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ackground: Recommendations on timing for introduction of allergenic foods in an infant diet have
hanged twice during the past decade. How families with different demographic characteristics implement
e change has not been studied in the United States.
bjective: To compare the age of introduction of allergenic foods between an urban Medicaid-based pop-

ulation and a suburban private insuranceebased population in Cincinnati, Ohio.
Methods: Two hundred parent surveys were distributed at well-child checkups between 4 and 36 months of
age. Data were analyzed using distribution mapping to determine the difference in the age of introduction of
infant formula, infant solids, whole cow’s milk, eggs, peanut, and fish. Random forest analysis was used to
determine the most important factors affecting the age of introduction for both populations.
Results: There was no statistically significant difference in the age of infant solid introduction, but urban pop-
ulations introduced allergenic foods earlier than suburban populations, with a statistically significant difference
in theageof introductionof infant formula,wholecow’smilk,eggs, peanut, andfish. Themost important factor for
the timing of all food introductions was the recommended age of introduction from health care professionals.
Conclusions: There is a difference between urban and suburban populations in the timing of introduction of
allergenic foods but not in other infant solid foods. The reliance on physician recommendation for both
populations supports the need for education and guidance to health care professionals on up-to-date
guidance and recommendations.
� 2016 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights reserved.
Introduction stating that solids should be introduced at 4 to 6 months of age but
The introduction of solid foods to an infant is an important
pediatric milestone. Although there are recommendations for the
introduction of an infant’s first solid food, there are no concrete
recommendations for the introduction of allergenic foods, namely,
egg, cow’s milk, peanut, and fish. In 2000, citing concerns about the
increasing rate of food allergies in the United States, the American
Academy of Pediatrics (AAP) recommended that the introduction of
allergenic foods be delayed as follows: introduction of cow’s milk
until 1 year of age, eggs until 2 years of age, and peanuts and fish
until 3 years of age.1 In 2008, the AAP altered its recommendations
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provided no specific schedule for introduction of common aller-
genic foods, citing a paucity of data to suggest that delayed intro-
duction reduced the rates of food allergy.2 In 2010, the National
Institute of Allergy and Infectious Diseasesesponsored Expert Panel
report agreed with these findings and recommended the intro-
duction of solid foods between 4 and 6 months of age and the
introduction of allergenic foods at any time afterward.3 At that
time, health care professionals and the US population did not have
clear direction on the timing of allergenic food introduction.
Although subsequent recommendations have been published since
then, the issue of how the families responded to the 2010 recom-
mendations was not studied.4e6

McKean et al7 reported on the timing of introduction of solid
foods and allergenic foods in a population of infants with a family
history of atopy, who were thus at higher risk for atopic disease.
lsevier Inc. All rights reserved.
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However, there are no available reported data regarding the timing
of introduction of allergenic foods in a general pediatric population.
In addition, prior studies have found socioeconomic differences in
food introduction. Although these studies discuss the socioeco-
nomic implications, such as enrollment in the governmentWomen,
Infants, and Children (WIC) program, the effect on allergenic food
introduction has not been specifically addressed.8,9

In this study, we collected data regarding food introduction by
caregiver report in 2 separate populations: an urban Medicaid-
based population affiliated with Cincinnati Children’s Hospital
Medical Center (CCHMC) and a suburban private insuranceebased
population in Montgomery, Ohio, a suburb located 14 miles outside
Cincinnati, Ohio. The goal was to determine the timing of intro-
duction of allergenic foods and whether there was a difference
between urban and suburban populations. The primary aim was to
analyze general pediatric allergenic food introduction with evalu-
ation of timing differences between the populations, hypothesizing
that urban caregivers would introduce foods at an earlier age as has
been previously reported with nonallergenic foods.8,9 The sec-
ondary aim was to determine which factors, including maternal
age, number of children, patient and family histories of atopic
diseases, and recommendations by health care professionals, were
considered most important in determining the age of allergenic
food introduction.

Methods

Study design
Three clinical sites were used for patient recruitment: Mont-

gomery Pediatrics in Cincinnati, Ohio, representing the suburban
population, and Hopple Street Health Center and the Pediatric
Primary Care Center, both urban academic pediatric clinics affili-
ated with CCHMC. Hopple Street Health Center and the Pediatric
Primary Care Center were considered together as the urban pop-
ulation. Caregivers of children at their 4-month to 3-year well-child
checkups (WCCs) were enrolled. Data were deidentified and
collected at oneWCCwith no longitudinal data collection or follow-
up. The study was approved by the CCHMC Institutional Review
Board. The institutional review board waived the requirement to
obtain documentation of informed consent for all adult participants
and waived the requirement to obtain documentation of assent for
all child participants (parents who are minors). The institutional
review board approved the study questionnaire and a cover letter
that introduced the questionnaire to the parents.

Study Participants

Two hundred caregiver questionnaires were distributed be-
tween January and March 2010. A 2-month window was used to
decrease the likelihood of resurveying the same family at a sub-
sequent WCC. Of the 200 questionnaires, 100 were given to
Montgomery Pediatrics, whereas 100 were split equally between
Hopple Street Health Center and the Pediatric Primary Care Center.
No questionnaire was excluded for incomplete data, and any given
information was analyzed.

Survey Instrument

Clinic staff distributed to caregivers, coming for a WCC visit,
the multiple-choice and fill-in-the-blank response questionnaire
(eFig 1). The letter gave parents the option to say no to filling the
questionnaire and the option to not complete it if they did not want
to after starting. Clinic staff collected the questionnaires from the
parents and turned them in to the study investigators.

For allergenic food introduction, caregivers were asked to fill in
the age in months when the child first had the food in question.
Tree nuts and shellfish outside the fish or seafood category were
not addressed specifically. Baby foods were used as a surrogate for
the pureed foods we defined as infant solids. Caregivers were also
asked, in the same fashion, to report at what age their pediatrician
or nurse practitioner told them that their child could start eating
the aforementioned foods. No parallel data were collected directly
from the physicians or advanced care professionals regarding their
specific instructions to families regarding allergenic food intro-
duction practices.

History of child atopy was asked via yes or no responses for each
studied atopic disease: eczema, asthma, food allergies, and envi-
ronmental allergies. Caregivers were then asked if they waited
longer to start foods because of their child’s atopic disease. Family
history of atopic diseases in primary relatives (brother, sister,
mother, and father) and waiting longer to introduce foods because
of the family history of atopy were also assessed.

Demographic data were obtained regarding maternal age and
number of children in the family. Maternal educational level, race/
ethnicity, and type of insurance were also assessed.
Statistical Analysis

Study data were collected and managed using REDCap (research
electronic data capture) tools hosted at the CCHMC by the principal
investigator.10 If ranges were given for fill-in-the-blank age re-
sponses (ie, stating a child had solids between 4 and 6 months of
age), the mean value of 5 was used. If caregivers responded in years
of age, the number of months corresponding to that age were used
(ie, for 2 years, 24 months was used for data entry). Insurance was
entered into the database and changed to public, private, or self-pay
to group for analysis. Family history of atopy, also used along with
child-reported atopy as allergy risk for the forest modeling, was
defined as caregiver report of 1 or more primary family members
with atopic disease.

Only the patients responding yes to specific allergenic food
introduction were used for analysis of timing. For example, if a 15-
month-old patient was not reported to have had egg introduced
into his/her diet, s/he was not used for the calculation of mean egg
introduction. Thus, the sample size for each food is reported and
was used for data analysis. No analysis was performed to determine
howmany children at a specific age had not ingested a specific food
because there is no specific time of recommended introduction by
guidelines. Similarly, only those patients responding with a rec-
ommended age of introduction by a health care professional were
used for analysis.

Data were read into R version 2.15.0 for statistical analysis. Ages
at introduction of formula, milk, peanut butter, fish, baby food, and
eggs were summarized within urban and suburban individuals
using the mean and median. Empirical densities of the age at
introduction of each food were plotted. The summary measures
and plots revealed that the ages were not normally distributed, and
comparisons across urban and suburban residence were conducted
using a Wilcoxon rank sum test. It was not possible to create
multiple linear regression models for the age outcome variables
because the explanatory variables of interest (maternal age,
maternal race, insurance type, urban residence, and educational
level) were found to be highly correlated.

Random forest modeling was chosen as an alternative to mul-
tiple regression to determine those factors that are most important
in determining the age at introduction of the foods under study. In
the random forest method, a subset of the data is selected at
random, and, in this case, a regression tree is created from the
selected data set. This is done in an iterative fashion, leaving out
approximately one-third of the data for each iteration. The impor-
tance of variables is measured using the Gini impurity criterion,
which is calculated by leaving one variable out of the iteration and
determining how many observations are misclassified by the
resulting tree. Those variables whose exclusion led to the most
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impurity, or incorrectly classified observations, are the most
important determinants of the outcome. P values were also calcu-
lated for each variable by permuting the response variable, which
produces a null distribution of importance metrics, such as the Gini
impurity criterion, for each variable. The p value is then based on
the observed importance metric against the null distribution. P <

.05 is considered statistically significant. A more positive percent-
age increase in mean square error is found to be highly influential,
whereas smaller values are less so. Negative values are to be
considered not influential in the decision-making process.

Results

Survey

One hundred eighty-five questionnaires were returned, 99 from
Montgomery Pediatrics (completion rate, 99%), 47 from Hopple
Street Health Center, and 39 from the Pediatric Primary Care Center
(total completion rate, 86%).

Demographic Characteristics

Children were younger in the urban compared with the subur-
ban population. The urban population was primarily African
American with public health insurance, whereas the suburban
population was mostly composed of white non-Hispanic families
with private health care insurance (Table 1).

Introduction of Infant Formula and Infant Solids

The urban population introduced infant formula at a statistically
significant younger age than the suburban population. There was
no statistically significant difference in the age of introduction of
infant solids between the 2 populations (Table 2).
Table 1
Characteristics of the Suburban Population (Montgomery Pediatrics) and Urban
Population (Hopple Street Health Center and Pediatric Primary Care Center)a

Characteristic Urban Suburban P value

No. of surveys 86 99
Child age, mean (SD), mo 13 (7) 16 (10) .02
Maternal age, mean (SD), y 26 (6) 33 (5) <.001
Total No. of children
1 27 (31) 37 (37) .40
2 25 (29) 33 (33) .54
>2 32 (37) 27 (27) .15

Nonresponders 2 (2) 2 (2) .89
Child history of atopy
Eczema 24 (28) 20 (20) .22
Asthma 7 (8) 0 .004
Food allergies 1 (1) 6 (6) .08
Environmental allergies 0 4 (4) .06
Family history of atopy 50 (58) 46 (46) .11

Maternal educational level
Less than high school diploma 12 (14) 0 <.001
High school diploma/GED 33 (38) 3 (3) <.001
Some college 26 (30) 5 (5) <.001
College degree or higher 10 (12) 88 (89) <.001
Nonresponders 5 (6) 3 (3) .35

Ethnicity
White non-Hispanic 17 (20) 83 (84) <.001
African American 62 (72) 1 (1) <.001
Hispanic 1 (1) 3 (3) .38
Asian (or Pacific Islander) 0 7 (7) .01
Other 2 (2) 3 (3) .77
Nonresponders 3 (3) 2 (2) .54

Insurance
Public 81 (94) 1 (1) <.001
Private 2 (2) 92 (93) <.001
Self-pay 1 (1) 2 (2) .65
Nonresponders 2 (2) 4 (4) .51

Abbreviation: GED, general educational development.
aAll data are presented as number (percentage) unless otherwise indicated.
Introduction of Allergenic Foods

Overall, the urban population introduced allergenic foods earlier
than the suburban population. This finding was statistically sig-
nificant for all allergenic foods: whole milk (P ¼ .005), peanut (P <

.001), fish (P ¼ .002), and egg (P < .001) (Table 2). Both populations
introduced whole milk before 12 months of age. Only the urban
population introduced peanut, fish, and egg before 12 months of
age. The suburban population delayed egg introduction to a mean
(SD) of 12 (3.03) months and peanut and fish, in comparison to
other allergenic foods, with introduction at 15.60 (5.05) months
and 15.59 (6.04) months, respectively.

Variables Significant for Influencing Timing of Food Introduction

Overall, the recommended age for food introduction by the
child’s health care professional was the most important variable in
all instances and statistically significant in all foods except for in-
fant solids (Table 3). Insurance was the second most likely influ-
ential factor in the timing of peanut introduction and was the only
other factor found to be statistically significant. Allergy risk was
never found to be associated with timing of food introduction and
was a noninfluential variable for infant formula and fish.

Discussion

Our study was designed to determine the mean age of intro-
duction of formula, infant solid foods, whole milk, egg, peanut, and
fish in the general pediatric urban and suburban populations of
Cincinnati, Ohio. Other studies have looked at specific ages of
introduction without mention of atopic outcomes as we have
demonstrated. However, many of these studies use the Infant
Feeding Practices Study II11 and focus on breastfeeding, solid food,
and whole milk introduction in the first year of life and do not
discuss the introduction of highly allergenic foods, such as peanut
products, egg, and fish.8,12 Studies not associated with the Infant
Feeding Practices Study II have reported on introduction of cow’s
milk and wheat products with a focus on infant nutrition and do
not discuss allergenic food introduction.13

We found no statistical difference in the introduction of infant
solid foods between the 2 populations (urban and suburban),
which reflects a well-established and accepted recommendation in
society and among the medical profession. This finding is similar to
the findings of McKean et al that mean (SD) age of introduction of
infant solids is 5.4 (1.2) months in a high-risk population.7 Rec-
ommended age was the most significant contributing influential
Table 2
Age of Food Introduction for Each Population

Variable No. of patients Age of food introduction,
mean (SD), mo

P value

Infant formula .01
Urban 74 1.10 (1.64)
Suburban 83 2.14 (2.79)

Infant solids .15
Urban 71 4.74 (1.49)
Suburban 83 5.10 (1.14)

Whole milk .005
Urban 42 10.87 (2.72)
Suburban 52 11.92 (0.74)

Peanut <.001
Urban 30 10.93 (5.48)
Suburban 40 15.60 (5.05)

Fish or seafood .002
Urban 32 11.30 (5.07)
Suburban 37 15.59 (6.04)

Egg <.001
Urban 46 9.67 (3.90)
Suburban 53 12.0 (3.03)



Table 3
Results of Random Forest Analysis for 7 Tested Variables Reporting Importance of
Each Variable for Each Food Product Introduction Listed in Order of Most to Least
Influentiala

Variable Increase in mean square error, % P value

Formula
Recommended age 13.14 .02
Maternal educational level 11.61 .06
Maternal age 8.64 .25
No. of children 6.48 .07
Insurance 6.19 .19
Allergy risk �1.85 .56
Race �3.51 .77

Infant solids
Recommended age 32.82 .45
Maternal educational level 7.69 .72
Race 7.12 .94
Maternal age 4.68 .94
Insurance 4.26 .35
No. of children 2.11 .22
Allergy risk 2.09 .62

Whole milk
Recommended age 12.30 .01
No. of children 3.01 .35
Maternal educational level 2.13 .42
Insurance 0.40 .56
Allergy risk 0.32 .66
Maternal age �1.89 .76
Race �2.82 .81

Peanut
Recommended age 12.62 .01
Insurance 8.91 .02
Maternal educational level 4.45 .68
No. of children 4.37 .74
Allergy risk 1.89 .66
Race 1.00 .60
Maternal age �2.24 .88

Fish
Recommended age 12.18 .01
Maternal age 0.75 .92
No. of children �1.37 .45
Insurance �1.87 .04
Allergy risk �3.50 .66
Educational level �4.95 .28
Race �6.67 .36

Eggs
Recommended age 13.79 .01
Insurance 11.72 .77
Maternal age 6.63 .65
No. of children 3.63 .83
Maternal educational level 2.52 .63
Race 1.92 .68
Allergy risk 0.70 .62

aNegative values reflect variables of no importance.
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factor for introduction of infant solids with the strongest percent-
age increase in mean square error in our study (32.82).

We found that the urban population, a largely public insurance
and African American community, introduced allergenic foods,
specifically whole milk, peanut, fish, and eggs, at an earlier age than
the private insurance based, largely white non-Hispanic suburban
population. This reported urban population is, on average, intro-
ducing all allergenic foods before 12 months of age, whereas the
suburban population introduced later, before 16 months of age.
McKean et al7 reported that in a mostly white, high socioeconomic
class population, at 12 months of age, only 11% of infants consumed
peanuts or peanut butter, 64% consumed fish, 80% consumed eggs,
and only 29% reported cow’s milk introduction before 11 months.
Our suburban data, although analyzed in a different manner,
demonstrate similar patterns. We expand on the existing knowl-
edge by including infants not at risk and a large urban, lower so-
cioeconomic population, which we have found to introduce
allergenic foods at earlier ages.
Socioeconomic differences in food introduction have been found
previously as well.14 Less educated mothers are more likely to not
follow food introduction recommendations in regard to solid food
introduction and the transition towholemilk.8WIC participants are
less likely to exclusively breastfeed and more likely to introduce
solids before 4 months of age.9 We did not find a statistically sig-
nificant difference in infant solids introduction, although in
congruence with these studies, we found infant formula introduc-
tion earlier in the urbanpopulation. In addition,we expand on these
previous findings to include the addition of early allergenic food
introduction in the urban population. We speculate that the inclu-
sion of foods, such aswholemilk, eggs, andpeanut butter, in theWIC
program and the financial affordability of these foods promote their
use earlier in the urban population. Insurance was a highly influ-
ential factor in the caregiver decision for peanut introduction.

Most importantly, these data indicate that the most influential
factor associated with food introduction is the recommended age
by health care professionals as opposed to maternal age, educa-
tional level, and number of children in the family. We did not
directly collect data from the physicians in the practices; therefore,
we cannot speculate on the advice given concerning the age of
introduction of allergenic foods by each member of the different
practices. However, the data collected from the questionnaire
answered by the parents can be a surrogate for the advice given by
the physician, although it may be subject to recall bias. Because the
parents reported that the physician recommendation influenced
their decision, we can assume that the difference in age of intro-
duction is reflective of the advice given by the physicians and
therefore is different depending on the practice type. A great deal of
research has been performed on high-risk populations focusing on
risk of atopy7,15; however, allergy risk was never found to be
important in decision-making by health care professionals.

The AAP guidelines revision in 2008 suggested allergenic foods
did not need to be delayed but did not give specific recommenda-
tions on when introduction was appropriate.2 Similarly, the most
recent recommendations on allergenic food introduction, pub-
lished in the Journal of Allergy and Clinical Immunology: In Practice,
globally recommend allergenic foods be introduced after 4 months
of age, after a few other complementary foods and at home.4

However, the specific timing of introduction of each food has yet
to be defined.

To determine the appropriate timing of allergenic food intro-
duction, many studies have looked at the timing of introduction of
various foods and their implications regarding outcomes in aller-
genic diseases.16e19 Data from the United Kingdom and Israel
revealed that populations introducing peanut products earlier in
life have a decreased frequency of peanut allergy.20 Most recently,
data have indicated that early introduction of peanut can decrease
the incidence of peanut allergy in high-risk infants as reported by
the Learning Early About Peanut Allergy trial.15 In addition, the
Enquiring About Tolerance study found in the per-protocol analysis
that exclusively breastfed infants from the general population who
introduced allergenic foods (egg, sesame, fish, wheat, milk, peanut)
before the age of 6 months had a lower prevalence of food allergies,
although this finding was not significant in the intent-to-treat
analysis.21 These studies are giving insight into the proper timing
of allergenic foods to help prevent the development of food allergy
and atopy.

A consensus communication recently released and published in
both allergy and general pediatric journals endorses the introduc-
tion of peanut-containing products to high-risk infants between 4
and 11 months of age. However, although there is now level I evi-
dence of early introduction of peanut products in high-risk and
atopic children, specifically those with severe eczema and egg al-
lergy, there are limited data on introduction in populations not at
risk.21e23
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With the continued research into the proper timing of allergenic
food introduction, this study highlights the importance of new and
clear guidelines for physicians and families. One of the most pro-
found findings of this study is the effect of physician and health care
professional recommendations on a family’s choice of allergenic
food introduction in the population as a whole.

There are limitations to these data because they are self-
reported by parents at various times and subject to recall bias. All
data were analyzed together as one data set regardless of patient
age at the time of visit. The investigators chose to include all data
because the recall bias is lessened when the data are collected
closer to the age of introduction. There is also a limitation because
those surveys analyzed were of those who had reported introduc-
tion of foods. Those who were of the same age and had not intro-
duced a specific food were not analyzed with that data set. No
analysis was performed of those who were the same age but
without food introduction on the basis that there are no distinct
recommendations for timing and these data were collected at one
point in time rather than longitudinally.

Although there is no analysis in these data regarding outcomes
of food allergies or other atopic diseases, it gives a better under-
standing of individual family choices with regard to allergenic food
introduction and the need for clear and consistent guidelines.
Medical professionals should be cognizant of current data and
recommendations and continue to have discussions with families
regarding timing of food introduction.
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Supplementary Data
1) How long was the child seeing the doctor today breastfed?

BNever

B< 1 month

B1e2 months

B2e4 months

B4e6 months

B> 6 months

BStill breast feeding

2) How old was the child when they first had
Baby Formula ___________ Months Old B Never Had
What is the name of the formula? _______________________

Baby Foods ___________ Months Old B Never Had
Whole or Vitamin D Milk ___________ Months Old B Never Had
Eggs ___________ Months Old B Never Had
Peanut or Peanut Butter ___________ Months Old B Never Had
Fish or Seafood ___________ Months Old B Never Had

3) At what age did your pediatrician or nurse practitioner say your child could start eating
Baby Formula ___________ Months Old B Never Had
Baby Foods ___________ Months Old B Never Had
Whole or Vitamin D Milk ___________ Months Old B Never Had
Eggs ___________ Months Old B Never Had
Peanut or Peanut Butter ___________ Months Old B Never Had
Fish or Seafood ___________ Months Old B Never Had

4) Does this child have
Eczema B Yes B No
Asthma B Yes B No
Food Allergies B Yes B No
Environmental Allergies B Yes B No

5) Because of the Eczema, Allergies, or Asthma in the child, did you wait longer to start foods?
B Yes B No

6) Who else in the family has Eczema, Asthma, Seasonal or Food Allergies?

B Child’s Mother B Child’s Brother B Child’s Grandmother

B Child’s Father B Child’s Sister B Child’s Grandfather

B Nobody

7) Because of the Eczema, Allergies, or Asthma in your family, did you wait longer to start foods for your child?
B Yes B No

Family Demographics

8) How old is your child seeing the doctor today?
B 4e5 months B 18e23 months (1½e2 years)
B 6e8 months B 24e30 months (2e2½ years)
B 9e11 months B 31e36 months (2½e3 years)
B 12e17 months (1e1½ years) B >36 months (3 years old)

9) How old is the child’s mother? _____________________________

10) How many children do you have? _____________________________

11) What is your zip code? _____________________________

12) How much school has the child’s Mother done?
B Some High School B High School Diploma/GED B Some College B College Degree or higher



13) What is your race or ethnicity?
B Hispanic B Asian (or Pacific Islander) B White Non-Hispanic
B African American B Other

14) What kind of insurance do you have?

BPublic (Caresource, Amerigroup, Molina, Medicaid)

BPrivate (Anthem, Aetna, Humana, etc)

BNone, I pay for everything out of pocket

Thank you for completing the survey, your help is appreciated!
Please give the survey to a staff member when you are done
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