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INTRODUCTION

Background

Estimating the adequacy of nutrient intakes is an important method for monitoring
dietary sufficiency and disease susceptibility within a population. In the United States
(US), estimates of nutrient intakes are used to determine the effectiveness of nutritional
support programs, monitor nutritional improvement among at risk-populations, and drive
national policies regarding enrichment and fortification. Currently, two nationally
representative studies provide the majority of data regarding nutrient intakes within the
US population. The National Health and Nutrition Examination Survey (NHANES),
administered by the National Center for Health Statistics, focuses on the health and
nutritional status of children and adults in the US.* The Nestlé Feeding Infants and
Toddlers Study (FITS), conducted through funding from industry, provides analogous
data for US infants and toddlers.? Whereas NHANES has been collecting data since
1962, FITS has completed just two rounds of surveys, the first in 2002 and the most
recent in 2008. As the only nationally representative study measuring nutrient intake
among infants and toddlers in the US, FITS provides essential data to governments,
agencies, and researchers.

The most recent FITS study showed that younger infants (ages 4-5.9months),
older infants (ages 6-11.9months), and toddlers (ages 12-23.9months) consumed diets

providing at least the recommended amounts of most nutrients; however, certain nutrients



were consumed in inadequate or excessive amounts.® According to this study,
approximately 12% of 6-11.9month (m) infants had an intake of iron that was less than
the Estimated Average Requirement (EAR), and toddlers’ mean intakes of potassium and
fiber fell below the Adequate Intake (Al).® In contrast, preformed vitamin A (retinol) and
sodium were consumed in excess of the Upper Limit (UL) by 31% and 45% of toddlers,
respectively.® Additionally, while mean energy intakes decreased across all age groups in
the six years between the 2002 and 2008 FITS studies, in 2008 mean energy intakes still
exceeded the Estimated Energy Requirement (EER) based on standard height and weight
for younger infants, older infants, and toddlers.’

While the national FITS studies provide useful information about nutrient intake
among the US population as a whole, it is important to investigate nutrition risk on a
smaller scale. Race, ethnicity, geographic location, regional and cultural feeding
practices, and socioeconomic status can influence dietary preferences and access to
healthy foods, and thereby, impact the nutritional status of infants and toddlers. *”
Moreover, studies focused on regional populations have demonstrated that large, national
studies can sometimes overlook potentially detrimental levels of nutrient deficiency
present in specific segments of the population. Studies in Atlanta, GA and Minneapolis,
MN show higher rates of iron, zinc, and vitamin D deficiencies among low-income
minority populations than would be expected based on national averages.®*° A study
specifically comparing Hispanic infants and toddlers to non-Hispanic infants and toddlers
within the FITS 2002 dataset demonstrated that Hispanics had significantly lower intakes
of calcium, fiber, and vitamin E and significantly higher intakes of sodium and vitamin A

than non-Hispanics.” While the incidence of overweight among children is increasing



world-wide, ** data from Texas show that Hispanic children are twice as likely to be
overweight as non-Hispanic children, and that this difference may be driven, in part, by
cultural perceptions of body composition.'> Some authors even suggest that obesity
among Hispanic children is masking stunting, which is occurring as a result of greater
nutritional deficiencies.'® Given the essential role played by many nutrients in cognitive
development and the increased risk for chronic disease associated with obesity, failing to
accurately measure nutrient intakes among at-risk populations ties these populations to a
vicious cycle of disadvantage.

The Special Supplemental Nutrition Program for Women, Infants, and Children
(WIC) is a nutrition assistance program administered through the US Department of
Agriculture and funded through the Child Nutrition and WIC Reauthorization Act, most
recently reauthorized in 2009. WIC provides supplemental foods, nutrition education, and
healthcare referrals to low-income women, infants, and children at nutritional risk,
annually serving approximately nine million throughout the US, and 971,000 in the state
of Texas.** ™ In 1972, when the program was founded, the WIC food benefits package
was created to provide adequate levels of five key nutrients: calcium, vitamin A, protein,
iron, and vitamin C. Although minor changes subsequently added a few nutrient-dense
foods to the package, no major adjustment was made between 1972 and the early 2000’s,
despite data demonstrating changing nutritional status among children in the US.*® A
2005 report by the Institute of Medicine (IOM) recommended changes to realign the WIC
food package with current dietary guidelines, and in 2007 an interim rule mandating
changes to the package was published in the Federal Register.'® !’ Changes in the

packages aimed to more effectively promote breastfeeding and age-appropriate



introduction of cow’s milk, reduce consumption of juice, reduce overall caloric
consumption, reduce iron deficiency, promote fruit and vegetable consumption, and
balance program costs.'® Changes to the WIC food benefits package are summarized in
Tables 1 and 2. These changes were implemented in October 2009 by the CTX-WIC
regional office.

Given that WIC serves an inherently high-risk population, studies of nutrient
intakes among regional WIC populations provide useful assessments of regional
nutritional risk. Additionally, studies of nutritional status among WIC participants can
provide useful feedback regarding program effectiveness.*® For example, a study of
feeding practices among families participating in WIC in Chicago, IL revealed racially
disparate dietary patterns that contributed to differences in nutrient intake. A study of 12-
36m toddlers participating in two California WIC programs demonstrated reduced risk
for iron deficiency among children who were participating in WIC, and among children
whose mothers participated in WIC while they were pregnant.?’ A study of food
providers in Connecticut showed improved access to healthy foods in low-income

neighborhoods after the WIC package change.”*

Measuring Nutrient Intakes

The 24-hour dietary recall (24HR) is the accepted method for surveying the
dietary intake of a population, and for comparing that intake to a reference standard.?
The 24HR offers a number of advantages over other dietary assessment methods (e.g.
food frequency questionnaires). Benefits include increased accuracy because the

participant is asked to recall food intake over a recent, discrete period of time, increased



flexibility because the foods included in the recall are not limited to those selected for use
on a questionnaire, and increased reliability because the tool is administered retroactively
and does not influence a participant’s diet.?%*

The 24HR is also subject to certain types of error, including systematic error,
which cannot be corrected through statistical modeling alone, and random error, which
can be corrected through statistical modeling (as described below).?> Systematic error is
inherent to the 24HR and results from, for example, participants incorrectly estimating
portion sizes and over- or underreporting problem foods. Previous studies have shown
that this type of error exists in 24HR data even when participants are trained and are

given reference books for use during the recall.®

A new line of research attempts to
correct for systematic error within the 24HR data through comparison to known,
unbiased nutrient-specific biomarkers.?* #* For example, in 2004, Freedman and
colleagues compared estimates of usual energy and protein intake in a population of
healthy adults to measured levels of energy and protein biomarkers within a similar
reference population.”® The authors proposed that incorporating available biomarker data
into the statistical model for estimating nutrient intakes may mitigate systematic error
within the 24HR, but stipulated that this is only possible with certain nutrients for which
biomarkers are available.

The random error associated with the 24HR reflects intra-individual variability in
dietary intake. The diet of any individual, and therefore that individual’s nutrient intake,
fluctuates from day to day, and this variability cannot be captured within one 24HR. As a

result, while population estimates of nutrient intake based on a single 24HR may

reasonably estimate mean intake, such methods overestimate the proportion of the



population with excessive or deficient intakes.?>** That is, a simple average of individual
24HRs across a population will produce a distribution of nutrient intakes with an accurate
mean, but an artificially high kurtosis.** This can be corrected by completing many non-
consecutive 24HRs, but completing a high number of 24HRs per study participant
increases the cost of research and places an undue burden on participants.®

Various statistical methods have been developed and tested in order to account for
the random error associated with 24HR data. These methods are reviewed in Table 3.
Each of these methods requires the completion of at least two 24HRs for a subset of the
study population, and estimates the “usual intake” of nutrients. This usual intake
distribution approximates the distribution of the long-term average intake of a given
nutrient for the population. In general, each of the methods follows the same basic
mathematical steps, including: 1) preliminary adjustments to the data, 2) transformation
of the data to approximate normality, 3) estimation of the usual intake distribution, and 4)
transformation of the estimated usual intake distribution back to the original scale.

While each method has specific strengths and weaknesses,? the IOM has
identified two statistical methods, the lowa State University (ISU) method and the
National Resource Council (NRC) method, as particularly effective in the estimation of
usual nutrient intakes from recall data.**™* Indeed, the ISU method is the method of
choice within nutrition research, and has been used repeatedly to estimate nutrient intakes
for large groups within the United States.> " % As stated by the IOM in 2003, the ISU
method requires a sample size of over 100 individuals, whereas the NRC method more
effectively estimates the usual intake distribution for smaller samples.*> Dodd addresses

this same issue in his 2006 review paper, but advocates the Best Power method (a



derivation of the ISU method) for use with smaller samples. Dodd points out that the Best
Power method includes a transformation of the usual intake distribution back to the
original scale, allowing comparison of usual intake percentiles with published dietary
reference standards.”®

The most recently published method for the estimation of usual nutrient intakes,
the National Cancer Institute (NCI) method, not only addresses the issue of smaller
sample sizes, but also offers a strategy for dealing with episodically consumed foods.*
Many foods that deliver important nutrients are consumed on less than a daily basis (i.e.
episodically). For example, fish is consumed only occasionally by many adults in the US,
and therefore food-based intake of docosahexaenoic acid (DHA) is irregular.®® When
measured via 24HR, DHA presents a high number of zero intakes and an intake
distribution that is severely skewed to the right. Usual intakes of nutrients like DHA may
not be accurately estimated by statistical methods that fail to account for this skewness.*
The NCI method accounts for episodic consumption and so may more accurately estimate

the usual intake distribution of many nutrients.*

Objectives and Hypotheses

This study used the NCI method to assess the usual nutrient intakes of children
ages 4-24m enrolled in a Central Texas WIC program (CTX-WIC) before and after the
change to the WIC food benefits package. This study addressed two primary questions: 1)
How do the usual intake distributions for select nutrients compare within the CTX-WIC

population before and after the WIC package change? 2) How do usual nutrient intake



distributions for select nutrients compare between the study population (CTX-WIC) and
infants and toddlers nationally?

With regard to the first question, infants and toddlers enrolled in CTX-WIC were
expected to have lower usual intakes of kilocalories and carbohydrates and higher usual
intakes of iron, zinc, and potassium after the package change, because the package
change was intended to promote consumption of foods rich in iron, zinc, and potassium
instead of calorie-dense, sugary foods. With regard to the second question, infants and
toddlers enrolled in CTX-WIC were expected to have higher usual intakes of kilocalories
and carbohydrates compared to the national average because of the increased risk for
obesity in this population relative to the national average. CTX-WIC infants and toddlers
were expected to have lower usual intakes of iron, zinc, and vitamin D, because

consumption of these foods is typically lacking in low-income populations.



METHODS

Recruitment

Cross-sectional survey data was used to examine usual nutrient intakes of infants
and toddlers enrolled in the CTX-WIC program. Following a convenience sampling
strategy, participants were recruited during regular visits to the CTX-WIC clinic from
June to September of 2009 (before the package change) and July to November of 2011
(after the package change). To recruit, researchers gave standardized presentations during
WIC-mandated nutrition education classes, met with interested caregivers to determine
eligibility, obtained informed consent, explained details of study participation, and
provided the Food Amounts Booklet, an illustrated guide to portion sizing used by
FITS.?®*® To incent participation, interested caregivers were promised a $10 gift card to
a local grocery store upon completion of data collection. English and Spanish-speaking
researchers were present throughout recruitment. Recruitment goals were set at
approximately 25% of the total CTX-WIC enrollment.®’ Caregivers with a child aged 4-
24m were eligible to participate. Only one child from each household was included in the
study. All study protocols were pre-approved by state and university Institutional Review
Boards, and informed consent was received from all study participants prior to data

collection.
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Data Collection

Within 10 days of recruitment, researchers contacted study participants by phone
and administered demographic, health history, and feeding practice questionnaires
modeled after questionnaires used in the FITS study.*® At least 10 attempts were made to
contact caregivers before they were considered unreachable and excluded from the study.
Following completion of the questionnaires, researchers asked caregivers to provide
information regarding their child’s diet over the last 24 hours, using the multi-pass 24
hour recall (24HR) method administered through the Nutrition Data System for Research
(NDSR).® The 2008 version of the software was used in 2009 and the 2011 version was
used in 2011. The two versions differ only in their treatment of Vitamin D. In the 2008
version, ergocalciferol (vitamin D2) and cholecalciferol (D3) are reported in combination
as “calciferol”, whereas in the 2011 version, ergocalciferol and cholecalciferol are
reported separately.® Interviews were conducted in English or Spanish depending on the

desire of the participant.

Second Dietary Recalls

In order to estimate the usual nutrient intake of a population, it is necessary to
have at least two nonconsecutive days of dietary recall data from at least some
individuals in the population.?? Researchers in both years attempted to collect a second
dietary recall for approximately 50% of the sample. After collecting the initial 24HR,
researchers asked participants if they were interested in completing a second 24HR for an
additional $10 gift card. Those who expressed interest were called and, if they answered

within the first 10 attempts, dietary intake data were collected. If, after ten phone calls, a
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participant could not be reached, she was replaced with another previously interviewed

participant.

Data Analysis
Usual Nutrient Intakes

Estimation of usual intake distributions was completed in SAS (SAS Institute,
Cary, NC, Version 9.1) using the procedures developed by researchers at the National
Cancer Institute (the NCI Method).*® * By this method, a usual intake distribution is
estimated for a single nutrient by means of two SAS macros, MIXTRAN and DISTRIB.
The MIXTRAN macro uses the SAS procedure NLMIXED to fit a nonlinear, mixed
effects model to data from the first and second dietary recalls. The DISTRIB macro uses
Monte Carlo simulation to produce the usual intake distribution based on parameter
estimates produced by MIXTRAN.

The NCI Method assumes that 24HR data can be transformed to a normal scale.
Prior to analysis, we reviewed the frequency distribution, skewness, and kurtosis of each
nutrient in SPSS (IBM SPSS Statistics 20.0.0. 2011. Chicago: SPSS Inc.) and since no
episodes of bi- or multi-modality or excessive skewness were exhibited, it was assumed
that all data could be transformed to a normal scale.

The NCI method allows for the incorporation of covariates, and thereby enables
subgroup analysis within samples of at least 100 individuals. Usual intake distributions
were estimated for nutrients of interest based on intake data from 2009 and 2011
separately, using child’s age category (4-5.9m, 6-11.9m, 12-23.9m) as a subgroup within

each year. As appropriate to each nutrient, the AMDR, Al, EAR, and UL were included
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as cut-points for the assessment of nutrient intakes. Because the study was conducted
according to a convenience sampling strategy, survey weights were not incorporated into
usual intake analysis.

The NCI method addresses a key point that is not addressed by other methods for
estimating usual intake distribution: it differentiates between nutrients consumed on a
daily basis (regularly consumed), and nutrients consumed on a periodic basis
(episodically consumed).* Therefore, prior to analysis, each nutrient was examined to
determine the frequency of consumption. As per standards established by Dodd, et al,
nutrients that were absent from the diet in more than 10% of participants were classified
as episodically consumed, while nutrients that were absent from the diet in less than 5%
of participants were classified as regularly consumed.” Usual intake distributions were
estimated for episodically and regularly consumed nutrients using the CORR and
AMOUNT models of the MIXTRAN macro, respectively. For nutrients that were absent
from the diet in 5-10% of participants, usual intake distribution was estimated using both
the CORR and AMOUNT models, and the model with the best fit was chosen on the
basis of the following fit statistics: -2 Log Likelihood (-2LL) and the Akaike Information

Criterion (AIC).?

Incorporation of Covariates

Prior to data analysis, 21 variables were selected as possible covariates from the
demographic, health history, and feeding practices datasets. The selected possible
covariates included: day of intake, caregiver’s relationship status, language spoken at

home, caregiver’s country of origin, years caregiver has lived in the US, age of caregiver,
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caregiver’s education level, caregiver’s employment status, caregiver’s race, caregiver’s
body mass index (BMI), whether the caregiver or the child had health insurance, child’s
age group (4-5.9 m, 6-11.9 m, 12-23.9 m), child’s race, and whether the child consumed
certain foods or beverages on a daily basis before four months of age (vegetables, sweets,
cereal, or juice). In order to obtain the model with the best fit, the usual intake
distribution was estimated multiple times for each nutrient, first including the full set of
potential covariates, and then excluding covariates based on lack of significance. A
covariate was considered to have a significant effect on the model if the p-value
associated with the parameter estimate produced by MIXTRAN was <0.05. Models
producing comparatively lower values of the fit statistics -2 Log Likelihood

(-2LL) and Akaike Information Criterion (AIC) were determined to have the best fit.

Comparison between 2009 and 2011

The NCI Method for usual intake analysis produces a usual intake distribution for
the population, rather than intake data for each sampled individual. Therefore, usual
intake data produced by this method cannot be used to compare population means. To
determine whether nutrient intake was different in 2009 compared to 2011 (before and
after the WIC package change), we compared the mean intakes of nutrients from the first
day of 24HR data collection in each year using a Students T-test.*> While this method
does not incorporate the benefits of usual intake analysis, it does provide a simple way of
examining changes in intakes between years. This analysis was completed in SPSS (IBM
SPSS Statistics 20.0.0. 2011. Chicago: SPSS Inc.). Differences between years were

considered to be significant if the p-value was <0.05.



RESULTS

Sample Population

In 2009, 149 caregivers were recruited, 84 provided 24HR data for their children,
and 67 completed a second 24HR. In 2011, 171 caregivers were recruited, 120 provided
24HR data for their children, and 94 completed a second 24HR (Table 4). Recruited
caregivers who could not be contacted by telephone after multiple attempts were
eliminated from the study. The characteristics of children and caregivers included in the
2009 and 2011 sample were compared by %° and t-tests, and no differences were found
between the years with respect to: child age, gender, race, breastfeeding, or insurance
status, and caregiver age, race, relationship status, country of origin, years spent in the
United States, language spoken at home, employment status, or education level (Table 4).
Toddlers in 2009 were significantly heavier than toddlers in 2011 (mean weight in 2009
was 27.8, SE=0.97, and mean weight in 2011 was 23.2, SE =0.45. Approximately 4.8%

of infants and toddlers received supplements in 2009, and 9.4% in 2011.

Nutrient Analysis

Usual nutrient intake distributions were estimated for 4-5.9m infants, 6-11.9m
infants, and 12-24m toddlers using the NCI Method. The means of single day (day 1)
intakes from 2009 and 2011 were compared for 6-11.9m infants and 12-24m toddlers

using t-tests. The means of day 1 intakes were not compared for 4-5.9m infants because

14
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the N for this age group was less than 30 in each study year, and results of t-tests would
therefore be less valid. Usual intake distributions and data from day 1 intakes are

presented in Tables 5-7.

Kilocalories

Between 2009 and 2011, mean usual caloric intakes decreased among 4-5.9m
infants (Table 5). Among 4-5.9m infants, usual caloric intakes exceeded the level
recommended by the Dietary Reference Intakes (DRI) formula based on average weight
of the sample for all infants in both years (Table 8). Additionally, prior to the package
change, in 2009, 4-5.9m infants had usual caloric intakes that exceeded the level
recommended by the DRI formula based on maximum weight of the sample (Table 8).

Among 6-11.9m infants, mean usual caloric intake was higher in 2009 than in
2011, although this difference in caloric intake was not significant when comparing
means of day 1 intakes (Table 6). In both 2009 and 2011, all 6-11.9m infants exceeded
the caloric intake level recommended by the DRI formula based on the average weight of
the sample but had usual caloric intakes lower than the level recommended by the DRI
formula based on maximum weight of the sample (Table 8).

Among 12-24m toddlers, usual mean caloric intake was lower in 2011 than in
2009 (Table 7); this difference was significant when comparing means of day 1 intakes
(p=0.017). Prior to the package change, but not after the package change, 12-24m
toddlers had usual caloric intakes that exceeded the level recommended by the DRI
formula based on average weight of sample (Table 8). In both years, all toddlers had
usual caloric intakes lower than the level recommended by the DRI formula based on

maximum weight of the sample.
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Carbohydrate

Usual mean carbohydrate intakes were lower in all age groups in 2011 compared
to 2009. When comparing means of day 1 intakes, this difference was only significant for
the 12-24m age group (p=0.012; Table 7). In both years, all 4-5.9m infants had usual
carbohydrate intakes that met the Al. In 2009, almost all 6-11.9m infants had usual
carbohydrate intakes that met the Al, whereas in 2011, 87% had usual intakes that met
the Al. In 2009, all 12-24m toddlers had usual carbohydrate intakes that met the EAR and
79.4% had usual carbohydrate intakes that met the Recommended Dietary Allowance
(RDA), whereas in 2011, 70% and 7.5% had usual intakes that met the EAR and RDA,

respectively.

Protein

Usual mean protein intake was lower in all age groups in 2011 compared to 2009.
When comparing means of day 1 intakes, this difference was only significant for the 12-
24m age group (p=0.006; Table 7). Additionally, percent of calories from protein was
lower among 12-24m toddlers in 2011 compared to 2009 (p=0.03; Table 7). In both 2009

and 2011, all children met the DRI for protein.

Fat

Usual mean intakes of total fat were lower in all age groups in 2011 compared to
2009 (Tables 5-7). When comparing means of day 1 intakes, the difference in total fat
intake was not significant; however, there was a significant difference in percent of

calories from fat among 12-24m between 2009 and 2011 (p=0.04; Table 7).
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Zinc

Usual mean zinc intake was lower in all age groups in 2011 compared to 2009.
When comparing means of day 1 intakes, this difference was only significant for the 12-
24m age group (p=0.004; Table 7). In 2009 and 2011, all 4-5.9m infants had usual zinc
intakes that exceeded the UL (Table 5). Among 6-11.9m infants, almost all infants in
both years had usual zinc intakes exceeding the UL (Table 6). Among 12-24m toddlers,
the percentage with usual zinc intakes exceeding the UL changed from 91.2% in 2009 to

0% in 2011 (Table 7).

Iron

Usual mean iron intake was lower in all age groups in 2011 compared to 20009.
When comparing means of day 1 intakes, this difference was only significant for the 12-
24m age group (p=0.045; Table 7). In 2009 and 2011, all 4-5.9m and 6-11.9m infants had
usual iron intakes sufficient to meet the Al and the EAR, respectively. However, all 6-
11.9m infants in both years had usual iron intakes that fell below the RDA (Table 6). All
12-24m toddlers in both years had usual iron intakes that met the EAR and RDA (Table

7).

Vitamin A (RAE)

Among 4-5.9m infants and 12-24m toddlers, mean usual vitamin A intakes
(expressed as Retinol Activity Equivalents) were lower in 2011 than in 2009. Among 6-
11.9m infants, mean usual vitamin A intakes were higher in 2011 compared to 20009.

None of these changes were significant when comparing means of day 1 intakes (Tables
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6-7). In 2011, almost all 4-5.9m infants had usual vitamin A intakes that met the Al. All
6-11.9m infants in both years had usual intakes that met the Al, and 60% in 2009 and
66% in 2011 had usual intakes exceeding the UL (Table 6). All 12-24m toddlers in both
years had usual vitamin A intakes sufficient to meet the EAR and the RDA. In 2009, 96%
of 12-24m toddlers had usual intakes exceeding the UL, compared to 53% in 2011 (Table

7).

Vitamin D

Usual mean vitamin D intake was lower in all age groups in 2011 compared to
2009. When comparing means of day 1 intakes, this difference was not significant for
either the 6-11.9m or the 12-24m age group; however, there was a trend toward
significance for the 12-24m age group (p=0.07; Table 6). Among 4-5.9m infants, 94%
had usual vitamin D intakes that fell below the Al in 2009, compared to all infants in
2011. All 6-11.9m infants in both years had usual intakes that fell below the Al (Table 6).
Among 12-24m toddlers, usual vitamin D intakes fell below the EAR for 88% in 2009
and 97.5% in 2011. All 12-24m toddlers in both years had usual intakes of vitamin D that

fell below the RDA (Table 7).

Calcium

Usual mean calcium intakes were lower in all age groups in 2011 compared to
2009. When comparing means of day 1 intakes, this difference was only significant for
the 12-24m age group (p=0.039; Table 7). All 4-5.9m and 6-11.9m infants in both years
had usual calcium intakes that met the Al and EAR/RDA, respectively (Tables 5 and 6).

All 12-24m toddlers in both years had usual intakes that met the EAR; however, after the
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package change, no 12-24m toddlers had intake levels sufficient to meet the RDA (Table

7).

Folate (DFE)

Usual mean folate intake (expressed as Dietary Folate Equivalents) was lower in
all age groups in 2011 compared to 2009. When comparing means of day 1 intakes, this
difference was only significant for the 12-24m age group (p=0.011; Table 7). All 12-24m
toddlers in both years had usual folate intakes that met the EAR and RDA. Prior to the
package change, 82% of 12-24m toddlers had usual folate intakes that exceeded the UL,
however, after the package change all toddlers had usual folate intakes that fell within
DRI recommendations. All 4-5.9m and 6-11.9m infants in both years had usual intakes

that fell within the DRI recommendations (Table 6).

Vitamin B12

Usual mean intake of vitamin B12 was lower in all age groups in 2011 compared
to 2009. When comparing means of day 1 intakes, this difference was only significant for
the 12-24m age group (p=0.008; Table 7). All infants and toddlers in both years had usual

intakes that fell within the DRI recommendations.

Vitamin E
Mean usual vitamin E intake was lower among 4-5.9m infants and 12-24m
toddlers in 2011 compared to 2009 (Tables 5 and 7). Mean usual vitamin E intake was

higher among 6-11.9m infants in 2011 compared to 2009 (Table 6). When comparing
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means of day 1 intakes, none of these differences were significant (Tables 5-7). In 20009,
all 4-5.9m infants had usual vitamin E intakes that met the Al, whereas, in 2011 88.5% of
4-5.9m infants met the Al (Table 5). Among 6-11.9m infants, 63% in 2009 and 59% in
2011 had usual vitamin E intakes that fell below the Al (Table 6). Among 12-24m
toddlers, 17.4% had usual intakes falling below the EAR in 2009 and 55.1% had usual
intakes falling below the EAR in 2011. In this same age group, the percentage with

intakes falling below the RDA was 43.9% in 2009 and 85% in 2011 (Table 7).

Vitamin C

Mean usual vitamin C intake was lower in 2011 in 4-5.9m infants and 12-24m
toddlers compared to 2009 (Tables 5 and 7). Among 6-11.9m infants, mean usual vitamin
C intake was higher in 2011 compared to 2009 (Table 6). None of these differences were
significant. All infants and toddlers in both years had usual intakes that fell within the

DRI recommendations for vitamin C (Tables 5-7).

Sodium

Usual mean sodium intake was lower in all age groups in 2011 compared to 2009
(Tables 5-7). When comparing means of day 1 intakes, this difference was not significant
for either the 6-11.9m or 12-24m age groups; however, there was a trend toward
significance for the 12-24m age group (p=0.08; Table 7). All infants and toddlers in both

years had usual intakes that fell within the DRI recommendations.
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Potassium

Usual mean intake of potassium was lower in age groups in 2011 compared to
2009 (5-7). When comparing means of day 1 intakes, this difference was significant only
for the 12-24m age group (p=0.01; Table 7). All 4-5.9m and 6-11.9m infants in both
years had usual intakes sufficient to meet the Al; however, none of the 12-24m toddlers

in either year had usual potassium intakes sufficient to meet the Al.



DISCUSSION

Nutrients

This study addressed two primary questions: 1) How do the usual intake
distributions for select nutrients compare within the SM-WIC population before and after
the WIC package change? 2) How do usual nutrient intake distributions for select
nutrients compare between the study population (CTX-WIC) and those reported
nationally for infants and toddlers?

In general, CTX-WIC infants and toddlers in all age groups consumed fewer
calories in 2011, after the package change, compared to 2009. Infants 4-5.9m consumed
approximately 150 fewer calories in 2011; infants 6-11.9m consumed approximately 70
fewer calories in 2011; and toddlers consumed approximately 275 fewer calories in 2011.
These lower levels of consumption are most likely driving the differences in
macronutrient and micronutrient intake pre- and post-package change. Indeed, the
magnitude of the difference in caloric consumption among toddlers may account for the
high number of significant differences in mean nutrient intakes found within this age
group. Importantly, although caloric consumption was lower in 2011 compared to 2009,
it must be noted that for infants 4-5.9m mean caloric intakes remained well above the

level recommended by the DRI based on average weight of the sample.
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The package revisions were developed to be cost neutral; however, some staple
foods were sacrificed to make way for new foods. For example, among toddlers, the
amount of milk provided was reduced by approximately 30% and the amounts of juice
and eggs provided were reduced by approximately 50% in order to accommodate
vouchers for whole fruits and vegetables and the inclusion of whole grains.*® ** Insofar as
milk, juice, and eggs are foods readily accepted by toddlers and whole fruits and
vegetables were not consumed at high levels by this population on the day studied,*?
these changes may have contributed to lower levels of caloric consumption after the
package change. With respect to juice, this change may not have had adverse effects.
Mean usual intake of fructose was lower among toddlers after the package change (12g in
2011 vs. 17g in 2009), while usual intakes of vitamin C remained within DRI
recommendations.

Given the high rates of obesity in the community from which this sample was
drawn, we expected that kilocalorie intake within the CTX-WIC population would be
higher than that reported by FITS.® Contrary to our expectations, after the package
change, 6-11.9m infants had mean usual caloric intakes that were approximately
equivalent to those reported by FITS in 2008, and toddlers had mean usual caloric intakes
that were lower than those reported by FITS in 2008.% While some studies have
demonstrated a link between high caloric intake in infancy and high childhood BM1,*?
childhood obesity is a complex, multifactorial issue, and a number of factors have been
identified as potential contributors to high childhood BMI, including low levels of
physical activity, genetic predisposition, and food insecurity.*> Recent research points to

an association between high levels of protein intake in toddlerhood and high childhood
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BMI;* therefore, the reduction of eggs in the toddler package may not have been
detrimental, especially given that protein intakes of all toddlers met the Al. Thus, it is
difficult to assess the importance of the calorie or protein intake reported herein with
respect to risk for high BMI.

The lower usual intakes of iron observed among the CTX-WIC population
compared to the US population, were expected because CTX-WIC is a low-income, rural,
majority Hispanic population. A recent review of iron deficiency anemia in the US noted
a higher prevalence of iron deficiency among children 12-35m who were low-income,
Mexican-American, or enrolled in WIC.*® Smaller, regional studies have demonstrated
similar results, noting that low socioeconomic status and food insecurity increase risk for
iron deficiency.® *” Additionally, iron requirements increase drastically between 5-6m of
age as infant iron stores are depleted, and feeding practices are rarely compensatory.“°
Not only did 6-11.9m infants in the CTX-WIC population exhibit increased risk for
deficient iron intakes relative to the national population — all infants in this age group had
usual iron intakes lower than the RDA, compared to approximately 25% nationally.®

There is a well-established link between post-natal iron deficiency (that is, iron
deficiency acquired around 6m of age in full-term infants born with adequate iron stores)
and impaired cognitive function later in life.*® * Iron deficiency can result in immediate
cognitive deficits, and at least some of these abnormalities are irreversible, even with
subsequent supplementation.*® Irreversible consequences of iron deficiency and iron
deficiency anemia in infancy can include increased tendency toward anxiety and
depression, reduced attention span, reduced planning ability, reduced inhibitory control,

and deficits in recognition memory which may contribute to lower math, reading, and 1Q
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scores.*® *° The consequences of some of these cognitive losses may be felt even into the
late teens.”

Given that fewer than 10% of the CTX-WIC population were consuming
supplements, and the fact that 100% of older infants have usual iron intakes below the
RDA, it can be concluded that this population is at increased risk for development of iron
deficiency. The WIC food package for this age group includes iron-fortified infant
formula, iron-fortified infant cereal, and baby food meats for breastfed infants.** These
foods were included specifically to provide sufficient dietary iron for older infants at the
time of weaning.'® Unfortunately, baby food meats are not readily adopted by caregivers,
and few older infants in this sample were exposed to baby food meats.** The amount of
potential calories delivered by the WIC food package for 6-11.9m infants is less than the
mean usual caloric intake among the CTX-WIC population, so it is reasonable to assume
that this population is consuming at least some calories from foods that are not iron-rich.
Given the importance of iron in cognitive development and the long-term consequences
of iron deficiency, agencies working with children at increased risk for iron deficiency
should consider supporting daily iron supplementation among older infants, and
implementing caregiver education programs to promote iron-rich complementary foods.

Calcium and vitamin D are often considered together because of their synergistic
effects on bone density. Of the two, calcium has been studied the most, and has been a
focus of governmental nutrition support programs since the 1970s.>! Perhaps because of
this long-term emphasis, studies have demonstrated generally adequate intakes of
calcium among US infants and toddlers.® >? Indeed, usual calcium intakes among all

infants in the CTX-WIC population were sufficient to meet DRI recommendations.
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Surprisingly, all CTX-WIC toddlers had usual calcium intakes that fell below the RDA,
after the package change. Comparison to national data is difficult because the DRI
recommendations for calcium were updated after the FITS data were reported.>
However, in a study of nutrient intakes among Hispanic infants and toddlers, Briefel et
al. noted significantly lower intakes of calcium and vitamin E among Hispanic 6-11.9m
infants, compared to non-Hispanic white infants of the same age.’

It is important to note that, within the CTX-WIC population, the prevalence of
usual calcium intakes below the RDA was higher after the package change. This elevated
risk for calcium deficiency is likely a consequence of changes to cow’s milk in the WIC
package for toddlers. The amount of cow’s milk included in the 12-36m package was
decreased by approximately 30% in an effort to control cost.*® While cost-control
measures are important, especially in light of current national conversations regarding the
role of government in nutrition support, it is also important to remember that nutrient-
dense foods play a significant role in child health.

Like calcium, vitamin D is a crucial nutrient during early childhood development.
This is evidenced by the recent global increase in the prevalence of rickets, which has
largely been attributed to vitamin D deficiency.> Studies examining serum
concentrations of 25(0OH)Dj; (the circulating form of vitamin D) demonstrate widespread
vitamin D insufficiency among children in the US.> This insufficiency is exacerbated by
dark skin color, low socioeconomic status, and living in northern latitudes or cities with
high levels of air pollution.’® >* As expected, usual vitamin D intakes among infants and
toddlers in all age groups of the CTX-WIC population were low, and all age groups

demonstrated a higher percentage of inadequate intakes than the national population.®
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After the package change, 100% of 12-24m toddlers had usual vitamin D intakes lower
than the RDA, and 97.5% had usual intakes lower than the EAR. Considering that the
EAR identifies a level of intake adequate for 50% of the population to meet their needs,
these data indicate a high risk for vitamin D deficiency within the CTX-WIC toddler
population.

Vitamin D is not considered an essential nutrient because it is made in the skin in
response to sun exposure (UVB radiation); however, recent studies indicate that
production of endogenous vitamin D may be low as a result of air pollution, sunscreen
application, and cultural practices that encourage covering skin.>* > Low serum vitamin
D levels reduce absorption of calcium, increase excretion of phosphorus, and contribute
to the decreased bone mineralization and growth plate malformations characteristic of
rickets and osteomalacia.> In 2011, in light of the large body of research supporting the
role of vitamin D in skeletal growth and development, the IOM increased dietary intake
recommendations for vitamin D among infants and toddlers.** *® Although the IOM only
considered evidence linking vitamin D to bone health, there is a growing body of
evidence that vitamin D contributes to the maintenance of health in other ways.
Additional, long-term research is needed to confirm these results; however, studies
suggest that adequate serum vitamin D levels among infants and toddlers may mediate
immune function, reduce susceptibility to respiratory infections, and improve insulin
resistance, among other outcomes.>”®

Vitamin D status is important to early childhood health, and sufficient dietary
intake is necessary to support adequate circulating levels of vitamin D. Some foods are

fortified with vitamin D (e.g. infant formula), but fortification is not yet consistent across
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age groups, and foods that are typically fortified with vitamin D, may not be regularly
consumed by those at greatest risk (e.g. milk).>® The infants and toddlers enrolled in
CTX-WIC represent a low-income, majority Hispanic population at increased risk for
vitamin D deficiency based on low dietary intake. This issue could be addressed through
provision of additional vitamin D-rich foods, encouragement of daily vitamin D
supplementation, or education regarding safe, appropriate levels of sun exposure. This
issue have been exacerbated by the removal from the package of foods commonly
fortified with vitamin D, like milk.

Vitamin E intake from food is notably low within the US population.” According
to the FITS data presented by Butte et al., 63% of 12-23.9m toddlers had usual intakes of
vitamin E that fell below the EAR.? In a study of nutrient intakes among Hispanic infants
and toddlers, Briefel et al. demonstrated significantly lower intakes of vitamin E among
Hispanic 6-11.9m infants, compared to non-Hispanic white infants of the same age.” As
expected, usual intakes of vitamin E were low among all age groups of CTX-WIC infants
after the package change. Approximately 11.5% of 4-5.9m infants and 59% of 6-11.9m
infants had usual intakes of vitamin E that fell below the Al. Among 12-23.9m toddlers,
55% had usual intakes that fell below the EAR.

Vitamin E, circulating primarily as a-tocopherol, acts as an anti-oxidant in the
body, preventing free radical oxidation of lipids. Symptoms of vitamin E deficiency,
including neuropathy, impaired immune response, and hemolytic anemia, arise when
levels are too low to prevent free radical damage to cellular structures.®™ ® While in
theory, vitamin E’s anti-oxidant activities should prove protective against a range of

inflammatory diseases, including cardiovascular disease, research has not supported a
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protective effected of supplemental vitamin E.®? The DRI recommendations for vitamin E
intake among 0-5.9m infants were established based on the amount of vitamin E in breast
milk, and the recommendations for 6-11.9m infants were extrapolated from these
values.”® The DRI recommendation (EAR) for vitamin E intake among toddlers was
extrapolated from the recommendation for adults, which was established to prevent
hemolytic anemia.*® Noting that outright symptoms of vitamin E deficiency are rare in
the United States, Butte et al called for additional research and a re-examination of the
DRI recommendations for vitamin E across all age groups.® Adequate vitamin E intake is
certainly necessary for proper development; however, the risks associated with deficient
intake seem far lower than those associated with deficient intake of vitamin D or iron.
Therefore, it does not seem prudent to advocate for vitamin E fortification or
supplementation targeting infants and toddlers.

Zinc is required for the proper functioning of many human transcription factors
and enzymes, including DNA and RNA polymerase, and as a result deficiency of this
mineral disproportionately affects systems with high cell turnover.*® Additionally, zinc is
known to directly mediate the immune system.®® In infants and toddlers, zinc deficiency
has been associated with an increased risk for diarrheal infections, anorexia, atopic
dermatitis, and slow growth.®® ®* In more severe cases, zinc deficiency results in stunting,
delayed sexual maturation, and hypogonadism.®

Zinc deficiency occurs in approximately 4 — 73% of the global population,
depending on region.®® While zinc deficiency is most prevalent in the developing world,
it also occurs within industrialized countries, particularly among children from low

socioeconomic backgrounds.® ® Iron deficient children are at greater risk for zinc
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deficiency, and although the mechanisms behind this association are unclear, deficiency
could exist at least in part because iron and zinc occur in similar food sources.” * Zinc
deficiency is also more common among weaning infants, due to a gradual post-partum
decline in the concentration of zinc in breast milk, and low levels of naturally occurring
zinc in common complementary foods.*® ®” Despite the global prevalence of zinc
deficiency, high levels of zinc intake have been noted among infants and toddlers in the
US, especially those enrolled in the WIC program.® ® Usual intakes of zinc were high
among all age groups of the CTX-WIC population, with the exception of 12-24m toddlers
after the package change. Indeed, all 4-5.9m and 6-11.9m infants had usual zinc intakes
in excess of the UL, as did all toddlers before the package change. Usual zinc intakes of
toddlers after the package change fell within DRI recommendations.

DRI recommendations for minimum zinc intake have been set based on age group
specific research, but this has not been possible with respect to recommendations for
maximum intake. The zinc EAR for 0-6m infants was set based on the average intake of
zinc from breast milk.*® The EARSs for children ages 7-12m and 1-3y were set based on
metabolic studies demonstrating the minimum zinc intake necessary to replace daily
losses.*® In contrast, the UL for children was extrapolated from the UL for adults, which
was set based on data demonstrating the association between high zinc intake and limited
copper absorption.*® Few data exist to elucidate the association between zinc intake and
copper absorption in infants and toddlers; however, a recent study demonstrated that zinc
supplementation at or above the UL did not affect standard or sensitive markers of copper

status in boys ages 6-18y.%°
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Mass fortification appears to have altered the discussion of zinc deficiency in the
United States. Whereas in the past, breast milk and meat were the primary sources of zinc
for infants and toddlers, zinc now enters the diets of young children in the form of foods
more frequently consumed: fortified infant formula, fortified infant cereal, and fortified
ready-to-eat adult cereal. Data from the National Health and Nutrition Examination
Survey (NHANES) reveal that fortification increased the percentage of US children ages
2-18y with usual zinc intakes above the UL by 10-18% in 2003 — 2006.”" "* Butte et al
reported usual zinc intakes above the UL in approximately 68% of US infants ages 6-
11.9m, and 4% of US toddlers.? Similar data exist from other industrialized countries
where voluntary food fortification with zinc is common. For example, in Australia
between 1995 and 2007, approximately 79% of children ages 2-3y exceeded the UL for
zinc intake.”® Over that same time period, the contribution of cereals and cereal products
to total zinc intake among this age group approximately doubled, becoming more
significant than the contribution of dairy products.”

Given the high level of zinc intake among US infants and toddlers, examination of
the effects associated with zinc intake from fortified foods is warranted. A 2009 meta-
analysis of studies with healthy, full-term infants ages 6d-3.5m, demonstrated that
consumption of zinc-fortified formula caused an increase in serum zinc concentration, but
had no effect on growth rate.” Results from studies of children 6m-11y demonstrated that
zinc-fortified cereal consumption had little impact on serum zinc levels or growth rate.”
Indeed, a number of studies have noted high levels of zinc intake among children with
few or no adverse effects leading a number of authors to call for the re-evaluation of the

zinc UL among infants and toddlers.> ® 7 774
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Two additional points are relevant to the discussion of dietary zinc intake. First,
the bioavailability of zinc in foods varies widely, and it is generally accepted that zinc
consumed from fortified cereal grains is not as readily absorbed as zinc consumed from
meats or breast milk. The absorption of dietary zinc can range from 15 — 35%.”* A
number of studies have demonstrated that zinc absorption is reduced by the consumption
of phytic acid (present in high concentrations in grains such as wheat), and by the
consumption of high levels of zinc.” ™ ™ Second, the two primary indicators of zinc
status, hair zinc and serum zinc, may not be effective markers, especially in children. A
meta-analysis of over 30 studies assessing the impact of zinc supplementation on plasma
zinc levels revealed that plasma zinc levels do increase with supplementation; however,
the relative contribution of this zinc to the body’s functional pool remains unknown."®
Additionally, because of a lack of studies with infants and toddlers, no conclusions
regarding the effectiveness of plasma zinc as a marker for zinc status could be drawn for
this age group.” Hair zinc is thought to be reflective of long-term zinc status; however,
data were insufficient to support use of this marker for young children.”

Zinc deficiency has serious consequences and there appear to be few or no
adverse effects associated with high levels of zinc intake from fortified foods.
Furthermore, some researchers argue that few infants and toddlers would not meet dietary
zinc requirements without the contribution of fortified foods.®” While breast milk presents
a significant source of highly bioavailable zinc, possibly providing as much as 50% of
required levels even after zinc concentrations decline,”” only about a quarter of the CTX-
WIC population continued to breastfeed throughout weaning, and less than 15%

continued breastfeeding after 1y of age. Baby food meats also represent an appropriate
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source of bioavailable zinc for weaning infants,”® but these foods were not utilized by
caregivers in the CTX-WIC population.*? In the absence of a large-scale cultural shift
regarding breastfeeding behavior and complementary feeding practices, zinc fortification
of foods for infants and toddlers appears to be an effective mechanism for preventing low
dietary zinc intakes in the CTX-WIC population. Additional research is needed to
determine the effect of high dietary zinc intake on health outcomes, with the
understanding that high dietary intake may be impacting one or more variables that are,
as yet, unidentified.

Vitamin A has widespread effects within the body, including a direct role in
vision (as retinaldehyde incorporated into rhodopsin), in gene expression (as all-trans-
retinoic-acid), and in embryonic development (as all-trans-retinoic-acid). Symptoms of
vitamin A deficiency include xeropthalmia, blindness, and an increased risk for infection,
which results in the deaths of approximately 700,000 children annually worldwide.”
Vitamin A deficiency represents a significant global nutrition issue, disproportionately
affecting women and children in the developing world, where sources of natural
preformed vitamin A (e.g. eggs, liver, and milk), are difficult to acquire.® In the United
States, vitamin A intakes have long been a target of nutrition education and support
programs, and the FDA has mandated minimum and maximum levels for vitamin A
fortification of infant formula.®

Adverse effects have also been noted with high intakes of preformed vitamin A,
including nausea and vomiting, birth defects, and increased intra-cranial pressure
resulting in vertigo, blurred vision, reduced muscle coordination, and a bulging fontanel

(in infants).*® Children in the US consume high levels of vitamin A from fortified foods.
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Butte et al found that intakes of synthetic preformed vitamin A from food and beverages
exceeded the UL in 16% of US infants 6-11m and 31% of US toddlers 12-23m.* Briefel
et al demonstrated that Hispanic toddlers in the US were at increased risk of excessive
intakes of preformed vitamin A, with 46% consuming levels higher than the UL,
compared to 35% of their non-Hispanic counterparts.” An analysis of 2007 — 2008
NHANES data revealed that children 12-36m who consumed vitamin A (as retinol) from
fortified foods were at increased risk of intakes in excess of the UL."™

Within the CTX-WIC population, usual intakes of vitamin A (expressed as retinol
equivalents) exceeded the UL among approximately half of 4-5.9m infants, two-thirds of
6-11m infants, and half of toddlers after the package change. Similac® Advance®, the
most popular infant formula consumed among the CTX-WIC population, contains 300 1U
of vitamin A per 100 kilocalories.®” The ingredients list identifies vitamin A palmitate
and B-carotene as sources, so it is difficult to calculate the amount of preformed vitamin
A or retinol activity equivalents (RAE) delivered per serving for comparison to the UL.
Applying the RAE conversion for both retinoids (1 1U = 0.3 ug RAE) and B-carotene (1
IU =0.15 pug RAE), it is reasonable to expect that one 100 kilocalorie serving of
Similac® Advance® contains 45- 90 pg RAE.®* Assuming that 4-5.9m formula-fed
infants in the CTX-WIC population were obtaining 100% of their calories from infant
formula, as would be appropriate for this age group, and considering the mean usual
intake after the package change of 906 kilocalories, CTX-WIC 4-5.9m infants could have
been consuming 408-815 pg RAE from infant formula. The UL for this age group is 600
pg RAE. In short, infants enrolled in the CTX-WIC program are at risk for excessive

intakes of vitamin A. The percentage of CTX-WIC toddlers with vitamin A intakes in
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excess of the UL was lower in 2011 compared to 2009, and this may have been driven by
the reduction in eggs for toddlers mandated by the package change.

Some researchers have called for a re-examination and relaxation of the vitamin A
UL for infants and toddlers;®* however, there is a significant risk of adverse effects with
high intakes of this nutrient during critical periods of development. Confounding this
discussion are the differences that exist between the units used by regulators (IU) and the
units used by scientists (primarily RAE), and the inadequacy of information provided by
manufacturers regarding the source of vitamin A listed on the nutrition facts panel.
Additional research is needed to refine the vitamin A UL, and regulations must be
updated to standardize product information provided to consumers.

Increasing rates of cardiovascular disease within the US population have raised
awareness regarding dietary intakes of sodium and potassium. High dietary intake of
sodium contributes to high blood pressure, whereas high intake of potassium can help to
prevent hypertension. Nationally, these minerals are consumed in inverse proportion to
recommendations, with adults consuming higher levels of sodium and lower levels of
potassium.® Among children, intakes of potassium and sodium are better matched to the
recommendations, with mean intake of potassium exceeding mean intake of sodium
among all age groups of infants and toddlers nationally.® Within the CTX-WIC
population, usual intakes of sodium and potassium fell within DRI recommendations for
all age groups with the exception of 12-23.9m toddlers, all of whom had usual potassium
intakes below the Al.

DRI recommendations (Al) for sodium and potassium among infants and toddlers

have been set based on the levels in human milk (for infants 0-6m), based on the levels in
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human milk and complementary foods (for infants 7-12m), or based on extrapolation
from adult data (for toddlers 1-3y).*° The establishment of an Al reflects a general
paucity of data regarding intake of these nutrients among children. The potassium Al for
toddlers 1-3y has been set at 3g, and all CTX-WIC toddlers had intakes below this level.
National data reflect usual potassium intakes of toddlers ranging from 1175mg-2355mg —
also below the Al.® While toddlers would certainly benefit from increased consumption
of potassium rich foods, the potassium Al may be too ambitious considering a mean
usual intake of 851 kilocalories among CTX-WIC toddlers. It should also be noted that,
while there is no UL set for sodium for infants of any age, intakes of sodium were almost
eight times higher than the Al among 4-5.9m infants and 6-11.9m infants. Additional
research is warranted to investigate potential risk from high sodium intakes within these
age groups.

In some national WIC populations, the revised package has increased indicators
of healthy eating as well as access to healthy foods. For example, WIC participants in
California reported eating more whole grains and more vegetables after the package
change (although these data were not derived from 24HR and may not accurately reflect
actual intake).®® In Connecticut, healthy food composite scores for WIC and some non-
WIC stores were higher after the package change, and this was especially true in low-
income neighborhoods.?* Unfortunately, the package revision has not had a similar effect
on the CTX-WIC population. Reat et al. reported significantly fewer vegetables

consumed by the CTX-WIC population after the package change.*
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The NCI Method

Examining nutrient intakes can be an important method of identifying potential
nutritional risks in a population.® ™ In populations with a high percentage of intakes
outside of the recommended levels for a particular nutrient, there may be an increased
risk for nutritional deficiency or toxicity. As demonstrated by the most recent FITS data,
the general population of US infants and toddlers has adequate intakes for most nutrients.
Notable exceptions are iron (intakes below the EAR in 12% of 6-11.9m infants), vitamin
E (intakes below the EAR in 63% of toddlers), zinc (intakes from food above the UL in
68% of 6-11.9m infants and 4% of toddlers), vitamin A (intakes from food above the UL
in 16% of 6-11.9m infants and 4% of toddlers), and sodium (intakes from food above the
UL in 45% of 12-24.9m toddlers)®.

Certain racial, socioeconomic, or geographic groups may exhibit different dietary
patterns that produce unique differences in nutritional risk. These groups are often
disproportionately impacted by cultural trends that lead to food desertification, high food
costs, and lack of knowledge about healthy food. This leads to reduced access to and
dietary incorporation of fruits, vegetables, lean meats, and whole grains, which may
result in inadequate nutrient intake. Targeted analysis of nutrient intake within these
populations can reveal potential nutrition risks that may have been overlooked in large-
scale, national studies. For example, while nationally approximately 75% of infants 6-
11.9m and 75% of toddlers have intakes of vitamin D that fall below the EAR?, almost all
toddlers in the CTX-WIC population have intakes of vitamin D below the EAR. Whereas
68% of infants 6-11.9m nationally have intakes of zinc above the UL3, all infants 6-

11.9m in the CTX-WIC population have intakes of zinc above the UL. These important
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differences in nutrient intake suggest that dietary interventions should be targeted to
specific populations.

The NCI method represents an effective method for analyzing usual nutrient
intake within regional populations. Compared to large, national studies, small-scale,
regional analyses typically receive less funding, have fewer resources, are conducted by
fewer researchers, and sample from smaller populations. It follows then, that regional
studies have smaller sample sizes. By utilizing Bayesian analysis and allowing for the
incorporation of subgroupings as covariates, the NCI method offers an accurate approach
to the analysis of small samples.®” The NCI method is not without drawbacks, however.
The method is implemented through SAS, an expensive statistical analysis software that
relies on knowledge of specific computer code. Researchers at NCI, the National Center
for Health Statistics, and the USDA have made a tremendous effort to provide a “how to”
tutorial for the NCI method, but the tutorial is focused on analysis of NHANES data, and
significant effort and statistical knowledge are required to adapt the instructions to
smaller data sets without survey weights.?® Given that this method is so well-adapted for
the study of populations at the highest risk of inadequate nutrient intakes, effort to make
it more accessible would be well applied. Accessibility could be improved by the
development of a simple, web-accessible user interface, much like that developed for
other methods of analyzing usual intake (e.g. C-SIDE and Multiple Source Method), or

by provision of SAS macros adapted for datasets without survey weights.>* %
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Strengths and Limitations

This study had a number of strengths. First, the population examined is of interest
because socioeconomic status, geographic location, and ethnic make-up place CTX-WIC
at increased risk for inadequate nutrient intakes. Second, researchers utilized 24HR, a
robust, validated method, to gather extensive dietary intake data, along with data
regarding feeding practices. Third, the study design incorporated a new method of usual
nutrient intake analysis that is particularly appropriate for smaller samples.

It is also important to acknowledge the following limitations. First, no data were
collected regarding utilization of the foods provided in the WIC package. For this reason,
it is possible that the nutrient intakes reported herein reflect intake of foods not included
in the WIC package. Second, sample size of the 4-5.9m infants subgroup was less than 30

in both years, and this precluded some forms of analysis within this age group.

Summary

In general, this study showed that nutrient intakes within the CTX-WIC
population were different after the mandated changes to the WIC benefits packages.
Some changes are likely to be beneficial for this population, for example, the lower mean
usual intakes of calories and fructose, and fewer children with usual vitamin A intakes in
excess of the UL. Unfortunately, some changes place this population at increased
nutrition risk, for example, the lower mean usual intakes of calcium, vitamin D, and iron.
It appears as though the WIC benefits package could be improved in this population by
the reinstatement of the previous levels of milk in the toddler package. Further research

within the CTX-WIC population should confirm the source of food consumed, taking
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into consideration the contribution of other nutrition support programs like the
Supplemental Nutrition Assistance Program (SNAP food stamps).

The results of this study could contribute to dietary interventions within the CTX-
WIC population and other low-income, Hispanic populations in Texas. Of particular
interest would be interventions aimed at increasing breastfeeding among young infants,
increasing iron and vitamin D supplementation among older infants, and increasing
consumption of baby food meats, fruits and vegetables among older infants and toddlers.
The results of this study contribute to the national conversation about fortification, and
support the call for critical re-examination of the ULs for vitamin A and zinc.
Furthermore, additional data are needed regarding the long-term impacts of high levels of

zinc intake by infants and toddlers.
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Table 1. Major changes made to the WIC food benefits package for infants 0-12m in
2009 — 2010. Changes are listed by food group for each age and feeding practice category

recognized by WIC.*® -9

Food Type Summary of Changes

Infant Formula

Formula-fed infants 0-4m: no change
Formula-fed infants 4-5.9m: 1 by 10%
Formula-fed infants 6-11.9m: | by 23%

Fully breastfed infants 0-12m: removed

Infant Cereal

All infants 6-11.9m: Added 24 oz

Baby Food Fruits &
Vegetables

Fully breastfed infants 6-11.9m: added 256 0z
Partially breastfed infants 6-11.9m: added 128 oz
Formula-fed infants 6-11.9m: added 128 oz

Baby Food Meats

Fully breastfed infants 6-11.9m: added 77.5 oz

Juice (100% Fruit)

All infants 6-11.9m: removed

Table 2. Major changes made to the WIC food benefits package for toddlers 12-24m in
2009 — 2010. Changes are listed by food group for each age and feeding practice category

recognized by WIC.'3 419

Food Type Summary of Changes

Juice (100% Fruit) * Alltoddlers 12 —36m: | by 55%

Adult Cereal » All toddlers 12 — 36m: Unchanged (36 0z)
Milk » All toddlers 12 —36m: | by 33%

Eggs » All toddlers 12 —36m: | by 50%

Fruit/Vegetable Voucher

» All toddlers 12 — 36m: added ($6.00)

Whole Grains/Bread

» All toddlers 12 — 36m: added (2 Ib)

Legumes/Peanut Butter

« All toddlers 12 — 36m: unchanged (11b or 18 0z)




Table 3. Methods for the estimation of usual nutrient intakes within a population.

Method Preliminary Transformation to | Estimation of Usual | Transformation to
Adjustments Normal Scale Intake Original Scale
With-in Simple averaging
person None None across recalls None
means
1. Partition observed
National variance .
Research 2. Adjust observed Inygrse function of
. None Log or Power L original
Council distribution based transformation
(NRC) on within-person
variance
Shifts intakes Power 1. Parjutlon observed Inve_rse function
lowa State | away from zero; | transformation + 2 vadrlanceb q (AdJUStfd 0 ensudre
X : - ' . . Adjust observe mean of estimate
University f,AdJ.UStS for Graft_ed polynomial distribution based | distribution equals
(ISV) nuisance function o .
" . on within-person mean of original
effects transformation .
variance data)
1. Partition observed | Inverse function
variance (Adjusted to ensure
Best Power | None Power 2. Adjust observed mean of estimated
transformation distribution based | distribution equals
on within-person mean of original
variance data)
National Non-linear mixed-
Can.cer None Box-Cox effects model, .. | Inverse function
Institute accounts for episodic

(NCI)

consumption




Table 3 — Continued. Methods for the estimation of usual nutrient intakes within a
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population.
Method Applications Cautlon§ = Software References
Assumptions
With-in qu accurately _ .
erson estimate Overestimates tails SPSS
Fneans population mean of distribution
intake
National Regularly Cannot include
Research consumed covariates; assumes SAS Macro NRC 1986, Institute of
Council nutrients; Sample | transformation to Medicine 2003
(NRC) size < 45; normality
Regularly Cannot include i .
Iovx_/a St:_;\te consumed covariates; assumes C-SIDE Dodd 2.0 (.)6’ Institute
University N . (stand-alone of Medicine 2003,
(ISU) n_utrlents, Sample transformatlon to software) Nusser 1996
size > 100; normality
Regularly Cannot include
Best Power consumed covariates; assumes | SIDE (works with | Bailey 2010, Dodd
nutrients; Sample | transformation to SAS) 2006, Nusser 1996,
size < 100; normality
Regularly and
otoral | el | assmes
. S transformation to SAS Macro Tooze 2006 & 2010
Institute nutrients; Sample normalit
(NCI) size < 100; y

include covariates




Table 4. Characteristics of caregivers and their children sampled in 2009 and 2011.
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2009 | 2011
Sample characteristics Frequency (% of total)
Total N 84 (100) 120 (100)
Completed second recall 67 (41.6) 94(58.4)
Child characteristics
Age Frequency (% of total)
4 -59m 17 (20.2) 26 (21.7)
6-11.9m 33 (39.3) 54 (45)
12 - 24m 34 (40.5) 40 (33.3)
Weight (0z) Frequency (SE)
4 -59m 15.0 (0.72) 16.3 (0.77)
6-11.9m 19.9 (0.45) 20.3 (0.75)
12 - 24m 27.8 (0.97) 23.2 (0.45)
Gender Frequency (% of total)
Female 37 (44) 61 (50.3)
Male 45 (53.6) 58 (48.3)
Race Frequency (% of total)
Hispanic 57 (67.9) 78 (65)
Non-Hispanic White 14 (16.7) 18 (15)
Other? 10 (11.9) 13 (20)
Breastfeeding Status Frequency (% of total)
Breastfeeding Initiated 79 (82.3) 107 (89.2)
Breastfed to 4m 50 (53.2) 70 (58.3)
Currently Breastfeeding, 4-5.9m 7(41.2) 14 (56)
Currently Breastfeeding, 6-
11.9m 7 (23.3) 16 (29.6)
Currently Breastfeeding, 12-24m 6 (17.6) 4(10.3)
Insurance Status Frequency (% of total)
Has health insurance 72 (85.7) 113 (94.2)
Lacks health insurance 9 (10.7) 7 (5.8)
g:ggglver Characteristics Frequency (% of total)
Hispanic 56 (66.7) 86 (71.7)
Non-Hispanic White 21 (25) 30 (25)
Other® 4 (4.8) 4 (3.3)
Family Income” Frequency (% of total)
$0 - 5,000 4 (3.3)
$5,000 - 10,000 13 (10.8)
$11,000 - 20,000 29 (24.2)
$21,000 - 40,000 38 (31.7)
$41,000 - 60,000 9 (7.5)
Relationship status Frequency (% of total)
Living with partner | 54 (64.3) | 64 (53.3)
Language spoken at home Frequency (% of total)
Spanish-only 20 (23.8) 36 (30)
English and Spanish 10 (11.9) 21 (17.5)
English-only 52 (61.9) 62 (51.7)
Percent of life spent in the US Frequency (% of total)
< 40% 16 (19) 26 (21.7)
40 - 99% 6(7.1) 12 (10)
100% 15 (60.7) 82 (68.3)




Table 4 — Continued. Characteristics of caregivers and their children sampled in 2009

and 2011.
Sample characteristics 2009 | 2011
Country of origin Frequency (% of total)
us 54 (64.3) 81 (67.5)
Mexico 22 (26.2) 35 (29.2)
Other® 6(7.1) 4 (3.3)
Age Frequency (% of total)
<18 0 (0) 2 (1.7)
18-24 28 (33.3) 46 (38.3)
25-44 48 (57.1) 71 (59.2)
45-64 1(1.2) 0 (0)
>65 0 (0) 1(0.8)
Education level Frequency (% of total)
Middle school or less 10 (11.9) 23 (19.2)
High school 54 (64.3) 67 (55.8)
Some college 18 (21.4) 26 (21.7)
Employment status Frequency (% of total)
Unemployed 55 (65.5) 76 (63.3)
Part-time employment 13 (15.5) 22 (18.3)
Full-time employment 11 (13.1) 22 (18.3)

& “Other” includes African American, Native American, Asian, and Pacific Islander.
> Family income data were not collected in 2009.
¢ “Other” includes Guatemala, Honduras, Indonesia, El Salvador, Israel, and Germany.

" Significant difference (p=0.001)




Table 5a. Usual Intake percentiles of young infants (ages 4-5.9m).
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Usual Intake Percentiles

Yr. | Nutrient 10" 25" Med. Mean 75th 90th
2009 | Kilocalories 903 951 1003 1052 1101 1417
2011 | Kilocalories 711 835 895 896 955 1037
2009 | Carbohydrate (g/d) 110.5 120.6 125.7 132.8 139.9 175.4
2011 | Carbohydrate (g/d) 95.1 113.1 120.4 120.5 127.4 145.1
2009 | Protein (g/d) 26.3 29.2 316 325 36.4 416
2011 | Protein (g/d) 20.6 23.7 26.1 25.8 27.8 30.6
2009 | Total Fat (g/d) 42.5 42.6 42.9 42.9 43.1 43.3
2011 | Total Fat (g/d) 35.5 35.6 35.8 35.8 36.0 36.2
2009 | Zinc (mg) 5.69 5.86 6.27 6.49 6.82 7.95
2011 | Zinc (mg) 4.75 4.98 5.19 5.21 5.53 5.85
2009 | Iron (mg) 9.82 115 125 134 13.8 18.8
2011 | Iron (mg) 8.34 9.27 10.3 10.6 121 12.9
2009 | Vitamin A (RAE) 493.2 545.5 608.1 613.3 672.3 744.9
2011 | Vitamin A (RAE) 484.6 536.0 594.3 601.3 660.9 725.3
2009 | Vitamin D (pg) 5.78 6.43 7.12 7.37 8.09 9.89
2011 | Vitamin D (pg) 4.86 5.46 6.20 6.19 6.96 7.57
2009 | Calcium (mg) 770.0 770.9 772.0 771.9 772.9 773.8
2011 | Calcium (mg) 651.1 651.9 652.8 652.8 653.7 654.5
2009 | Folate (DFE) (ug/day) 248.6 259.2 271.6 272.5 285.8 297.5
2011 | Folate (DFE) (ug/day) 182.2 199.6 199.6 200.3 209.7 219.5
2009 | B 12 (ug/day) 2.84 2.85 2.85 2.97 3.25 3.26
2011 | B 12 (pg/day) 1.83 2.30 2.30 2.27 2.30 2.65
2009 | Vitamin E (mg/d) 4.43 5.17 5.53 5.88 6.83 7.83
2011 | Vitamin E (mg/d) 3.75 4.71 5.19 5.20 5.68 6.38
2009 | Vitamin C (mg/d) 41.3 44.1 60.1 65.9 74.3 103.5
2011 | Vitamin C (mg/d) 43.7 45.7 57.8 58.4 66.1 73.5
2009 | Sodium (mg) 972.6 975.3 977.9 977.9 980.6 983.1
2011 | Sodium (mg) 739.1 741.1 743.2 743.2 745.3 747.2
2009 | Potassium (mg) 1409 1410 1411 1411 1412 1414
2011 | Potassium (mg) 1197 1198 1199 1199 1200 1201




Table 5a — Continued. Usual Intake percentiles of young infants (ages 4-5.9m).
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Usual Intake Percentiles

Yr. | Nutrient 10" 25" Med. Mean 75th 90th
2009 | Total Sugars (g) 62.6 70.2 76.1 83.3 815 137
2011 | Total Sugars (g) 55.5 68.2 76.2 76.7 81.3 89.9
2009 | Fructose (g) 10.6 11.3 11.4 11.6 115 14.2
2011 | Fructose (g) 13.2 13.3 14.2 14.1 14.2 17.4
2009 | Omega-3 FA (Q) 0.87 0.90 0.94 0.99 1.03 1.23
2011 | Omega-3 FA (Q) 0.59 0.67 0.72 0.73 0.78 0.81
2009 | Saturated FA (g) 14.3 15.2 16.1 16.2 17.2 18.1
2011 | Saturated FA (g) 11.4 12.2 13.1 13.2 141 15.0
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Table 5b. DRI intake guidelines for young infants (ages 4-5.9m), and the percentage of
the sample with intakes outside of those guidelines.

DRI's Inadequate/ Excessive
Yr. Nutrient Al UL % < Al % > UL
2009 | Kilocalories 490 ND 0 ND
2011 | Kilocalories 490 ND 0.00 ND
2009 | Carbohydrate (g/d) 60 ND 0.00 ND
2011 | Carbohydrate (g/d) 60 ND 0.00 ND
2009 | Protein (g/d) 9.1 ND 0.00 ND
2011 | Protein (g/d) 9.1 ND 0.00 ND
2009 | Total Fat (g/d) 31 ND 0.00 ND
2011 | Total Fat (g/d) 31 ND 0.00 ND
2009 | Zinc (mg) 2 4 0.00 100
2011 | Zinc (mg) 2 4 0.00 100
2009 | Iron (mg) 0.27 40 0.00 0.00
2011 | Iron (mg) 0.27 40 0.00 0.00
2009 | Vitamin A (RAE) 400 600 0.54 53.28
2011 | Vitamin A (RAE) 400 600 0.73 47.28
2009 | Vitamin D (ug) 10 25 94.10 0.00
2011 | Vitamin D (ug) 10 25 100 0.00
2009 | Calcium (mg) 200 1000 0.00 0.00
2011 | Calcium (mg) 200 1000 0.00 0.00
2009 | Folate (DFE) (ug/day) 65 ND 0.00 ND
2011 | Folate (DFE) (ug/day) 65 ND 0.00 ND
2009 | B 12 (ug/day) 0.4 ND 0.00 ND
2011 | B 12 (ug/day) 0.4 ND 0.00 ND
2009 | Vitamin E (mg/d) 4 ND 0.00 ND
2011 | Vitamin E (mg/d) 4 ND 11.53 ND
2009 | Vitamin C (mg/d) 40 ND 5 ND
2011 | Vitamin C (mg/d) 40 ND 0.00 ND
2009 | Sodium (mg) 120 ND 0.00 ND
2011 | Sodium (mg) 120 ND 0.00 ND
2009 | Potassium (mg) 0.4 ND 0.00 ND
2011 | Potassium (mg) 0.4 ND 0.00 ND




Table 5b — Continued. DRI intake guidelines for young infants (ages 4-5.9m), and the

percentage of the sample with intakes outside of those guidelines.
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DRI's Inadequate/ Excessive
Yr. | Nutrient Al UL % < Al % > UL
2009 | Total Sugars (9) ND ND ND ND
2011 | Total Sugars (9) ND ND ND ND
2009 | Fructose (g) ND ND ND ND
2011 | Fructose (g) ND ND ND ND
2009 | Omega-3 FA (g) ND ND ND ND
2011 | Omega-3 FA (g) ND ND ND ND
2009 | Saturated FA (g) ND ND ND ND
2011 | Saturated FA (g) ND ND ND ND




Table 6a. Usual Intake percentiles of older infants (ages 6-11.9m).
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Usual Intake Percentiles

Year | Nutrient 10th 25th Median Mean 75th 90th
2009 | Kilocalories 786 839 936 920 989 1034
2011 | Kilocalories 707 813 853 866 938 989
2009 | Carbohydrate (g/d) 97.8 108.9 117.2 1195 131.3 142.5
2011 | Carbohydrate (g/d) 90.3 102.9 110.3 112.0 122.7 132.0
2009 | Protein (g/d) 218 235 31.6 30.0 34.0 38.8
2011 | Protein (g/d) 17.6 215 23.7 24.1 26.0 29.9
2009 | Total Fat (g/d) 36.7 36.9 37.1 37.1 37.3 37.5
2011 | Total Fat (g/d) 36.1 36.2 36.4 36.4 36.6 36.8
2009 | Zinc (mg) 5.13 5.48 5.89 5.87 6.29 6.67
2011 | Zinc (mg) 4.43 4.73 5.07 5.27 5.66 6.08
2009 | Iron (mQ) 9.10 9.72 10.9 11.2 11.8 141
2011 | Iron (mg) 8.19 9.41 10.4 10.7 115 13.1
2009 | Vitamin A (RAE) 513.8 564.4 624.1 631.9 691.8 759.8
2011 | Vitamin A (RAE) 522.3 577.6 637.7 643.1 703.7 769.9
2009 | Vitamin D (ug) 6.13 6.80 7.51 7.57 8.12 9.14
2011 | Vitamin D (ug) 4.34 4.90 5.69 5.66 6.32 6.90
2009 | Calcium (mg) 731.0 731.8 732.7 732.7 733.7 734.5
2011 | Calcium (mg) 591.3 592.1 592.9 592.9 593.7 594.4
2009 | Folate (DFE) (ug/day) | 218.8 228.6 240.5 240.3 251.1 261.6
2011 | Folate (DFE) (ug/day) | 176.8 184.7 194.3 194.6 203.9 212.8
2009 | B 12 (ug/day) 2.28 2.82 2.83 2.81 3.22 3.23
2011 | B 12 (ug/day) 2.05 2.05 2.06 2.10 2.38 2.38
2009 | Vitamin E (mg/d) 3.37 4.17 4.65 4.82 5.75 5.87
2011 | Vitamin E (mg/d) 3.47 4.20 4.79 5.07 5.38 5.97
2009 | Vitamin C (mg/d) 51.0 57.0 62.6 64.2 72.1 77.1
2011 | Vitamin C (mg/d) 53.9 56.8 65.3 67.3 72.3 81.8
2009 | Sodium (mg) 875.9 878.1 880.5 880.5 882.9 885.0
2011 | Sodium (mg) 7035 705.3 707.4 707.4 709.5 711.4
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Table 6a — Continued. Usual Intake percentiles of older infants (ages 6-11.9m).

Usual Intake Percentiles
Year | Nutrient 10th 25th Median Mean 75th 90th
2009 | Potassium (mg) 1342.9 1343.9 1345.1 1345.1 1346.3 1347.3
2011 | Potassium (mg) 1166.3 1167.3 1168.3 1168.3 1169.3 1170.3
2009 | Total Sugars (g) 60.5 66.1 72.4 74.4 82.1 88.3
2011 | Total Sugars (g) 55.0 61.8 71.2 70.9 77.8 81.9
2009 | Fructose (9) 9.91 12.4 13.3 12.8 13.3 134
2011 Fructose (g) 11.2 11.3 12.0 12.0 12.1 14.9
2009 | Omega-3 FA (g) 0.66 0.70 0.77 0.77 0.83 0.87
2011 | Omega-3 FA (g) 0.61 0.63 0.70 0.70 0.75 0.84
2009 | Saturated FA (g) 13.7 14.6 15.6 15.6 16.6 17.5
2011 | Saturated FA (g) 13.0 13.9 14.9 14.9 15.9 16.8
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Table 6b. DRI intake guidelines for older infants (ages 6-11.9m), and the percentage of
the sample with intakes outside of those guidelines.

DRI's Inadequate/ Excessive Intakes

Year | Nutrient Al EAR | RDA | UL | %<Al [%<EAR | %<RDA %>UL
2009 | Kilocalories 720 ND ND ND 0.00 ND ND ND
2011 | Kilocalories 720 ND ND ND 11 ND ND ND
2009 | Carbohydrate (g/d) 95 | ND | ND | ND | 431 ND ND ND
2011 | Carbohydrate (g/d) 95 | ND | ND | ND | 13.04 ND ND ND
2009 | Protein (g/d) ND = ND 11 | ND ND ND 0.00 ND
2011 | Protein (g/d) ND ND 11 ND ND ND 0.00 ND
2009 | Total Fat (g/d) 30 | ND ND | ND | 0.00 ND ND ND
2011 | Total Fat (g/d) 30 | ND ND | ND | 0.00 ND ND ND
2009 | Zinc (mg) ND 2 3 5 ND 0.00 0.00 94
2011 | Zinc (mg) ND 2 3 5 ND 0.00 0.00 60
2009 | Iron (mg) ND 7 11 40 ND 0.00 55 0.00
2011 | Iron (mg) ND 7 11 40 ND 0.00 64 0.00
2009 | Vitamin A (RAE) 500 ND ND 600 7.17 ND ND 60.09
2011 | Vitamin A (RAE) 500 ND ND 600 6.13 ND ND 66.19
2009 | Vitamin D (pg) 10 ND ND 38 100.00 ND ND 0.00
2011 | Vitamin D (pg) 10 ND ND 38 100.00 ND ND 0.00
2009 | Calcium (mg) 260 ND ND | 1500 0.00 ND ND 0.00
2011 | Calcium (mg) 260 ND ND | 1500 | 0.00 ND ND 0.00
2009 | Folate (DFE) (ug/day) | 80 ND ND ND 0.00 ND ND ND
2011 | Folate (DFE) (ug/day) | 80 | ND ND | ND | 0.00 ND ND ND
2009 | B 12 (ug/day) 050 @ ND ND | ND | 0.00 ND ND ND
2011 | B 12 (ug/day) 050 ND ND | ND | 0.00 ND ND ND
2009 | Vitamin E (mg/d) 5 ND ND | ND | 63.64 ND ND ND
2011 | Vitamin E (mg/d) 5 ND ND ND 59.26 ND ND ND
2009 | Vitamin C (mg/d) 50 ND ND ND 9 ND ND ND
2011 | Vitamin C (mg/d) 50 ND ND ND 3 ND ND ND
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Table 6b — Continued. DRI intake guidelines for older infants (ages 6-11.9m), and the
percentage of the sample with intakes outside of those guidelines.

DRI's Inadequate/ Excessive Intakes
Year | Nutrient Al EAR | RDA | UL | %<Al |%<EAR |%<RDA| %>UL
2009 | Sodium (mg) 370 ND | ND | ND | 0.00 ND ND ND
2011 | Sodium (mg) 370 ND | ND | ND | 0.00 ND ND ND
2009 | Potassium (mg) 700 ND ND ND 0.00 ND ND ND
2011 | Potassium (mg) 700 ND ND ND 0.00 ND ND ND
2009 | Total Sugars (g) ND ND ND ND ND ND ND ND
2011 | Total Sugars (g) ND ND ND ND ND ND ND ND
2009 | Fructose (g) ND ND ND ND ND ND ND ND
2011 | Fructose (g) ND ND ND ND ND ND ND ND
2009 = Omega-3 FA (g) ND ND ND | ND | ND ND ND ND
2011 = Omega-3 FA (g) ND ND | ND | ND [ ND ND ND ND
2009 | Saturated FA (g) ND | ND ND | ND ND ND ND ND
2011 | Saturated FA (g) ND ND ND ND ND ND ND ND




Table 6¢. Comparison of means of day one intakes for older infants (ages 6-11.9m).
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Means of Day 1 Intakes

Year | Nutrient Mean SD SE P
2009 | Kilocalories 870.63 441.72 76.89 0.799
2011 | Kilocalories 845.68 439.97 59.87

2009 | Carbohydrate (g/d) 112.99 63.09 10.98 0.745
2011 | Carbohydrate (g/d) 108.52 60.32 8.21

2009 | Protein (g/d) 26.20 20.15 3.51 0.441
2011 | Protein (g/d) 22.90 17.70 241

2009 | Total Fat (g/d) 35.88 16.71 291 0.861
2011 | Total Fat (g/d) 36.57 19.82 2.70

2009 | Zinc (mg) 478 2.70 0.47 0.430
2011 | Zinc (mg) 5.30 3.35 0.46

2009 | Iron (mg) 9.87 8.16 1.42 0.412
2011 | Iron (mg) 11.53 10.44 1.42

2009 | Vitamin A (RAE) 590.58 291.23 50.70 0.333
2011 | Vitamin A (RAE) 655.90 322.34 43.87

2009 | Vitamin D (ug) 6.90 5.19 0.90 0.433
2011 | Vitamin D (ug) 6.01 4.89 0.67

2009 | Calcium (mg) 660.56 425.25 74.03 0.329
2011 | Calcium (mg) 575.90 321.01 43.68

2009 | Folate (DFE) (pg/day) 203.83 173.63 30.22 0.835
2011 | Folate (DFE) (ug/day) 196.08 158.12 21.52

2009 | B 12 (ug/day) 2.33 2.09 0.36 0.485
2011 | B 12 (ug/day) 2.02 1.74 0.24

2009 | Vitamin E (mg/d) 4.72 3.70 0.64 0.361
2011 | Vitamin E (mg/d) 5.53 4.47 0.61

2009 | Vitamin C (mg/d) 65.93 44.31 7.71 0.687
2011 | Vitamin C (mg/d) 69.67 37.28 5.07




Table 6¢ — Continued. Comparison of means of day one intakes for older infants (ages
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6-11.9m).

Means of Day 1 Intakes
Year | Nutrient Mean sD SE P
2009 | Sodium (mg) 782.35 876.70 152.61 0.811
2011 | Sodium (mg) 735.29 898.48 122.27
2009 | Potassium (mg) 1,228.22 741.19 129.02 0.812
2011 | Potassium (mg) 1,186.70 854.16 116.24
2009 | Total Sugars (g) 73.53 36.39 6.33 0.445
2011 | Total Sugars (g) 67.55 33.15 451

Means not compared for fructose, omega-3 fatty acids, and saturated fatty acids.




Table 7a. Usual Intake percentiles of toddlers (ages 12-24m).
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Usual Intake Percentiles
Year | Nutrient 10th 25th Median | Mean 75th 90th
2009 | Kilocalories 957 1020 1140 1116 1190 1260
2011 | Kilocalories 701 772 850 850 901 992
2009 | Carbohydrate (g/d) 120.2 139.1 151.3 149.2 164.9 170.6
2011 | Carbohydrate (g/d) 84.8 97.2 109.2 108.4 116.8 128.4
2009 | Protein (g/d) 30.1 33.7 37.9 36.9 40.8 43.0
2011 | Protein (g/d) 17.4 22.0 25.1 24.7 26.6 29.5
2009 | Total Fat (g/d) 43.3 435 43.7 43.7 43.9 44.1
2011 | Total Fat (g/d) 35.6 35.8 36.0 36.0 36.1 36.3
2009 | Zinc (mg) 6.49 7.01 7.58 7.57 8.00 8.86
2011 | Zinc (mg) 4.33 4.64 5.11 5.12 5.40 5.82
2009 | Iron (mg) 9.53 13.0 143 14.7 16.0 19.6
2011 | Iron (mg) 7.48 8.56 9.06 9.64 10.3 12.0
2009 | Vitamin A (RAE) 648.7 709.0 782.6 789.3 863.8 941.5
2011 | Vitamin A (RAE) 495.8 546.7 609.1 614.7 676.6 740.4
2009 | Vitamin D (pg) 6.30 7.19 8.11 8.06 8.42 10.37
2011 | Vitamin D (pg) 5.30 5.82 6.11 6.54 7.16 7.99
2009 | Calcium (mg) 822.8 823.8 824.8 824.8 825.8 826.8
2011 | Calcium (mg) 669.9 670.7 671.6 671.6 672.5 673.3
2009 | Folate (DFE) (pg/day) 2925 | 3057 | 3195 | 3202 | 3343 | 3479
2011 | Folate (DFE) (pg/day) 176.2 184.3 193.2 1935 | 2025 | 2114
2009 | B 12 (ug/day) 2.63 3.67 3.67 3.55 3.68 4.15
2011 | B 12 (ug/day) 1.72 2.50 2.51 2.49 2.51 2.88
2009 | Vitamin E (mg/d) 4.90 5.11 6.36 6.40 6.71 8.42
2011 | Vitamin E (mg/d) 3.49 4.46 4.84 5.04 5.45 6.45
2009 | Vitamin C (mg/d) 53.0 60.5 71.7 71.0 76.8 87.5
2011 | Vitamin C (mg/d) 46.5 52.7 62.2 63.7 72.8 84.5
2009 | Sodium (mg) 1137.7 1140.4 1143.6 1143.6 1146.8 1149.6
2011 | Sodium (mg) 7602 | 7622 | 7644 | 7644 | 7666 | 7685




Table 7a — Continued. Usual Intake percentiles of toddlers (ages 12-24m).

S7

Usual Intake Percentiles

Year | Nutrient 10th 25th Median | Mean 75th 90th
2009 | Potassium (mg) 1607.4 1608.7 1610.1 1610.1 1611.4 1612.6
2011 | Potassium (mg) 1234.3 1235.3 1236.4 1236.4 1237.6 1238.5
2009 | Total Sugars (g) 72.0 717 87.8 87.9 96.5 106.5
2011 | Total Sugars (g) 55.6 59.6 67.6 68.4 75.5 83.6
2009 | Fructose (g) 16.1 16.2 17.2 17.1 17.3 21.0
2011 | Fructose (9) 10.7 10.8 115 12.0 13.0 14.0
2009 | Omega-3 FA (9) 0.75 0.87 0.95 0.95 1.05 1.12
2011 | Omega-3 FA (9) 0.65 0.68 0.75 0.75 0.79 0.86
2009 | Saturated FA (g) 15.2 16.0 171 17.1 18.1 19.1
2011 | Saturated FA (g) 125 134 14.4 144 15.3 16.3
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Table 7b. DRI intake guidelines for toddlers (ages 12-24m), and the percentage of the
sample with intakes outside of those guidelines.

DRI's Inadequate/ Excessive Intakes
Year | Nutrient Al EAR | RDA | UL | %<Al |%<EAR|%<RDA|% > UL
2009 | Kilocalories 990 ND ND ND 17 ND ND ND
2011 | Kilocalories 990 ND ND ND 88 ND ND ND
2009 | Carbohydrate (g/d) ND 100 130 ND ND 0.00 20.60 ND
2011 | Carbohydrate (g/d) ND 100 130 ND ND 30.00 92.49 ND
2009 | Protein (g/d) ND = ND 13  ND | ND ND 0.00 ND
2011 | Protein (g/d) ND = ND 13  ND | ND ND 0.00 ND
2009 | Total Fat (g/d) ND ND ND ND ND ND ND ND
2011 | Total Fat (g/d) ND | ND ND | ND ND ND ND ND
2009 | Zinc (mg) ND | 250 | 3.00 | 7.00 ND 0.00 0.00 76
2011 | Zinc (mg) ND | 250 | 3.00 | 7.00 ND 0.00 0.00 0.00
2009 | Iron (mg) ND 3 7 40 ND 0.00 0.00 0.00
2011 | Iron (mg) ND 3 7 40 ND 0.00 0.00 0.00
2009 | Vitamin A (RAE) ND | 210 300 | 600 ND 0.00 0.00 96.42
2011 | Vitamin A (RAE) ND 210 300 600 ND 0.00 0.01 53.31
2009 | Vitamin D (ug) ND 10 15 63 ND 88.24 100 0.00
2011 | Vitamin D (ug) ND 10 15 63 ND 97.50 100 0.00
2009 | Calcium (mg) ND 500 700 | 2500 ND 0.00 0.00 0.00
2011 | Calcium (mg) ND 500 700 | 2500 ND 0.00 100 0.00
2009 | Folate (DFE) (ug/day) | ND | 120 | 150 | 300 | ND 0.00 0.00 | 82.82
2011 | Folate (DFE) (ug/day) [ ND | 120 150 | 300 ND 0.00 0.06 0.00
2009 | B 12 (ug/day) ND 070 090 ND | ND 0.00 0.00 ND
2011 | B 12 (pg/day) ND 070 090 | ND [ ND 0.00 | 0.00 ND
2009 | Vitamin E (mg/d) ND 5 6 200 | ND | 1742 | 4392 | 0.00
2011 | Vitamin E (mg/d) ND 5 6 200 ND 55.12 | 84.99 0.00
2009 | Vitamin C (mg/d) ND 13 15 400 ND 0.00 0.00 0.00
2011 | Vitamin C (mg/d) ND 13 15 400 ND 0.00 0.00 0.00
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DRI's Inadequate/ Excessive Intakes
Year | Nutrient Al EAR | RDA | UL |% <Al |%<EAR|%<RDA|% > UL
2009 | Sodium (mg) 1000 | ND ND | 1500 | 0.00 ND ND 0.00
2011 | Sodium (mg) 1000 | ND ND | 1500 | 0.00 ND ND 0.00
2009 | Potassium (mg) 3000 | ND ND ND 100 ND ND ND
2011 | Potassium (mg) 3000 | ND ND ND 100 ND ND ND
2009 | Total Sugars (g) ND ND ND ND ND ND ND ND
2011 | Total Sugars (g) ND ND ND ND ND ND ND ND
2009 | Fructose (9) ND ND ND ND ND ND ND ND
2011 | Fructose (9) ND ND ND ND ND ND ND ND
2009 | Omega-3 FA (g) ND ND ND | ND | ND ND ND ND
2011 | Omega-3 FA (g) ND ND ND ND ND ND ND ND
2009 | Saturated FA (g) ND | ND ND | ND ND ND ND ND
2011 | Saturated FA (g) ND ND ND ND ND ND ND ND




Table 7c. Comparison of means of day one intakes for toddlers (ages 12-24m).

Means of Day 1 Intakes

Year | Nutrient Mean SD SE P
2009 | Kilocalories 1,174.34 619.18 106.19 0.017
2011 Kilocalories 867.88 410.21 64.86

2009 | Carbohydrate (g/d) 158.64 88.02 15.09 0.012
2011 | Carbohydrate (g/d) 112.05 60.57 9.58

2009 | Protein (g/d) 40.73 27.37 4.69 0.006
2011  Protein (g/d) 25.00 17.65 2.79

2009 | Total Fat (g/d) 43,53 24.73 4.24 0.174
2011 | Total Fat (g/d) 36.69 16.37 2.59

2009 | Zinc (mg) 7.91 3.95 0.68 0.004
2011 | Zinc (mg) 5.33 3.49 0.55

2009 Iron (mg) 15.02 11.32 1.94 0.045
2011 | Iron (mg) 10.11 8.90 1.41

2009 Vitamin A (RAE) 862.26 715.70 122.74 0.100
2011 Vitamin A (RAE) 628.74 415.49 65.69

2009 | Vitamin D (ug) 7.95 3.78 0.65 0.071
2011 | Vitamin D (ug) 6.29 4.00 0.63

2009 | Calcium (mg) 863.76 462.31 79.29 0.039
2011 | Calcium (mg) 661.63 337.33 53.34

2009 Folate (DFE) (ug/day) 333.71 229.76 39.40 0.011
2011 | Folate (DFE) (pg/day) 202.87 192.00 30.36

2009 | B 12 (ug/day) 3.64 2.14 0.37 0.008
2011 | B 12 (ug/day) 2.39 1.68 0.26

2009 Vitamin E (mg/d) 5.94 3.43 0.59 0.592
2011 | Vitamin E (mg/d) 5.44 4.53 0.72

2009 Vitamin C (mg/d) 68.95 45.52 7.81 0.383
2011 | Vitamin C (mg/d) 59.94 42.15 6.67
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Table 7c — Continued. Comparison of means of day one intakes for toddlers (ages 12-

24m).

Means of Day 1 Intakes
Year | Nutrient Mean SD SE P
2009 | Sodium (mg) 1,329.98 1,411.00 241.98 0.082
2011 | Sodium (mg) 838.33 854.11 135.05
2009 | Potassium (mg) 1,743.54 973.69 166.99 0.010
2011 | Potassium (mg) 1,220.81 658.30 104.09
2009 | Total Sugars (g) 92.53 47.77 8.19 0.006
2011 | Total Sugars (g) 66.19 26.57 4.20

Means not compared for fructose, omega-3 fatty acids, and saturated fatty acids.
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Table 8. Usual caloric intakes and recommendations for infants and toddlers.

Weight (kg) Us‘j‘;‘]'tflf;:ric DRI Guidelines
Géglip Year | Ave. | Max. | Lowest | Highest V\'/Aé th t V\|>/Ie ?g;(h t
4- 2009 | 68 | 9.1 862 1453 562.53 | 763.39
5.9m | 2011 | 74 | 113 661 1208 613.15 | 965.24
6- 2009 | 90 | 120 702 1163 727.24 | 991.80
119m | 2011 | 9.2 | 154 628 1274 742.89 | 1,294.57
12. | 2009 | 126 @ 22.7 822 1338 | 1,040.90 @ 1,938.48
24m | 2011 | 105 | 12.7 650 1121 857.40 | 1,050.35

Comparison to caloric intake recommendations based on the DRI formula for energy
needs using the average (Ave.) and maximum (Max.) weights of children in the sample
population.

Table 8 - Continued. Usual caloric intakes and recommendations for infants and
toddlers.

Comparison to DRI Comparison to DRI
for Ave. Weight for Max. Weight
G’:gl‘jp Year | % >DRI | %<DRI | %>DRI | %<DRI

4- 2009 100 0 100 0
5.9m | 2011 100 0 79 21
6- 2009 2 98 75 25

11.9m | 2011 16 84 0 100

12- 2009 26 74 0 100
24m | 2011 53 47 6 94

Comparison to caloric intake recommendations based on the DRI formula for energy
needs using the average (Ave.) and maximum (Max.) weights of children in the sample
population.



WORKS CITED

Centers for Disease Control and Prevention. National Health and Nutrition
Examination Survey. 2012; http://www.cdc.gov/nchs/nhanes.htm. Accessed April
23, 2012.

Nestle. Nestlé Feeding Infants and Toddlers Study (FITS). 2011;
http://medical.gerber.com/nutritioneducation/fitsstudy.aspx. Accessed April 23,
2012.

Butte NF, Fox MK, Briefel RR, et al. Nutrient intakes of US infants, toddlers, and
preschoolers meet or exceed dietary reference intakes. J Am Diet Assoc. Dec
2010;110(12 Suppl):S27-37.

Chavez N, Telleen S, Kim YO. Food insufficiency in urban Latino families.
Journal of immigrant and minority health / Center for Minority Public Health. Jul
2007;9(3):197-204.

Karp RJ, Shlomovich M, Bruno L. Diet and social disadvantage: the 'Medical
Home' improves nutrition in childhood and diminishes likelihood of disease in
adult life. Maturitas. Oct 2011;70(2):146-150.

Neufeld LM, Cameron BM. Identifying nutritional need for multiple
micronutrient interventions. The Journal of nutrition. Jan 2012;142(1):166S-

172S.

63



10.

11.

12.

13.

64

Briefel R, Ziegler P, Novak T, Ponza M. Feeding Infants and Toddlers Study:
characteristics and usual nutrient intake of Hispanic and non-Hispanic infants and
toddlers. J Am Diet Assoc. Jan 2006;106(1 Suppl 1):5S84-95.

Park K, Kersey M, Geppert J, Story M, Cutts D, Himes JH. Household food
insecurity is a risk factor for iron-deficiency anaemia in a multi-ethnic, low-
income sample of infants and toddlers. Public health nutrition. Nov
2009;12(11):2120-2128.

Cole CR, Grant FK, Swaby-Ellis ED, et al. Zinc and iron deficiency and their
interrelations in low-income African American and Hispanic children in Atlanta.
The American journal of clinical nutrition. Apr 2010;91(4):1027-1034.

Cole CR, Grant FK, Tangpricha V, et al. 25-hydroxyvitamin D status of healthy,
low-income, minority children in Atlanta, Georgia. Pediatrics. Apr
2010;125(4):633-639.

Hesketh KD, Campbell KJ. Interventions to prevent obesity in 0-5 year olds: an
updated systematic review of the literature. Obesity (Silver Spring). Feb 2010;18
Suppl 1:527-35.

Bayles B. Perceptions of childhood obesity on the Texas-Mexico border. Public
Health Nurs. Jul-Aug 2010;27(4):320-328.

Iriart C, Handal AJ, Boursaw B, Rodrigues G. Chronic malnutrition among
overweight Hispanic children: understanding health disparities. Journal of
immigrant and minority health / Center for Minority Public Health. Dec

2011:13(6):1069-1075,



14.

15.

16.

17.

18.

19.

20.

65

Food and Nutrition Service. WIC Program: Total Participation. 2013;
http://www.fns.usda.gov/pd/26wifypart.ntm. Accessed March 23, 2013, 2013.
Women Infants and Children Program. WIC Financial Local Agency Participation
2013; http://www.dshs.state.tx.us/wichd/fin/la-part.shtm. Accessed March 23,
2013, 2013.

Cole N, Jacobson J, Nichols-Barrer I, Fox MK. WIC Food Packages Policy
Options Study. Alexandria, VA: United States Department of Agriculture
(USDA);2011.

Institute of Medicine: Food and Nutrition Board. WIC Food Packages: Time for a
change, Committee to review the WIC food packages. Washington, DC: National
Academies Press;2005.

Oliveira V, Frazao E. The WIC Program Background, Trends, and Economic
Issues, 2009 Edition, Economic Research Report No. 73: United States
Department of Agriculture (USDA);2009.

Kong A, Odoms-Young AM, Schiffer LA, et al. Racial/ethnic differences in
dietary intake among WIC families prior to food package revisions. Journal of
nutrition education and behavior. Jan-Feb 2013;45(1):39-46.

Schneider JM, Fujii ML, Lamp CL, Lonnerdal B, Dewey KG, Zidenberg-Cherr S.
The use of multiple logistic regression to identify risk factors associated with
anemia and iron deficiency in a convenience sample of 12-36-mo-old children
from low-income families. The American journal of clinical nutrition. Mar

2008:87(3):614-620.



21.

22.

23.

24,

25.

26.

27.

66

Andreyeva T, Luedicke J, Middleton AE, Long MW, Schwartz MB. Positive
influence of the revised Special Supplemental Nutrition Program for Women,
Infants, and Children food packages on access to healthy foods. Journal of the
Academy of Nutrition and Dietetics. Jun 2012;112(6):850-858.

Institute of Medicine: Food and Nutrition Board. Dietary Reference Intakes:
Applications in Dietary Assessment. Washington, DC: Institute of Medicine;2000.
Dodd KW, Guenther PM, Freedman LS, et al. Statistical methods for estimating
usual intake of nutrients and foods: a review of the theory. J Am Diet Assoc. Oct
2006;106(10):1640-1650.

Yanetz R, Kipnis V, Carroll RJ, et al. Using biomarker data to adjust estimates of
the distribution of usual intakes for misreporting: application to energy intake in
the US population. J Am Diet Assoc. Mar 2008;108(3):455-464; discussion 464.
Dodd K. Estimating usual intake distributions for dietary components consumed
daily by nearly all persons. In: Kirkpatrick S, ed. Measurement Error Webinar
Series: National Cancer Institute; 2012.

Devaney B, Kalb L, Briefel R, Zavitsky-Novak T, Clusen N, Ziegler P. Feeding
infants and toddlers study: overview of the study design. J Am Diet Assoc. Jan
2004;104(1 Suppl 1):s8-13.

Freedman LS, Kipnis V, Schatzkin A, Tasevska N, Potischman N. Can we use
biomarkers in combination with self-reports to strengthen the analysis of
nutritional epidemiologic studies? Epidemiologic perspectives & innovations :

EP+1. 2010;7(1):2.



28.

29.

30.

31.

32.

33.

34.

35.

67

Freedman LS, Midthune D, Carroll RJ, et al. Adjustments to improve the
estimation of usual dietary intake distributions in the population. The Journal of
nutrition. Jul 2004;134(7):1836-1843.

Freedman LS, Tasevska N, Kipnis V, et al. Gains in statistical power from using a
dietary biomarker in combination with self-reported intake to strengthen the
analysis of a diet-disease association: an example from CAREDS. American
journal of epidemiology. Oct 1 2010;172(7):836-842.

Tooze JA, Midthune D, Dodd KW, et al. A new statistical method for estimating
the usual intake of episodically consumed foods with application to their
distribution. J Am Diet Assoc. Oct 2006;106(10):1575-1587.

Nusser SM, Carriquiry AL, Dodd KW, Fuller WA. A Semiparametric
Transformation Approach to Estimating Usual Daily Intake Distributions. Journal
of the American Statistical Association. 1996;91(436):1440-1449.

Institute of Medicine: Food and Nutrition Board. Dietary Reference Intakes:
Applications in Dietary Planning. Washington, DC: Institute of MEdicine;2003.
Food and Nutrition Board. Nutrient Adequacy: Assessment using food
consumption surveys. Washington, DC1986.

Wilson TA, Adolph AL, Butte NF. Nutrient adequacy and diet quality in non-
overweight and overweight Hispanic children of low socioeconomic status: the
Viva la Familia Study. J Am Diet Assoc. Jun 2009;109(6):1012-1021.

Tooze JA, Kipnis V, Buckman DW, et al. A mixed-effects model approach for
estimating the distribution of usual intake of nutrients: the NCI method. Statistics

in medicine. Nov 30 2010;29(27):2857-2868.



36.

37.

38.

39.

40.

41.

42.

68

Ziegler P, Briefel R, Clusen N, Devaney B. Feeding Infants and Toddlers Study
(FITS): development of the FITS survey in comparison to other dietary survey
methods. J Am Diet Assoc. Jan 2006;106(1 Suppl 1):S12-27.

Bartlett JE, Kotrlik JW, Higins CC. Organizational Research: Determining
appropriate sample size in survey research. Information Technology, Learning,
and Performance Journal. 2001;19(1):43-50.

Nutrition Data System for Research [computer program]. Minneapolis, MN:
University of Minnesota, Nutrition Coordinating Center; 2011.

Tooze JA. Estimating usual intake distributions for dietary components consumed
episodically. In: Kirkpatrick S, ed. Measurement Error Webinar Series: National
Cancer Institute; 2012,

Briefel R, Hanson C, Fox MK, Novak T, Ziegler P. Feeding Infants and Toddlers
Study: do vitamin and mineral supplements contribute to nutrient adequacy or
excess among US infants and toddlers? J Am Diet Assoc. Jan 2006;106(1 Suppl
1):S52-65.

Food and Nutrition Service. WIC Food Packages Policy Options Study, Final
Report. Washington, DC: United States Department of Agriculture,;2011. WIC-
11-FOOD.

Reat A. Impact of policy change on feeding practices of infants and toddlers in
the Special Supplemental Nutrition Program for Women, Infants, and CHildren

(WIC) in San Marcos, TX: Texas State University, San Marcos; 2013:82.



43.

44,

45.

46.

471.

48.

49,

69

Pearce J, Langley-Evans SC. The types of food introduced during complementary
feeding and risk of childhood obesity: a systematic review. Int J Obes (Lond). Feb
12 2013.

Garden FL, Marks GB, Almgvist C, Simpson JM, Webb KL. Infant and early
childhood dietary predictors of overweight at age 8 years in the CAPS population.
European journal of clinical nutrition. Apr 2011;65(4):454-462.

Koletzko B, von Kries R, Closa R, et al. Lower protein in infant formula is
associated with lower weight up to age 2 y: a randomized clinical trial. The
American journal of clinical nutrition. Jun 2009;89(6):1836-1845.

Baker RD, Greer FR. Diagnosis and prevention of iron deficiency and iron-
deficiency anemia in infants and young children (0-3 years of age). Pediatrics.
Nov 2010;126(5):1040-1050.

Lozoff B, Jimenez E, Smith JB. Double burden of iron deficiency in infancy and
low socioeconomic status: a longitudinal analysis of cognitive test scores to age
19 years. Archives of pediatrics & adolescent medicine. Nov 2006;160(11):1108-
1113.

Georgieff MK. Long-term brain and behavioral consequences of early iron
deficiency. Nutr Rev. Nov 2011;69 Suppl 1:543-48.

Institute of Medicine: Food and Nutrition Board. Dietary Reference Intakes: The
Essential Guide to Nutrient Requirements. Washington, DC: The National

Academies Press;2006.



50.

51.

52.

53.

54.

55.

56.

70

Lukowski AF, Koss M, Burden MJ, et al. Iron deficiency in infancy and
neurocognitive functioning at 19 years: evidence of long-term deficits in
executive function and recognition memory. Nutritional neuroscience. Apr
2010;13(2):54-70.

Fox HB, McManus MA, Schmidt HJ. WIC Reauthorization: Opportunities for
Improving the Nutritional Status of Women, Infants, and Children. Washington,
DC: The George Washington University;2003.

Institute of Medicine: Food and Nutrition Board. Dietary Reference Intakes for
Calcium and Vitamin D. Washington, DC: Institute of Medicine;2011.

Mithal A, Wahl DA, Bonjour JP, et al. Global vitamin D status and determinants
of hypovitaminosis D. Osteoporosis international : a journal established as result
of cooperation between the European Foundation for Osteoporosis and the
National Osteoporosis Foundation of the USA. Nov 2009;20(11):1807-1820.
Kumar J, Muntner P, Kaskel FJ, Hailpern SM, Melamed ML. Prevalence and
associations of 25-hydroxyvitamin D deficiency in US children: NHANES 2001-
2004. Pediatrics. Sep 2009;124(3):e362-370.

Misra M, Pacaud D, Petryk A, Collett-Solberg PF, Kappy M. Vitamin D
deficiency in children and its management: review of current knowledge and
recommendations. Pediatrics. Aug 2008;122(2):398-417.

Abrams SA. Vitamin D requirements of children: "all my life's a circle™. Nutr

Rev. Apr 2012;70(4):201-206.



S7.

58.

59.

60.

61.

62.

63.

64.

65.

71

Maalmi H, Berraies A, Tangour E, et al. The impact of vitamin D deficiency on
immune T cells in asthmatic children: a case-control study. Journal of asthma and
allergy. 2012;5:11-19.

Maxwell CS, Carbone ET, Wood RJ. Better newborn vitamin D status lowers
RSV-associated bronchiolitis in infants. Nutr Rev. Sep 2012;70(9):548-552.
Belenchia AM, Tosh AK, Hillman LS, Peterson CA. Correcting vitamin D
insufficiency improves insulin sensitivity in obese adolescents: a randomized
controlled trial. The American journal of clinical nutrition. Feb 13 2013.

Rosen CJ, Adams JS, Bikle DD, et al. The nonskeletal effects of vitamin D: an
Endocrine Society scientific statement. Endocrine reviews. Jun 2012;33(3):456-
492.

Dror DK, Allen LH. Vitamin E deficiency in developing countries. Food and
nutrition bulletin. Jun 2011;32(2):124-143.

Clarke MW, Burnett JR, Croft KD. Vitamin E in human health and disease.
Critical reviews in clinical laboratory sciences. 2008;45(5):417-450.

Haider BA, Bhutta ZA. The effect of therapeutic zinc supplementation among
young children with selected infections: a review of the evidence. Food and
nutrition bulletin. Mar 2009;30(1 Suppl):S41-59.

Park JS, Chang JY, Hong J, et al. Nutritional zinc status in weaning infants:
association with iron deficiency, age, and growth profile. Biological trace element
research. Dec 2012;150(1-3):91-102.

Prasad AS. Impact of the discovery of human zinc deficiency on health. Journal

of the American College of Nutrition. Jun 2009;28(3):257-265.



66.

67.

68.

69.

70.

71.

72.

73.

72

Gogia S, Sachdev HS. Zinc supplementation for mental and motor development
in children. Cochrane Database Syst Rev. 2012;12:CD007991.

Krebs NF, Westcott JE, Culbertson DL, Sian L, Miller LV, Hambidge KM.
Comparison of complementary feeding strategies to meet zinc requirements of
older breastfed infants. The American journal of clinical nutrition. Jul
2012;96(1):30-35.

Arsenault JE, Brown KH. Zinc intake of US preschool children exceeds new
dietary reference intakes. The American journal of clinical nutrition. Nov
2003;78(5):1011-1017.

Bertinato J, Simpson JR, Sherrard L, et al. Zinc supplementation does not alter
sensitive biomarkers of copper status in healthy boys. The Journal of nutrition.
Mar 2013;143(3):284-289.

Fulgoni VL, 3rd, Keast DR, Bailey RL, Dwyer J. Foods, fortificants, and
supplements: Where do Americans get their nutrients? The Journal of nutrition.
Oct 2011;141(10):1847-1854.

Sacco JE, Dodd KW, Kirkpatrick SI, Tarasuk V. Voluntary food fortification in
the United States: potential for excessive intakes. European journal of clinical
nutrition. Mar 6 2013.

Rangan AM, Samman S. Zinc intake and its dietary sources: results of the 2007
Australian National Children's Nutrition and Physical Activity Survey. Nutrients.
Jul 2012;4(7):611-624.

Hess SY, Brown KH. Impact of zinc fortification on zinc nutrition. Food &#38;

Nutrition Bulletin. 2009;30(Supplement 1):79S-107S.



74.

75.

76.

77,

78.

79.

80.

73

Hess SY, nnerdal B, Hotz C, Rivera JA, Brown KH. Recent advances in
knowledge of zinc nutrition and human health. Food &#38; Nutrition Bulletin.
2009;30(Supplement 1):5S-11S.

Brown KH, Hambidge KM, Ranum P. Zinc fortification of cereal flours: current
recommendations and research needs. Food and nutrition bulletin. Mar 2010;31(1
Suppl):S62-74.

Lowe NM, Fekete K, Decsi T. Methods of assessment of zinc status in humans: a
systematic review. The American journal of clinical nutrition. Jun
2009;89(6):2040S-2051S.

Brown KH, Engle-Stone R, Krebs NF, Peerson JM. Dietary intervention strategies
to enhance zinc nutrition: Promotion and support of breastfeeding for infants and
young children. Food &#38; Nutrition Bulletin. 2009;30(Supplement 1):144S-
171S.

Gibson RS, Anderson VVP. A review of interventions based on dietary
diversification or modification strategies with the potential to enhance intakes of
total and absorbable zinc. Food &#38; Nutrition Bulletin. 2009;30(Supplement
1):108S-143S.

Sommer A, Vyas KS. A global clinical view on vitamin A and carotenoids. The
American journal of clinical nutrition. Nov 2012;96(5):1204S-1206S.
Thorne-Lyman AL, Fawzi WW. Vitamin A and carotenoids during pregnancy and
maternal, neonatal and infant health outcomes: a systematic review and meta-

analysis. Paediatric and perinatal epidemiology. Jul 2012;26 Suppl 1:36-54.



81.

82.

83.

84.

85.

86.

74

Code of Federal Regulations. Title 21-Food and Drugs; Chapter 1-Food and Drug
Administration Department of Health and Human Services; Subchapter B-Food
for Human Consumption; Part 107-Infants Formula; Subpart D--Nutrient
Requirements; Sec. 107.100 Nutrient specifications. . 2012;
http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfCFR/CFRSearch.cfm?fr=107
.100. Accessed March 19, 2013, 2013.

Abbott Nutrition. Similac Advance Infant Formula with Iron. 2012;
http://abbottnutrition.com/products/similac-advance. Accessed March 12, 2013,
2013.

Office of Dietary Supplements. Dietary supplement fact sheet: Vitamin A. 2012;
http://ods.od.nih.gov/factsheets/VitaminA-HealthProfessional/. Accessed March
12,2013, 2013.

Kraemer K, Waelti M, de Pee S, et al. Are low tolerable upper intake levels for
vitamin A undermining effective food fortification efforts? Nutr Rev. Sep
2008;66(9):517-525.

Cogswell ME, Zhang Z, Carriquiry AL, et al. Sodium and potassium intakes
among US adults: NHANES 2003-2008. The American journal of clinical
nutrition. Sep 2012;96(3):647-657.

Whaley SE, Ritchie LD, Spector P, Gomez J. Revised WIC food package
improves diets of WIC families. Journal of nutrition education and behavior.

May-Jun 2012;44(3):204-209.



87.

88.

89.

90.

91.

75

SAS Institute Inc. SAS/STAT 9.2 User's Guide, Second Edition - Bayesian
Analysis: Advantages and Disadvantages. 2009;
http://support.sas.com/documentation/cdl/en/statug/63033/HTML/default/viewer.
htm#statug_introbayes_sect006.htm. Accessed March 19, 2013, 2013.

National Center for Health Statistics. NHANES Dietary Data Web Tutorial. 2010;
http://lwww.cdc.gov/nchs/tutorials/dietary/index.htm. Accessed November 12,
2012, 2012.

Center for Survey Statistics and Methodology. C-SIDE.
http://streaming.stat.iastate.edu/cssm/index.php?option=com_content&view=artic
le&id=39&Itemid=70. Accessed January 8, 2011, 2011.

Department of Epidemiology. The Multiple Source Method. 2011,
https://msm.dife.de/. Accessed August 23, 2012, 2012.

Oliveira V, Racine E, Olmsted J, Ghelfi LM. The WIC Program: Background,
trends, and issues. 2002 Edition, Economic Research Report No. 27. Washington,

DC: US Department of Agriculture; September 2002 2002.



76

VITA

Hannah Thornton was born on November 8, 1977, the daughter of Jo Boeker
Thornton and David Lee Thornton. After graduating from high school in Cambridge, NY,
she entered Smith College in Northampton, MA. She graduated from Smith in 1999 with
a BA in Biology, and moved to Miami, FL to begin a graduate program. In 2003, she
graduated from Florida International University in Miami, FL with a Master of Science in
Biology. She worked for a number of years as a biologist and an academic administrator
and, in 2010, she began the graduate program in Human Nutrition at Texas State

University — San Marcos. She began the Texas State Dietetic Internship in 2012.

Permanent Address: HannahBThornton@gmail.com

This thesis was typed by Hannah Thornton.



