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ABSTRACT
Background Although there has been inconsistency in recommendations regarding the
optimal time for introducing complementary foods, most experts agree that introduc-
tion should not occur before 4 months. Despite recommendations, studies suggest that
20% to 40% of US infants are introduced to foods at younger than 4 months. Previous
studies focused on the introduction of solid foods and are not nationally representative.
Objective Our aims were to provide a nationally representative estimate of the timing
of introduction of complementary foods and to describe predictors of early (<4 months)
introduction.
Design We conducted a cross-sectional analysis of 2009-2014 National Health and
Nutrition Examination Survey data.
Participants The study included 1,482 children aged 6 to 36 months.
Main outcome measures Timing of first introduction to complementary foods (any-
thing other than breast milk or formula) was analyzed.
Statistical analyses performed Prevalence estimates of first introduction to comple-
mentary foods are presented by month. Logistic regression was used to assess charac-
teristics associated with early (<4 months) introduction.
Results In this sample, 16.3% of US infants were introduced to complementary foods at
<4 months, 38.3% between 4 and <6 months, 32.5% between 6 and <7 months, and
12.9% at �7 months of age. In unadjusted analyses, early introduction varied by
breastfeeding status; race/Hispanic origin; Special Supplemental Nutrition Program for
Women, Infants, and Children participation; and maternal age. In adjusted analyses,
only breastfeeding status remained significant; infants who never breastfed or stopped
at <4 months were more likely (odds ratio 2.27; 95% CI 1.62 to 3.18) to be introduced to
complementary foods early than infants who breastfed �4 months.
Conclusions Despite using a broader definition of complementary foods, this analysis
found a lower prevalence of early introduction in this nationally representative sample
than previous studies that included only solids. However, many young children were
still introduced to complementary foods earlier than recommended. Strategies to sup-
port caregivers to adhere to infant feeding guidelines may be needed.
J Acad Nutr Diet. 2018;-:---.

I
N RECENT YEARS, THERE HAS BEEN SOME INCONSIS-
tency in the recommended timing of the introduction of
complementary foods to infants. The term complemen-
tary foods refers to anything other than breast milk and

infant formula, both solids and liquids, that are needed when
milk feeds alone are no longer sufficient to meet the nutri-
tional requirements of infants.1 The Dietary Guidelines for
Americans (DGA) serve as federal level diet and nutrition
guidance for the population �2 years of age; however, there
is no federal guidance for children under 2 years.2 The 2020-
2025 DGA are expected to begin incorporating or releasing
federal dietary guidelines for this age group.2 Some groups
that do have guidelines recommend infants be introduced to
complementary foods between 4 and 6 months of age3 and
others recommend waiting until about 6 months1,4,5;

however, most agree that introduction before 4 months is too
early and introduction after 8 months is too late. Currently,
the American Academy of Pediatrics recommends that
infants be introduced to complementary foods at about
6 months of age.5 Early introduction has been found to be a
risk factor for obesity, although the evidence for this is
inconsistent.6 Both early and late introduction are thought to
be risk factors for celiac disease and type 1 diabetes.7 Late
introduction has been associated with allergies, micro-
nutrient deficiency, and poor eating patterns at later ages.7,8

Previous studies in the United States have reported that
20% to 40% of infants are introduced to complementary foods
before 4 months.9-11 These studies were not nationally
representative and focused on introduction to solid foods
without consideration for liquids. In addition, two of these
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studies are more than 10 years old. The timing of when
non-milk liquids are introduced is important to consider, as
early introduction of non-milk liquids is thought to
compromise adequate intake of nutrients that come from
breast milk and infant formula, and reduce the duration of
breastfeeding among breastfed infants.12 One Canadian study
that focused on the timing of introduction of liquids other
than breast milk and infant formula found 45% of infants
were introduced to other liquids before 6 months.13

The objective of this study was to examine the timing of
first introduction of complementary foods (including both
solids and liquids other than breast milk and infant formula)
among a nationally representative sample of US children. In
addition, breastfeeding status and the sociodemographic
predictors of early (<4 months) introduction are described.
These data may be relevant to the development of the DGA
for this age group.2

METHODS
Data Source and Study Sample
This study used data from the 2009-2014 continuous
National Health and Nutrition Examination Survey
(NHANES). NHANES is conducted in 2-year cycles by the
Centers for Disease Control and Prevention’s National Center
for Health Statistics. Each 2-year cycle obtains nationally
representative data on the health and nutrition status of the
non-institutionalized civilian population in the United States
and uses a complex, stratified, multistage probability design
to select participants. Respondents participate in both a
household interview and a physical examination at the
Mobile Examination Center; only data from the household
interview questionnaires were used for this study. The
unweighted response rate for the included NHANES survey
years ranged from 82.2% to 88.8% for children aged <1 year
and 79.0% to 90.4% for children aged 1 to 5 years.14 The
National Center of Health Statistics Research Ethics Review
Board approved NHANES protocol and all participants in
NHANES provide written informed consent or by proxy for
those who are <7 years of age.
The dietary behavior and nutrition questionnaire asks par-

ticipants 0 to 6 years of age questions pertaining to infant
feeding. A proxy, typically the child’s parent, responds to these
questions. The survey asks how old the infant was when he or
she “was first fed anything other than breast milk or formula,”
including “juice, cow’s milk, sugar water, baby food, or any-
thing else that [the infant]might have been given, evenwater.”
The sample was limited to children who were reportedly first
fed complementary foods before 12 months of age, as it is
unlikely a child would receive only breast milk or formula
beyond 12 months of life. Breastfeeding status was based on
the following questions: “Was [name of the infant/child] ever
breastfed or fed breast milk?” and “How old was [name of the
infant/child] when [he/she] completely stopped breastfeeding
or being fed breast milk? Breastfeeding was categorized as
those who received breast milk for 4 or more months or those
who did not (ie, never breastfed or stopped breastfeeding
before 4 months). For both timing of complementary food
introduction and breastfeeding duration, respondents could
have answered in days, weeks, or months. NHANES then
standardized these variables into days using the conversion
factors: 7 days/week, 30.4 days/month, and 365 days/year.

Information on age; sex; race/Hispanic origin; participation
in the Special Supplemental Nutrition Program for Women,
Infants and Children (WIC); poverty-to-income ratio;
maternal age; and maternal smoking were collected during
the in-home interview.15 Race and Hispanic origin were
based on answers to questions on race and Hispanic origin
and were reported in the following categories: non-Hispanic
white, non-Hispanic black, and Hispanic. Estimates from the
Other race/ethnicity category are not presented as a separate
group for race/Hispanic origin specific estimates; however,
these data are included in all analyses. WIC status was based
on child’s participation in WIC within the past 12 months and
poverty-to-income ratio data; a poverty-to-income ratio
�1.85 was used to determine WIC income eligibility.16 WIC
status was reported as not income-eligible, eligible-received,
and eligible-not received. Maternal age was categorized as
�25 years and �24 years and maternal smoking during
pregnancy was categorized as no or yes.
Two sets of analyses were completed, one including chil-

dren who were 6 to 24 months of age at the time of the
NHANES interview and one including children who were 6 to
36 months of age at the time of the NHANES interview.
Results were similar between the narrower and expanded
age groups, suggesting recall bias was not greater when
including slightly older children. Therefore, in order to in-
crease sample size, the expanded age group (6 to 36 months)
was used as the analytic sample. The sample was limited to
children at least 6 months of age as participants younger than
6 months of age may not yet be receiving complementary
foods. In addition, the sample was limited to children no
older than 36 months of age, as reporting of timing of
introduction of foods and beverages may be less accurate
among older children due to the potential for recall bias.
Data were available for 1,747 children 6 to 36 months of

age. Children were excluded from analyses if they were re-
ported to have been introduced to complementary foods af-
ter 12 months of age (n¼109), had not yet been introduced to
complementary foods (n¼16), refused to answer the question
pertaining to complementary food introduction or did not
know when the participant was introduced to complemen-
tary foods (n¼5), or were missing data on breastfeeding
status or key sociodemographic variables (n¼135). This
resulted in a final analytic sample of 1,482.

Statistical Analysis
The distribution of the percentage of infants with reported
first introduction to complementary foods is described by
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Research Question: When are infants in the United States
first being introduced to complementary foods?

Key Findings: Among US children 6 to 36 months of age in
2009-2014, 16.3% were introduced to complementary foods
too early (<4 months). An additional 38.3% were introduced
between 4 and <6 months and 32.5% were introduced at
the recommended 6 to <7 months of age. The remaining
12.9% were introduced to complementary foods at �7
months.
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