egg can provide

57% of the recommended dietary allowance for protein to a healthy

infant aged 7–12 months (Lutter et al., 2018).

However, there is only limited research on the effects of infant egg

intake on other health outcomes, such as infant growth. An observational

study reported that egg intake was positively related to weight‐for‐age z‐

score (WAZ) among children older than 60 months in Nepal from 2013 to

2016 (Miller et al., 2020; Pimpin et al., 2016). Another cohort of infants

born from 1959 to 1961 in Copenhagen reported that the age at egg

introduction had no long‐term associations with overweight and obesity

in adults aged 42 years (Schack‐Nielsen et al., 2010). Besides this, a study

from six waves of National Health and Nutrition Examination Survey

(NHANES) datasets from 2001 to 2012 indicated that egg consumers

were taller than non‐egg consumers among 6‐to‐24‐month‐old children

(Papanikolaou & Fulgoni, 3rd, 2018). A randomised controlled trial (RCT)

revealed that the introduction of eggs reduced the risk of stunting by

47% and increased linear growth among 6‐to‐9‐month‐old children

enroled in 2015 from Ecuador (Iannotti Lutter, Stewart, et al. 2017;

Iannotti, Lutter, Waters, et al., 2017). However, this effect on linear

growth was attenuated to null at the follow‐up 2 years later (Iannotti

et al., 2020). Another RCT among 6‐to‐9‐month‐old infants enroled in

2018 from Malawi found a null association between egg consumption

and length (Stewart et al., 2019). Research has shown sex differences in

the associations of early nutrition with later growth (Thone‐Reineke

et al., 2006) and developmental outcomes (Harding et al., 2017).

Therefore, based on a US national cohort study, we aimed to 1)

investigate the prospective associations between infant age at egg

introduction and later malnutrition‐related growth outcomes at 12

months (short‐term) and 6 years (long‐term) and 2) explore potential

sex differences in these associations.

2 | METHODS

2.1 | Study design and participants

We analysed a subsample (N = 1716) from the Infant Feeding

Practices Study II (IFPS II, 2005–2007, N = 4902 pregnancies and

Key messages

• This secondary data analysis evaluated the relationship

between infant age at egg introduction and malnutrition‐

related growth outcomes among young US children

within the Infant Feeding Practices Study II and its Year

6 Follow‐up Study.

• In the total sample, a later infant age at egg introduction

was associated with a lower mean 6‐year height‐for‐age

z‐score and a higher risk of stunting at 6 years.

• The associations between infant age at egg introduction

and 12‐month growth outcomes differed by child sex.

Later introduction of eggs was associated with a lower

mean weight‐for‐height z‐score among females. How-

ever, this association was not observed among males.
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3033 newborns) and its Year 6 Follow‐Up study (Y6FU, 2012,

N = 1542 children) in the United States (Fein et al., 2008; Grummer‐

Strawn et al., 2014). Given that we aimed to assess the associations

between infant egg introduction and malnutrition‐related child

growth outcomes, we restricted the eligible samples to those

mother–child dyads with complete data on 1) age at egg introduction

by 12 months (exposure) and 2) child weight and height outcomes at

12 months and/or 6 years (outcomes). After excluding some

mother–child dyads due to missing data and attrition, the final

analytic sample consisted of 1716 eligible mother–child dyads.

Figure 1 shows the analytic sample flowchart.

The Center for Disease Control and Prevention (CDC) approved

this analytic plan and provided access to the deidentified and public

use data of IFPS II and its Y6FU. This study was approved by the

University at Buffalo Institute Review Board and the Human

Research Ethics Committee of Xi'an Jiaotong University.

2.2 | Exposure measures

Infant age at egg introduction was our key exposure measure. In the

nearly monthly surveys taken from 2 to 12 months post‐partum (2, 3,

F IGURE 1 Participant flowchart. Eligible mother–child dyads had complete data on 1) age at egg introduction by 12 months (exposure) and
2) weight and height outcomes of children at 12 months and/or 6 years (outcomes). BMIZ, body mass index z‐score; HAZ, height‐for‐age
z‐score; WHZ, weight‐for‐height z‐score. *Eligible height range from 45 to 121 cm when calculating WHZ.
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4, 5, 6, 7, 9, 10, and 12 months), mothers reported their infant's

intake of 18 types of foods in the past 7 days (Wen et al., 2014). The

question that assessed infant food intake was—“In the past 7 days,

how often was your baby fed each food listed below? Include feedings by

everyone who feeds the baby and includes snacks and night‐time

feedings.” Infant food intake was reported as the number of feedings

per day or week. “Eggs” were 1 of the 18 types of foods. Accordingly,

we derived the infant age at egg introduction from mothers' monthly

responses to infant egg consumption questions. The final variable for

infant age at egg introduction was continuous in months. To retain

sample size and reduce potential bias, we used the multiple

imputation approach (see more later) to impute the missing values

of “the child age at egg introduction for those infants whose mothers

reported “not introduced yet by 12 months” at the 12‐month post‐

partum survey, with the allowable child age range being from 13 to

72 months (i.e., between the last infancy follow‐up and the

6‐year follow‐up).

2.3 | Child growth outcome measures

In IFPS II and its Y6FU, mothers reported the child's weight, height, and

actual age at their most recent doctor's visit at the 3‐month, 5‐month,

7‐month, 12‐month, and 6‐year surveys. Our primary growth outcomes

were 12‐month (short‐term) and 6‐year (long‐term) body mass index

z‐score (BMIZ), weight‐for‐height z‐score (WHZ), and height‐for‐age

z‐score (HAZ) as well as their corresponding binary outcomes (obesity,

wasting, and stunting). According to CDC recommendation, WHO

growth charts were suitable for infants and children at the age of 0 to 2

in the United States, and CDC growth charts were recommended for

monitoring growth for children aged 2 years or older in the United

States (Grummer‐Strawn et al., 2010; WHO Multicenter Growth

Reference Study Group, 2006). We calculated child BMIZ, WHZ/

weight‐for‐length z‐score (eligible height range, 45‐121 cm), and

HAZ by sex and age. The short‐term infant growth outcomes of our

interest included obesity (WHZ ≥ 3), wasting (WHZ< ‐2), and stunting

(HAZ< –2) at 12 months (the ending point of infancy). The

corresponding long‐term child growth outcomes are defined as obesity

(BMIZ ≥ 2), wasting (WHZ< ‐2), and stunting (HAZ< –2) at 6 years

(WHO, 2019, 2020b). Note that the BMIZ instead of WHZ score

was recommended to define obesity for children older than 2 years

(Grummer‐Strawn et al., 2010; WHO, 2021). Extreme z‐score values

were removed according to CDC and WHO standards (Center for

Disease Control and Prevention Division of Nutrition Physical Activity

and Obesity, 2019a, 2019b).

2.4 | Confounders

On the basis of literature (Alman et al., 2021; Burgess et al., 2019)

and prior knowledge, we considered demographic, pregnancy, and

child characteristics as potential confounders. To facilitate choosing

confounders for adjustment, we constructed a conceptual framework

to visualise relationships among the exposure, outcome, and

confounders by using directed acyclic graphs (DAGs) (Supporting

Information: Figure 1) with the DAGitty program (http://dagitty.net/,

version 2.3) (Textor et al., 2011, 2017). The final set of confounders

that we chose to adjust contained: age at introduction of other

complementary foods (continuous), baseline BMIZ, WHZ, or HAZ

score at birth (continuous), household income (≤185% vs. >185% of

the US federal poverty level), maternal marital status (married vs.

unmarried), age (18–24, 25–29, 30–34, and ≥35 years), education

(3 years college or lower vs. college graduate or higher), pre-

conception body mass index (BMI) (normal/underweight, overweight,

and obesity), preterm, weight gain during pregnancy (inadequate,

adequate, and excessive), and child sex (female vs. male).

2.5 | Statistical analysis

Continuous variables were summarised using the mean ± standard

deviation and frequency (proportion) for categorical variables.

Analysis of variance and χ2 tests were used to test differences

across infants who introduced eggs less than or equal to 12 months

and those who were not introduced to eggs by 12 months.

To examine the associations of infant age at egg introduction

with malnutrition‐related growth outcomes at 12 months and

6 years, we used generalised estimating equations to estimate the

mean difference in continuous outcomes (BMIZ, WHZ, and HAZ) and

relative risk (RR) for binary outcomes (obesity, wasting, and stunting)

with 95% confidence interval (CI). Model 1 included exposure only. In

addition, Model 2 was adjusted for potential confounders including

sociodemographic factors (e.g., maternal age, education level, and

family income) and health‐related behaviours/status during preg-

nancy (e.g., preconception BMI). Model 3 was further adjusted for

child sex and the corresponding infant growth measurement (BMIZ,

WHZ, or HAZ) at birth to address the influences of child sex and

baseline growth status. Model 4 was additionally adjusted for infant

age at introducing complementary foods other than eggs to assess

the independent effect of egg introduction.

On the basis of previous research (Harding et al., 2017), we further

explored the potential interaction with child sex (male vs. female),

maternal race (Non‐Hispanic White vs. Others), maternal educational

level (3 years college or lower vs. college graduate or higher), ever

breastfeeding (yes vs. no), and formula feeding (yes vs. no) by adding

the two‐way interaction term, such as “child sex × infant age at egg

introduction,” into multivariable regression models.

The missing proportions of adjusted confounders ranged from

0.0% to 5.8% (Supporting Information: Table 1). To reduce selection

bias due to missing data on confounders, we applied multivariate

imputation (MI) by MI by chained equations (van Buuren et al., 1999)

under the assumption of missing at random. The number of burn‐in

iterations before each imputation was set to 10 (see more details in

Supporting information). As suggested in the literature (Glynn

et al., 1993), we included all the relevant variables that were likely

to be used in the subsequent analyses. The confounders with missing
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values and all other variables influencing the processor causing the

missing data (e.g., exposure, outcomes, and other confounders) were

included in the imputation models to generate 20 completed datasets.

We chose to use the MI method for several reasons: (1) the missing

proportions of confounders were not too large (<40%) or small enough

to ignore (>5%), (2) the missing not at random and the missing

completely at random assumption seemed implausible for our dataset,

and (3) missing values on a confounder was likely to be influenced by

the exposure, outcome, and other confounders (Jakobsen et al., 2017).

Standard errors calculated based on Rubin's rules were used to take

account of variability in results between the imputed datasets,

reflecting the uncertainty associated with the missing values (White

et al., 2011). Other imputation diagnostic indicators included variance

total, a relative increase in variance, fraction missing information, and

relative efficiency (Supporting Information: Table 2).

All statistical analyses were performed using the software of SAS

version 9.4 (SAS Institute Inc). Multivariable logistic and linear

regression model were conducted by using SAS PROC GENMOD.

Multiple imputations were performed by using SAS PROC MI and

MIANALYZE. Statistical tests were two‐sided, and p < 0.05 were

considered statistically significant.

3 | RESULTS

Overall, the distributions of sociodemographic and pregnancy

characteristics in the analytic sample (N = 1716) were considerably

different from those in the excluded sample (N = 3186) (Supporting

Information: Table 3). Specifically, mothers in the analytic sample had

higher education levels, higher family income, older age, and higher

infant birthweight and were more likely to be Non‐Hispanic White,

married, and nonsmoking.

In the analytic sample of 1716 mother–child dyads, 75.52% of

infants were introduced to eggs at 12 months or earlier, and the

other 24.48% were not yet introduced by 12 months (Supporting

Information: Figure 2). Supporting Information: Table 4 showed the

distribution of sample characteristics according to infant age at egg

introduction. Mothers of infants not yet introduced to eggs by

12 months had an older age at pregnancy, higher education level, higher

family income, and lower preconception BMI. They were also more

likely to be married and nonsmokers. In this cohort, 9.97% and 7.33% of

the infants had stunting at 12 months and 6 years, respectively. Besides

this, 4.05% and 10.09% of infants were obese at 12 months and 6 years,

respectively (Supporting Information: Figure 3).

As shown in Table 1, the infants with a later age at egg

introduction had significantly lower HAZ at 6 years (confounder‐

adjusted mean difference = −0.08 [95% CI, −0.12 to −0.04] per

month, p < 0.001), after adjusting for maternal sociodemographic

characteristics and health‐related behaviours/status during preg-

nancy. This difference remained almost the same (−0.08 [95% CI,

−0.12 to −0.03] per month, p < 0.001) after further adjusting for child

sex, the corresponding growth measurement at birth, and infant age

at introduction of other complementary foods. Consistently, the risk

of stunting at 6 years was significantly higher if infants were

introduced to eggs at a later age (confounder‐adjusted RR = 1.17

[95% CI, 1.03–1.33] per month, p = 0.016) (Table 2). We did not find

any significant associations between infant age at egg introduction

and other malnutrition‐related growth outcomes, including BMIZ,

WHZ, risk of obesity, and wasting in the total sample (Tables 1 and 2).

Tables 3 and 4 show the interaction between child sex and infant age

at egg introduction for continuous and categorical outcomes, respectively.

There was a significant interaction between child sex and infant age at

egg introduction for BMIZ (p‐value for interaction = 0.036), WHZ (p‐value

for interaction = 0.018), and risk of obesity (p‐value for interaction =

0.015) at 12 months but not at 6 years. Among females at 12 months, an

older infant age at egg introduction was associated with a lower WHZ

(−0.06 [95% CI, −0.12 to 0.00], p=0.045), although the mean difference

in BMIZ (−0.06 [95% CI, −0.13 to 0.00], p=0.060) and the risk of obesity

(0.83 [95% CI, −0.64 to 1.01], p=0.067) were only marginally significant.

However, among males, egg introduction later was not significantly

associated with BMIZ, WHZ, HAZ, and risk of obesity at 12 months. We

also explored the potential interaction between egg introduction age and

other several covariates (i.e., ever formula feeding, breastfeeding,

maternal race/ethnicity, and maternal education) (Supporting Information:

Tables 5–10). The results indicated the following interactions were

significant: between ever breastfeeding and infant age at egg introduction

for HAZ at 12 months (p‐value for interaction =0.028), between ever

formula feeding and infant age at egg introduction for the risk of stunting

at 12 months (p‐value for interaction =0.012), and between maternal

education level and infant age at egg introduction for HAZ at 6 years

(p‐value for interaction = 0.013).

4 | DISCUSSION

In a US prospective longitudinal prebirth cohort, we examined the

associations between infant age at egg introduction and malnutrition‐

related child growth outcomes at 12 months and 6 years. Our results

showed that later egg introduction was associated with a lower HAZ

score and a higher risk of stunting at 6 years old. This suggested a

beneficial effect of early egg introduction on longer‐term height growth.

Most previous studies on the associations between egg introduc-

tion and growth outcomes were conducted in low‐income countries

and were limited by not studying the long‐term effect (Iannotti, Lutter,

Stewart, et al., 2017; Papanikolaou & Fulgoni, 3rd, 2018). In a

prospective cohort study with a 5‐year follow‐up beyond infancy, our

analysis added new evidence on the potential long‐term influences of

infant egg introduction in the United States. Our observed associations

between later egg introduction in infancy with lower HAZ at 6 years

were supported by some (Iannotti et al., 2020; Iannotti, Lutter,

Stewart, et al., 2017; Nachvak et al., 2020; Papanikolaou &

Fulgoni, 3rd, 2018), but not all previous studies (Stewart et al., 2019).

For example, an egg intervention project reported that length‐for‐age

z‐scores (LAZ) increased by 0.63 units among infants who have

introduced to eggs at 6–9 months of age from March to December

2015 in Ecuador where they were experiencing the nutrition transition
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with a disease burden of both obesity and stunting (Iannotti et al., 2020,

Iannotti, Lutter, Stewart, et al., 2017). In the United States, a study

using NHANS dataset showed that 6–24‐month‐olds with egg

consumption had longer recumbent length (79.2 ± 0.2 vs.

78.7 ± 0.1 cm for those without egg consumption; p = 0.03), although

the association with weight was not significant (Papanikolaou &

Fulgoni, 3rd, 2018). However, an RCT study conducted in Malawi of

660 children aged 6–9 months found no significant effect on LAZ after

TABLE 3 Interaction between child sex and infant age at egg introduction in malnutrition‐related child growth outcomes (continuous) at
12 months and 6 years

Females Males
p‐Value
for sex
interaction

Sample
sizea Mean (SD)

Adjusted mean
difference

p‐Value
Sample
sizea Mean (SD)

Adjusted mean
difference

p‐Value(95% CI)b (95% CI)b

BMIZ

12 months 507 0.44 (1.37) −0.06 (−0.13, 0.00) 0.060 481 0.43 (1.48) 0.04 (−0.03, 0.11) 0.281 0.036

6 years 424 0.39 (1.21) 0.00 (−0.05, 0.06) 0.952 428 0.30 (1.35) 0.00 (−0.06, 0.06) 0.975 0.874

WHZ

12 months 507 0.46 (1.29) −0.06 (−0.12, 0.00) 0.045 483 0.49 (1.41) 0.05 (−0.02, 0.11) 0.176 0.018

6 years 351 0.37 (1.24) 0.01 (−0.04, 0.07) 0.658 324 0.32 (1.28) 0.03 (−0.04, 0.09) 0.431 0.763

HAZ

12 months 515 0.00 (1.75) 0.07 (−0.03, 0.16) 0.182 478 0.13 (1.66) −0.05 (−0.12, 0.03) 0.198 0.069

6 years 428 −0.10 (1.39) −0.08 (−0.14, −0.02) 0.006 432 −0.02 (1.36) −0.07 (−0.13, −0.01) 0.017 0.827

Note: The significant parameters (p < 0.05) are highlighted in bold.

Abbreviations: BMI, body mass index; BMIZ, body mass index z‐score; CI, confidence interval; HAZ, height‐for‐age z‐score; SD, standard deviation; WHZ,

weight‐for‐height z‐score.
aFor some variables, the sum of categories was not equal to the total due to missing data.
bMean difference for continuous outcome per month older age at egg introduction adjusted for maternal sociodemographic characteristics (e.g., age,
education level, family income, race/ethnicity, and marital status), health behaviours/status during pregnancy (e.g., preconception BMI, gestational weight
gain, and gestational duration), child sex, the corresponding growth measurement at birth, and infant age at introduction of other complementary foods.

TABLE 4 Interaction between child sex and infant age at egg introduction in malnutrition‐related child growth outcomes (categorical) at
12 months and 6 years

Females Males

p‐Value for
sex interaction

Sample
sizea

Prevalence,
n (%)

Adjusted relative
risk (RR)

p‐Value
Sample
sizea

Prevalence,
n (%)

Adjusted RR
p‐Value(95% CI)b (95% CI)b

Obesity

12 months 507 20 (3.94) 0.83 (0.64, 1.01)c 0.067 481 20 (4.16) 1.24 (0.95, 1.54)c 0.108 0.015

6 years 424 39 (9.20) 0.98 (0.85, 1.11) 0.783 428 47 (10.98) 0.94 (0.83, 1.06) 0.336 0.64

Wasting

12 months 507 10 (1.97) 0.86 (0.58, 1.13)c 0.302 483 11 (2.28) 0.82 (0.55, 1.10)c 0.208 0.819

6 years 351 9 (2.56) 0.95 (0.74, 1.16)c 0.655 324 12 (3.70) 0.96 (0.76, 1.16)c 0.698 0.997

Stunting

12 months 515 56 (10.87) 0.91 (0.78, 1.03) 0.147 478 43 (9.00) 1.02 (0.86, 1.17) 0.821 0.526

6 years 428 32 (7.48) 1.16 (0.99, 1.33) 0.063 432 31 (7.18) 1.18 (0.99, 1.37) 0.064 0.988

Note: The significant parameters (p < 0.05) are highlighted in bold.

Abbreviations: BMI, body mass index; CI, confidence interval.
aFor some variables, the sum of categories was not equal to the total due to missing data.
bRR of categorical outcome per month older age at egg introduction adjusted for maternal socio‐demographic characteristics (e.g., age, education level,
family income, race/ethnicity, and marital status), health behaviours/status during pregnancy (e.g., preconception BMI, gestational weight gain, gestational
duration), child sex, the corresponding growth measurement at birth, and infant age at introduction of other complementary foods.
cGestational duration was adjusted as a continuous variable because of the model convergence.
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early egg introduction between February and July 2018 (Stewart

et al., 2019), which might be due to the higher mean baseline LAZ and

higher infant intake of animal source food, especially fish, in Malawi.

Many studies have shown that egg consumption at an early age

was associated with greater daily nutrient intakes, which were

beneficial for physical growth and mental development (Iannotti,

Lutter, Waters, et al., 2017; Papanikolaou & Fulgoni, 3rd, 2019). A

modelling analysis using NHANES revealed that the addition of one

or two eggs to breakfast in 1‐ to 18‐year‐old children substantially

increased the levels of several dietary nutrients, including total

choline, lutein + zeaxanthin, docosahexanoic acid, vitamin D, vitamin

A, and pantothenic acid, in comparison to the usual breakfast

(Papanikolaou & Fulgoni, 3rd, 2021). For infants, eggs provide a large

proportion of several vital micronutrients' recommended dietary

allowance or adequate intake (AI). For example, one 50‐g egg

provides 88% of the AI of vitamin B12 for a healthy infant aged 7–12

months (Lutter et al., 2018). An RCT among North Indian children

aged 6–35 months in 2011 found that vitamin B12 supplementation

for 6 months could significantly improve linear growth in a subgroup

of children who were stunted at baseline (Strand et al., 2015). Other

nutrients in eggs that may also help explain their beneficial effect on

reducing stunting are essential amino acids and cholesterol (Iannotti

et al., 2014). Stunted children could potentially have a poor dietary

intake of essential amino acids (Semba et al., 2016), and eggs may

improve linear growth (height gain) through elevating concentrations

of amino acids and total cholesterol (Nachvak et al., 2020). Earlier

intake of these critical nutrients from eggs in infancy may lead to

more prolonged benefits on child growth outcomes.

The effect of eggs on child growth outcomes is likely to change

with child age, but only a few studies have examined the long‐term

effects of egg consumption on child growth. In an observational cohort

study conducted from January 2008 to February 2009, vitamin B12

status during infancy could predict linear growth at 5 years old among

500 mother–infant dyads randomly selected from Nepal (Strand

et al., 2018). This indicated that early egg consumption (via vitamin

B12) potentially had a long‐term effect on reducing stunting risk.

However, another study found that the intervention effect of 6‐month

egg consumption among infants aged 6–9 months on height growth

was significant only at end of intervention (ages 12–15 months), but

not significant at the follow‐up when children were 2–3 years old

(Iannotti et al., 2020). This inconsistency of the long‐term effects of

egg consumption on child growth might be due to inadequate sample

size and relatively low prevalence of stunting.

Although egg consumption can help to increase protein, vitamin

B12, and other micronutrient intakes for infants and children, child

growth is multifactorial (Papanikolaou & Fulgoni, 3rd, 2018). In addition

to egg consumption, other complementary food, overall diet quality, and

living environment also play important role in child growth. This might

explain our overall null results on short‐term or long‐term effects of egg

introduction on obesity or wasting. But we observed a trend that later

egg introduction during infancy might be associated with a lower risk of

obesity at 12 months in females (not in males). Some biological evidence

supported this sex interaction. A previous animal study showed that

female rats fed with a high protein diet after weaning had increased

food efficiency, body weight, and fat pads (an indicator of obesity),

whereas these phenotypes were not observed in male rats (Thone‐

Reineke et al., 2006). In addition, this sex difference might be related to

the insulin‐like growth factor‐1 (IGF‐1) response to dietary protein

intake. For example, an RCT conducted in five European countries

among 1090 infants reported that female (vs. male) infants with higher

protein intake had a stronger response and higher concentrations of

total IGF‐1 and leptin, both of which might be associated with higher fat

mass and body weight (Closa‐Monasterolo et al., 2011). In epidemio-

logical studies, the association between age at complementary food

introduction and long‐term obesity (or adiposity) was still inconclusive

(English et al., 2019). Our results were consistent with some studies

showing null association (Barrera et al., 2016; Kanoa et al., 2011).

4.1 | Strengths and limitations

One strength of our analysis was utilising the sizeable general

population study in the United States and 6 years of follow‐up, which

could help to enhance aetiological inference and generalisability.

In addition, we adjusted for a comprehensive list of confounders,

including sociodemographic characteristics, maternal health

behaviours/status during pregnancy, child sex, the corresponding

infant growth measurements at birth, and age of introduction of

other complementary foods.

Our analysis had several significant limitations. First, the

relatively high attrition rates at 12 months (40%) and 6 years

(49%) could lead to substantial potential selection bias. Second,

our definitions of obesity were only based on the sex‐ and age‐

specific percentile of clinically measured BMI, which could not

distinguish between fat mass and lean mass or distribution of fat

mass (visceral vs. subcutaneous). Third, the timeframe for recalling

infant dietary intake, including eggs in the monthly questionnaires

was the past 7 days. Although the use of the past 7 days could help

the mother recall accurately, it might miss the potential changes in

infant dietary intake in the 3 earlier weeks of the past month.

Fourth, the possibility of reverse causation (e.g., infant growth

status may change parents' feeding practices) and unmeasured

confounders (e.g., food allergy) might obscure our observed

association between egg introduction and child growth outcomes.

Fifth, IFPS II was not nationally representative with undersampling

vulnerable populations, such as low‐income families, less educated

mothers, unemployed, and racial minorities. IFPS II mothers were

more likely to breastfeed and breastfeed longer than the general

population. Lastly, IFPS II was a relatively old cohort, as it was

established during 2005–2007. Children's egg consumption may

change over time (Gray, 2019). For example, for US children aged

2–12 years old, egg‐source protein intake per kg of body weight

increased from 0.63 g/day in 1999 to 0.69 g/day in 2010, although

the percentage of egg consumers remained at 82.0% (Kim

et al., 2020). However, the biological effects of egg consumption

on child growth (Lutter et al., 2018) are likely to be similar over

MI ET AL. | 9 of 12



time if the nutrients in eggs remain stable (Papanikolaou &

Fulgoni, 3rd, 2019). Hence, our findings still had some meaningful

implications for current practices.

5 | CONCLUSION

We concluded that a later age at egg introduction in US infants might

delay longer‐term height growth and increase the risk of stunting at

6 years. It was also associated with a lower WHZ at 12 months

among females. Our findings added scientific evidence linking infant

complementary food feeding practices, particularly egg introduction,

and long‐term health effects. The optimal egg introduction age may

depend on the infant's nutritional status and possible growth‐related

outcomes of interest. If replicated in other cohort studies, our

research supports egg consumption starting in infancy as a cost‐

effective nutritional strategy to promote height growth even in

developed countries like the United States. Future research should

improve the retention rate in the follow‐up, use higher‐quality

measures of infant diet, consider the frequency of egg consumption,

and examine other health outcomes such as cardio‐metabolic health.
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