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ABSTRACT

Inadequate nutrition in childhood can inhibit optimal growth and development, and is
also associated with increased risk of chronic diseases later in life. Children living in households
with limited financial resources may face a number of challenges to meet nutrient needs through
unhealthy eating patterns, which may lead to health inequalities throughout the life-course.
Therefore, improving low-income children’s diet would be an effective strategy for their health
promotion and disease prevention, and potentially for narrowing health inequalities. The
essential step for an efficient intervention would be to identify the unique nutrition risk that low-
income children have. Therefore, the overarching aim of research in this dissertation was to
identify nutrition risk of U.S. infants and children with low income or food insecurity, or
participating in federal nutrition assistance programs using data from nationally representative
surveys. An additional aim was to assess whether the inclusion of micronutrient intake from
dietary supplements impacts micronutrient inadequacy in children.

For low-income infants and young children up to the age of 5 years, the Special
Supplemental Nutrition Program for Women, Infants, and Children (WIC) provides tailored food
packages to improve dietary intake that may be inadequate due to economic constraints.
Therefore, it is expected that nutrient intake of WIC participants would be more like those of
higher-income nonparticipants and higher than those of lower-income nonparticipants who are
likely to be eligible for WIC. The results from the Feeding Infants and Toddlers Study 2016 data
analysis supported the hypothesis for several nutrients of concern, although WIC participants
were more likely to exceed the recommended limits for sodium and added sugars compared to
higher-income nonparticipants. However, higher-income nonparticipants were more likely to use
dietary supplements than both WIC participants and lower-income nonparticipants, which can
impact total nutrient intake (i.e., nutrient intake from all sources).

Systematic differences in dietary supplement use by income and WIC participation were
also observed in a nationally representative sample of children aged 18 years and younger from
the 2011-2014 National Health and Nutrition Examination Survey (NHANES). Dietary
supplement use was lower among children in low-income families compared to those in higher-
income families. Among children in low-income families, those participating in WIC were less

likely to use dietary supplements compared to nonparticipants. In addition, food insecurity and
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the Supplemental Nutrition Assistance Program (SNAP) participation were associated with lower
use of dietary supplements. Overall, one-third of children used any dietary supplements, mostly
multivitamin-minerals, with primary motivations for use as “improve” or “maintain” health.

The following analysis of the 2011-2014 NHANES data showed that the inclusion of
dietary supplements in nutrient intake assessments may lead to wider disparities in dietary intake
by food security. This study also demonstrated the dose-response relationship between food
security status and mean adequacy ratio, a summary measure of micronutrient adequacy. The
mean adequacy ratio, inclusive of dietary supplements, was the highest in high food-security
group (mean of 0.77), lower in marginal and low food security group (mean of 0.74), and the
lowest in very low food security group (mean of 0.66), based on classification by food security
among household children. However, the mean adequacy ratio does not reflect the usual intake
(i.e., a long-term, habitual intake).

Therefore, another analysis of the 2011-2016 NHANES data estimated total usual
nutrient intake of U.S. children 18 years and younger by food security status, using the National
Cancer Institute method that adjusts for random error by statistical modeling. The results
suggested that food insecurity was associated with higher risks of inadequate intakes for some
nutrients, such as vitamins D and E and magnesium among boys and girls and vitamin A and
calcium among girls only. Poor overall dietary quality and excessive sodium intake were of
concern, regardless of food security status.

Collectively, the results from the studies in this dissertation add value to the evidence
base about the adverse association of low income level and food insecurity status with dietary
intake and extend the finding to include nutrient intakes from dietary supplements, which widens
the disparity in nutrition risk. These findings highlight a need for interventions to reduce nutrient
inadequacies and improve dietary quality among children across all socioeconomic levels, but

especially among those with low income or food insecurity.
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CHAPTER 1. LITERATURE REVIEW: THE IMPACT OF ECONOMIC
STATUS ON CHILDREN’S DIETARY INTAKE

1.1. Introduction

Early life nutrition sets the foundation for life-long health and disease. Inadequate
nutrition in childhood can inhibit optimal growth and development, and is also associated with
increased risk of chronic diseases later in life (1, 2). In addition, food preferences and dietary
behaviors are established in childhood (3, 4). Unfortunately, children in low-income households
may be at a greater risk of inadequate nutrition and poor health due to a lack of resources (5, 6).
Children in low-income households have a higher prevalence of childhood obesity (7, 8) and also
have a higher risk of adulthood obesity and cardiovascular diseases (9-11). These adverse health
outcomes associated with childhood poverty may lead to health inequalities through the life-
course.

Diet is a modifiable risk factor for many health outcomes. Therefore, the diet in low
resource settings may be an effective strategy for their health promotion and disease prevention,
and potentially for narrowing health inequalities. This concept has served as a rationale for many
federal nutrition assistance programs and smaller-scale interventions that aim to improve food
security and dietary quality among low-income children. The first step for an effective and
efficient intervention would be to identify disadvantaged children at high nutritional risk. Several
indicators of economic status have been used to identify those at high nutritional risk, but there is
little consensus on the optimal indicator. In addition, although economic gradients in U.S. adults’
diets are well established (5, 12, 13), those in U.S. children’s diets are not well summarized.
Therefore, the aim of this study is to review the literature on the relationships between various
poverty indicators and nutrition status among U.S. children up to the age of 18 y. In this review,
we use the term poverty, broadly as economic disadvantage, as the lack of sufficient amount of

money or material possessions.
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1.2. Poverty indicators in the United States

The official poverty definition by the U.S. Census Bureau uses the poverty thresholds
that vary by the family size, composition, and age of the members, and is updated annually to
account for inflation, but not geographical variation within the contiguous U.S. (14). If a family’s
annual income is lower than the poverty threshold, that family and all the members are
considered to be in poverty. The family’s annual income includes all monetary income before
taxes except capital gains or noncash benefits. In 2018, 11.8% of the U.S. population and 16.2%
of US children were living in households below the poverty threshold (14).

The poverty guideline, a simplified version of the poverty threshold, is issued by the
Department of Health and Human Services each year for administrative purposes, such as
determining financial eligibility for federal assistance programs (15). The ratio of annual
household income to the poverty guidelines, widely referred to as family income-to-poverty ratio
(PIR), is used to identify financial eligibility for the Supplemental Nutrition Assistance Program
(SNAP) and the Special Supplemental Nutrition Program for Women, Infants, and Children
(WIC). The PIR is intrinsically related to the household’s food affordability because the poverty
thresholds were calculated by multiplying the minimum food cost by three to account for other
family expenses. However, the utility of PIR to identify material hardship, such as hunger, has
been questioned (16, 17).

Food insecurity was developed as a more direct measure of food-related hardship in the
U.S. (18) Food insecurity means having “difficulty at some time during the year to providing
enough food for all of” household members because of a lack of resources (19). Food insecurity
is strongly associated with lower incomes, but not synonymous (20). Some studies suggested that
assets are protective against food insecurity and income volatility increases food insecurity (21,
22). The U.S. Food Security Survey Module is a validated measure of food security during the
12 month period (23). It includes 18 questions to assess the level of food-insecure conditions, 10
questions for all households, and 8 additional questions specific to children under the age of 18
years. Based on the number of food-insecure conditions, each household is classified into one of
the four categories: high food security (no indications of food access problems), marginal food
security (anxiety over food insufficiency), low food security (reduced quality or variety of diet),
and very low food security (disrupted eating patterns and reduced food intake). High and
marginal food security can be combined to classify food security, and low and very low food
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security can be combined to classify food insecurity (24). In 2018, 13.9% of U.S. households
with children under age 18 y experienced food insecurity; in 6.8% of these households, only
adults were food insecure, but in 7.1%, both adults and children were food insecure (19).
Moreover, in 0.6% of households with children (220,000 households), children were at very low
food security.

Federal food and nutrition assistance program participation can also be used as a tool to
identify low-income children who are in need of food. As the federal assistance programs target
groups based on income, they set income eligibility criteria ranging from PIR<130% for SNAP
to PIR<185% for WIC. However, In addition, it is the choice of the eligible family to participate
in these programs, so participation status may be correlated with many other predictors of
nutrition risk, such as the severity of food insecurity. For example, food insecurity increased in
the 7 to 8 months prior to SNAP entry, supporting the self-selection by households entering
SNAP at a time when they are more in need of foods (25). Therefore, program participation may
reflect material hardship more directly than lower-income status. For example, a study showed
that, among food-insecure adults, those who received both SNAP and emergency food assistance
had the poorest health in terms of self-rated health, functional limitations, depressive symptoms,
obesity, arthritis, diabetes, and hypertension; while those who did not receive any assistance had
the best health across all listed dimensions (26). Nonetheless, federal food and nutrition
assistance programs can play a significant role in improving participants’ diets. Therefore, the
relationship between food assistance program participation and diet should be interpreted with

these caveats in mind.

1.3. Relationship of poverty indicators with nutrition status among U.S. children

Nutrition status can be assessed from anthropometry, clinical assessment, self-reported
dietary intake, and biomarkers. Self-reported dietary intake data can be used to assess nutrient
inadequacy or dietary quality, the concept involving both quality and variety of the entire diet.
Dietary quality can be measured as the adherence to the recommended intake targets for food
groups and nutrients. For example, a Healthy Eating Index (HEI) score measures compliance
with the Dietary Guidelines for Americans (27). However, self-reported dietary intakes are prone
to error associated with the day-to-day variation, memory, difficulty in quantifying the amount

and portion sizes, and personal characteristics (28). Biomarkers may complement dietary
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assessment and provide relatively more objective information than self-reported dietary intakes,
but validated and cost-efficient biomarkers are limited in the nutrition context (29). Findings
from studies that compared U.S. children’s nutrition status by poverty indicators, including PIR,
food insecurity, or federal nutrition assistance program participation, are summarized in this

section.

1.3.1. Family income-to-poverty ratio

The PIR is one of the most widely used income measures in the U.S., partly because it is
included in national surveys such as the National Health and Nutrition Examination Survey
(NHANES). An analysis of the NHANES 2003-2004 data showed that the HEI-2005 scores were
generally low among Americans, but children (2-17 y) generally had a higher score than adults
(30). By income, there was no apparent pattern among children: children in the lowest income
group (PIR<130%) had a higher HEI-2005 score than the lower-middle-income group (PIR 130-
299%) and had a similar score with both the higher-middle-income group (PIR 300-499%) and
the highest income group (PIR>500%). With regard to HEI components for food groups, no
differences were noted for whole grains, milk, meat and beans, and saturated fat; higher scores
for total vegetables, dark green and orange vegetables and legumes, and sodium in the lowest
income group were observed when compared to the highest income group. These findings are
supported by Kirkpatrick et al. (31) that assessed usual food consumption in comparison to the
2005 Dietary Guidelines for Americans using the NHANES 2001-2004 data. There was no clear
pattern among children (2-18 y): the low-income group (PIR<130%) were more likely to meet
recommendations for total vegetables, dry beans and peas, starchy vegetables, meat and beans,
whereas they were less likely to meet minimum recommendations for other vegetables, milk, and
oils, compared to the high-income group (PIR>186%). The middle-income group (PIR 131-
185%) showed very similar patterns with the low-income group. A recent trend study using the
NHANES 1999-2012 data (32) also did not find economic gradient in the HEI-2010 scores;
however, those in the high-income group (PIR>350%) achieved greater improvement over the
14-y period compared to the low- (PIR<130%) and middle- (PIR 131-350%) income groups.

Some researchers focused on income differences in specific food intake. An analysis of
the NHANES 2007-2010 data (33) examined whole fruit and 100% fruit juice consumption
among children 4-19 y. The results suggested that whole fruit intake was greater in the high-
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income group (PIR>350%) than either the low- (PIR<130%) or middle- (PIR 130-349%) income
group, whereas 100% fruit juice intake was higher in the low-income group compared to the
high-income group. Another study on the trend of children’s fruit and vegetable intake (34)
showed that, when stratified by income, mean total fruit intake of only the middle-income group
(PIR 130-349%) increased significantly from 2003 to 2010. Across all income groups, whole
fruit intake increased, whereas total vegetable intake did not change from 2003 to 2010.

Energy balance is a major concern given the U.S. obesity epidemic. Considering the
higher obesity rate among children in low-income households (7), energy intake is expected to
be higher in low-income children. A trend analysis of the 1971-2008 NHANES data found that
U.S. children’s energy intake increased only in the low-income group (PIR<130%), but not in
the middle- (PIR 130-349%) and high- (PIR>350%) income groups (35). As a result, during the
period of 2003-2008, the inverse association between household income and energy intake was
significant among 2-to-5-y-olds, which was not found in earlier periods. At the same time, the
positive association between household income and energy intake among 12-to-19-y-olds found
in 1971-1974 and 1976-1980 disappeared in the later surveys. Concerns for excessive
consumption of added sugars also exist with regard to obesity (36). However, added sugars
intakes among children (6-19 y) from the NHANES 2003-2010 were not significantly different
by income when categorized into four groups: PIR<100%, PIR 100-199%, PIR 200-399%, and
PIR>400% (37). The percent of total calories from added sugars was also not different by
income either for boys or girls (2-19 y) from the NHANES 2005-2008 (38). Lastly, dietary fiber
intake didn’t differ by income in children (2-19 y) who participated in the NHANES 2009-2010
(39).

A handful of studies documented the income gradient in micronutrient intakes. Among
children aged 2-19 y in the NHANES 2003-2006, dietary vitamin C intake was higher in low-
income (PIR<130%) children; but, intakes of vitamin A, vitamin B groups, vitamin E,
carotenoids, and total and saturated fat were not different by income, after adjusting for
covariates (40). A study on vitamin D among U.S. children aged 1-18 y from the NHANES
2007-2010 included vitamin D intake from dietary supplements as well as from food and
beverages (41). The high- and low-income group (PIR>185% and PIR<131%, respectively) had
similar total vitamin D intakes, and the middle-income group (PIR 131.1-185%) had the lowest

intake. The same pattern was found for either dietary or supplemental vitamin D intake. In
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general, vitamin and mineral supplement use is lower in poor children (42). Dietary supplements
can contribute substantially to total nutrient intakes (i.e., nutrient intake from all sources) among
children without adding calories, so further studies on disparities in total nutrient intake are
warranted.

A few studies reported on difference in nutritional biomarkers by PIR. When adults and
children were combined, mean selenium levels increased by increasing income levels, suggesting
that income may be associated with nutritional biomarker levels (43). The NHANES 2003-2006
collected and released information on the largest number of nutritional biomarkers. Using these
data, Kant and Graubard (2012) examined the income differentials in serum concentrations of
water-soluble vitamins, fat-soluble vitamins and carotenoids, and serum lipids among U.S.
children 2-19y (39). There were few statistically significant differences in biomarkers, except for
increasing serum vitamin D concentrations with increasing income levels. Race and Hispanic
origin were more predictive of nutritional biomarkers than PIR among US children.

No clear pattern by PIR was noted in children’s diet quality. Income alone may not well
predict children’s nutritional risk as implied from previous studies showing that low income is
not enough to measure economic disadvantage, especially among children (44). Interestingly, the
diets of children living in households with middle income did not differ from lower-income
children’s diets. However, different PIR categories have been used in studies: PIR<100%
(equivalent to poverty defined by the U.S. Census Bureau), PIR<130% (income eligibility
criteria for SNAP), PIR<185% (income eligibility criteria for WIC), and PIR>350% (considered
affluent). Future research comparing different PIR categories or harmonizing the PIR data for

comparison purposes would provide useful insight into dietary disparities.

1.3.2. Food insecurity

A recent review has summarized age-specific evidence on the relationship between food
security status and dietary intake in U.S. children (45). This review concluded that there is a
strong, consistent, and “dose-response-type” association of lower vegetable consumption with
food insecurity among 1-to 5-year-olds; and strong and consistent evidence of higher added
sugars intake among 6-to 11-year-olds. Adolescents aged 12-19 years may be impacted the most

by food insecurity, even though much less studied. A Canadian study supports these findings in
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which poorer dietary intakes in the food insecure were evident among adolescents, but less
evident among younger children (46).

Compared to adults, food security is less consistently associated with children’s dietary
quality (47); many associations between food insecurity and dietary intake among children were
not significant. Nonetheless, important insights can be gained from the studies reporting adverse
association of food insecurity and dietary quality. Especially, at least four studies reported
associations between food insecurity and lower fruit intake (48-51). In addition, food-insecure
boys 8-11 y were more likely to fail to meet recommended levels of dairy foods and calcium
intake, and had lower bone mineral content (52). With regard to iron, food-insecure toddlers < 36
months (53) and adolescents 12-15 y (54) were more likely to have iron deficiency anemia.
Children 2-15 y with very low food security consumed less whole grains and more added sugars
compared to children with food security (55).

The inconsistent findings among children may largely be attributable to three factors.
First, children in the food-insecure household may be protected from reduced food intake by
their parents or caregivers (56). Second, parent reports of children’s food security may bias the
results. To address the bias of parental reports, Fram et al. (57) measured child food insecurity
experience by asking directly to children about their cognitive, emotional, and physical
awareness of food insecurity. The results suggest that children’s experience of food insecurity
was associated with a higher intake of energy, fat, sugars, and fiber. Food insecurity experience
was also associated with lower HEI-2005 score for total vegetables, but not with other HEI
component scores. Lastly, considerable inconsistencies in study designs were noted, including
food security measures and classifications, dietary assessments, covariates included in the model,
and sample characteristics, complicating synthesis of the available data.

In summary, child food security may lead to a lower-quality diet in terms of lower fruit
and vegetable consumption and possibly higher added sugars intake, but not all food

components.

1.3.3. Federal nutrition assistance program participation

The WIC is a federal nutrition assistance program that specifically targets pregnant and
post-partum women, infants, and children up to age 5 y who are in low-income households with

PIR below 185% and at nutritional risk. WIC is also unique for providing free food packages
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tailored to the needs of specific age or lifestage groups. Ponza et al. (58) described food and
nutrient intakes of infants and toddlers 4-24 months based on 2002 Feeding Infants and Toddlers
Study. Both WIC participants and nonparticipants had nutritionally adequate diet in general, but
many did not consume any fruit or vegetable on a given day. Between WIC participants and
nonparticipants, the percentage of dairy and vegetable consumption was similar; however, WIC
toddlers 12-23.9 months were less likely to consume any fruit, and more likely to consume any
dessert, sweet food, or sweetened beverage compared to nonparticipants. The Feeding Infants
and Toddlers Study 2008 data analysis suggested that this trend persisted over time for WIC
toddlers and non-WIC toddlers (59). More recent NHANES 2005-2010 analysis supported the
finding about sweetened beverage. WIC 2-to-4-y-olds drank more fruit juice and sugar-
sweetened beverages than either low-income nonparticipants or higher-income nonparticipants
(60). These FITS publications didn’t adjust for covariates, thus any reported associations may
reflect underlying factors related to material hardship such as deteriorated food security (25).

SNAP is the largest federal nutrition assistance program. The goal of SNAP is to reduce
food insecurity and improve health of low-income individuals and families (PIR<130%) by
providing cash benefits to purchase foods (5). SNAP participation has been associated with
improved food security both at the household and at child levels (61, 62). However, SNAP
participants had a lower quality diet compared to income-eligible nonparticipants, supporting
that SNAP participation may be a marker of vulnerability to inadequate nutrition. For example,
when no covariates were controlled for NHANES 2007-2010 data, overall dietary quality,
measured by HEI-2005, was lower in SNAP children (1-18 y) than in income-eligible
counterparts (63). In a different report, when multiple covariates were adjusted for, SNAP
participating adolescents (12-19 y) had lower dietary quality, measured by Alternate HEI-2010
scores, than income-eligible nonparticipants in NHANES 2003-2010 (64). Another NHANES
1999-2008 analysis (65) suggested that SNAP participants (4-19 y) consumed more sugar-
sweetened beverages, high-fat dairy, and processed meats, and less nuts, seeds, and legumes,
although there were no differences in HEI-2005 scores, energy and macronutrient intakes
between SNAP participants and income-eligible nonparticipants. Previous research using
NHANES 1999-2012 data (32) also found no significant difference in HEI-2010 scores between
SNAP participating children (2-18 y) and income-eligible nonparticipants, while WIC

participants had a significantly higher score than income-eligible counterparts.It should be noted
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that temporal differences pending on survey year did yield differences in diet quality; when
analyzed separately for a two-year cycle, SNAP participants tended to have lower HEI-2010
scores compared to nonparticipants in 2007-2008 and 2011-2012.

The Supplemental Nutrition Assistance Program-Education (SNAP-Ed) is one of the
efforts to promote nutrition in low-income population, including those eligible for SNAP, via
education and community-directed interventions. SNAP-Ed is a much smaller program
compared to SNAP in terms of the number of participants and the budget, but has the potential to
exert broad and long-term effects on recipients’ food security status and nutrition outcomes (66).
Improving overall dietary quality and fruit and vegetable consumption has been a major focus of
SNAP-Ed. Participants who attended at least two SNAP-Ed lessons had higher fruit and
vegetable intake compared to those who attended no or one classes (67, 68); although, these
studies relied on a limited number of survey questions asking frequency of daily fruit and
vegetable consumption. However, more evidence of the benefit of SNAP-Ed is needed.

In summary, participation in federal nutrition assistance program participation has the
potential to improve nutrition status of its beneficiaries. Especially, WIC participation has
consistently been demonstrated to improve dietary intakes with the food packages provided (69).
However, SNAP participants tend to have lower diet quality compared to income-eligible
nonparticipants; therefore, SNAP participation has the potential to identify disadvantaged
children with nutritional risk. It is notable that low-income chidren, even those participating in
WIC or SNAP were more likely to drink higher amount of sugar-sweeteneed beverages,

demonstrating an area for future interventions.

1.3.4. Studies directly comparing predictive power of different poverty indicators

As identified in this review, various metrics exist to characterize nutrition risk relative to
income and resources at the household and at the individual level. However, few studies have
compared different poverty indicators with regard to nutritional outcomes. Bhattacharya et al.
(2004) examined the association between poverty and nutrition status across all age groups,
using two poverty indicators: poverty (PIR<100%) and food insecurity (70). The results
suggested that poverty independently predicts poor nutritional outcomes among preschoolers and
adults, and food insecurity independently predicts poor nutritional outcomes among adolescents

and adults. When poverty is controlled, food insecurity had little predictive power among
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children. However, analyses adjusting for income demonstrated that food-insecure children are
more likely to have poorer quality diet and adverse behavioral and academic outcomes (57, 71,
72), countering the findings from Bhattacharya et al. (70).

While comparisons of economic indicators are sparse in children, several other studies
have examined their relationships with dietary quality among adults in order to determine
predictive power of each socioeconomic factor in various regions of the world. A Luxemburg
study of healthy and non-institutionalized adults examined demographic and socioeconomic
factors with healthy food choices, and showed that living below the poverty threshold was
associated with higher energy-density diet (73). An Australia study examined the association of
education, occupation, and income with food purchasing through an interview with the adult
who’s responsible for food shopping for the household. The results demonstrated that income has
a strong association with food choice, but that education and occupation also had independent
associations with food choice (74). The findings imply that each socioeconomic indicator may
identify a unique aspect of how socioeconomic position affects diet. In the U.S., race/ethnicity
has been more predictive of nutrition status than PIR (39, 75). Future studies comparing different
poverty indicators among U.S. children are warranted.

1.3.5. Suggested pathway through which poverty impacts diet

Several potential pathways exist by which socioeconomic status may influence diet and
diet-related behaviors. Darmon and Drewnowski (5) have summarized evidence for the
association between socioeconomic status and dietary quality, the authors concluded that there
may be a causal relationship and suggested several potential pathways. The first pathway is
higher monetary and time cost of nutritious foods. A cross-sectional study of 1,266 U.S. adults
suggested that diet cost mediates the pathway between income and dietary quality (76). The
second is limited access to healthy foods. Another review also concluded that residents of low-
income and minority neighborhoods were more likely to have limited access to supermarkets and
healthy foods and have more availability of fast-food restaurants and energy-dense foods (77).
There was also moderate evidence of the association between food environment and dietary
intake among children under the age of 18 y (78). In addition, culture and nutritional knowledge

were also discussed as a possible link.
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Laraia et al. (79) focused on psychological and biobehavioral challenges that low-income
families may face in addition to economic constraints. The authors proposed that living in
poverty, especially when accompanied by uncertainty with employment, housing, and food, may
activate biobehavioral mechanisms such, as high stress level, poor sleep, and diminished
cognitive capacity, that influence food choice and consumption. Maternal stressors, including
maternal depression,can exacerbate the negative impact of food insecurity on child diet and
health because parental presence and food resource managmenet skills may promote healthy
eating in young children (80, 81).

1.4. Research needs

This review was narrative in approach. Primary search was performed in the PubMed
database (www.ncbi.nlm.nih.gov/pubmed) with the following search terms: “poverty,”
“income,” “food assistance,” “diet, food, and nutrition,” “child,” “adolescent,” “United States.”
Secondary search of reference lists of identified articles was conducted. Both original research
work and review articles were included.

This review highlights several important research gaps that should be addressed in future
studies to help elucidate the impact of poverty on children’s diets. First, future studies comparing
different poverty indicators among U.S. children would enable exploring the optimal indicator of
economic status with regard to nutritional outcomes. Next, how we categorize our children by
family income needs to be studied in depth with separation of the household and the individual
child. The current PIR categories may not well identify children who are experiencing an urgent
need for food, even though these children are expected to be at greater nutrition risk. Children
who are not eligible for federal assistance programs by income status but still may be at nutrition
risk are rarely studied. Similar issues exist for measuring food security; the thresholds for the
U.S. Food Security Survey Module Child Food Security Scale that are widely used to classify
ranges of food security have not been validated (82).

Low-income children may experience unique challenges to healthy eating. Pathways
through which economic disadvantage impacts diet and health outcomes need elucidation. At the
same time, what protects children’s diets from disadvantage should be further investigated.
Evidence from longitudinal studies would be critical to determine causal mechanisms. Another

identified need is how existing federal nutirition assistance programs may mediate the nutritional
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risk with regard to family income. As designed, such programs are targeted to reduce nutritional
risk among lower resource populations, but little is known about how participation is causally
related to the the diet and nutritional status.

Future studies should include nutrient intakes from dietary supplements when assessing
dietary exposures. The use of dietary supplements is pervasive in the U.S., with a third of
children using any supplements and children in higher-income households are more likely to use
dietary supplements (83). Dietary supplements can provide very high amount of nutrients
without being limited by energy intake. Therefore, not including nutrient intakes from dietary
supplements will result in substantial underestimation of total nutrient intake as well as the
prevalence of inadequacy (84). However, few studies have assessed total nutrient intake, and no
studies have estimated total usual nutrient intake, long-term or habitual intake from all sources,
in relation to economic status among children. Moreover, federal nutrition assistance programs
do not include dietary supplements, so future work is needed to examine total usual nutrient
intakes by participation in the programs.

Lastly, the timing of exposure to poverty may matter. Life course research suggests that
exposure to food insecurity at early ages (i.e., in the year before kindergarten and in second
grade) was associated with a higher odds of asthma in third grade (85). Another study suggests
that exposure to food insecurity in kindergarten was associated with a higher risk of underweight
in eighth grade, while food insecurity was associated with a higher risk of overweight/obesity
when examined cross-sectionally (86). More research to explore childhood windows of

vulnerability would inform early intervention to prevent the later-life onset of chronic diseases.

1.5. Conclusion

Results from studies examining associations between economic status indicators and
nutritional outcomes among U.S. children have been largely mixed, indicating null or adverse
associations with specific nutrients or food groups. Notably, the income gradient in nutrition
status was not always evident with PIR, the most widely used indicator in nutrition context to
date. Food insecurity was associated with lower fruit and vegetable consumption and higher
added sugars intake, but not with other food components. WIC participation was associated with
improved dietary outcomes, while children in SNAP participating households tended to have a

lower quality diet. This may indicate that low-income children are effectively shielded from
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limited food intake by their parents or federal food assistance program, especially WIC. Thus,
PIR alone may not effectively identify disadvantaged children at high nutritional risk. Whether
food insecurity or SNAP participation can add predictive power should be further determined.
Further research needs include comparing different indicators of economic status with regard to

nutritional outcomes; and examining total nutrient intakes and biomarkers.
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CHAPTER 2 . USUAL NUTRIENT INTAKES FROM THE DIETS OF
U.S. CHILDREN BY WIC PARTICIPATION AND INCOME

Jun S, Catellier DJ, Eldridge AL, Dwyer JT, Eicher-Miller HA, and Bailey RL. Usual nutrient
intakes from the diets of US children by WIC participation and income: findings from the
Feeding Infants and Toddlers Study (FITS) 2016. The Journal of Nutrition 2018; 148(9S):
1567S-1574S. doi: 10.1093/jn/nxy059.

The chapter was published as an original research article in The Journal of Nutrition and
formatted according to the journal requirements. American Society of Nutrition journals provide
the right for authors to include their own articles in their dissertation.

2.1. Abstract

Background: A recent report of the National Academies of Sciences, Engineering, and Medicine
(NASEM) outlined priority nutrients for infants and children participating in the Special
Supplemental Nutrition Program for Women, Infants, and Children (WIC).

Objective: The objective of this study was to assess usual nutrient intakes from foods and
beverages (not supplements) among US children aged <4 y by WIC participation status.
Methods: A national random sample of children aged <4 y (n = 3,235) from the Feeding Infants
and Toddlers Study (FITS) 2016 was categorized by WIC participation status (participants,
lower-income nonparticipants, or higher-income nonparticipants) and age (younger infants aged
0-5.9 mo, older infants aged 6-11.9 mo, toddlers aged 12—-23.9 mo, or preschoolers aged 24—
47.9 mo). All participants contributed one 24-h dietary recall, with a second recall from a
representative subsample (n = 799). Usual intakes and compliance with federal dietary
recommendations were estimated by using the National Cancer Institute method. Differences
between WIC participants and either lower-income nonparticipants or higher-income
nonparticipants were tested using t tests.

Results: The diets of infants (aged <12 mo) were nutritionally adequate in general. Older infants
participating in WIC had higher compliance with iron and vitamin D guidelines than either group
of nonparticipants and greater compliance with calcium, zinc, and potassium guidelines than
higher-income nonparticipants. WIC toddlers had a higher risk of inadequate calcium and
excessive sodium intakes than higher-income nonparticipants. Eight percent of WIC toddlers

exceeded added sugar guidelines compared with either nonparticipant group (~2%). WIC
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toddlers and preschoolers had a lower risk of inadequate vitamin D intake than lower-income
nonparticipants, but inadequacy was >75% across all subgroups. WIC preschoolers had higher
compliance with saturated fat guidelines but lower compliance with sodium and added sugar
guidelines than higher-income nonparticipants.

Conclusions: WIC participants had better intakes of iron (ages 6-23.9 mo), zinc and potassium
(ages 6-11.9 mo), saturated fat (ages 24-47.9 mo), and vitamin D (all ages). Regardless of WIC
participation status, most infants and children met the calcium and zinc guidelines, but large
proportions had intakes not meeting the recommendations for iron (ages 6-11.9 mo), vitamin D,

potassium, fiber, saturated fat, and sodium.

2.2. Introduction

Approximately 1 in 5 US children lives in poverty (1). Lower socioeconomic status
increases the likelihood of suboptimal nutritional intakes (2—4). In 1975, US Congress stablished
the Special Supplemental Nutrition Program for Women, Infants, and Children (WIC) as a
federal program “to safeguard the health of low-income women, infants and young children.”
The reach of the WIC program is extensive, with ~1.9 million infants and 4.2 million young
children age <5 y participating in fiscal year 2015 (5). On average, approximately half of all
infants in the United States and more than one-quarter of children <5 y old participate in WIC
(5).

WIC provides free food packages, nutrition education, and health care referrals to
pregnant and postpartum women, infants, and young children age <5 y who are in low-income
households and at nutritional risk. WIC food packages are tailored to supplement dietary intakes,
specific to age group or life stage (i.e., pregnancy). In 2009, significant changes to the WIC food
package were made for the first time since its implementation. The package was revised to align
more fully with the 2005 Dietary Guidelines for Americans and the infant feeding practice
guidelines of the American Academy of Pediatrics, as well as to address concerns about the high
prevalence of childhood obesity (6, 7). The revised food packages include more fruits,
vegetables, whole grains, and lower-fat milk, and less juice than previous packages (8). Dietary
supplements are not included in the WIC food package.

Little information is available on the nutrient intakes of infants and young children

participating in WIC after the 2009 changes in the WIC food package. The nation’s population-
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based survey, NHANES, does not report dietary intake estimates of breastfed infants, and the
sample size of young children indicating participation in WIC is limited (8). Moreover, to our
knowledge, there are no recent large, comprehensive studies that have investigated the diets of
WIC infants and toddlers. The Feeding Infants and Toddlers Study (FITS) 2016 provides
detailed dietary information and WIC participation status on a national sample of children from
birth to age 4 y (9, 10). The objective of this study was to assess usual dietary intakes from foods
and beverages among US children age <4 y by WIC participation status (current participants,
lower-income nonparticipants, and higher-income nonparticipants) with the use of the FITS 2016
data, with a special focus on priority nutrients identified by the National Academies of Sciences,
Engineering, and Medicine (NASEM) (8).

2.3. Methods

2.3.1. FITS survey methods

The FITS 2016 is a nationwide, cross-sectional study in parents or caregivers of children,
from birth up to the age of 4y, living in the 50 United States and Washington, DC. Data were
collected from 4 sampling frames designed to cover the US population, and the resulting sample
was weighted and calibrated to the US 2014 Census divisions, accounting for child age, WIC
status, race/ethnicity, and educational attainment of the parent or caregiver. The FITS 2016
followed 2 previous FITS surveys conducted in 2002 and 2008 (11, 12). Full details of the study
methodology for FITS 2016 are available elsewhere (10).

Demographic characteristics, including sex and race/ethnicity, were assessed with the use
of questionnaire data; dietary supplement use was assessed by using dietary recall interview data.
The 24-h dietary recalls were collected by telephone by trained interviewers from the University
of Minnesota’s Nutrition Coordinating Center with the use of the Nutrition Data System for
Research (version 2015; University of Minnesota). A random subsample of 25% of the total
sampled population underwent a second 24-h recall (n = 799), of whom 275 were children
participating in the WIC program. For volume of breastmilk consumed via breastfeeding, not fed
in a bottle, coding rules established for FITS 2008 were applied according to the age of the child
and whether the child was exclusively or partially breastfed, as in previous FITS surveys (12—

16). Briefly, exclusively breastfed younger infants aged 0-5.9 mo and older infants aged 6-11.9
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mo were assigned breast-milk volumes of 780 and 600 mL/d, respectively. Partially breastfed
younger and older infants were assigned breast-milk volumes by subtracting the amount of
formula or other milks consumed from the breast-milk volume assigned for exclusive
breastfeeding. Breastfed toddlers aged 12—17.9 mo and young children aged 18-47.9 mo were
assigned breast-milk volumes of 89 mL/feeding occasion and 59 mL/feeding occasion,
respectively. All study instruments were pilot tested before use and were available in English and
Spanish. The final instruments were reviewed and approved by the institutional review boards of
RTI International, the University of Minnesota Nutrition Coordinating Center, and the Docking
Institute of Public Affairs, Fort Hays State University. Data were collected from June 2015 to
May 2016.

Stratified random sampling with targeted oversampling in 0- to 17.9-mo-olds was used to
achieve prespecified sample size targets for age and WIC participants (n = 1161) and
nonparticipants (n = 2068). For analysis, the nonparticipant group was further divided into 2
subgroups: lower-income (and likely WIC eligible) nonparticipants (n = 641) and higher-income
(and likely WIC ineligible) nonparticipants (n = 1427). Children aged <5 y are eligible for WIC
if their family’s income is <185% of the federal poverty guidelines (which depend on household
size) and if they are at nutritional risk. However, because family income data were collected in
ranges, the income eligibilities were estimated for those not participating in WIC on the basis of
the reported income range, household size, and the WIC income eligibility cutoffs. Ages were
categorized as young infants (0-5.9 mo), older infants (6-11.9 mo), toddlers (12—23.9 mo), and
preschoolers (24-47.9 mo).

2.3.2. Statistical analysis

Means and usual intake distributions of energy, macronutrients, and selected
micronutrients were computed with the use of the National Cancer Institute (NCI) method (17).
The NCI method partitions out the within-person (day-to-day) component of variation in
reported intakes when estimating the distributions of intakes, and therefore requires replicate
measures on at least a representative subsample. With replicate measures from a representative
subsample (~25%), we were able to estimate usual intakes across all age groups. The covariates
in the NCI method macros included the sequence and the day of the week on which the 24-h

dietary recall was collected, dichotomized as weekend or weekday.
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The nutrients of interest were selected on the basis of the priority nutrients identified by a
2017 NASEM report (8) and included iron, zinc, calcium, vitamin D, fiber, and potassium as
nutrients to increase and sodium, saturated fat, and added sugar as nutrients to limit when federal
dietary recommendations are available for specific age groups. We compared usual mean intakes
and adherence to the appropriate DRI to assess the likelihood of nutrient inadequacy or excess
following methods recommended by the Food and Nutrition Board of the Institutes of Medicine
(18). For nutrients with an Estimated Average Requirement (EAR), the percentile of the usual
intake distribution below the EAR was used to estimate the percentage of children in the
population predicted to be “at risk for nutrient inadequacy.” For nutrients with an Adequate
Intake (Al), the percentile exceeding the Al was used to estimate the percentage of children
predicted to be “at low risk of inadequacy.” Sodium intakes in children aged >12 mo were
compared with the Tolerable Upper Intake Level (UL), and the percentile of the intake
distribution exceeding the UL was used to estimate the prevalence of excessive intake. For
macronutrients, it is recommended that mean intakes should fall within the Acceptable
Macronutrient Distribution Range, expressed as a percentage of total energy intake. For added
sugars, the NASEM guidelines are to limit intake to <25% of total energy for children aged >12
mo. In addition, the 2015-2020 Dietary Guidelines for Americans recommend that saturated fat
consumption should be <10% of total energy for those aged >24 mo (19). The percentages of
children consuming added sugars and saturated fat at amounts above the recommendations were
estimated. Only Als are available for infants aged <6 mo and therefore they were not part of this
analysis for DRI compliance.

All of the statistical analyses were performed on weighted data with the use of SAS
software (version 9; SAS Institute, Inc.) and SAS-callable SUDAAN (version 9; RTI
International). Differences in demographic characteristics and dietary supplement use were
determined by using chi-square tests. Multiple t tests were used to compare mean intakes and
compliance with DRIs between WIC participants and either lower-income or higher-income
nonparticipants within age group. Significance was considered at P < 0.05 unless otherwise
noted; a Bonferroni-corrected P value of 0.002 was used to compare mean intakes presented in
Supplemental Tables 1-4.
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2.4. Results

2.4.1. Demographic characteristics and dietary supplement use

WIC participation was higher in 0- to 11.9-mo-olds (~40%) than in 12- to 23.9-mo-olds
(34%) and 24- to 47.9-mo-olds (27%). A detailed description of the FITS 2016 sample
characteristics by WIC participation and income is published elsewhere (20). Briefly,
approximately half of WIC participants were in households also receiving Supplementary
Nutrition Assistance Program (SNAP) benefits, which is significantly higher than
nonparticipants in lower-income households (27%). Across all ages, WIC participants were less
likely to be non-Hispanic white and to have caregivers with a college or higher educational
attainment than were lower-income and higher-income nonparticipants. WIC and lower-income
non-WIC children were less likely to have ever been breastfed than were higher-income non-
WIC children. WIC infants aged >6 mo were less likely to be currently breastfed than were
either lower-income or higher-income nonparticipants (20). Dietary supplement use was highest

in higher-income nonparticipants for infants and preschoolers (Figure 2.1).

2.4.2. Nutrient intakes of young infants (0- to 5.9-mo-olds) and older infants (6-to 11.9-mo-
olds)

Regardless of WIC participation status, mean intakes of almost all micronutrients among
both younger (0-5.9 mo) and older (6-11.9 mo) infants exceeded Als, except for vitamins D and
E. Only mean vitamin E intakes of younger and older infants participating in WIC were above
the Als. Younger infants participating in WIC had higher mean intakes of most micronutrients
than did lower-income nonparticipants (except for vitamin A, riboflavin, vitamin C, magnesium,
potassium, and sodium) or higher-income nonparticipants (except for vitamin A and sodium).
Similarly, older infants participating in WIC had higher mean intakes of most micronutrients,
except for riboflavin, vitamin B-6, calcium, magnesium, phosphorous, potassium, and sodium,
than did lower-income nonparticipants and had higher mean intakes of almost all micronutrients,
with only the exception of vitamin A, than did higher-income nonparticipants. WIC infants (<12
mo) had lower mean intakes of saturated fat as a percentage of total energy intake (percentage of

energy) than did either subgroup of nonparticipants. However, total energy and sodium intakes
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for older infants were higher in WIC participants than in higher-income nonparticipants (Tables
2.1and 2.2).

In older infants, the risk of inadequate iron intakes was substantially lower in WIC
participants (13%) compared with either lower-income (26%) or higher-income (34%)
nonparticipants (Table 2.3). Similarly, the percentage of intakes exceeding the Al for vitamin D
was higher in WIC-participating older infants (24%) than in either subgroup of nonparticipants
(~8%). The risk of inadequate zinc intake was significantly lower in WIC participants (2%)
compared with higher-income nonparticipants (9%). Most older infants had usual intakes above
the Als for calcium and potassium, with a significantly larger proportion of WIC older infants

meeting or exceeding the Als compared with higher-income nonparticipants.

2.4.3. Nutrient intakes of toddlers (12-to 23.9-mo-olds)

The risk of inadequate calcium intake was higher in WIC toddlers (11%) than in lower-
income nonparticipants (6%) (Table 2.4). Interestingly, the risk of inadequate iron intakes was
only found among higher-income non-WIC toddlers (6%). Risks of inadequate vitamin D intake
were high (>75%) across all subgroups, but WIC toddlers had a lower risk of inadequate vitamin
D intake than did lower-income nonparticipants. No significant difference in DRI compliance by
WIC participation group existed for zinc, fiber, or potassium. For fiber and potassium, very small
proportions (<5%) of toddlers were meeting the Als, regardless of WIC participation status. The
prevalence of excessive sodium intake was notably high in both WIC participants and lower-
income nonparticipants (~45%), whereas 30% of toddlers from families with higher incomes
exceeded the sodium recommendation. A higher proportion of WIC toddlers (8%) had added
sugar intakes exceeding the recommendation than either category of nonparticipants (~2%).

Mean usual intakes of nutrients were largely similar between WIC toddlers and lower-
income non-WIC toddlers, whereas mean usual intakes of carbohydrate (percentage of energy),
total sugar (percentage of energy), niacin, vitamin C, and sodium were higher and those of total
energy, saturated fat (percentage of energy), fiber, and vitamins A and K were lower in WIC
toddlers than in higher-income non-WIC toddlers (Table 2.5).
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2.4.4. Nutrient intakes of preschoolers (24-to 47.9-mo-olds)

No substantial difference in the percentage of children meeting the DRI
recommendations by WIC participation were noted for calcium, iron, zinc, fiber, or potassium in
24- to 47.9-mo-old children (Table 2.6). The risk of inadequate vitamin D intake was
significantly lower in WIC participants (80%) compared with lower-income nonparticipants
(89%). WIC preschoolers had the lowest prevalence of exceeding the energy contribution from
saturated fat (61%). In contrast, ~75% and 14% of WIC preschool children consumed sodium
and added sugars, respectively, at amounts above the recommendations, which is significantly
higher than their higher-income counterparts.

In WIC participants, mean usual intakes of protein (percentage of energy), vitamin C, and
calcium were higher than those in lower-income nonparticipants, and mean usual intakes of
thiamin, vitamin B-6, folate, vitamin B-12, vitamin C, and potassium were higher than those in
higher-income nonparticipants (Table 2.7). Only fat intake (percentage of energy) was lower in

WIC participants than in higher-income nonparticipants.
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Figure 2.1. Prevalence of dietary supplement use by WIC participation and income, FITS 2016

Chi-square tests for differences across WIC categories within age group were conducted, *P
<0.05, **P <0.001. FITS, Feeding Infants and Toddlers Study; WIC, Special Supplemental
Nutrition Program for Women, Infants, and Children.
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Table 2.1. Usual dietary intake from food and beverages by WIC participation status for young

infants 0-5.9 mo, FITS 2016

Nonparticipants

DRI Values WIC participants Lower-income Higher-income
Macronutrients? Al UL (n=245) (n=104) (n=251)
Energy (kcal/d) - - 671+10.9 662 +19.5 637 +10.0
Fat (g/d) 31 - 37+0.7 37+13 37+0.7
Saturated fat (g/d) - - 15+04 16+0.5 16+0.4
Carbohydrate (g/d) 60 - 75+1.4 75+1.4 69 +1.2
Protein (g/d) 9.1 - 14403 13405 12+0.2"
Dietary fiber (g/d) - - 15101 1.4+£0.1 0.8+0.1"
Fat (% kcal) — - 48 £ 0.3 49 +0.3 51+0.3"
Saturated fat (% kcal) - - 20+0.2 21+0.2" 22+0.2"
Carbohydrate (% kcal) - - 43+£0.3 43+04 41 04"
Total Sugar (% kcal) - - 34+0.4 38+0.5" 37+0.3"
Protein (% kcal) - - 8.1+0.1 77101 7.4+0.1"
Micronutrients
Vitamin A (ng RAE/d)? 400 600 610 + 14.2 622 +13.8 582 +10.0
Thiamin (mg/d)* 0.2 - 0.4+0.01 0.3+0.01" 0.3+0.01"
Riboflavin (mg/d)* 0.3 - 0.7 £0.02 0.6 +£0.03 0.5+0.02"
Niacin (mg/d)* 2 - 5.5+0.2 41+0.2" 34+0.1"
Vitamin B-6 (mg/d)* 0.1 - 0.3+£0.01 0.3+0.01" 0.2+0.01"
Folate (ug DFE/d)*® 65 - 130+ 3.8 101 +4.0" 86+2.1"
Vitamin B-12 (ug/d)* 0.4 - 16+0.1 1.3+0.1" 1.1 +£0.05"
Vitamin C (mg/d)® 40 - 77+1.8 77+£21 63+1.6"
Vitamin D (pg/d)’ 10 25 6.5+0.2 45+0.3" 33+02°
Vitamin E (mg/d)® 4 - 43+0.1 3.0+£02" 21+01"
Vitamin K (pg/d)® 2 - 32+1.2 21+14" 13+0.6"
Calcium (mg/d)” 200 1,000 517 £14.1 447 +17.17 398 +11.3"
Iron (mg/d)3 0.27 40 7.8+0.3 5.1+0.3" 3.1+0.1"
Magnesium (mg/d)® 30 - 53+1.4 48+2.0 40+1.17
Phosphorus (mg/d) 8 100 - 270+ 7.6 229 +10.2" 200 £6.17
Potassium (mg/d)° 400 - 689 + 14.7 661 + 26.8 586 + 13.2"
Sodium (mg/d)° 120 - 222 £6.2 212 +11.1 196 £ 5.9
Zinc (mg/d)® 2 4 44+0.1 3.7+0.2" 2.8+0.1"

Al, Adequate Intake; DFE, dietary folate equivalents; DRI, Dietary Reference Intake; FITS, Feeding Infants and
Toddlers Study; RAE, retinol activity equivalents; WIC, Special Supplemental Nutrition Program for Women,

Infants, and Children.

! Values are mean + SEs. *Significantly different from WIC participants by multiple t tests at Bonferroni-corrected

P value of 0.002.
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All macronutrient DRIs are from 2005 DRI book for energy, carbohydrates, etc. (24).
DRIs are from 2001 DRI book for vitamin A, vitamin K, and various metals including iron and zinc (23).
DRIs are from 1998 DRI book for thiamin, riboflavin, niacin, vitamin B6, folate, vitamin B12, and others(25).
Synthetic Folate (folic acid) from supplements multiplied by 1.6 to convert it to the dietary folate equivalent

DRIs are from 2000 DRI book for vitamin C, vitamin E, selenium, and carotenoids (26).
DRIs are from 2011 DRI book for calcium and vitamin D (21).
DRIs are from 1997 DRI book for calcium, phosphorus, magnesium, vitamin D, and fluoride (27).
DRIs are from 2005 DRI book for water, potassium, sodium, chloride, and sulfate (22).



Table 2.2. Usual dietary intake from food and beverages by WIC participation status for older
infants 6-11.9 mo, FITS 20161

DRI Values WIC Nonparticipants
participants  Lower-income Higher-income

Macronutrients? AMDR Al UL (n=375) (n=169) (n=357)
Energy (kcal/d) - - - 873+11.4 861 +19.8 796 + 10.6"
Fat (g/d) - 30 - 38+0.6 39+1.1 38+0.6
Saturated fat (g/d) - - - 15+0.3 16 +0.4 16 £0.3
Carbohydrate (g/d) - 95 - 116+1.6 110+ 25 100 £ 1.5
Protein (g/d) - - - 21004 21+0.6 19+£0.3"
Dietary fiber (g/d) - - - 6.6+£0.2 6.4+0.2 58+0.2"
Fat (% kcal) - - - 39+£0.2 40+£0.3 41+0.3"
Saturated fat (% kcal) - - - 15+0.2 16 +£0.2" 17+0.2"
Carbohydrate (% kcal) - - - 52+0.3 50+0.3" 48 +0.3"
Total Sugar (% kcal) - - - 33+0.3 33+04 34+0.3
Protein (% kcal) — - - 9.4+0.1 9.8+0.1 94+0.1
Micronutrients EAR Al UL
Vitamin A (ug RAE/d)? - 500 600 806 + 13.7 739+126" 789 +10.2
Thiamin (mg/d)* - 0.3 - 0.7+£0.02 0.6 £0.02" 0.6 £0.01"
Riboflavin (mg/d)* - 0.4 - 1.1+0.02 1.0+0.03 0.9 £0.02"
Niacin (mg/d)* - 4 - 9.2+0.2 7.8+02" 7.2+01"
Vitamin B-6 (mg/d)* - 0.3 - 0.7 £0.01 0.7 £0.02 0.6 +0.01"
Folate (ug DFE/d)*® - 80 - 221+4.9 190 +5.6" 168 + 3.2"
Vitamin B-12 (ng/d)* - 0.5 - 2.3+0.1 20+0.1" 1.8+0.1"
Vitamin C (mg/d)® - 50 - 101+1.8 85+1.8" 80+1.6"
Vitamin D (pg/d)’ - 10 38 74+0.2 56+0.2" 48+0.2"
Vitamin E (mg/d)® - 5 - 6.3+0.2 48+0.2" 44+0.1
Vitamin K (pg/d)? - 2.5 - 55+ 1.5 41+2.1" 39+1.4"
Calcium (mg/d)’ - 260 1,500 672 +14.1 612 +17.0 561+125"
Iron (mg/d)® 6.9 - 40 14+£0.3 10+0.3" 9.4+0.3"
Magnesium (mg/d)® - 75 - 103+£1.9 101+£3.1 88+1.8"
Phosphorus (mg/d) 8 - 275 - 425 +8.9 427 +13.0 368 +8.2"
Potassium (mg/d)® - 700 - 1158 +18.9 1161 + 32.6 1019 + 18.2"
Sodium (mg/d)® - 370 - 416 +9.3 436 +16.4 349 +8.3"
Zinc (mg/d)® 25 - 5 6.3+0.1 53+0.2 47+0.1"

Al, Adequate Intake; DFE, dietary folate equivalents; DRI, Dietary Reference Intake; EAR, Estimated Average
Requirement; FITS, Feeding Infants and Toddlers Study; RAE, retinol activity equivalents; WIC, Special

Supplemental Nutrition Program for Women, Infants, and Children.
! Values are mean * SEs. *Significantly different from WIC participants by multiple t tests at Bonferroni-corrected

P value of 0.002.
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All macronutrient DRIs are from 2005 DRI book for energy, carbohydrates, etc. (24).
DRIs are from 2001 DRI book for vitamin A, vitamin K, and various metals including iron and zinc (23).
DRIs are from 1998 DRI book for thiamin, riboflavin, niacin, vitamin B6, folate, vitamin B12, and others (25).
Synthetic Folate (folic acid) from supplements multiplied by 1.6 to convert it to the dietary folate equivalent

DRIs are from 2000 DRI book for vitamin C, vitamin E, selenium, and carotenoids (26).
DRIs are from 2011 DRI book for calcium and vitamin D (21).
DRIs are from 1997 DRI book for calcium, phosphorus, magnesium, vitamin D, and fluoride (27).
DRIs are from 2005 DRI book for water, potassium, sodium, chloride, and sulfate (22).



Table 2.3. Percentage of older infants 6-11.9 mo with intakes below or above the
recommendations by WIC participation and income, FITS 2016?

Nonparticipants

WIC participants Higher-income

Nutrient (n=375) Lower-income (n=169) (n=357)
Nutrients to Increase

Calcium? (%>Al) 97.7+1.0 97.9+26 93.9+15"
Iron® (%<EAR) 12.6 +5.6 25.6 £6.6™ 34.0+2.3™
Zinc® (%<EAR) 1.8+0.8 48+15 8.9+13"
Vitamin D? (%>Al) 23.7+15 8.2+51™ 8.0+2.6™
Potassium? (%>Al) 922120 88.3+2.6 83.1+1.8™

1 Values are means + SEs. Nutrients of interest were selected based on the NASEM report (8). *Significantly
different from WIC participants by t tests at P value <0.05. "*Significantly different from WIC participants by t
tests at P value <0.001. Al, Adequate Intake; EAR, Estimated Average Requirement; FITS, Feeding Infants and
Toddlers Study; WIC, Special Supplemental Nutrition Program for Women, Infants, and Children.

2 Nutrient with only an Al available (21, 22).

% Nutrient with an established EAR (23).

Table 2.4. Percentage of toddlers 12-23.9 mo with intakes below or above the recommendations
by WIC participation and income, FITS 2016*

Nonparticipants

WIC participants Lower-income Higher-income
Nutrient (n=380) (n=233) (n=519)
Nutrients to Increase
Calcium? (%<EAR) 10.7+15 59+1.8" 75+21
Iron? (%<EAR) 00+3.1 00+6.6 6.0+1.3"
Zinc? (%<EAR) 15+26 11+6.8 09+1.1
Vitamin D? (%<EAR) 76.1+15 82.6+2.3" 783+15
Fiber® (%>Al) 2327 24+28 49+13
Potassium?® (%>Al) 20+0.8 3.7+1.7 25+1.3
Nutrients to Limit
Sodium* (%>UL) 45.0 £ 0.03 46.0+ 2.8 30.5+£2.0™
Added Sugars® (%>guideline) 79+0.7 2.4+0.8" 2.0+0.8"

! Values are means + SEs. Nutrients of interest were selected based on the NASEM report (8). *Significantly
different from WIC participants by t tests at P value <0.05. *Significantly different from WIC participants by t
tests at P value <0.001. Al, Adequate Intake; EAR, Estimated Average Requirement; FITS, Feeding Infants and
Toddlers Study; WIC, Special Supplemental Nutrition Program for Women, Infants, and Children.

Nutrient with an established EAR (21, 23).

Nutrient with only an Al available (22, 24).

Nutrient with an established UL (22).

Nutrient with an established guideline based on energy intake (% >25% of kcal) (24).
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Table 2.5. Usual dietary intake from food and beverages by WIC participation status for toddlers
12-23.9 mo, FITS 2016!

DRI Values WIC Nonparticipants
participants Lower-income  Higher-income

Macronutrients? AMDR Al UL (n=380) (n=233) (n=519)
Energy (kcal/d) - - - 1188+ 15.3 1237 +23.8 1125+ 12.2"
Fat (g/d) - - - 44 £0.7 48+1.0 43+£0.6
Saturated fat (g/d) - - - 17+0.3 19+0.4 17+£0.3
Carbohydrate (g/d) - - - 156 +2.2 159+ 3.0 146 +1.6"
Protein (g/d) - - - 46 £0.8 47+£1.0 45+0.6
Dietary fiber (g/d) - 19 - 95+0.2 9.9+0.3 10.8+0.2"
Fat (% kcal) 30-40 - - 32+0.3 34+0.2" 33+£0.2
Saturated fat (% kcal) - - - 13+0.2 13+0.1 14+0.1"
Carbohydrate (% kcal) 45-65 - - 52+0.3 51+£0.3 50+0.2
Total Sugar (% kcal) - - - 29+0.3 28+0.4 27+0.2"
Protein (% kcal) 5-20 - - 16+0.2 16+£0.2 16+0.1
Micronutrients EAR Al UL
Vitamin A (ug RAE/d)? 210 - 600 560 £ 10.9 576 £8.7 635+7.3"
Thiamin (mg/d)* 0.4 - - 1.0 £0.02 1.1+£0.02 1.0+£0.01
Riboflavin (mg/d)* 0.4 - - 1.6 £0.03 1.6 +0.04 1.6 £0.03
Niacin (mg/d)* 5 - - 12+0.2 12+0.3 11+£0.2
Vitamin B-6 (mg/d)* 0.4 - - 1.1+0.02 1.1+0.02 1.1+£0.02
Folate (ug DFE/d)*® 120 - 300 302+6.3 298 +7.2 289+4.3
Vitamin B-12 (ug/d)* 0.7 - - 36+0.1 35+0.1 37+0.1
Vitamin C (mg/d)® 13 - 400 67+1.3 64+1.2 59+1.1°
Vitamin D (ug/d)’ 10 - 63 7.4+0.2 6.9+0.2 7.1+0.2
Vitamin E (mg/d)® 5 - 200 47+0.1 49+0.2 48+0.1
Vitamin K (pg/d)? - 30 - 37+1.1 44+£1.9" 44 +£1.3"
Calcium (mg/d)’ 500 - 2,500 872 +£17.2 902 £19.3 927 £ 15.0
Iron (mg/d)® 3 - 40 9.1+0.3 8.7+0.3 8.7+0.2
Magnesium (mg/d)® 65 - 65 169+2.8 173 +4.1 174 £2.7
Phosphorus (mg/d) 8 380 - 3,000 865+ 15.4 887 £19.3 886 +13.1
Potassium (mg/d)° - 3,000 - 1732+ 27.0 1793 + 38.7 1734 + 23.6
Sodium (mg/d)® - 1,000 1,500 1549 + 33.6 1549 +41.9 1318 +21.7"
Zinc (mg/d)® 25 - 7 6.5+0.1 6.5+0.1 6.7+0.1

Al, Adequate Intake; AMDR, Acceptable Macronutrient Distribution Range; DFE, dietary folate equivalents; DRI,
Dietary Reference Intake; EAR, Estimated Average Requirement; FITS, Feeding Infants and Toddlers Study; RAE,
retinol activity equivalents; WIC, Special Supplemental Nutrition Program for Women, Infants, and Children.

! Values are mean + SEs. * Significantly different from WIC participants by multiple t tests at Bonferroni-
corrected P value of 0.002.

All macronutrient DRIs are from 2005 DRI book for energy, carbohydrates, etc. (24).

DRIs are from 2001 DRI book for vitamin A, vitamin K, and various metals including iron and zinc (23).

DRIs are from 1998 DRI book for thiamin, riboflavin, niacin, vitamin B6, folate, vitamin B12, and others (25).
Synthetic Folate (folic acid) from supplements multiplied by 1.6 to convert it to the dietary folate equivalent
metric.

DRIs are from 2000 DRI book for vitamin C, vitamin E, selenium, and carotenoids (26).

DRIs are from 2011 DRI book for calcium and vitamin D (21).

DRIs are from 1997 DRI book for calcium, phosphorus, magnesium, vitamin D, and fluoride (27).

DRIs are from 2005 DRI book for water, potassium, sodium, chloride, and sulfate (22).
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Table 2.6. Percentage of preschoolers 24-47.9 mo with intakes below or above the
recommendations by WIC participation and income, FITS 2016?

Nonparticipants

WIC participants Lower-income Higher-income
Nutrients (n=161) (n=135) (n=300)
Nutrients to Increase
Calcium? (%<EAR) 6.6 £1.5 95+£36 8.3+£20
Iron? (%<EAR) 1.7+£36 3.7£4.0 26+1.1
Zinc? (%<EAR) 04+£46 02+£29 05+£0.8
Vitamin D? (%<EAR) 79.3x4.1 88.7+6.1" 842+21
Fiber® (%>Al) 8.4+£35 6.6+£1.4 85127
Potassium?® (%>Al) 70x£21 42+26 35+£23
Nutrients to Limit
Sodium* (%>UL) 753+ 2.6 76.3+x4.3 68.9+2.0"
Saturated Fat® (%>guideline) 61.0+4.6 67.2+4.7" 71623
Added Sugars® (%>guideline) 13.7+22 11.1+29 8.8+2.3"

! Values are means + SEs. Nutrients of interest were selected based on the NASEM report (8). *Significantly
different from WIC participants by t tests at P value <0.05. *Significantly different from WIC participants by t
tests at P value <0.001. Al, Adequate Intake; EAR, Estimated Average Requirement; FITS, Feeding Infants and
Toddlers Study; WIC, Special Supplemental Nutrition Program for Women, Infants, and Children.

Nutrient with an established EAR (21, 23).

Nutrient with only an Al available (22, 24).

Nutrient with an established UL (22).

Nutrient with an established guideline based on energy intake from Dietary Guidelines for Americans (<10% of
kcal) (19).

& Nutrient with an established guideline based on energy intake (<25% of kcal) (24).
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Table 2.7. Usual dietary intake from food and beverages by WIC participation status for
preschoolers 24-47.9 mo, FITS 20161

DRI Nonparticipants
WIC Higher-

Participants Lower-income income
Macronutrients? AMDR Al UL (n=161) (n=135) (n=300)
Energy (kcal/d) - - - 1442 + 28.5 1444 + 36.0 1339+ 19.5
Fat (g/d) - - - 50+1.1 52+15 49+0.9
Saturated fat (g/d) - - - 18+0.5 18+0.5 18+0.3
Carbohydrate (g/d) - - - 198 +4.2 198 +4.8 180 £ 2.6"
Protein (g/d) - - - 56 +1.4 52+15 52+0.9
Dietary fiber (g/d) - 19 - 12+04 12+04 12+0.3
Fat (% kcal) 30-40 - - 30+0.4 31+0.3 32+0.3"
Saturated fat (% kcal) - - - 11+0.2 11+0.1 12+0.2
Carbohydrate (% kcal) 45-65 - - 54+04 54104 52+£0.3
Total Sugar (% kcal) - - - 2905 28+ 0.5 27+£0.3
Protein (% kcal) 5-20 - - 16+£0.2 15+0.2" 16+0.1
Micronutrients EAR Al UL
Vitamin A (ug RAE/d)? 210 - 600 588 + 17.5 565+ 11.8 597+9.4
Thiamin (mg/d)* 0.4 - - 1.3+0.03 1.3+0.03 1.2 +0.02"
Riboflavin (mg/d)* 0.4 - - 1.8+0.05 1.7+0.05 1.6 +0.04
Niacin (mg/d)* 5.0 - - 15+04 15+05 14+£0.3
Vitamin B-6 (mg/d)* 0.4 - - 1.4 +0.04 1.3+0.04 1.2+0.02"
Folate (ug DFE/d)*® 120 - 300 388 +12.2 384+11.8 342 +6.7"
Vitamin B-12 (ug/d)* 0.7 - - 42+0.1 3.7+0.1 3.6+£0.1"
Vitamin C (mg/d)® 13 - 400 81+24 67 +1.8" 63+15"
Vitamin D (pg/d)’ 10 - 63 7.0+0.3 6.0+0.3 6.2+0.2
Vitamin E (mg/d)¢ 5.0 - 200 56+0.2 58+0.3 59+0.2
Vitamin K (pg/d)® - 30 - 48+2.1 53+3.0 49+19
Calcium (mg/d)” 500 - 2,500 966 + 28.8 840 + 24.4" 916 +19.8
Iron (mg/d)® 3.0 - 40 11+05 10+ 0.4 95+0.3
Magnesium (mg/d)® 65 - 65 202 £5.0 187 +£5.8 194 +£3.9
Phosphorus (mg/d) 8 380 - 3,000 1020 £ 27.2 933 +26.4 979 +18.9
Potassium (mg/d)® - 3,000 - 2017 +47.8 1822 +51.8 1820 + 33.0°
Sodium (mg/d)° - 1,000 1,500 2155+ 72.1 2128 +71.9 1900 £ 39.9
Zinc (mg/d)® 2.5 - 7 7.8+0.2 75+0.2 7.3+0.2

Al, Adequate Intake; AMDR, Acceptable Macronutrient Distribution Range; DFE, dietary folate equivalents; DRI,
Dietary Reference Intake; EAR, Estimated Average Requirement; FITS, Feeding Infants and Toddlers Study; RAE,
retinol activity equivalents; WIC, Special Supplemental Nutrition Program for Women, Infants, and Children.

! Values are mean + SEs. ~ Significantly different from WIC participants by multiple t tests at Bonferroni-
corrected P value of 0.002.

All macronutrient DRIs are from 2005 DRI book for energy, carbohydrates, etc. (24).

DRIs are from 2001 DRI book for vitamin A, vitamin K, and various metals including iron and zinc (23).

DRIs are from 1998 DRI book for thiamin, riboflavin, niacin, vitamin B6, folate, vitamin B12, and others (25).
Synthetic Folate (folic acid) from supplements multiplied by 1.6 to convert it to the dietary folate equivalent
metric.

DRIs are from 2000 DRI book for vitamin C, vitamin E, selenium, and carotenoids (26).

DRIs are from 2011 DRI book for calcium and vitamin D (21).

DRIs are from 1997 DRI book for calcium, phosphorus, magnesium, vitamin D, and fluoride (27).

DRIs are from 2005 DRI book for water, potassium, sodium, chloride, and sulfate (22).
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2.5. Discussion

The WIC program was established to help decrease poverty-related nutritional risk by
providing food assistance to low-income families with young children. Despite the program’s
success over many decades, infants and children from low-income families still face some
unique nutritional challenges that were outlined by a recent NASEM expert panel (8). The panel
prioritized the nutrients that need to be increased to prevent disease and promote health,
including the following: iron and zinc for older breastfed infants; iron, fiber, and potassium for
toddlers; and calcium, iron, vitamin D, fiber, and potassium for 2- to 4-y-old children. The panel
also prioritized the nutrients to limit, including sodium and added sugars for toddlers and
sodium, added sugars, and saturated fat for 2- to 4-y-olds (8). In this study, we evaluated the risk
of these nutrients relative to federal dietary recommendations, when available (21-27). This
FITS 2016 report highlights similar concerns for toddlers and preschoolers as the NASEM expert
committee, with additional concerns about low vitamin D intakes compared with DRIs among
infants and toddlers.

The expectation of the WIC program is that it helps improve dietary intakes that may be
inadequate due to lack of money by providing a food package and nutrition education. The
current WIC package provides iron-fortified infant formula to partially or not-breastfeeding
younger infants, iron-fortified infant formula and infant foods (cereal, fruit, and vegetables)
for partially or not-breastfeeding older infants, and infant foods and infant meat for fully
breastfeeding older infants. The WIC food package for 1- to 4-y-olds includes vitamin D—
fortified milk, iron-fortified breakfast cereal, eggs, whole-grain breads, legumes or peanut butter,
fruit and vegetables, and vitamin C—rich juice (7). Thus, we assumed that the nutrient intakes of
WIC participants would be more like those of higher-income children and that those at the
greatest nutritional risk would be lower-income nonparticipants, with all other factors being
equal. However, all other factors were not equal in the sample. In particular, the use of dietary
supplements was substantially higher in higher-income nonparticipants, so it was not possible
to test such an assumption. Therefore, we compared only the nutrient intakes from the diets of
WIC participants with those of either lower-income or higher-income nonparticipants, because
the WIC package provides foods and beverages but not dietary supplements.

In infants (aged 0-11.9 mo), WIC participation was associated with a higher mean

nutrient intake of most micronutrients, with lower saturated fat as a percentage of energy when
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compared with those not participating in WIC, regardless of eligibility. The WIC program
appears to be especially beneficial to older infants (aged 6-11.9 mo), particularly in that it is
associated with a lower risk of iron and zinc inadequacy. This finding on iron is consistent not
only with the WIC program goals but also with previous reports (28-30), which may be
attributed to a higher likelihood of consumption of iron-fortified cereal, infant formula, and
baby-food meats by WIC participants in FITS 2016 (20). However, 13% of WIC-participating
older infants were still at risk of inadequate iron intakes, compared with 1% among WIC infants
aged 7-11.9 mo in FITS 2002 (16). This may be partly attributable to increased breastfeeding
rate (31), decreased infant cereal consumption (31), and low infant meat consumption (20) in this
age group. lron stores at birth may meet iron needs during the first 6 mo, but iron
supplementation through complementary feeding is suggested from ages 4 to 6 mo (32, 33). The
results highlight the continued need for education on the importance of complementary foods
containing iron. Furthermore, in older infants, WIC participants had better nutritional risk
profiles in general when compared with recommendations for all nutrients examined, even
though only iron and zinc were listed by NASEM as priority nutrients in this age group.

In toddlers (aged 12—-23.9 mo), the priority nutrients are iron, potassium, and fiber as
nutrients to increase and sodium and added sugars as nutrients to limit. Paradoxically, in this age
group, iron intakes were only of concern for the higher-income nonparticipants. The results
might be different if iron intake from dietary supplements was included, but iron supplement
use was very low (5%) among this age group (34). Meanwhile, WIC participation was associated
with higher compliance with sodium and added-sugars guidelines, with no significant differences
noted in compliance with potassium or fiber guidelines. A FITS 2016 food-based analysis (20)
suggested that WIC toddlers tended to have a higher consumption of fruit-flavored drinks and
sweetened beverages that may be contributing added sugars, but it is not clear which food groups
are responsible for differences in sodium intake.

For preschoolers, the same nutrients are prioritized as for toddlers, plus calcium, vitamin
D, and saturated fat. The revised food packages limit milk fat content to <1% for children aged
>2y. As a consequence, several regional studies have reported reduced saturated fat intakes,
with a concomitant shift toward lower-fat milks (2%, 1%, or nonfat), in WIC children aged >2 y
after the food package change (35-37). In FITS 2016,1% low-fat milk was the most commonly
consumed milk among WIC children aged 24—-47.9 mo, whereas 2% reduced-fat milk was more
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prevalently consumed among both subgroups of nonparticipants (20), which may contribute to a
lower percentage of WIC children aged 24-47.9 mo exceeding the recommendations for
saturated fat intakes. In terms of compliance with recommendations for sodium and added sugars
(percentage of energy),WIC preschoolers were similar to lower-income nonparticipants but were
less likely to comply with the recommendations than their higher-income counterparts. Added
sugar is an area of controversy, especially in young children (38). We used the NASEM
guidelines of 25% of energy from added sugar as the benchmark, but other authoritative bodies
have endorsed <10% of total energy intake from added sugars or free sugars (19, 39). Certainly,
a much higher prevalence of exceeding added sugar would be reported on the basis of the FITS
2016 data if 10% were used as the guideline. However, the 10% recommendation may be very
difficult to achieve and experts differ on the strength of evidence supporting such a
recommendation (40-42). NHANES 2011-2012 data suggested that 80% of WIC participants
(ages 2-4 y) exceeded the 10% recommendation (8).

Although vitamin D is only highlighted as a nutrient of concern in those aged >24 mo,
most infants and young children failed to meet vitamin D recommendations, regardless of WIC
participation status. This study as well as national and program-specific reports have shown that
most US infants and children have suboptimal vitamin D intakes from foods and beverages (43,
44). The American Academy of Pediatrics recommends routine vitamin D supplementation for
breastfed infants (45); with more than three-quarters of toddlers and preschoolers at risk of
vitamin D inadequacy from foods alone, supplementation may be warranted in older children as
well. In this supplement issue, Bailey et al. (34) showed that, for users of vitamin D supplements,
the supplements added an average of ~10 pg vitamin D/d, which corresponds to the amount
recommended as the Al (<12 mo) or EAR (=12 mo), but when vitamin D supplement users and
nonusers were combined, most infants and young children still failed to meet recommendations.
Nonetheless, it is important to note that WIC participation was consistently associated with better
vitamin D intakes compared with lower-income nonparticipants across all age groups.

Some limitations should be noted in the interpretation of the present study. Dietary
information was reported by parents or caregivers and may not fully represent the actual intake
of the child. However, 24-h recalls were conducted by trained interviewers with the use of the
automated multiple-pass approach to minimize this inaccuracy. Usual nutrient intakes were

estimated with the use of the NCI method, which relies on the assumption that a 24-h dietary
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recall is unbiased for single-day intake; this may or may not be the case (46, 47). Biomarkers of
nutritional status would be preferable, if they exist, and would be especially helpful in evaluating
the iron and vitamin D findings of this report. We compared WIC participants with lower-
income (likely income-eligible) nonparticipants, but the factors related to the decision to
participate in WIC (48, 49) were not assessed. In addition, approximately half of WIC
participants were also participating in SNAP. SNAP provides benefits to buy food to
low-income individuals and families, and it is possible to participate in both WIC and SNAP.
Thus, it is more difficult to attribute associations here exclusively to WIC, because infant
formula and most foods can also be purchased with the use of SNAP benefits. However, WIC
participation has been found to increase nutrient intakes of young children, whereas SNAP had
no additional benefit in those already participating in WIC (28). In the 24-h recall, we did not
identify which foods were provided by WIC. Finally, we evaluated differences between WIC
participants and others on the basis of nutrient intakes from foods and beverages alone because
dietary supplements are not part of the WIC package. This may underestimate the nutrient
intakes, especially for children from higher-income families because they consumed more
dietary supplements than both lower-income groups. Future work could investigate total nutrient
intakes from both diet and supplements by WIC participation status and identify major sources of
priority nutrients to target for improvement, such as breast milk, infant formula, and
supplements.

Although we acknowledge that there is great interest in comparing the impact of WIC
food package revision on usual nutrient intakes, we could not immediately compare the results
from FITS 2016 with FITS 2008 or FITS 2002 because the sampling frames were different, WIC
participants and nonparticipants were classified in a different way, and usual nutrient intakes
were estimated by using a different methodology (PC-SIDE from lowa State University). In fact,
the FITS 2008 study only reported on food-group consumption related to WIC participation
status rather than nutrient intakes (9). Even looking outside FITS, there are few data on the
impact of the WIC food package change on nutrient intakes (28, 50). Instead, the impact has
been measured by improvements in the Healthy Eating Index score (51) or food-group
consumption (35, 36, 52). This is a priority area that would benefit from future exploration.
Nonetheless, the findings may be useful for enhancing understanding of the dietary intakes of

WIC participants, identifying the remaining dietary issues after the 2009 WIC food package
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revision, and comparing findings against the latest NASEM committee recommendations for
further changes in the WIC food package. The present study provides the most comprehensive
and recent estimates on nutrient intakes of WIC infants and young children, updating and
extending the previous national-scope studies that were conducted before the 2009 WIC food
package revision (16, 28, 44, 53, 54). To our knowledge, this is the first study to report usual
dietary intakes of infants aged 0-5.9 mo by WIC participation status.

In conclusion, WIC participation may be nutritionally beneficial (e.g., participants had
dietary intakes closer to recommendations), especially for iron (ages 6-23.9 mo), zinc (ages 6—
11.9 mo), saturated fat (ages 24-47.9 mo), and vitamin D (all age groups). Nevertheless, it is
notable that 13% of WIC infants (6-11.9 mo) were still not meeting iron recommendations. No
substantial differences in nutritional risk profiles were noted for calcium, iron, zinc, potassium,
or fiber between WIC and non-WIC toddlers and preschoolers. However, of concern, WIC
participation among toddlers and preschoolers was associated with an increased prevalence of
exceeding the energy recommendations for added sugar and sodium intakes. Future work is
needed to determine how to best support food and beverage choices to reduce added sugar and
sodium consumption in all children, but especially among those in lower-income families. In
addition, greater effort to encourage more consumption of fiber, vitamin D, iron, and potassium
and less consumption of saturated fat among WIC children as well as non-WIC children is

warranted.
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The chapter was published as an original research article in Nutrients and formatted according to
the journal requirements. Multidisciplinary Digital Publishing Institute journals allow authors to
retain the copyright of their work and, thus, to include their own articles in their dissertation.

3.1. Abstract

This analysis characterizes use of dietary supplements (DS) and motivations for DS use
among U.S. children (< 18 years) by family income level, food security status, and federal
nutrition assistance program participation using the 2011-2014 National Health and Nutrition
Examination Survey data. About one-third (32%) of children used DS, mostly multivitamin-
minerals (MVM; 24%). DS and MVM use were associated with higher family income and higher
household food security level. DS use was lowest among children in households participating in
the Supplemental Nutrition Assistance Program (SNAP; 20%) and those participating in the
Special Supplemental Nutrition Assistance Program for Women, Infants, and Children (WIC;
26%) compared to both income-eligible and income-ineligible nonparticipants. Most children
who used DS took only one (83%) or two (12%) products; although children in low-income
families took fewer products than those in higher income families. The most common
motivations for DS and MVM use were to “improve (42% or 46%)” or “maintain (34 or 38%)”
health, followed by “to supplement the diet (23 or 24%)” for DS or MV M, respectively. High-
income children were more likely to use DS and MVM “to supplement the diet” than middle- or
low-income children. Only 18% of child DS users took DS based on a health practitioner’s
recommendation. In conclusion, DS use was lower among children who were in low-income or

food-insecure families, or families participating in nutrition assistance programs.
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3.2. Introduction

Dietary supplement (DS) use is widespread in the United States. More than half of adults
(1,2) and approximately one-third of infants, children, and adolescents (henceforth children) use
DS (3). The use of DS is associated with socioeconomic status indicators such as family income
level and food security in adults (4-6) and children (7—10). For example, data from the 2007—
2010 National Health and Nutrition Examination Survey (NHANES) demonstrated that children
using DS tended to have higher income (9). In a study using the 1999-2004 NHANES data,
children using micronutrient supplement were more likely to have higher food security (8).
However, whether the type of DS used and motivations for their use differ by socioeconomic
status remain unclear.

In the U.S., federal nutrition assistance programs such as the Supplemental Nutrition
Assistance Program (SNAP) and the Special Supplemental Nutrition Assistance Program for
Women, Infants, and Children (WIC) serve many low-income individuals or households with the
goal of reducing food insecurity and nutritional risk (11). These programs are targeted to
improve the food and nutrition resources of participants. However, little is known about DS use
of these nutrition assistance program participants (7,8,12), especially how they differ from
income-eligible nonparticipants.

This analysis characterized DS use and examined motivations for use of DS among U.S.
children aged 18 years and younger by family income level, food security status, and SNAP and
WIC participation status using the most recent 2011-2014 NHANES data sets.

3.3. Materials and methods
3.3.1. Study design, population, and setting
The NHANES is a nationally representative, cross-sectional survey that samples U.S.
noninstitutionalized civilians using a complex multistage probability sampling design (13). The
present analysis combined the 2011-2012 and 2013-2014 NHANES data of children (<18
years), excluding those with missing DS use data. The final analytic sample was n = 8,288. All

participants or their proxies provided written informed consent, and the Research Ethics Review
Board at the National Center for Health Statistics (NCHS) approved the survey protocol.
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The NHANES protocol includes an in-home interview and a physical examination in a
mobile examination center. During the in-home interview, a proxy provided information for
survey participants who were under 16 years of age. Demographic, socioeconomic, and lifestyle
information was collected via computer-assisted software in the home interview. Age groups
were aligned with the Dietary Reference Intakes (DRI) age groupings: <1, 1-3, 4-8, 9-13, and
14-18 years of age. Self-reported race and Hispanic origin groups as defined in the NHANES are
non-Hispanic white, non-Hispanic black, non-Hispanic Asian, Hispanic, and other races; the
“other” race group was only included in the estimates for the total sample as recommended (13).
Education level of the “household reference person,” defined as an adult household member who
owns or rents the residence, was used to indicate the household’s education level. Education was
categorized as less than high school, high school graduate or general equivalency diploma, some
college or associate degree, and college graduate or above. Health insurance was categorized as
none, private, or public; public health insurance included Medicaid, Children’s Health Insurance
Program, state-sponsored or other government-sponsored health plan, and military health care
(14). Screen time was calculated as the sum of the total time spent looking at a television and/or
computer screen per day for those aged >2 years (n = 4,006) using the Physical Activity
Questionnaire. The response of “<I h” was assigned 0.5 hours as recommended (15) and screen
time was categorized as follows: <1, >1-<2, >2-<4, and >4 h/day. The American Academy of
Pediatrics recommends limiting leisure screen time to two hours or less a day (16).

Family income was represented by the family income-to-poverty ratio (PIR), a ratio of
family income to the poverty guideline established by the Department of Health and Human
Services. The poverty guidelines are updated every year and vary by family size and geographic
location (48 contiguous states, the District of Columbia, Alaska, and Hawaii) (17). We
categorized family income as PIR <130%, 131-350%, and >350% because a PIR of <130% is
used as an eligibility criterion for several federal food assistance programs such as the
Supplemental Nutrition Assistance Program (SNAP). Household food security status was
measured using the U.S. Food Security Survey Module; an adult responded to 18 items for
households with children. Households with more than three affirmative responses were
categorized as food-insecure (18). SNAP participation status was also collected at household
level with the question, “Do you/does any member of your household currently receive SNAP or

Food Stamp benefits?” and categorized as current participants, income-eligible nonparticipants
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(PIR £130%), and income-ineligible nonparticipants (PIR > 130%). WIC participation status was
collected at individual level with the question “Is participant now receiving benefits from the
WIC program?” and classified as current participants, income-eligible nonparticipants (PIR
<185%), and income-ineligible nonparticipants (PIR > 185%).

During the household interview, detailed information about DS use during a 30-day
period prior to the interview was collected using a product inventory, Dietary Supplement
Questionnaire (DSQ). Participants or proxies were asked if they had taken any DS, and trained
interviewers recorded each supplement’s name and manufacturer from the label, if available, or
from the participant’s verbal report. Trained nutritionists at NCHS reviewed incoming data,
obtained product labels, and incorporated DS information from the label into a database,
including the name, ingredients, and product form. Data on the products participants reported
and questions from the DSQ, along with product-level information from the labels, are all
available on the NHANES website. For this analysis, DS were categorized into mutually
exclusive categories based on their nutrient contents as published in a previous study (4): (i)
multivitamin and minerals (MVM) defined as a single product containing three or more vitamins
and at least one mineral; (i) multivitamins as a single product containing two or more vitamins
without minerals; (iii) calcium-containing supplements (calcium as the primary ingredient with
or without vitamin D or other nutrients); (iv) single-nutrient supplements, such as vitamin C,
vitamin D, or iron; (v) botanicals; and (vi) fatty acids (any products with omega-3 or omega-6
fatty acids as the primary ingredient). The specific types of products shown by interviewers were
selected based on high frequency of use; only the top products were reported. The reasons for
taking each dietary supplement were also collected using a hand card with a list of reasons
identified in previous surveys; participants were also able to provide other reasons not specified
in the list and could choose more than one reason for each product. In addition, participants were
asked if they used the supplement on their own or based on the advice of a doctor or other health
practitioner.

During the physical examination, trained health technicians measured weight and height.
Percentiles of body mass index (BMI) were used to categorize each participant’s weight status as
underweight (<5th percentile), healthy weight (5th—85th percentiles), overweight (85th—95th

percentiles), and obese (>95th percentile) according to the growth charts developed by the
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Centers for Disease Control and Prevention (2000) for children 2-18 years; weight status was

only available for children who attended the physical examination (n = 6,606).

3.3.2. Statistical analysis

Data were analyzed using SAS (version 9.4; SAS Institute, Inc, Cary, NC, USA) and
SAS-callable SUDAAN (version 11; RTI International, Research Triangle Park, NC, USA)
software programs. The 2011-2014 NHANES 4-year sample weights were used to account for
differential probabilities of selection, nonresponse, and planned oversampling of some groups for
all analyses. Interview weights were used for all analyses, except for the weight status analysis
that used examination weights. Standard errors (SE) were estimated using a Taylor series
linearization method. The statistical reliability of estimates were determined based on the relative
standard error as recommended by NCHS (19). Estimates with a relative SE > 30% may be
statistically unreliable, so those with a relative SE > 30% and <40% were noted and those with
the relative SE > 40% were not presented. Numbers of DS taken and motivations for DS use are
estimated only from those who used DS in a 30-day period prior to the home interview (n =
2,365). We used pairwise t-tests to examine statistical significance of differences in categorical
variables. To test for linear trends in ordinal variables, the null hypothesis of a nonlinear trend
was examined with orthogonal polynomial contrasts. Statistical significance was determined at a

Bonferroni-corrected p-value < 0.0167.

3.4. Results

In 2011-2014, an estimated 32% of children used DS in a 30-day period, with little
difference by sex (Table 3.1). Infants (<1 year) were the least likely to use DS (16%). When
infants were excluded, there was a significant trend toward lower DS use with increasing age.
DS use was higher in non-Hispanic white (38%) and non-Hispanic Asian children (42%)
compared to non-Hispanic black (21%) and Hispanic children (23%). Children with private
health insurance (40%) were more likely to use DS than those with public (24%) or no health
insurance (28%). The household’s education level was positively associated with DS use;
whereas screen time in both boys and girls and weight status in girls were inversely associated

with DS use.
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When stratified by DRI age group, infants <1 year had distinct patterns of DS use
compared to other age groups (Table 3.2). About a half of infant DS users were taking vitamin
D, and 30% and 11% were using multivitamins and MVM, respectively. When infants were
excluded, the proportion of MVVM decreased with increasing age; older children tended to have
greater diversity in terms of product type. Most used only one product, but the mean number of
products used increased with age.

The most popular products used by children were the MVM (24%), followed by
multivitamins (3.1%), vitamin C (2.4%), and vitamin D (1.6%) (Table 3.3). There were
significant linear trends toward higher use of any DS, MVM, multivitamins, and vitamin D
supplements with higher income (i.e., PIR). Use of any DS, MVM, and vitamin D supplement
was also higher among children in food-secure than those in food-insecure households. Children
in SNAP-participating households were least likely to use DS (20%) compared to either those in
income-eligible (28%) or income-ineligible (40%) nonparticipating households in SNAP.
Similarly, DS use was lowest in infants and young children participating in WIC (26%),
compared with either income-eligible (36%) or income-ineligible nonparticipants in WIC (47%).
Among children who used DS, the majority took one (83%) or two (12%) products (Table 3.4).
The mean number of supplements taken was lower for low-income children (mean 1.15) than in
either middle (mean 1.30) or higher-income (mean 1.30) children using the PIR criterion, but did
not differ by SNAP or WIC participation and food security status among income-eligible
children.

The top five motivations for DS use were “to improve overall health (42%),” “to
maintain health (34%),” “to supplement the diet (23%),” “to prevent colds, boost immunity
(15%),” and “to prevent health problems (11%)” (Figure 3.1). Most DS use was self-directed:;
only 18% of children were taking at least one product under the recommendation of a health care
practitioner. Children in high-income families (i.e., PIR > 350%) were more likely to use DS “to
supplement the diet” than those in middle- or low-income families. Among income-eligible
children, motivations for DS use were not different by SNAP or WIC participation status. There
were no significant differences in motivations for DS use by food security status (Table 3.5).
Motivations for MVM use indicated that the high-income group was more likely to use MVM
“to supplement diet” than were their lower-income counterparts (Table 3.6). The percentage of

children who were using MVVM at the recommendation of a health practitioner among SNAP
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participants (21%) was significantly higher than that of income-eligible non-SNAP (9%)
children and income-ineligible nonparticipants (15%). The percentage of those who were using
MVM due to health care provider’s recommendations was similar between WIC participants

(26%) and income-eligible nonparticipants (22%).
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Table 3.1. Estimated percentage of U.S. children (<18 years) who used any dietary supplement in
a 30-day period by demographic, lifestyle, and anthropometric characteristics, NHANES 2011—

20141
Characteristic All Male Female
n % (SE) n % (SE) n % (SE)
Total 8,288 32.4(1.2) 4,217 32.2 (1.35) 4,071 32.7 (1.46)

Age

<1 year 797 16.4 (1.5) 394 16.4 (2.4) 403 16.5 (2.2)

1-3 years 1,537 38.6 (2.4) 768 39.0 (3.0) 769 38.3(3.1)

4-8 years 2,265 39.4 (1.7) 1,196 38.5(2.2) 1,069 405 (2.3)

9-13 years 1,995 30.9 (1.5) 1,008 30.5 (1.9) 988 31.2 (2.4)

14-18 years 1,694 263 (L7)* 851 26.0 (2.7) * 843 26.5 (2.4) *
Race/Ethnicity 2

Non-Hispanic white 2,055 38.1(1.7)¢ 1,073 38.2(2.2)1 982 37.9(2.3)¢°

Non-Hispanic black 2,221 21.2 (1.6)° 1,147 21.2 (1.9)° 1,074 21.2 (1.5)°

Non-Hispanic Asian 869 41.7 (3.2)° 434 38.9(3.9)® 435 448 (3.1)®

Hispanic 2,632  22.8(L1)" 1,311  21.7(1.4)° 1321  241(16)°
Health Insurance

Private 3,255  40.0 (1.7)® 1,639  413(22)* 1616  38.8(2.2)

Public 4321  241(1.3)° 2219  227(15)° 2102  257(L.6)°

None 663 275 (2.7)" 337 26.7 (4.3)" 326 28.5 (2.7)P
Household’s Education Level

Less than high school 2,014 18.6 (1.6) 1,044 19.6 (2.3) 970 17.6 (1.8)

High school grad/GED or 1822  25.1(L4) 928 249(21) 894 25.2 (1.8)

equivalent

jgg:zew"ege or associate 2344  327(19) 1192  326(23) 1152  32.9(2.1)

College graduate or above 1,823 47.1(2.2) * 910 45.7 (2.5) * 913 48.5(3.2) *
Screen Time (>2 years)

<1 h/day 1,120 37.7(2.8) 511 36.0 (2.9) 609 39.1 (3.5)

>1-< 2 h/day 1,477 36.9 (1.9) 709 38.7 (2.9) 768 35.1 (2.4)

>2-< 4 h/day 2,527 34.9 (1.6) 1,328 33.8(2.2) 1,199 36.0 (2.3)

>4 hiday 1,753  26.5(1.2)* 959 26.4 (2.1) * 794 26.6 (2.1) *
Weight Status (>2 years)®

Underweight 239 38.2(4.3) 130 33.6 (5.4) 109 43.4 (6.3)

Normal Weight 4,171 36.9 (1.5) 2,119 36.8 (1.6) 2,052 37.0 (1.9)

Overweight 1,028 31.2(2.0) 530 32.0(3.5) 498 30.5(2.9)

Obese 1,168 24.5(1.8) * 599 25.0 (2.4) 569 24.0 (2.5) *

Abbreviations: GED, general equivalency diploma. ! Estimates with different letter subscripts (i.e., a or b) are
significantly different across subgroups within each category at p < 0.0167; asterisk (*) indicates significant linear
trend at p < 0.0167. For age comparison, infants <1 year were not included in the contrast. ? “Other” race group (n =
259) was not presented as recommended by the National Center for Health Statistics (NCHS).® Data were examined
separately using the examination weight.
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Table 3.2. Estimated percentage distribution and mean number of dietary supplement taken by U.S.

period, by age group, NHANES 2011-2014%?

children (<18 years) in a 30-d

All <1 year 1-3 years 4-8 years 9-13 years 14-18 years
(n=2,365) (n=119) (n=509) (n=2800) (n=519) (n=419)
Characteristic % (SE)
Type or products
MVM* 74.3 (1.7) 10.6 (2.6) 78.5(2.6) 82.6 (2.2) 76.1(2.7) 62.7 (3.6)
Multivitamins 9.6 (1.4) 29.7 (4.7) 10.8 (1.8) 10.2 (2.2) 9.3(1.9) 5.7 (1.4)
Vitamin C* 7.3(1.0) 0.0 (0.0) — 4.4 (1.1) 8.3 (1.6) 16.2 (3.0)
Vitamin D* 5.0 (0.7) 47.3 (6.2) 1.8(0.7)2 2.7 (0.9)2 3.0(0.7) 8.9 (2.3)
Calcium* 4.7 (0.7) 0.0 (0.0) — 5.0 (1.3)2 3.6 (1.3)2 8.3(2.2)
Botanicals* 4.2 (0.9) — — — — 8.3(1.8)
Fatty acids* 2.4 (0.6) 0.0 (0.0) — — 1.4 (0.5)2 7.6 (2.6)?
Iron 1.6 (0.4) — 1.2 (0.4)? — — 4.2(1.2)
Number of supplements taken, %
(SE)
1* 82.7 (1.5) 91.8(2.7) 90.1(2.1) 85.6 (2.3) 82.9(2.3) 71.0(2.8)
2% 11.9(1.1) 5.8(2.1) 9.3(2.0) 8.8 (1.6) 13.1(1.9) 18.0 (2.3)
3 or more* 5.4 (0.8) — — 5.6 (1.4) 4.0 (1.1) 11.0(2.4)
Mean number of supplements 1.3(0.03) 1.1 (0.04) 1.1(0.02) 1.2 (0.04) 1.2 (0.04) 1.5 (0.08)

taken, mean (SE)*

Abbreviations: MVM, multivitamin-minerals; NHANES, National Health and Nutrition Examination Survey.
! Asterisk (*) indicates significant linear trend across age groups at P < 0.0167. Infants <1 year were not included in the contrast. 2 The relative SE is >30% but

<40% and may be statistically unreliable. If the relative SE>40%, data are not shown (—).



Table 3.3. Estimated percentage of U.S. children (<18 years) who used dietary supplement in a
30-day period by economic indicators, NHANES 2011-2014%2

- Any DS MVM Multivitamins ~ VitaminC  Vitamin D
Characteristic n
% (SE)

Total 8,288 324(1.2) 24.1(1.2) 3.1(0.5) 24(0.3) 1.6 (0.2)
PIR

<130% 3,726 22.2(1.6)® 17.1 (1.4)® 1.8 (0.4)® 1.1(0.3)2 0.9 (0.2)2

131-350% 2,379 34.6 (1.5)" 24.4 (1.6)° 4.0 (0.9)2° 3.2(0.7)° 1.7 (0.4) 20

>350% 1,533 447 (2.4)%* 33.6 (3.0)¢* 4.0 (0.8) = 3.3(0.9)2° 2.7 (0.6)>*
Food security

Food-insecure 2,169 22.3(2.0)2 15.8 (1.3)? 2.8 (0.8) 1.9 (0.6) 0.4 (0.1)2

Food-secure 6,055 35.1(1.3)° 26.2 (1.5)° 3.2(0.5) 2.5(0.49) 2.0 (0.3)°
SNAP participation

Participant 2,922 19.5(1.5)2 14.4 (1.3)2 1.6 (0.5)2 0.6 (0.2)2 0.8 (0.3)22

Income-eligible b b a ab2 a2
nonparticipant 1,377 27.9(1.9) 22.4(1.9) 1.6 (0.5) 2.0 (0.7) 0.8 (0.3)

Income-ineligible c c b b b
nonparticipant 3,509 40.3 (1.6) 29.3 (1.9) 4.3(0.8) 3.5(0.5) 2.3(0.4)
WIC participation

Participant 1,562 25.9(1.8)2 19.4 (1.7)° 3.3(0.8) — 0.8 (0.3)#2

I -eligibl

ncome-eligible 386  355(39)° 286(37)%  41(L4)? — —
nonparticipant

Income-ineligible 764 471(23)°  33.7(3.0)° 5.2 (1.0) 1104)2  37(0.7)°

nonparticipant

Abbreviations: DS, dietary supplement; MVM, multivitamin-minerals; NHANES, National Health and Nutrition
Examination Survey; PIR, family income-to-poverty ratio; SNAP, Supplemental Nutrition Assistance Program; WIC,
the Special Supplemental Nutrition Assistance Program for Women, Infants, and Children. ! Estimates with different
letter subscripts (i.e., a, b, or c) are significantly different across subgroups within each indicator category at p <
0.0167; asterisk (*) indicates significant linear trend across PIR subgroups at p < 0.0167; 2 The relative SE is >30%
but <40% and may be statistically unreliable. If the relative SE > 40%, data are not shown (—).
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Table 3.4. Estimated percentage distribution and mean number of any dietary supplement taken by U.S. children (<18 years) in a 30-
day period by economic indicators, NHANES 2011-2014%?

All
(n = 2,365)

PIR Food security SNAP Participation WIC Participation
(n=2,189) (n=2,339) (n=2,220) (<5 years; n=793)
Food-  Food- | o comencome- | dncome - income.
<130% 130-350%  >350% Insecure  Secure Participant Eligible  Ineligible |Participant Eligible Ineligible
(n=736) (n=768) (n=685) (n=532) Non-SNAP Non-SNAP| (n=339) Non-WIC Non-WIC

(n=443) (n=1,896)

(n=344) (n=1,344)

(n=113) (n=341)

Number of supplements

taken, % (SE)

1 82.7(1.5) |89.1(2.1) 81.9(2.6)" 78.9 (2.8)>*|81.8(1.7) 87.2(2.5) |91.3(1.9)% 86.7 (3.6)*> 79.9 (1.9)"| 92.2 (3.0) 95.2(2.5) 86.6 (3.0)
2 11.9(1.1) | 7.6 (1.5)2 12.0(2.1)2" 14.8 (2.0)>*|12.5(1.2) 9.0(2.3) | 5.9(1.7)% 10.0(2.5)*" 13.6 (1.6)" — — 12.0 (3.0)
3ormore 5.4(0.8) |3.3(1.3)2 6.1(1.4) 6.3 (1.5) 5.7 (0.9) — — — 6.4 (0.9) — — —
Mean
number of
supplements 1.26 (0.03) {1.15 (0.03) 2 1.30 (1.3) ® 1.30 (0.04) *|1.28 (0.03) 1.18 (0.04) [1.13 (0.03)? 1.17 (0.05) 2 1.31 (0.03) 9 1.09 (0.03) 1.06 (0.03) 1.16 (0.03)
taken, mean
(SE)

Abbreviations: NHANES, National Health and Nutrition Examination Survey; PIR, family income-to-poverty ratio; SNAP, Supplemental Nutrition Assistance
Program; WIC, the Special Supplemental Nutrition Assistance Program for Women, Infants, and Children. ! Estimates with different letter subscripts (i.e., a or b)
are significantly different across subgroups within each indicator category at p < 0.0167; asterisk (*) indicates significant linear trend across PIR subgroups at p <
0.0167. 2 The relative SE is >30% but <40% and may be statistically unreliable. If the relative SE > 40%, data are not shown (—).
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Boost immunity
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Figure 3.1. Estimated percentage (%(SE)) of dietary supplement users (<18 years) who had the
listed motivations for any dietary supplement use in a 30-day period by family income level,
NHANES 2011-2014

PIR, family income-to-poverty ratio. Estimates with different letter subscripts (i.e., a or b) are
significantly different across PIR subgroups at p < 0.0167. Participants could select more than one
motivation for each product.
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Table 3.5. Estimated percentage (%(SE)) of any dietary supplement users (<18 years) and motivations for use in a 30-d period by food
security and SNAP and WIC participation status, NHANES 2011-201412

Food security (n = 2,339)

SNAP participation (n = 2,220)

WIC participation (<5 years; n = 793)

Food:  Food- o meomenome ) dncome- - ncome
insecure secure Participant eligible ineligible Participant eligible ineligible
(n = 443) (n = 1,896) (n=532) non-SNAP non-SNAP (n=339) non-WiC non-WiC
’ (n=344) (n=1,344) (n=113) (n=2341)
Top 5 motivations
To maintain health 41.3(3.8) 41.6 (2.7) 41.0 (3.8) 39.3(4.0) 41.7 (3.2) 39.1(3.8) 46.8 (4.7) 38.1(4.1)
To improve overall health 36.5 (4.9) 34.1(2.6) 35.4 (3.6) 35.6 (4.4) 34.2 (3.0) 29.2 (3.8) 36.5 (8.3) 34.8 (3.2)
To supplement diet 16.9 (2.7) 24.2 (2.7) 16.3 (2.5) 18.5(2.2) 25.8 (3.2) 24.0 (2.8) 22.1(4.7) 29.9 (3.9)
To prevent health problems 14.8 (2.8) 15.4 (1.6) 11.1(1.8)2P 9.8(2.4)* 17.6 (2.0)° 10.4 (2.5) — 14.8 (2.7)
Tn?n[:{;\f;t colds, boost 96(20)  111(0.9) | 96(L7) 9925  114(L0) | 12125 121462  82(20)
Health practitioner
recommended
Yes 15.4 (2.0) 18.3 (1.6) 22.9(3.0)® 10.8 (1.9)° 18.0 (1.8) 2P 30.9(3.2)° 14.6 (3.5)° 28.9(4.6)

Abbreviations: NHANES, National Health and Nutrition Examination Survey; SNAP, Supplemental Nutrition Assistance Program; WIC, the Special Supplemental

Nutrition Assistance Program for Women, Infants, and Children.

! Estimates with different letter subscripts (i.e., a or b) are significantly different across subgroups within each indicator category at P < 0.0167. 2 The relative SE
is >30% but <40% and may be statistically unreliable. If the relative SE>40%, data are not shown (—).
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Table 3.6. Estimated percentage (%(SE)) of multivitamin-mineral users (<18 years) and motivations for use in a 30-day period by
economic indicators, NHANES 2011-2014'?

PIR Food Security SNAP Participation WIC Participation
(n=1,588) (n=1,694) (n=1,609) (<5 years; n =544)
All Food- Food- Income-  Income- Income-  Income-
(n=1,716)| <130% 130-350% >350% Insecure  Secure Participant Eligible Ineligible |Participant Eligible Ineligible
(n=537) (n=543) (n=508) (n=314) (n = 1,380) (n =387) Non-SNAP Non-SNAP| (n=225) Non-WIC Non-WIC
B T (n=254) (n=2968) (n=84) (n=235)
Top 5 motivations
To maintain
health 45.7 (2.3) |44.0 (3.2) 45.0 (4.2) 46.0 (4.2)|43.1(4.1) 45.8(2.8) | 45.5(3.9) 43.9(4.9) 45.4(3.4) | 43.0(4.2) 50.0(5.7) 41.7 (4.8)
To improve
overall health 38.0 (2.9) |41.5(3.5) 38.7 (4.1) 35.5(3.8)|42.1(5.5) 37.4(3.1)| 40.6 (4.3) 39.7(5.5) 37.2(3.6) | 31.0 (4.6) 43.6(10.0) 40.6 (4.0)
;(;f“pp'eme”t 23.9(2.6) [17.1 (2.4)?19.9 (2.9)a32'3;'£4'6) 18,6 (3.1) 24.7(3.1)|15.3 (2.7)2 18.4 (3.1)2" 27.2 (3.6)"| 26.9 (3.2) 22.5(5.8) 29.9 (4.6)
;:’oglreer‘]’;”thea"h 10.4 (0.9) |10.0 (2.0) 12.8 (24) 86 (L.6) | 95(22) 10.7(L1)| 10.0(2.0) 10.4(3.0) 10.8(1.3) | 13.1(3.4) 13.0(45)2 9.0 (2.8)2
To prevent colds, . b b
boost immunity 10.4 (1.0) | 7.1 (1.3)2 12.5(2.0)*10.1 (1.8)" 11.4 (2.5) 10.0(1.1)| 9.0(1.9) 6.6(1.8) 11.3(1.6) | 7.9 (2.1) — 13.6 (3.3)
Health practitioner recommended
Yes 15.3 (1.6) [12.4 (2.5) 13.9(24) 17.2(3.4)[15.1(2.4) 15.0(2.0)|205(3.6)* 8.7(2.2)" 15.0(2.2)"] 26.4 (3.9) — 21.8 (4.7)

Abbreviations: NHANES, National Health and Nutrition Examination Survey; PIR, family income-to-poverty ratio; SNAP, Supplemental Nutrition Assistance
Program; WIC, the Special Supplemental Nutrition Assistance Program for Women, Infants, and Children. * Estimates with different letter subscripts (i.e., a or b)
are significantly different across subgroups within each indicator category at p < 0.0167; asterisk (*) indicates significant linear trend across PIR subgroups at p <
0.0167. 2 The relative SE is >30% but <40% and may be statistically unreliable. If the relative SE > 40%, data are not shown (—).



3.5. Discussion

The prevalence of DS use among U.S. children has remained relatively consistent over
time; about a third of U.S. children use DS, mostly micronutrient supplements such as MVM and
multivitamins. Children in households with low incomes and food insecurity were less likely to
use DS than those in more affluent households, as suggested in previous studies (7-10). In
addition, DS users in low-income families took fewer products and were less likely to have
“supplementing the diet” as the motivation for their use of DS and MVM than those in higher-
income families, even though low-income families may face barriers to nutrient-dense diets (20—
24). The impact of income differences in DS use on total nutrient intakes (i.e., nutrient intake
from foods, fortification, and DS) among children should be further investigated, but results from
adult NHANES data analysis suggested that income differences in DS use lead to larger
disparities in total nutrient intake than when only nutrient intakes from foods are calculated
(6,25).

DS use was lowest among children currently receiving WIC benefits (26%) and those in
households receiving SNAP benefits (20%). This may be because the programs are linked to
income. It is also notable that SNAP and WIC did not permit the purchase of DS with program
benefits. Another possible explanation can be that the programs increase the amount of resources
available for buying food, which may have eased parents’ concerns about the adequacy of their
children’s diets. Previous studies also suggest that children receiving nutrition assistance (e.g.
WIC, SNAP, and reduced/free school meals) were less likely to use any DS or nutrient
supplements than nonparticipants of these nutrition assistance programs (7,8). However, these
studies did not further divide nonparticipants into income-eligible and income-ineligible
nonparticipants, making it difficult to distinguish the effect of family income from that of
nutrition assistance program participation. Nevertheless, USDA reports based on NHANES data
have shown that DS use is lowest among SNAP and WIC participating children compared to
both income-eligible and higher-income nonparticipants (26,27).

The proportion of the products taken by child users of DS on the basis of health care
professional’s recommendations were about 16% in 2007—2010 survey (9). Overall, 18% of
children who used DS and 15% of those who used MVM took at least one product based on
health practitioners’ recommendations. SNAP and WIC participants were more likely to use DS
based on the recommendations of a health practitioner than income-eligible nonparticipating

73



counterparts. WIC provides health care referrals in addition to food vouchers, and those referrals
may have increased the program participant’s access to health practitioner’s recommendations
(28,29) that may have served as cues for action (8).

Although DS are defined to supplement the diet under the Dietary Supplement Health
and Education Act, four of the top five motivations for DS or MVM use were related to health

29 ¢c

promotion and disease prevention: “to maintain health,” “to improve overall health,” “to prevent
colds,” and “to prevent health problems”. Our results supported that many DS users perceive
supplements as “insurance” against health problems (30-32), although evidence of the health
benefits of dietary supplements are controversial and complex (33-35). DS use information of
children aged <16 y was given by their proxies, so some motivations reported may be of parents
or caregivers, not of children themselves. Moreover, it is possible that even motivations of
children themselves were determined or largely influenced by parents and caregivers. Further
research is needed on how parent’s perceptions and use of DS affect children’s DS use. So far,
Yu et al. (36) reported that DS use of preschoolers was associated with mother’s supplement use
before pregnancy and the mother’s perception of child’s eating behavior, and Dwyer et al. (37)
showed that child DS use is similar to parents’ use in terms of type of product type.

The characteristics of supplement users in our study were consistent with previous
reports. Users tended to be younger (1-3 years and 4-8 years), be non-Hispanic white, have
private health insurance, spend less time in front of television or computer screens, and have
lower BMI (girls only) (7-10). Because NHANES 2011-2014 oversampled non-Hispanic Asian
persons, this study is the first to report estimates for non-Hispanic Asian children using
NHANES data. The prevalence of DS use in non-Hispanic Asians was similar to that in non-
Hispanic whites. The trends in use by sex, age, and weight status among children were different
than those found in adults. In adults, DS use was higher in women, increased linearly with age,
and was greatest among normal weight and lowest among underweight and obese adults (1,4).
Child DS users also had different patterns regarding the number and type of DS taken compared
with adult users. The vast majority of child DS users (83%) were taking only one product, while
5% were taking 3 or more products; whereas about half of adult users took only one product and
about 10% were using 5 or more products (38).

MVM were the most commonly used DS products across all age groups except infants

(<1 year). Among infants, vitamin D as single-ingredient product was most frequently used.
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After infancy, the products used were more diverse in older children, similar to a greater variety
of products used by adults (1,4). For some age-sex groups, there may be a need for products
containing certain ingredients. For example, under-consumption of iron by female adolescents
was noted in the 2015-2020 Dietary Guidelines for Americans (39). However, only 9.0% (SE
0.7%) took any iron-containing supplements (data not shown); this estimate was much lower
than the estimate of 13.8% (SE 0.7%) for 14-18-year-old girls from a 1999-2002 NHANES
analysis (7).

A limitation of our analysis was that DS use information of children under 16 years was
obtained mainly from proxies who may not remember or observe whether their children actually
consumed the product or how much they consumed. Another limitation is that the motivations
for DS use were assessed at one point in time due to cross-sectional nature of the NHANES.
Strengths of our study include the large nationally representative sample of children and rigorous
methods used for DS information collection: in-person interview, checking containers and labels
in home, and post hoc review and classification of the information by nutritionists. NHANES has
collected information about motivations for DS use since 2007. To our knowledge, this study is
the first to examine the detailed DS use information and motivations for DS use by economic
indicators.

There are many theories regarding DS use. Some of our results highlight the “inverse
supplement hypothesis™ that suggests healthier and more health-conscious people with better
quality diets are more likely to use DS (30,31), and the Health Belief Model that suggests limited
financial resources may be one of the modifying factors that may supersede intentions for DS use
(8). Nutrients from DS can contribute substantial amount of nutrients to total nutrient intake and,
therefore, may fill the nutrient gaps for those who otherwise would not meet recommended
intake targets of some nutrients (40-42). DS may differentially contribute to total nutrient intake
by socioeconomic status as shown in previous studies using PIR as a poverty indicator (6,25).
However, this argument assumes that the nutrient gaps are filled by the DS taken, which is
highly dependent on whether there is a nutrient gap to begin with and whether DS taken contain
the deficient nutrient. Future work should estimate total nutrient intakes from foods and DS to
identify the proportions of various socioeconomic subpopulations that are not meeting Estimated
Average Requirements or exceeding Tolerable Upper Intake Levels and to what extent nutrients

from DS contribute to total intakes. At the same time, more investigations on the safety of DS
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and the efficacy of DS are needed. The practical implementation and behavioral changes
necessary for effective supplement use among children in households with limited resources are
also unknown. More efforts are warranted to ensure adequate nutrition across all socioeconomic
groups, taking into account the complex interplay of socioeconomic, lifestyle, health, and
psychological determinants and incorporating diverse actors, including caregivers, health care
providers, and society.

In conclusion, DS are used by about a third of U.S. children, with most child DS users
using MVVM or multivitamins and taking only one product in a 30-d period. DS use was greater
among children in families with a higher household income and a higher level of household food
security, and was lowest among children living in lower income families who were participating
in WIC or SNAP. The most common maotivations for DS use were related to health across all
subgroups, while children in high-income families were more likely to use DS “to supplement
the diet.” The data suggest that there are systematic differences in DS use and types of DS used
by family income level, food security level, and federal nutrition assistance program

participation status.
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CHAPTER 4 . CHILDREN’S DIETARY QUALITY AND
MICRONUTRIENT ADEQUACY BY FOOD SECURITY IN THE
HOUSEHOLD AND AMONG HOUSEHOLD CHILDREN

Jun S, Zeh MJ, Eicher-Miller HA, and Bailey RL. Children’s dietary quality and micronutrient
adequacy by food security in the household and among household children. Nutrients 2019;
11(5), 965. doi: 10.3390/nu11050965.

The chapter was published as an original research article in Nutrients and formatted according to
the journal requirements. Multidisciplinary Digital Publishing Institute journals allow authors to
retain the copyright of their work and, thus, to include their own articles in their dissertation.

4.1. Abstract

Children’s food-security status has been described largely based on either the
classification of food security in the household or among household children, but few studies
have investigated the relationship between food security among household children and overall
dietary quality. Our goal was to examine children’s dietary quality and micronutrient adequacy
by food-security classification for the household and among household children. Data from 5540
children (2-17 years) from the National Health and Nutrition Examination Survey (NHANES)
2011-2014 were analyzed. Food-security status was assessed using the U.S. Household Food
Security Survey Module and categorized into high, marginal, low, and very low food security for
the households and among household children. Dietary quality and micronutrient adequacy were
characterized by the Healthy Eating Index (HEI) 2015 and Mean Adequacy Ratio (MAR; based
on total nutrient intakes from diet and dietary supplements), respectively. The HEI 2015 scores
did not substantially vary by either food-security classification, but the MAR was greater in high
compared to very low food security in households and among household children; a linear
relationship was found only among household children. In general, very good agreement was
observed between the classifications, but the strength of agreement differed by children’s age,
race/Hispanic origin, and family income. In conclusion, micronutrient adequacy, but not dietary
quality, significantly differed by food-security status. While the agreement between food security
in the household and among household children is very good, classification of food security

81



among household children may be more sensitive to detecting differences in exposure to

nutrients.

4.2. Introduction

Food insecurity occurs when consistent access to enough food for an active and healthy
life is limited or uncertain due to lack of resources for food (1,2). Food-security status in the
United States (U.S.) has been assessed since 1995 by the U.S. Department of Agriculture
(USDA) using the U.S. Household Food Security Survey Module (HFSSM) (3). The USDA
classification of food insecurity represents a range of experiences characterizing limited
resources for food: high food security is defined as no indication of limits to food access,
marginal food security as anxiety about securing food but little indication of changes in diet or
food intake, low food security as reduced quality of diet, and very low food security as altered
eating patterns and reduced quantity of food intake (2). Food insecurity is quantified for the
entire household using the full set of questions in the HFSSM, adults in the household using the
10 adult-specific items in the HFSSM, and children in the household using the eight child-
specific items. The ranges of experience for the household or children in the household (i.e.,
household children) are classified using the Household Food Security Scale or the Child Food
Security Scale, respectively. Such a tailored approach to food-security classification recognizes
that the experience of children may be different with adults living in the same household. In
2017, household food insecurity (i.e., food insecurity in the household) was estimated at 15.7%
among households with children, 11.6% with low food security and 4.1% with very low food
security (2). Meanwhile, in 7.7% of households with children, at least one child was food-
insecure (i.e., food insecurity among household children), suggesting that children may not have
directly experienced food insecurity in about half of food-insecure households with children.

Previous systematic and narrative reviews of U.S. studies showed evidence of adverse
associations between food insecurity and dietary outcomes among children that may vary by age,
although less consistent when compared to adults (4,5). Among the studies that utilized the
HFSSM or its short form, many used the Household Food Security Scale to describe children’s
food-security status, and a few studies used the Child Food Security Scale to investigate the
relationship with dietary intake (4). The choice of food-security scale may impact the resulting

relationship discovered between food security and dietary intake. Agreement between the scales
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has not been evaluated since the development of the Child Food Security Scale (6). Furthermore,
most studies focused on individual nutrients and food groups rather than overall dietary quality.
Several indices of dietary quality were developed to reflect multiple components of the human
diet (7). The Healthy Eating Index (HEI) measures adherence to the Dietary Guidelines for
Americans (DGA), primarily based on food intake (8), whereas the Mean Adequacy Ratio
(MAR) assesses micronutrient intakes relative to Dietary Reference Intakes (9-11). The objective
of this study was to examine children’s dietary quality and micronutrient adequacy by food
security in the household and among household children using a nationally representative sample
of U.S. children from the National Health and Nutrition Examination Survey (NHANES) 2011

2014. Agreement between household food security and child food security was also examined.

4.3. Materials and methods
4.3.1. Study population

The NHANES is a nationally representative, cross-sectional survey that samples the
noninstitutionalized, civilian residents of the United States using a complex, stratified, multistage
probability cluster-sampling design (12). The NHANES survey protocol was approved by the
Research Ethics Review Board at the National Center for Health Statistics, and written informed
consent was obtained for all participants or proxies. The NHANES protocol includes an in-home
interview of demographics and self-reported health information, and a follow-up health
measurement in a Mobile Examination Center for each participant. For survey participants who
were under 16 years of age, a proxy provided information. We combined data from the 2011—
2012 and 2013-2014 NHANES survey cycles, collected based on the four-year sample design
that oversampled non-Hispanic non-Black Asian persons for the first time; these have most up-
to-date dietary-supplement intake data because dietary-supplement use information is not yet
available from the 2015-2016 cycle. From 2011, NHANES collected food-security information
using the HFSSM alone and discontinued implementing several follow-up items on individual-
level food security. The analytic sample included children ages 2—17 years with complete food-

security information and reliable dietary recall data for at least one day (n = 5540). Children
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under 2 years were excluded, as Healthy Eating Index (HEI) score estimation is not possible in

these ages because the DGA are for the U.S. population ages two and older.

4.3.2. Food security assessment

The HFSSM was administered during the household interview, where an adult responded to
the questions for the entire family (3). The Household Food Security Scale was used to classify
food security for households with children ages 17 years and younger, and the Child Food
Security Scale was used to classify the experience of children in the household (i.e., household
children). Based on the number of affirmative responses, household food security was
categorized as high (0), marginal (1-2), low (3-7), or very low (8-18) (3). Food security among
household children was categorized as high (0), marginal (1), low (2—4), and very low (5-8) per
NHANES documentation. Both household food security and food security among household
children are reflective of conditions over the last 12 months, the reference period inherent to the
HFSSM.

4.3.3. Sociodemographic variables

Sociodemographic characteristics that were linked with food-security status in the previous
literature were examined, including individual characteristics (age, sex, race/Hispanic origin, and
sibling status) and household characteristics (parental education level, family income, and food-
assistance-program participation) (2,13). Self-reported race/Hispanic origin groups as defined in
the NHANES were non-Hispanic White, non-Hispanic Black, non-Hispanic Asian, Hispanic, and
other races; the “other” race group was only included in the estimates for the total sample as
recommended (12). Household education level, defined as the education level of an adult
household member who owns or rents the residence, was categorized as less than high school,
high school or equivalent, some college or associate degree, and college graduate or above. The
family poverty-to-income ratio (PIR) is the ratio of the annual family income to the poverty
guideline established by the Department of Health and Human Services. PIR was categorized as
<1,1-1.3, 1.31-1.85, and >1.85. Families with PIR below 1 are considered “poor” by the Census
Bureau (14). PIR of 1.3 is an income eligibility criterion for the Supplemental Nutrition

Assistance Program (SNAP), a federally funded food-assistance program that provides cash
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benefits for food (15,16). A PIR of 1.85 also serves as the income eligibility criterion of other
federal food-assistance programs such as the Special Supplemental Nutrition Program for
Women, Infants, and Children (WIC) (16). Current household SNAP participation status was
categorized as participating, income-eligible but not participating, and income-ineligible and not
participating. Lastly, whether a child is a singleton (i.e., an only child) or has one or more
siblings was determined based on the information about the number of children in the household.
When a child was living in a household with two or more children, the child was considered to
have a sibling.

4.3.4. Dietary intake data

Dietary-intake data were collected using the Automated Multiple-Pass Method as part of
What We Eat in America using two 24-hour dietary recalls (17). The first 24-hour recall was
collected in person in the Mobile Examination Center, and the second recall was collected via
phone 3 to 10 days later. During the 24-hour recall interview, information on the types and
amounts of dietary supplements consumed during the 24-period prior to the interview was also
collected, directly after the collection of food and beverage information. The USDA’s Food and
Nutrient Database for Dietary Studies and NHANES Dietary Supplement Database were used to
convert foods and beverages, and dietary supplements, respectively, to nutrient values.

Children’s dietary quality was characterized by the HEI 2015 because the HEI 2015 is
based on the latest iteration of the DGA that reflects the most updated evidence on healthy
eating. The HEI 2015 is a validated dietary-quality index that measures conformance to the
2015-2020 DGA (8). The HEI 2015 rates densities of consumed food groups and nutrients rather
than absolute amounts to evaluate dietary quality rather than dietary quantity. The HEI 2015
represents 13 dietary components with a total score of 100: adequacy components include total
fruit (maximum score of 5), whole fruit (5), total vegetables (5), greens and beans (5), whole
grains (10), dairy (10), total protein foods (5), seafood and plant proteins (5), and fatty acids
(10), and moderation components include refined grains (10), sodium (10), added sugars (10),
and saturated fats (10). The HEI 2015 components are similar with those of the HEI 2010 that
assesses adherence to the 2010-2015 DGA, except that HEI 2015 includes separate components
for ‘added sugars’ and ‘saturated fats’ instead of ‘empty calories’ component, does not include

excessive energy from alcohol in any component, and allocates the legumes to all 4 components
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for vegetables and protein foods (8). The scores were calculated at group level by the population
ratio method based on first-day recalls (18,19) using publicly available SAS macros from the
National Cancer Institute (20).

The MAR was chosen as an index of micronutrient adequacy. The MAR is calculated at an
individual-person level based on nutrient intake from diet alone (i.e., dietary nutrient intake) or
based on total nutrient intake from diet and dietary supplements (9,11). Nutrient intake data were
derived from the mean of two 24-hour dietary recalls when available, and from the first recall
when only one reliable recall is available. Nutrient-adequacy ratio is the ratio of an individual’s
nutrient intake to the Recommended Dietary Allowance (RDA) or Adequate Intakes (Al) from
the Dietary Reference Intakes, truncated at 1.0 (21,22). The MAR is the mean of NAR values for
individual nutrients. This analysis included the NAR and MAR for the 9 shortfall micronutrients
identified in the DGA: vitamins A, C, D, and E, folate, calcium, magnesium, iron, and potassium
(23). Vitamin A and E intakes from dietary supplements are not available in the 2011-2014
NHANES and are not included in this analysis.

The prevalence of dietary-supplement use was estimated using information from a dietary-
supplement questionnaire (DSQ) (24). The DSQ was administered during the in-home interview
in tandem with a home inventory, and collected information about any dietary-supplement use
over the past 30 days to capture both habitual and episodic consumption of dietary supplements.
If a child used any dietary supplement during the 30-day period, the child was classified as
dietary-supplement user. As mentioned above, dietary-supplement-use information was also
collected through 24-hour dietary recalls, and nutrient intake from dietary supplements was

determined from 24-hour recall data.

4.3.5. Statistical analysis

All statistical analyses were performed using SAS (version 9.4; SAS Institute, Inc., Cary,
NC, USA) and SAS-callable SUDAAN (version 11; RTI International, Research Triangle Park,
NC, USA) software. The 2011-2014 NHANES 4-year sample weights were used to account for
differential probabilities of selection, nonresponse, and planned oversampling.
Sociodemographic characteristics, including sex, age, PIR, race/Hispanic origin, household
education level, sibling status, and SNAP participation status, were examined by household food

security and food security among household children. The Satterthwaite-adjusted Wald Chi-
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square test was used to assess differences in the distribution of sociodemographic variables.
Mean HEI 2015 score, dietary-supplement-use prevalence, and MAR from diet and from diet
and dietary supplements were examined by household food security and food security among
household children with pairwise t tests. Statistical significance was determined at a two-sided p-
value <0.05.

To examine agreement between classifications of household food security and food security
among household children, concordance (i.e., perfect agreement) was examined using the n
obtained from Chi-square contingency tables. Raw Kappa agreement was estimated using the
agree statement within proc crosstab using the survey design features. Additionally, “weighted”
agreement was calculated using a Cichetti and Allison C-statistic for the four categories of food
security, representing the relative proximity to each other (25). The weighing of the agreement
exerts more influence to observations closer to proximity rather than to perfect agreement alone,
and is the preferred method to apply to scales that are ordinal in nature, whereas the unweighted
Kappa is traditionally used for nominal scales (26). The C-statistic is interpreted like a
correlation coefficient and has been previously used to characterize nutritional indicators in the
NHANES (27,28). Statistical differences in C-statistics among sociodemographic subgroups
were assessed by the overlap of confidence intervals because survey procedures do not exist for
incorporating the NHANES sample weights and complex survey design features. The test of
marginal homogeneity was used to test the null hypothesis that the probabilities of all the
categories are the same, which would be expected based on random chance.

4.4. Results

In a representative sample of U.S. children in 2011-2014, both household food security and
food security among household children were associated with children’s age, race/Hispanic
origin, family income, household education level, and SNAP participation (Table 4.1).
Compared to the high food-security category, children with marginal, low, and very low food
security were more likely to be Non-Hispanic Black or Hispanic, and were living in families with
lower incomes, lower educational attainment, and participating in SNAP.

There were no significant differences observed in children’s HEI 2015 scores by household

food security; however, specifically among household children, HEI 2015 scores with marginal
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food security (52.2 + SE 1.16) were lower compared to those with high food security (55.6 £ SE
0.62), but not different to other groups (Figure 4.1). Dietary-supplement use was highest in the
high food security category, classified by both household food security (40.4%) and food
security among household children (37.3%; Figure 4.2). The MAR calculated from diet alone
was greater in the high food security category compared to the very low food-security category
classed for both household and household children (Figure 4.3.A). The MAR from total nutrient
intake, inclusive of dietary supplements, was also higher in the high compared to the very low
food-security category for both the household and among household children (Figure 4.3.B). In
addition, only when food security among children was classified was the MAR from total intake
of the marginal food-security category lower than that of the high food-security category and
higher than that of very low food-security category. These patterns largely remained after
adjustment for age, race/Hispanic origin, family income, and household education level, except
that a significant difference was observed in the MAR from diet alone between high and
marginal food security among household children (data not shown).

Sixty-six percent of children 2—-17 years were living in households with high food security,
while 12%, 15%, and 7% were in households with marginal, low, and very low food security,
respectively (Table 4.2). In contrast, 84% of children were living in situations where household
children had high food security, followed by 6%, 8%, and 1% having marginal, low, and very
low food security, respectively. Overall, 66% of observations were perfectly concordant and,
among 28% of discordant observations, almost all were categorized into a higher food security
category using the Child Food Security Scale compared to the Household Food Security Scale
(data not shown). Based on the unweighted Kappa, fair agreement was observed (Kappa of 0.34)
between household food security and food security among household children (data not shown)
(29). Analysis of the proximity of agreement in household and household children classifications
using the C-statistic was 85%, and the test of marginal homogeneity suggested that the scales
agreed beyond what was expected by chance (p < 0.0001). No substantial differences existed in
the strength of agreement between boys and girls. When stratified by age group, the proximity of
agreement was lower in the 2-5-year-olds (C-statistic = 0.84) than the 15-17-year-olds (C-
statistic = 0.87). When stratified by race and Hispanic origin, agreement was highest in non-
Hispanic Asians (C-statistic = 0.95), followed by non-Hispanic White (C-statistic = 0.89), non-
Hispanic Black (C-statistic = 0.84), and Hispanics (C-statistic = 0.81). By family income, the
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agreement was lower in lower incomes (PIR < 130%; C-statistic = 0.77) compared to higher
incomes (PIR > 130%; C-statistic = 0.92); however, agreement did not vary based on singleton

and sibling classification.

89



Table 4.1. Sociodemographic characteristics of U.S. children (2-17 years) by household food security and food security among

household children, NHANES 2011-20141

Household food security (n = 5,540)

Food security among household children (n = 5,531)

High Marginal Low Very Low P- High Marginal Low Very Low P-
(n=3,196) (n=847) (n=1,023) (n=474) value? (n=4,438) (n=425) (n=578) (n=90)  value?
Sex
Boy 50.8(1.3) 489(3.0) 50.1(21) 55.6(3.9) 0.49 50.2(1.2) 50.2(3.0) 57.3(3.0) 46.7(6.7) 0.14
Girl 49.2(1.3) 51.1(3.0) 49.9(21) 44.4(3.9) 49.2(1.2) 49.8(3.0) 427(3.0) 53.3(6.7)
Age
2-5 years 243(1.0) 27.1(23) 255(1.8) 16.8(2.3) 002 248(0.9) 29.1(34) 176(24) 96(29) 001
6-14 years 55.8(1.7)  57.7(2.9) 556(2.0) 68.0(3.6) 56.0 (1.6) 53.4(3.0) 67.5(29) 61.3(5.8)
15-17 years 200(15) 152(1.8) 19.0(1.8) 152(2.7) 192 (1.2) 17.4(3.0) 150(2.1) 29.0(7.1)
Race and Hispanic
origin
Non-Hispanic White 61.3(35) 39.7(49  326(56) 375(6.2) <0001 558(36) 371(7.1) 343(6.1) 325(135) <0.001
Non-Hispanic Black ~ 10.9(1.7) 205(3.6) 205(2.7) 22.4(4.3) 125(1.8) 255(4.6) 23.7(3.7) 216(7.5)
Non-Hispanic Asian 6.1 (0.6) 3.6 (1.0) 2.5(1.0) 0.9 (0.4) 5.3 (0.5) 2.7 (0.8) 25(1.1) 0.4 (0.4)
Hispanic 17.6 (2.6) 29.7(3.8) 40.2(45) 32.7(5.7) 220(27) 29.4(57) 334(50) 41.9(11.9)
Family Income
PIR<1 14.9(1.8) 439(4.1) 48.0(3.6) 525(4.8) <0.001 22.2(23) 48.2(4.4) 47.8(4.1) 48.0(12.9) <0.001
PIR 1-1.3 76(11)  174(32) 126(23) 205 (4.6) 8.8(1.0) 20.8(3.6) 16.1(3.6) 39.3(14.0)
PIR 1.31-1.85 105(1.3) 124(19) 16.6(29) 13.9(3.0) 11.3(1.2) 162(3.4) 155(2.8) 6.9(3.8)
PIR >1.85 67.0(2.5) 263(5.4) 22.8(39) 13.0(4.7) 57.7(3.0) 14.8(28) 206(49) 5.9(5.6)
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Household education
level

Less than high school

High school or
equivalent

Some college or
associate degree
College graduate or
above

SNAP

Participating

Not participating,
income-eligible

Income-ineligible

13.3 (1.6)

18.1 (1.8)
29.9 (2.0)

38.6 (2.4)

16.8 (1.8)
10.7 (1.3)

72,5 (2.4)

31.4 (4.3)

30.0 (2.8)
27.6 (3.7)

11.0 (2.8)

45.9 (4.7)
20.2 (4.0)

339 (5.2)

34.8 (3.6)

31.3(3.7)
26.5 (3.4)

7.4 (1.6)

49.4 (3.4)
19.9 (2.3)

30.6 (3.8)

28.9 (3.7)

25.0 (3.6)
36.1 (4.0)

10.1 (4.3)

54.9 (5.3)
23,5 (3.3)

21.6 (4.8)

<0.001

<0.001

18.4 (1.5)

20.4 (1.7)
29.2 (1.7)

32.0 (2.3)

23.9 (2.3)
12.4 (1.3)

63.7 (2.8)

27.8 (4.0)

33.9 (5.6)
32.7 (5.6)

5.6 (2.4)

48.7 (5.3)
31.9 (3.5)

19.4 (4.0)

27.7 (3.9)

30.5 (4.5)
30.2 (3.6)

11.6 (4.2)

50.7 (5.0)
18.2 (2.7)

31.2 (5.2)

35.3 (12.0)

22.3 (9.5)
38.0 (11.8)

4.4 (2.5)

61.1(12.1)
29.4 (10.6)

9.5 (5.8)

<0.001

<0.001

L Values are % (SE). Percentages may not sum to 100 owing to missing data and/or rounding. 2 P-vales are from chi-square tests. PIR, family
income-to-poverty ratio; SNAP, Supplemental Nutrition Assistance Program.
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Figure 4.1. Healthy Eating Index (HEI)-2015 score of U.S. children (2-17 years) by household
food security and food security among household children, NHANES 2011-2014

Estimates with different alphabet letters are significantly different based on pairwise t-tests
within each classification at P-value < 0.05.
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Figure 4.2. Prevalence of dietary supplement use in U.S. children (2-17 years) by household food
security and food security among household children, NHANES 2011-2014

Estimates with different alphabet letters are significantly different based on pairwise t-tests
within each classification at P-value < 0.05. Percentages may not sum to 100 owing to missing
data and/or rounding.
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Figure 4.3. Mean Adequacy Ratio (MAR) from (A) dietary nutrient intake and (B) total
nutrient intake of U.S. children (2-17 years) by household food security and food security
among household children, NHANES 2011-2014

MAR was calculated from intakes of vitamins A, C, D, and E, folate, calcium, magnesium, iron,
and potassium. Estimates with different alphabet letters are significantly different based on
pairwise t-tests within each scale at P-value < 0.05.
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Table 4.2. The agreement between household food security and food security among household

children among U.S. children (2-17 years), NHANES 2011-2014!

Food security

Household food among Concor- - Hetero-
. C-statistic .
security household dance (95% Cl) geneity
% (SE) children % chi-square?
% (SE)
All n=>5,540 n=>5,531 66.0 0.851 (0.845, 2413.2
High 65.5(2.3) 84.4(1.2) 0.857)
Marginal 12.0 (1.0) 6.0 (0.5)
Low 15.2 (1.3) 8.4 (0.9)
Very Low 7.3(0.7) 1.3(0.3)
Sex: Boys n=2,810 n=2,805 65.3 0.848 (0.839, 1265.7
High 65.5 (2.5) 83.5(1.4) 0.857)
Marginal 115 (1.1) 5.9 (0.6)
Low 15.0 (1.4) 9.4 (1.1)
Very Low 8.0 (1.0) 1.2(0.2)
Sex: Girls n=2,730 n=2,726 66.7 0.854 (0.846, 1148.8
High 65.5 (2.4) 85.3(1.4) 0.863)
Marginal 12.5(1.2) 6.0 (0.7)
Low 15.4 (1.6) 7.3(0.9)
Very Low 6.6 (0.8) 1.4 (0.4)
Age group: 2-5 n=1,502 n=1,501 64.5 0.840 (0.828, 696.8
years 0.852)
High 65.6 (2.6) 86.3 (1.4)
Marginal 13.4 (1.4) 7.2 (0.9)
Low 16.0 (1.4) 6.1 (0.9)
Very Low 5.0 (0.8) 0.5(0.2)
Age group: 6-14 n=3,144 n=3,140 66.0 0.852 (0.844, 1373.6
years 0.860)
High 64.2 (2.6) 83.1(1.6)
Marginal 12.2 (1.1) 5.6 (0.6)
Low 14.9 (1.6) 9.9 (1.3)
Very Low 8.7 (1.0) 1.4 (0.3)
Age group: 15-17 n=894 n=890 68.6 0.867 (0.852, 348.3
years 0.881)
High 69.2 (3.1) 85.9 (2.0)
Marginal 9.6 (1.6) 55 (1.1)
Low 15.3(1.9) 6.6 (1.2)
Very Low 5.9 (1.3) 1.9 (0.8)
Race/Hispanic n=1,336 n=1,334 73.5 0.885 (0.874, 4235
origin: NH White 0.896)
High 76.3 (2.2) 89.6 (1.5)
Marginal 9.0 (1.4) 4.2 (0.7)
Low 9.4 (1.4) 5.5 (1.1)
Very Low 5.2 (1.0) 0.8 (0.4)
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Table 4.2 continued

Race/Hispanic n=1,523 n=1,520 60.8 0.836 (0.825, 802.4
origin: NH Black 0.847)

High 49.8 (2.8) 73.7 (2.3)

Marginal 17.1(1.5) 10.6 (1.6)

Low 21.7 (2.5) 13.8 (1.7)

Very Low 11.4 (1.5) 1.9 (0.7)
Race/Hispanic n=572 n=571 85.8 0.946 (0.935, 77.6
origin: NH Asian 0.958)

High 81.9 (3.8) 92.4 (1.9)

Marginal 8.9 (1.9) 3.3(1.0)

Low 7.9 (2.8) 4.2 (1.8)

Very Low 1.3(0.5) 0.1(0.1)
Race/Hispanic n=1,776 n=1,774 57.9 0.805 1086.8
origin: Hispanic (0.793, 0.817)

High 48.9 (3.6) 78.5 (2.3)

Marginal 15.1(1.9) 7.4 (1.3)

Low 25.9 (2.3) 11.8 (1.4)

Very Low 10.1 (1.6) 2.2 (0.7)
Family income: n=2,494 n=2,489 48.7 0.774 2090.3
PIR<1.3 (0.764, 0.784)

High 40.2 (2.9) 71.3(2.1)

Marginal 19.8 (1.8) 10.7 (0.9)

Low 25.1 (1.9) 15.1 (1.6)

Very Low 15.0 (1.4) 2.9 (0.7)
Family income: n=2,710 n=2,707 81.1 0.917 (0.911, 558.3
PIR>1.3 0.925)

High 80.1 (1.7) 92.0 (1.0

Marginal 7.2(1.1) 2.8 (0.4)

Low 9.4 (1.2) 4.9 (0.9)

Very Low 3.2(0.7) 0.2 (0.1)
Sibling: Only child n=1,046 n=1,040 70.1 0.863 (0.848, 369.2

High 71.0 (2.0 90.5 (1.0) 0.877)

Marginal 11.1(1.2) 4.3 (0.7)

Low 13.0 (1.4) 45 (0.8)

Very Low 4.9 (0.8) 0.6 (0.2)
Sibling: Has sibling n=4,494 n=4,491 65.0 0.848 (0.842, 2054.6

High 64.1 (2.6) 82.9 (1.4) 0.855)

Marginal 12.2 (1.2) 6.4 (0.5)

Low 15.8 (1.5) 9.3(1.1)

Very Low 7.9 (0.8) 1.4 (0.3)

! Percentages may not sum to 100 owing to missing data. Concordance indicates the percentage of concordant
observations. C-statistic and heterogeneity are from a weighted kappa approach proposed by Cicchetti and Allison
[25]. Concordance, C-statistic, and heterogeneity do not account for the NHANES survey design features or sampling
weights, but all other values are survey weighted. PIR, family income-to-poverty ratio. NH, Non-Hispanic 2 All P-
values were below 0.0001.
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4.5. Discussion

Food insecurity can challenge a household’s ability to obtain food and make healthy
choices, and may negatively influence dietary quality (23). The unfavorable impact of food
insecurity on childhood nutrition is especially concerning given the importance of this life stage
for optimal growth and development, and the establishment of dietary behaviors that may persist
into adulthood. Our findings suggest that both household food insecurity and food insecurity
among household children are associated with lower micronutrient adequacy, as assessed by the
MAR, and lower dietary-supplement use. A linear relationship was found only for food
insecurity among household children in relationship with the MAR from total nutrient intake.
Previous studies generally reported few differences in micronutrient intake from diet between
food-secure (i.e., high and marginal food security) and food-insecure (i.e., low and very low food
security) children, regardless of food-security scale (4,5); however, some adverse associations of
calcium and iron intakes with food insecurity among household children in older children were
reported (30,31). To the best of our knowledge, no study evaluated a summary measure derived
from a group of nutrients (e.g., MAR) that reflects comprehensive nutrient intakes rather than
single nutrients (7). Furthermore, few studies have examined children’s total nutrient intake from
both foods and dietary supplements by food-security status, although dietary-supplement use is
known to differ by food security and household income (24). Given that dietary supplements
contribute substantial amounts of nutrients to children who use them (32), analysis of food-
security comparisons should consider inclusion of nutrients from all sources (33).

The HEI 2015 score did not substantially differ by household food security or food
security among children, consistent with many previous studies on food-based dietary-quality
indices or food-group intakes (34-38). There was very little variation in overall HEI scores, with
all scores in the midrange of 50 out of a total possible 100 points (i.e., perfect adherence to the
DGA). However, several other studies have reported lower fruit and vegetable intake, and higher
added sugar intake in food-insecure children than in food-secure children, suggesting some
possible constraints on specific dimensions of food intake (4,5). It is notable that, in our analysis,
the marginal food-security category had lower HEI scores than the high food-security category
for classification by food security among children; the difference was largely driven by whole
fruit, whole grain, and refined grain components (data not shown). Although the NHANES
documentation identifies marginal food security among household children, the USDA has not
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separately reported the national prevalence estimates on this category due to a lack of expert
consensus on language to describe it (39). Given lower HEI 2015 scores and a lower MAR from
total nutrient intakes inclusive of DS, marginal food security among household children may also
pose a nutritional risk, although less severe, and should not be combined with full food security
(40). Further differences in children’s MAR across food-security categories were observed when
classifying food security among household children compared to household food security. This
suggests that food security among household children may be more sensitive to micronutrient
adequacy, which was somewhat expected because the Child Food Security Scale was developed
as a more specific classification of the experience of children compared with the Household
Food Security Scale (6,39). In contrast, two previous studies that conducted sensitivity analyses
to compare the classification of household food security and food security among children
observed fewer significant differences in micronutrient intake among Canadian children (41) and
in food-group intake among U.S. children when using the Child Food Security Scale (36).
Inconsistencies with our findings could be due to dichotomization of food-security status,
different dietary outcomes of interest (e.g., estimated usual intake of a single nutrient or food
group), and different sample characteristics.

There are many federal nutrition-assistance programs to mitigate food insecurity among
children, for example, SNAP, the Special Supplemental Nutrition Program for WIC, National
School Lunch and Breakfast Programs, and the Summer Food Service Program. While SNAP
largely does not limit food choices, WIC, National School Lunch and Breakfast Programs, and
Summer Food Service Program require offered foods to be aligned with the DGA. As children
with less food security had lower micronutrient adequacy, continuous efforts to improve the
nutrient quality of foods provided in these programs are warranted. In addition, more efforts to
promote access to available programs and nutritious foods for food-insecure children not
participating in federal programs may be needed. In this study, 32%, 18%, and 29% of children
living in situations where household children had marginal, low, and very low food security,
respectively, were not participating in SNAP. Moreover, 15%, 21%, and 6% of those with
marginal, low, and very low food security among household children, respectively, were living
in households that are income-ineligible for federal programs (i.e., PIR >1.85), although they

may need nutrition assistance.
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This analysis of NHANES data confirms the differences in the prevalence estimates of children
living in food-insecure household (22.5%) and those with food insecurity among household
children (9.7%), which has been reported by the U.S. Census data analysis (2,6). In the current
study, fewer children were categorized into the very low food-security category by the Child
Food Security Scale compared to the Household Food Security Scale across all age groups. This
is congruent with the work of Nord and Bickel (6) for younger children (2-5-year-olds), but
different for older children; the previous work found more children to be categorized into “food
insecurity with hunger among children” (now called very low food security among children)
with the Child Food Security Scale than with the Household Food Security Scale in 6-14-year-
olds and 15-17-year-olds. Household food security can differentially impact children when
compared to adults within the same household, which is often explained as children being
protected from the lack of food resources (42,43). However, we cannot rule out potential bias in
parental reporting on children’s experiences (44-46). The strength of agreement between the two
classification scales was lower in non-Hispanic Black and Hispanic children and those with
lower family income; this may be partly due to higher food insecurity in these subgroups, but
also highlights a need for special efforts in assessing food insecurity by race and Hispanic origin

and family income.

4.5.1. Limitations and strengths

This study uses cross-sectional data, so temporality could not be determined. In addition,
the HFSSM captures chronic and episodic experiences of food insecurity over the past 12
months, while dietary recalls collect dietary intakes on one or two days that are 3—10 days apart.
Thus, for those inconsistently experiencing food insecurity over time (e.g., summer vacation
(47)), food-insecure experiences may not have been picked up in the recall time frame. However,
the HEI 2015 scores were calculated using the population ratio method that provides a less
biased estimate of the usual HEI score for a group of individuals compared to individual-person-
level scores (18). MAR calculation based on two dietary recalls may not reflect usual intakes
(48), which would have affected the standard errors, but not the mean estimates; a method for
usual intake estimation at individual level is not yet available (33). All dietary data are subject to
measurement errors, and it is possible that parents or caregivers reported intakes more favorably

due to social-desirability bias (49), but little is known about the extent of reporting bias by food
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security. The sample size of the very low food-security group was very small and did not allow
further stratification by age. Lastly, food-insecurity assessment is challenging. Neither household
food security nor food security among children measures an individual child’s food insecurity,
even though a child report can differ from an adult report (44-46). Nonetheless, most large
surveys and studies, including NHANES, interview an adult responsible for household food
management about the food-security status of household members using the HFSSM. Nord and
Hopwood (39) state that “standards have not yet been specified for the classification of
individuals’ food-security status based on NHANES items”. Further efforts are needed to explore
the best method to measure individual child food insecurity in national studies.

The strengths of this study include the use of a nationally representative sample of U.S.
children and the estimation of the most updated HEI 2015 score. In addition, agreement between
household food security and food security among household children classifications was
assessed using the Cicchetti and Allison C-statistic that takes into consideration how far the
categories are; for example, one category away (e.g., marginal food security in the household and
low food security among household children) is considered a greater level of agreement than two
or three categories away. The inclusion of nutrient intake from dietary supplements and parsing

out singletons and children with siblings are novel contributions to the literature.

4.5.2. Conclusion

In conclusion, micronutrient adequacy, but not dietary quality, of U.S. children differed
significantly by food-security status classed by both household food insecurity and food
insecurity among children. While agreement between household food security and food security
of household children is very good, classification for food security among children appears to be
more sensitive to dietary outcomes. The strength of agreement differed by children’s age and
race/Hispanic origin, and family income. The findings of this study highlight the need for public
health efforts to reduce food insecurity among U.S. children, and also serve to inform future

studies of food-security scales in children.
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CHAPTER 5. TOTAL USUAL NUTRIENT INTAKE AND DIETARY
QUALITY BY FOOD SECURITY STATUS AMONG U.S. CHILDREN

The chapter was prepared for submission to American Journal of Clinical Nutrition and
formatted according to the journal requirements. American Society for Nutrition journals provide
the right for authors to include their own articles in their dissertation.

5.1. Abstract

Background: Food insecurity is associated with poorer intakes of nutrients from food sources
and lower dietary supplement use, but its association with total usual nutrient intakes among
children is unknown.

Objective: We assessed total usual nutrient intakes and scores on the Healthy Eating Index
(HEI)-2015 by sex and food security status among U.S. children.

Design: We analyzed data from 9,147 children aged 1-18 y who participated in the 2011-2016
National Health and Nutrition Examination Survey, a nationally representative survey. Energy
intake, total usual nutrient intake distributions, and HEI-2015 score were estimated using the
National Cancer Institute method.

Results: Food-insecure boys and girls were less likely to take dietary supplements than their
food-secure counterparts. Food-insecure boys and girls were at a higher risk of inadequate
intakes for vitamins D, E, and magnesium, while food-insecure girls also had a higher risk for
inadequate intakes for vitamin A and calcium, compared to their food-secure counterparts. Also,
choline intakes of food-insecure children were less likely to exceed the Adequate Intake than
their food-secure peers. Food-insecure adolescent girls 14-18 y were at highest risks of
micronutrient inadequacies than any other age, sex, and food security subgroups, with 92.8% (SE
3.6%) and 18.6% (SE 2.6%) at risk of inadequate intakes for vitamin D and iron, respectively.
Food-insecure children had similar mean energy and macronutrient intakes and mean total HEI-
2015 scores (ranging from 52.1 to 53.7) as food-secure children.

Conclusions: Food insecurity was associated with compromised intake of some micronutrients
from foods and dietary supplements. Overall diet quality was poor and sodium, added sugar, and
saturated fat intakes were higher than recommendations, regardless of food security status. These
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results highlight a need for targeted interventions to reduce specific nutrient inadequacies and

improve diet quality, especially among food-insecure children.

5.2. Introduction

Food insecurity is the lack of consistent access to adequate and safe foods for an active
and healthy life caused by limited resources for food (1). Its risk is associated with many factors,
including low income, unemployment, and limited food access (1). Children are less likely to be
food-insecure than adults in the same household, perhaps because adults attempt to shield
children from the impact of household’s limited resources (2, 3). Even so, food-insecure children
are more likely to have developmental delays and poorer physical and mental health than their
food secure counterparts (4-9), which may present a risk to life-long health (10).

The concept and measurement of food security are inherently linked to diet quality and
quantity, which may partially mediate the association between food insecurity and negative
health outcomes. Therefore, many studies have assessed nutrient intakes of food-insecure
children in order to identify the gaps between the amounts of nutrients consumed and
recommended intakes (i.e., nutrient gaps). Findings to date suggest that a considerable number of
nutrient gaps exist among food-insecure adolescents and a smaller but important number of gaps
exist among younger children both in food groups and nutrients (e.g., lower vegetable
consumption and higher added sugar intake) (11-13). Total usual nutrient intakes from foods and
supplements have not yet been assessed among food-secure and food-insecure children. Dietary
supplement use is lower among food-insecure children compared with their food-secure
counterparts (14), which may further widen the disparities in total nutrient intakes (15).

Therefore, the purpose of this study was to assess total usual nutrient intakes, inclusive of
nutrients obtained from dietary supplements, and scores of the Healthy Eating Index (HEI)-2015,
a diet quality index, by sex and food security status (food secure and food insecure) among U.S.
children aged 1-18 y, using data from the 2011-2016 National Health and Nutrition Examination
Survey (NHANES).
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5.3. Subjects and methods

The NHANES is a continuous, cross-sectional survey of a nationally representative
sample of the resident, civilian, noninstitutionalized U.S. population of all ages (16). All of the
survey protocols were approved by the research ethics review board at the National Center for
Health Statistics and written informed consent was obtained from the participants or their
proxies. This study did not require institutional review board approval because it was a
secondary data analysis devoid of personally identifying information. We combined the three
most recent survey cycles (i.e., 2011-2012, 2013-2014, and 2015-2016) with food security and
dietary data available to obtain reliable estimates across sex and age groups (17). The analytic
sample included children aged 1-18 y who had complete food security data (i.e., either household
food security or child food security) and at least one reliable 24-hour dietary recall (n=9,147)
(Figure 5.1).

Data collection in the NHANES consists of an in-home interview, a health examination
in the mobile examination center (MEC), and a follow-up telephone interview. During the in-
home interview, using the Computer-Assisted Personal Interview system, a proxy provided
information for children <15 y; and persons >16 y answered the questions for themselves. For
the dietary interviews, a proxy answered for participants 6 y and younger, participants ages 9-11
y answered for themselves with the assistance of a proxy, and participants ages 12 y or older

answered for themselves.

5.3.1. Sociodemographic variables

Age groups were categorized according to the Dietary Reference Intakes: 1-3y, 4-8 y, 9-
13y, and 14-18 y (18). Self-reported race/Hispanic origin categories were as follows: non-
Hispanic white, non-Hispanic black, non-Hispanic Asian, Hispanic, and “other” races.
Household education level, defined as the education level of household reference person who
owns or rents the residence, was categorized as less than high school, high school graduate or
equivalent, some college or associate degree, and college graduate or above. The family income-
to-poverty ratio (PIR) is the ratio of the annual family income to the poverty guideline set by the
Department of Health and Human Services (19). The PIR has been used an indicator of family

income level and as an income eligibility criterion for federal nutrition assistance programs. Four
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PIR categories were constructed: <1.30, 1.31-1.85, 1.86-3.5, and >3.5. A PIR of 1.30 indicates
potential eligibility for the Supplemental Nutrition Assistance Program (SNAP) that provides
cash benefits for foods to low-income households to reduce food insecurity (20). A PIR of 1.85
is an eligibility criterion for the Special Supplemental Nutrition Program for Women, Infants,
and Children (WIC) that provides tailored food packages, nutrition education, and health
referrals to low-income pregnant or lactating women, infants, and young children <5 y. A PIR of
3.50 has been used in other studies to differentiate middle-income and high-income families (21,
22). The household’s current SNAP and WIC participation status variables were used to
categorize these program participants. For children 4 to 18 y, the National School Lunch
Program and the National School Breakfast Program (NSLP/BP) provide reduced-cost meals to
children in households with PIR of 1.31-1.85 and free meals to those in households with
PIR<1.30. Children receiving either reduced-cost or free lunch or breakfast were categorized as
NSLP/BP participants (20).

5.3.2. Food security measurement

Food security was measured using the U.S. Household Food Security Survey Module
during the in-home interview (23, 24). An adult responded to the 10 items for the entire
household and additional 8 items specific to children in the household when there were children
<17 y in the household. Each question referenced the past 12-month period. The ranges of
experience of the entire household or children in the household were classified into 1 of 4
categories of food security (i.e., high, marginal, low, and very low) per NHANES documentation
(25). High and marginal food security categories were collapsed to classify food security, and
low and very low food security categories were collapsed as food insecurity. Food security of
household children was used for children <17 y as more direct and sensitive measure tied to the
children’s experience and dietary intake (15). For children <17 y who did not have complete
information about food security of household children (n=10) and, for children 18 y, food

security of the entire household was used to classify their food security status.
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5.3.3. Dietary assessment

Two 24-hour dietary recalls were collected using the USDA’s Automated Multiple-Pass
Method (26); the first 24-hour recall was administered in person in the MEC, and the second
recall was completed via telephone approximately 3 to 10 days later. Right after the collection of
food and beverage information, dietary supplement use during the 24-h period prior to the
interview was also collected. Additionally, a dietary supplement and prescription medication
questionnaire (DSMQ) in tandem with a product inventory was administered during the in-home
interview. For each dietary supplement reported, participants were asked to show containers and
to report the consumption frequency, the dose, and the duration of use. The time frame for the
DSMQ was over the previous 30 days. If a child took any dietary supplement during the 30-day
period, the child was classified as dietary supplement user. USDA’s Food and Nutrient Database
for Dietary Studies and NHANES Dietary Supplement Database were used to calculate daily
intakes of energy, nutrients, and food components. Micronutrients of interest were vitamins A, C,
D, and E, potassium, choline, magnesium, calcium, and iron that were identified as under-
consumed nutrients by the 2015-2020 Dietary Guidelines for Americans (27); and folic acid,
zinc, and sodium for which excessive intakes have been of concern in certain age groups (27,
28). Intakes of vitamins A and E from dietary supplements were not available from the
NHANES.

Overall diet quality was characterized by the Healthy Eating Index (HEI)-2015 score
(29). The HEI-2015 is a measure of overall diet quality in terms of adherence to the 2015-2020
Dietary Guidelines for Americans (27). The HEI-2015 include 13 dietary components, including
9 food group and nutrient adequacy components (total fruit, whole fruit, total vegetables, greens
and beans, whole grains, dairy, total protein foods, seafood and plant proteins, and fatty acids)
and 4 moderation components (refined grains, sodium, added sugars, and saturated fats). The
component scores add up to a maximum score of 100, with a greater score indicating higher diet
quality. The HEI-2015 assesses densities (i.e., per unit of energy intake) of consumed food
groups and nutrients rather than absolute amount and does not account for nutrients from dietary
supplements. Because the 2015-2020 Dietary Guidelines for Americans apply only to the U.S.

population ages 2 and older, HEI was only calculated for children 2-18 y.
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5.3.4. Biomarker measurement

Blood samples were collected by trained phlebotomists in the MEC. Serum samples were
analyzed at the CDC’s Laboratory. Serum 25-hydroxyvitamin D [25(OH)D] was quantified
using ultra-high-performance liquid chromatography-tandem mass spectrometry (30). Vitamin D
inadequacy was determined at <40 nmol/L, which is consistent with the Estimated Average
Requirement (EAR) (31). Vitamin D can be produced in the skin by sunlight exposure, so we
adjusted vitamin D estimates for the season when the sample was collected: winter (November—
March) and summer (April-October), as dichotomized per the NHANES protocol. Serum
25(0OH)D data were only available in the 2011-2014 NHANES. Ferritin was analyzed using
electrochemiluminescence immunoassay (Roche Diagnostics, IN) (32) and soluble transferrin
receptor were analyzed using particle enhanced immunoturbidimetric assay (Roche Diagnostics,
IN) (33). Ferritin and soluble transferrin receptor data were only available in the 2015-2016
NHANES and for participants 1-5 y and females 12-18 y. Total body iron was calculated using a
formula from Cook and colleagues (34, 35) where soluble transferrin receptor is in mg/L and
ferritin is in ng/mL; soluble transferrin receptor values obtained through the current NHANES
method were converted to those equivalent to the Flowers method that was used in the

development of the formula (36, 37).

1000

W) — 2.8229} /0.1207

Total body iron = — {loglo (soluble transferrin receptor X
Total body iron < 0 mg/kg was considered as iron deficient (30, 31). Very few children 1-5y

were iron deficient, so estimates were not presented.

5.3.5. Statistical analyses

The Dietary Reference Intakes and the Dietary Guidelines for Americans are intended to
be met on average over time; therefore, adherence to these recommendations should be evaluated
on the basis of usual intake (i.e., long-term daily average intake). Therefore, several methods
have been developed to estimate the distribution of usual intakes from a small number of daily
self-reported diet assessments (e.g., 24-hour dietary recalls) per individual on at least a

subsample (38, 39). These methods employ statistical modelling to adjust for random
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measurement error (e.g., day-to-day variation) and approximate the distribution that would be
obtained by averaging many repeated 24-hour dietary recalls per individual.

For this analysis, total usual nutrient intake distributions were estimated using an
adaptation of National Cancer Institute (NCI) method: “shrink then add” (21). This adapted NCI
method incorporates nutrient intake from dietary supplements reported on the DSMQ to estimate
distributions of total usual nutrient intake (i.e., nutrient intake from foods and dietary
supplements); in brief, nutrient intake from dietary supplements was added to the adjusted usual
nutrient intake from foods. Covariates were included for day of the recall day (Monday-Thursday
vs. Friday-Sunday), sequence of the recall (first vs. second), dietary supplement use (yes vs. no),
age group (when age groups are combined), and race/Hispanic origin. For sensitivity analyses,
whether a child was participating in SNAP, WIC, or NSLP/BP was added as covariates to
examine if federal nutrition program participation explains a fraction of variation in dietary
intakes; however, the addition of federal nutrition program participation had little impact on
usual intake estimates (data not shown). A balanced repeated replication technique was
performed to estimate standard errors. Balanced repeated replication weights were constructed
with Fay adjustment factor F = 0.3 (perturbation factor, 0.7) and post-stratified to match the
original sample weights within specific age, sex, and race/Hispanic origin groupings (40).

This adapted NCI macro produces means and percentiles of usual intake, and proportions
of the group with intakes below the EAR or above the Adequate Intake (Al) and Tolerable Upper
Intake Level (UL). The percentage of intakes below the EAR was used as an indicator of the
percentage at risk of inadequate intakes (i.e., the EAR cut-point method) for all nutrients except
iron, as recommended (41). Due to menstrual iron loss among females of reproductive age, the
iron requirement distributions are not symmetrical for all sex and life stage groups, which makes
the EAR cut-point method inappropriate. Therefore, we calculated the prevalence of inadequate
iron intake using the full probability approach as recommended (42). The Dietary Reference
Intake report on iron provides the probability of inadequacy at various ranges of usual intake
based on the assumption of 18% iron bioavailability; for adolescent girls 14-18y, we used the
mixed adolescent population distribution that assumes all were menstruating and that 17% were
using oral contraceptives (42). For nutrients with only an Al, the percentage above the Al was
calculated to estimate the proportion of children “at low risk of inadequacy”. The percentage

above the UL indicated the percentage of the population who are potentially at risk of adverse
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effects from excess nutrient intake. The estimated percentage above the UL was presented only
for folic acid and zinc because the percentage above the UL was below 5% for other nutrients.
Also, note that the ULs for folate only apply to synthetic forms from dietary supplements and
fortified foods (i.e., folic acid) (43). For sodium, the percentage above the Chronic Disease Risk
Reduction Intake (CDRR) was calculated to represent those who were deemed to need
reductions in sodium intake to reduce chronic disease risk (44). Lastly, the percentage above the
recommended limit for added sugars or saturated fat (i.e., 10% of total energy intake) from the
2015-2020 Dietary Guidelines was estimated (27).

The contribution of dietary supplements to total usual nutrient intake was calculated by
dividing mean intake from dietary supplements by mean intake from foods and dietary
supplements for each sex and food security subgroup (45).

Distributions of the HEI-2015 component and total scores were estimated by
using the multivariate Markov Chain Monte Carlo approach. The Markov Chain Monte Carlo
method has been described in detail elsewhere (46), and SAS macros from the NCI are publicly
available (47). Briefly, it is an extension of the NCI method that enables estimation of
distributions of usual intakes of episodically and non-episodically consumed dietary components
and simultaneous modeling of multiple components. Covariates were included for day of the
recall (Monday-Thursday vs. Friday-Sunday), sequence of the recall (first vs. second), age
group, and race/Hispanic origin. Balanced repeated replication variance estimation was
performed to obtain standard errors.

All statistical analyses were performed using SAS (version 9.4; SAS Institute, Inc., Cary,
NC, USA) and SAS-callable SUDAAN (version 11; RTI International, Research Triangle Park,
NC, USA) software. Design-based statistical methods were used to account for a complex, four-
stage sampling design (48). Estimates with a relative standard error (SE) of greater than 40%
were considered unreliable and, thus, are not displayed per the National Center for Health
Statistics analytical guidelines. Estimates between food-secure and food-insecure groups were
compared within sex using t tests as recommended by National Center for Health Statistics (49).
Statistical significance was determined at a two-sided p-value <0.05.
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5.4. Results

In 2011-2016, 11.9% of boys and 10.8% of girls aged 1-19 y in the U.S. were food-
insecure (Table 5.1). Compared to food-secure boys and girls, food-insecure boys and girls were
more likely to be older, be non-Hispanic black or Hispanic, live in a lower-income family (i.e.,
PIR<1.30), live in a household with lower education level (i.e., less than high school), live in a
household participating in SNAP, and participate in WIC (for 1-4y) or NSLP/BP (for 4-18y); and
were less likely to take dietary supplements.

Few differences in estimated mean intakes of energy and macronutrients were observed
between food-secure and food-insecure groups (Table 5.2). Regardless of food security status,
mean energy intake was a little over 2,000 kcal/d among boys and about 1,700 kcal/d among
girls; 53-54%, 33%, and 14-15% of energy were from carbohydrates, fats, and proteins,
respectively. Over 75% of boys and of girls exceeded the recommendations for added sugars and
saturated fat; whereas only 1~2% met the Al for fiber. Total HEI-2015 scores were not
statistically different between food-secure and food-insecure groups within each sex, ranging
from 52 to 54 (Table 5.3). Among girls, the whole grain component score was significantly
lower in the food-insecure than in the food-secure group, but no other differences in HEI-2015
component scores were observed.

When nutrient intakes from food sources alone were examined, food-insecure girls were
at higher risk of inadequate intakes (i.e., %<EAR) for vitamins A, D, and E, calcium, and
magnesium compared to food-secure girls (Table 5.4). Food-insecure boys were at higher risk of
inadequate intakes for vitamin E, calcium, and magnesium, compared to food-secure boys.
Similar patterns were noted when total intakes were examined; however, after including dietary
supplements, the magnitude of difference between food-secure and food-insecure groups in the
prevalence of inadequate vitamin D intake was much larger among both boys and girls. Food
insecure boys and girls were less likely to have a total usual intake above the Al for choline
compared to their food-secure counterparts.

The percentage of those at risk of inadequate intake was lower for folate, vitamins C and
D, calcium, iron, magnesium, and zinc when total intakes that included dietary supplements were
examined compared with intakes from foods alone (Table 5.4). At the same time, nutrient
intakes from dietary supplements increased the risk of potentially excessive intakes (i.e., %>UL)
for zinc (Table 5.5). Over 90% of boys and girls exceeded the CDRR for sodium from intakes
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from foods alone. The contribution of dietary supplements to total nutrient intakes varied widely:
<3% for sodium, potassium, choline, calcium, and magnesium (all sex and food security
subgroups) and >30% for vitamins C and D (only in food-secure girls) (Table 5.6).

When stratified by age group, older children were at greater risk of inadequate total
nutrient intakes but at less risk of excessive intakes (Table 5.7 and 5.8). Specifically, adolescent
boys and girls (14-18 y) had the highest prevalence of nutrient inadequacy for the micronutrients
examined, but no differences were noted between food-secure and food-insecure adolescent boys
(Table 5.9). Food-insecure adolescent girls had a higher risk of inadequate vitamin D intake
compared to their food-secure peers. Based on serum 25(OH)D, 8.4% of food-secure and 15.1%
of food-insecure girls 1-18 y, respectively, had serum 25(OH)D concentrations <40 nmol/L; the
difference was marginally different (P=0.058). Among girls 12-18 y, 12.7% and 12.0% of food-
secure and food-insecure girls, respectively, were iron deficient based on total body iron (Figure
5.2).
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child food security data

Children 1-18 years with complete food security data

{n=11,038)

Excluded n=1,891 who didn’t have
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Healthy Eating Index analysis
(n=8,557)
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from NHANES 2015-2016
for iron deficiency analysis

(n=455)

Figure 5.1. Flow chart showing sample identification in the current investigation using data from

the NHANES 2011-2016
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Table 5.1. Characteristics of U.S. children (1-18 y) by sex and food security, NHANES 2011-

20161
Boys Girls
Component Food secure Food insecure Food secure Food insecure
(n=3,981) (n=646) (n=3,940) (n=580)

% 88.1+0.8 11.9+0.8 89.2+0.8 10.8+0.8
Age group

1-3y 16.7+0.8 9.2+13* 17.8+0.8 73+1.1*

4-8y 29.7+1.3 23.7+23* 265+1.1 249+24

9-13y 25.8+0.8 35.4+3.1* 27.7+£1.2 28.9+23

14-18y 27.7+1.3 31.7+23 28.1+1.1 38.9 £ 2.6*
Race and Hispanic origin

Non-Hispanic white 55.4+3.0 33.6+4.1* 535+33 39.4 + 5.6*

Non-Hispanic black 13.0+1.6 23.0+3.1* 13.6+1.7 19.5+2.8*

Hispanic 22.7+24 329+ 3.7* 225+23 34.2+52*%

Non-Hispanic Asian 49+0.6 1.5 +0.6%? 50+0.5 2.5 +0.8*?2
Family Income level

PIR <1.3 30.8+20 61.2 +3.9* 320+25 69.9 £ 4.5*

PIR >1.3-<1.85 109+1.0 17.3+2.6% 128+1.2 140+£23

PIR >1.85-<3.5 27.3+1.6 19.2 £ 3.6* 250x1.7 145+£3.1*

PIR >3.5 31.0+£22 2.2 +£0.8%2 302+24 —*
Household’s education level®

Less than high school 17.7+14 32.7+£3.8* 186+14 32.8+4.3*

High school graduate or 210+16 265+ 38 109+13 21.6+29
equivalent

Some college or associate degree 309+14 30.3+29 30916 375+48

College graduate or above 304+19 105+ 3.1* 30.7+£23 8.1+1.9*
SNAP participating* 25.7+18 56.0 + 4.0* 26.8+22 62.9 £ 4.4*
WIC participating® 222120 36.5+4.9* 236122 43.6 £5.1*
NSLP/BP participating® 441+26 77.1+29*% 46.4+ 3.0 75.5+3.2*%
Dietary supplement use 348+14 21.0+£2.8* 352+16 23.6 £ 3.5*
Weight status’

Underweight 3.3+05 25+0.8 3.7+0.6 1.9+0.8

Normal weight 62.8+1.2 55.9 £ 2.6* 646+14 59.9+27

Overweight 16.9+0.9 13.1+1.3* 15.1+0.8 18.1+24

Obese 171+1.1 285+ 2.8* 166+ 1.0 20.1+23

Values are percentages + SEs. Percentages may not add up to 100% due to rounding. *significantly different from
food-secure group within sex based on t-test, P<0.05. NSLP/BP, National School Lunch Program and Breakfast
Program; PIR, family income-to-poverty ratio (=568 missing); SNAP, Supplemental Nutrition Assistance Program;
WIC, Special Supplemental Nutrition Program for Women, Infants, and Children; —, relative SE >40% (data not

shown).

2 The relative SE is >30% but <40% and may be statistically unreliable.
% Education level of household reference person who owns or rents the residence (n=245 missing).
# Household-level participation (SNAP, n=24 missing)

> Among 1-5 y (n=2,740)
6 Among 4-18 y (n=6,618)

" Measured by the trained health technicians (n=711 missing)
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Table 5.2. Usual intakes of energy and macronutrients from foods alone among U.S. children (1-
18 y) by sex and food security, NHANES 2011-2016

Boys Girls
Component Food secure Food insecure Food secure Food insecure
(n=3,981) (n=646) (n=3,940) (n=580)

Energy (kcal/d) 2014.3+£19.7 2007.1 £52.9 1683.5 + 15.3 1703.3+46.5
Carbohydrate (% kcal) 53.2+0.3 53.6+0.7 53.6+0.3 52.7+0.6
Added sugars (% kcal) 13.9+0.2 149+05 13.8+0.3 142+0.7

%> 10% of total energy 78.0+1.4 845+34 81.1+34 76.1+3.8
Total fat (% kcal) 33.1+0.2 33.0+05 33402 33.8+05
Saturated fat (% kcal) 11.8+0.1 11.4+£0.2 11.7+0.1 11.8+0.2

%> 10% of total energy 825+19 82.1+5.0 81.7+24 90.8+5.0
Protein (% kcal) 148+0.1 14.7+0.3 144+0.1 148+0.3
Fiber (g/d) 148+0.2 154 +05 129+0.2 125+0.4

%> Al 1.4+0.3 1.8 +£0.92 1.1+£0.3 -

Values are % + SEs unless otherwise noted. Al, adequate intake; —, relative SE >40% (data not shown).
2The relative SE is >30% but <40% and may be statistically unreliable.
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Table 5.3. Healthy Eating Index-2015 scores among U.S. children (2-18 y) by sex and food
security, NHANES 2011-2016*

Component (maximum

Boys

Girls

Food secure

Food insecure

Food secure

Food insecure

points) (n=3,699) (n=620) (n=3,671) (n=567)
Total fruits (5) 3.2+£0.1 32+£04 34+0.1 3.3+£04
Whole fruits (5) 35+£0.1 34+£0.2 3.7+£0.1 3.6+£0.2
Total vegetables (5) 22101 27+£05 25101 24+0.7
Greens and beans (5) 15+£01 25106 1.8+0.1 —
Whole grains (10) 3.1+£0.1 26+04 3.1+£0.1 25+£0.3*
Dairy (10) 8.0+£0.1 8.0£0.2 7901 8.0+£04
Total protein foods (5) 42+0.1 45+0.1 42+0.1 45+£0.2
(Ss)af""d and plant proteins 27+0.2 34+05 30+0.1 3008
Fatty acids (10) 3.1+01 3.7+0.6 34+0.1 31+04
Refined grains (10) 48+0.1 44+0.3 49+0.2 44+£04
Sodium (10) 47x0.1 41+£04 48+0.1 4405
Added sugars (10) 6.0+0.1 57+0.2 6.1+0.1 58+05
Saturated fats (10) 52+0.1 5.6 +0.6 51+0.1 47+09
Total score (100) 52.3+0.6 53.7+18 53.7+0.5 52.1+25

!Values are means = SEs. Component scores may not add up to 100% due to rounding. *significantly different from
food-secure group within sex based on t-test, P<0.05. —, relative SE >40% (data not shown).
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Table 5.4. Prevalence of usual intakes less than the EAR or above the Al among U.S. children
(1-18 y) by sex and food security, NHANES 2011-20161

Boy Girl
Food secure Food insecure Food secure Food insecure
(n=3,981) (n=646) (n=3,940) (n=580)
Foods alone
Vitamin A (EAR) 20.0+£1.7 21.0+£4.2 240+ 2.0 329+ 35*
Folate (EAR) - — 6.0+1.3 11.1+£3.1
Vitamin C (EAR) 179+1.8 223+28 21.8+15 258+55
Vitamin D (EAR) 88.3+1.3 90.8+2.2 94.8 + 0.6 97.8£1.1*
Vitamin E (EAR) 60.6 +1.4 74.3 £ 4.4% 728+1.4 80.9 + 3.9*
Choline (Al) 28.1+1.2 19.4 +2.2* 18.1+1.1 11.7 + 2.6*
Calcium (EAR) 320+£1.7 42.0+4.5* 520+1.4 64.0 £ 4.2*
Iron? 0.8+0.2 — 5.2+0.7 6.3+1.9
Magnesium (EAR) 274+1.1 349 +23* 37.4+0.9 50.3 £ 3.0*
Potassium (Al) 380+1.6 340+4.2 25.0+15 20.0+3.9
Zinc (EAR) 47+1.0 47 +2.43 13.8+1.9 150+3.1
Total

Folate (EAR) — - 50%1.2 9.0+29
Vitamin C (EAR) 15415 21.1+£27 18.0+1.3 23.2+54
Vitamin D (EAR) 71.4+1.3 80.2 £2.8* 76.2+1.2 86.8 £ 2.3*
Choline (Al) 28.7+1.2 19.7 + 2.2* 18.6+1.1 12.0 + 2.5*
Calcium (EAR) 31.0+£16 40.0+4.4 51.0+1.3 63.0 £ 4.2*
Iron? 0.7+0.2 — 49+0.7 6.1+1.8
Magnesium (EAR) 26.5+0.1 34.6 £2.3* 36.3+0.9 495+ 2.5*
Potassium (Al) 380+1.6 340+42 25.0+15 20.0+£3.9
Zinc (EAR) 41+0.9 3.9+238 124 +1.7 142+ 3.0

1 Values are means + SEs. *significantly different from food-secure group within sex based on t-test, P<0.05. Al,
adequate intake; EAR, estimated average requirement; NA, not applicable; —, relative SE >40% (data not shown).
2 Estimated using the probability approach

3 The relative SE is >30% but <40% and may be statistically unreliable.
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Table 5.5. Prevalence of usual intakes above the UL or CDRR among U.S. children (1-18 y) by
sex and food security, NHANES 2011-20161

Boys Girls
Food secure Food insecure Food secure Food insecure
(n=3,981) (n=646) (n=3,940) (n=580)

Foods alone

Folic acid (UL) 1.7+05 — 15+04 —

Zinc (UL) 17.3+0.8 115+1.7* 14.0+ 0.7 7.9+1.3*

Sodium (CDRR) 98.0+0.4 99.0+1.3 93.0+13 90.0+4.0
Total

Folic acid (UL) 7.8+0.7 53+15 6.9+0.8 43+£1.1%

Zinc (UL) 21.9+0.8 14.0 +1.8* 124+1.7 14.2 + 3.0*

Sodium (CDRR) 98.0+0.4 99.0+1.3 93.0+1.3 90.0+4.0

Lvalues are percentages * SEs. *significantly different from food-secure group within sex based on t-test, P<0.05.
CDRR, Chronic Disease Risk Reduction Intake; UL, Tolerable Upper Intake Level.
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Table 5.6. Usual intakes and contribution of dietary supplements among U.S. children (1-18 y) by food security, NHANES 2011-

20161
Food secure Food insecure
Foods alone Total % from DS Foods alone Total % from DS
Boys
Vitamin A (ug RAE) 643.1£11.0 NA NA 653.3+37.4 NA NA
Folate (ug DFE) 535.1+9.3 612.9+9.8 12.7% 573.9+25.9 618.6 £ 27.6 7.2%
Vitamin C (mg) 786+28 99.8+39 21.2% 80.9+4.7 95.7+7.1 15.5%
Vitamin D (pg) 6.3+£0.1 8.8+0.2 27.9% 6.1+£0.3 78+04 21.3%
Vitamin E (mg ATE) 75+0.1 NA NA 7.1£03 NA NA
Choline 2742 +3.7 275.8 +3.7 0.6% 269.7 + 8.6 270.3+8.7 0.2%
Calcium (mg) 1121.8+15.4 1135.6 £ 15.8 1.2% 1074.7 £40.2 1092.5+40.9 1.6%
Iron (mg) 149+0.2 156+0.2 4.5% 157+ 0.6 16.1+0.6 2.5%
Magnesium (mg) 2499+ 238 253.1+3.1 1.3% 250.9+8.3 252.8+8.4 0.8%
Potassium (mg) 2336.0£27.4 2336.9+27.4 0.04% 2333.3+£715 2334.0+£715 0.03%
Sodium (mg) 3183.3+44.8 3184.2 £44.8 0.03% 3278.7+954 3279.0+954 0.01%
Zinc (mg) 10.8+£0.2 11.8+0.2 8.5% 109104 114+04 4.4%
Girls
Vitamin A (ug RAE) 549.9 £ 9.7 NA NA 507.2 £ 22.4 NA NA
Folate (ug DFE) 4579+7.9 535.0£ 9.7 14.4% 458.7 £+ 14.4 504.4 + 20.1 9.0%
Vitamin C (mg) 69.7+ 17 101.3+7.3 31.2% 67.7+43 78.7+5.8 14.0%
Vitamin D (pg) 51%0.1 8.7+0.6 42.0% 48+0.2 6.3+0.4 23.8%
Vitamin E (mg ATE) 6.4+0.1 NA NA 6.5+0.3 NA NA
Choline 221.2+3.1 222.7+3.1 0.7% 227.3+7.8 227.8+7.8 0.2%
Calcium (mg) 932.7+11.8 9474 +£11.3 1.6% 898.1 +41.5 908.5 +42.2 1.1%
Iron (mg) 124+0.2 134+0.2 7.5% 129+04 13.7+0.6 5.8%
Magnesium (mg) 212419 215.8+ 20 1.6% 209.1+5.38 2109+6.1 0.8%
Potassium (mg) 1956.9 £ 20.4 1957.5+20.4 0.03% 1909.8 £ 47.3 1910.1+474 0.02%
Sodium (mg) 2640.4 £31.5 2641.2 +31.5 0.05% 2732.0 £88.5 2732.3+88.5 0.01%
Zinc (mg) 8.7x0.1 9.6+0.2 9.4% 9.1+£0.2 9.6+0.3 5.2%

Ivalues are means + SEs unless otherwise noted. DS, dietary supplements; NA, not applicable because information about supplemental intakes of vitamins A
and E is not available in the 2011-2016 NHANES.
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Table 5.7. Prevalence of total usual intakes less than the EAR or above the Al among U.S. children (1-13y) by age group and food
security, NHANES 2011-2016*

1-3y 4-8y 9-13y boys 9-13y girls
Food secure inzsgjjre Food secure  Food insecure SESS:_je inI:::t?re Food secure inI::cojre
(n=1,628) (n=151) (n=2,294) (n=327) (n=1,042) (n=199) (n=1,074) (n=162)
Vitamin A (EAR)? — — 20+0.6 0.2+0.8 16.0+4.2 — 25.0+34 25.0+9.8°
Folate (EAR) 0 — 0 0 0 0 - -
Vitamin C (EAR) - 0 — — 13.1+2.2 - 155+ 4.0 —
Vitamin D (EAR) 65.5+15 74.9 £ 3.7* 69.7+1.6 79.3+5.0 76.0+2.3 84.3+4.3 80.1+24 84.5+3.7
Vitamin E (EAR)? 54.0+2.2 66.1+75 38.8+2.8 59.6 +£10.3 72.7+4.4 904+111 89.5+58 84.0+8.3
Choline (Al) 55.0+2.3 55.0+9.6 329+18 246 +7.8° 13.2+2.3 - — —
Calcium (EAR) 3.0+0.9% — 23.0+21 30071 51.0+3.0 55.0+9.2 71.0+28 71.0+6.9
Iron (EAR) 1.5+0.3 — 7.1+1.6 - 0 — - 0
Magnesium (EAR) 0 0 04+0.1 - 15.7+29 25.5+9.8° 31.3+3.9 40.8+8.1
Potassium (Al) 38.0+22 36.0+6.2 29.0+2.1 29.0+53 38.0+3.1 38.0+9.3 30.0+35 19.0 + 7.38
Zinc (EAR) 0 0 0 - — — 141+39 -

Lvalues are percentages * SEs. *significantly different from food-secure group based on t-test, P<0.05. Al, adequate intake; EAR, estimated average

requirement; —, relative SE >40% (data not shown).

2 From food sources alone because information about supplemental intakes of vitamins A and E is not available in the 2011-2016 NHANES.

3 The relative SE is >30% but <40% and may be statistically unreliable.



ecl

Table 5.8. Prevalence of total intakes above the UL or CDRR among U.S. children (1-18 y) by age group and food security, NHANES

2011-2016*
1-3y 4-8y 9-13y boys 9-13y girls 14-18y boys 14-18y girls
Food Food Food Food Food Food Food Food Food Food Food Food
secure insecure secure insecure secure insecure secure insecure  secure insecure  secure insecure
(n=1,628) (n=151) (n=2,294) (n=327) (n=1,042) (n=199) (n=1,074) (n=162) (n=947) (n=185) (n=936) (n=202)
Folic 128+1.4 134 + 11.2+1.6 5.8+ 3.4+1.0° - 1.9 +£0.72 — — — 0.8+ —
acid 3.9 1.7* 0.3?
(UL)
Zinc 64.0+1.9 59.9 + 20.0+£2.0 199+ 27+08% 09+03 13+05? — 20+ — — —
(UL) 7.3 4.3 0.72
Sodium 93.0+15 92.0+ 99.0+0.3 95.0 + 100.0 99.0 + 99.0+0.8 95.0 = 96.0 = 98.0 = 79.0 = 87.0 =
(CDRR) 5.8 2.7 1.2 3.5 15 2.3 4.1 10.5

YValues are percentages + SEs. *significantly different from food-secure group based on t-test, P<0.05. CDRR, Chronic Disease Risk Reduction Intake; UL,
Tolerable Upper Intake Level; —, relative SE >40% (data not shown).
2 The relative SE is >30% but <40% and may be statistically unreliable.



Table 5.9. Prevalence of total usual intakes less than the EAR or above the Al among U.S.
adolescents (14-18 years) by food security, NHANES 2011-20161

Boys Girls
Food secure Food insecure Food secure Food insecure
(n=947) (n=185) (n=936) (n=202)

Vitamin A (EAR)? 52.0+£25 42.0 +15.54 49.0+£5.3 60.1£8.5
Folate (EAR) 7.0+25% — 19.0+4.9 27.0+£5.3
Vitamin C (EAR) 347+9.1 46.3+5.8 450+4.0 465+84
Vitamin D (EAR) 752+ 2.6 81.0+6.8 83.1+1.8 92.8 + 3.6*
Vitamin E (EAR)? 78.1+3.8 91.2+55 97.3+2.0 95.8+4.2
Choline (Al) 54+1.8* — 1.1+1.04 —

Calcium (EAR) 420+£26 450+8.7 72.0+2.8 79.0+£7.2
Iron (EAR)® 33+1.3 08+1.4 16.4+2.2 18.6 +2.6
Magnesium (EAR) 67.9+24 77.1+£5.0 87.4+23 88.3+45
Potassium (Al) 320+28 22.0+5.3 23.0+£3.2 240+5.7
Zinc (EAR) 147+ 2.7 6.2 +6.2* 26.7+4.1 26.3+5.2

YValues are percentages + SEs. *significantly different from food-secure group within sex based on t-test, P<0.05.
Al, adequate intake; EAR, estimated average requirement; NA, not applicable; —, relative SE >40% (data not
shown).

2 From food sources alone because information about supplemental intakes of vitamins A and E is not available in
the 2011-2016 NHANES.

3 Estimated using the probability approach

4 The relative SE is >30% but <40% and may be statistically unreliable.
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Figure 5.2. Estimated prevalence of vitamin D inadequacy and iron deficiency among U.S.
children by sex and food security, NHANES 2011-2016

Values are percentages = SEs. Serum 25(OH)D data were only available in the 2011-2014
NHANES and were adjusted for season (winter vs. summer): food-secure boys 1-18 y (n=2,192),
food-insecure boys 1-18 y (n=370), food-secure girls 1-18 y (n=2,134), and food-insecure girls
1-18 y (n=299). Serum ferritin and soluble transferrin data were only available in the 2015-2016
NHANES and iron deficiency was defined as total body iron <0 mg/kg: food-secure girls 12-18
y (n=368) and food-insecure girls 12-18 y (n=87). 25(0OH)D, 25-hydroxyvitamin D; NHANES,
National Health and Nutrition Examination Survey.
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5.5. Discussion

Food-insecure and food-secure children had similar energy and macronutrient intakes and
total HEI-2015 scores, but the food insecure were at higher risk of inadequacy for several
micronutrients, including vitamins D and E, magnesium among boys and girls and vitamin A and
calcium among girls. Adolescent girls, especially those with food-insecurity, were at greatest risk
of micronutrient inadequacy for most nutrients examined, compared to other age and sex
subgroups. Our findings, based on rigorous methods of usual dietary intake estimation and a
nationally representative sample of U.S. children, contribute to the evidence that food insecurity
is associated with compromised intake of some micronutrients among children and the
associations are age- and sex-specific (11, 15).

Earlier U.S. and Canadian studies have shown that young children’s dietary
intakes are less likely to be influenced by the negative impact of food insecurity compared to
adults and adolescents (12, 50). Qualitative studies have suggested that adults prioritize young
children over other members of the household in terms of food distribution (3). In addition, WIC,
which serves almost half of infants and a third of children 1-5 y in the U.S, has successfully
reduced disparities in dietary intakes among the youngest children (51). Lastly, some fortified
foods, such as ready-to-eat cereals, are widely consumed by young children, regardless of
income, and contribute to total micronutrient intakes of both food-secure and food-insecure
populations (52). We found that with the exceptions of vitamins D and E, and potassium,
younger children are more much more likely to meet EAR or Al than older children. It should be
noted that clinical signs of overt vitamin E deficiency is very rare despite high prevalence of
inadequate vitamin E intake and there have been calls for the EAR for vitamin E to be revised
(53, 54).

Little evidence is available about food-insecure adolescents’ diets, but a recent review
highlighted adolescence as the stage where food insecurity may have the largest impact on
dietary intakes (11). Adolescence is a critical time for establishing adult dietary patterns and
health, and yet this age group has the poorest diet quality as well as the lowest dietary
supplement use among all other age groups (55, 56). Even when dietary supplements were
considered, we found that adolescents 14-18 y were at high risk (>30%) of inadequate intakes for

vitamins C, D, and E, calcium, and magnesium. They were also at high risk of inadequacy for

vitamins A and E based on intakes from food sources. Moreover, very few (<5%) had intakes
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exceeding the Al for choline. These patterns in adolescence may track towards adulthood since
the same nutrients were also identified to be under-consumed among adults, even with dietary
supplements, in a NHANES 2011-2014 analysis (45). Among adults, disparities in total nutrient
intakes by food security status are even greater than they are among children (45).

Among adolescents, some nutrient needs differ by sex. Adolescent girls who are
menstruating require more iron to compensate for menstrual losses. Therefore, it is not surprising
that the percentage of the population at risk of inadequate iron intake was almost zero in
adolescent boys but 16.4% in food-secure and 18.6% in food-insecure adolescent girls (14-18 y).
Iron deficiency based on serum ferritin and transferrin receptor was also found in 12.7% of food-
secure and 12.0% of food-insecure girls aged 12-18 y. In 1999-2004, 8.4% of food-secure and
10.8% of food-insecure children aged 12-15 y and 12.4% of food-secure and 11.9% of food-
insecure children aged 16-19 y were iron deficient when both sexes were combined (7). In this
study, iron deficiency was defined as 2 or more abnormal values for serum ferritin, transferrin
saturation, and free erythrocyte protoporphyrin (7). Inadequate iron intakes among adolescent
girls are of particular concern due to associated risks of iron deficiency anemia as well as
possible impact on future pregnancy outcomes (57).

Mean HEI-2015 scores were slightly above 50 on average for the children, out of 100
possible points, indicating that, regardless of sex and food security status, overall diet quality of
children was poor. The association between food insecurity and overall diet quality has been
weak in previous U.S. studies (12, 15). However, we noted that HEI-2015 scores for the whole
grain component were lower in the food-insecure compared to food-secure girls, although
difference in boys did not reach statistical significance. Another NHANES analysis that
estimated children’s usual dietary intakes by food security status also reported lower intakes of
whole grains and higher intakes of solid fats and added sugars in the very low food security
compared to the high food security subgroup (58). In our study, we did not find significant
differences in energy and macronutrient intakes between food-secure and food-insecure boys and
girls.

Food-insecure children are less likely to use dietary supplements than the food-secure
(14). As a result, with vitamin D, for which the contribution of dietary supplements to total
intake was substantial, differences by food security status widened after including dietary

supplements. We previously reported that differences in the mean adequacy ratio by food
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security status widened when dietary supplements were included (15). An earlier study on U.S.
adults that estimated total usual nutrient intakes found that dietary supplements contributed more
micronutrients to total usual nutrient intakes of higher-income than lower-income subgroups
(59). However, to our knowledge, no prior studies have assessed total usual nutrient intake
distributions by food security status among U.S. children.

Our study analyzed data from a nationally representative sample of U.S. children.
Although measurement errors are inherent in dietary assessment data, we accounted for random
measurement error by estimating total usual intakes from two 24-hour dietary recalls and the
frequency-based questionnaire for dietary supplement use. Nevertheless, systematic
measurement error that is associated with socioeconomic status remains as a potential source of
bias in the comparison of food security subgroups; although little is known about the extent of
reporting bias specifically by food security status (60). Moreover, reliance on proxy reporters for
young children and self-reports for adolescents may pose additional challenges (61). We
presented available biomarker data to complement self-reported dietary intake data, but the
concentration biomarkers examined can be affected by many factors other than dietary intakes.
Another limitation is that our food security classification may not fully reflect children’s
experience because their caregivers may not be fully aware of children’s perceptions, especially
those of older children (2). Food security classification based on child self-reports may better
characterize experiences of older children (62), but is not currently available in the NHANES or
other national surveys possibly due to cost and participant burden. Moreover, a dichotomous
classification of four food security status categories was used due to limitations of sample size.
Future studies are needed to examine if any potential “dose-response” associations exist by
classifying food security in four groups. Lastly, the NHANES is a cross-sectional survey, so
temporality and causation cannot be inferred from this analysis.

In conclusion, food insecurity was associated with lower intakes of some micronutrients
and whole grains, but not with energy or macronutrient intakes among U.S. children. Among all
children, overall diet quality was poor and sodium, added sugar, and saturated fat intakes were
much higher than the recommended intakes. The adverse association between food insecurity
and children’s intakes of some micronutrients is concerning given the importance of childhood
for optimal growth and development that can affect life-long health. The constellation of dietary

risks in adolescent girls is especially alarming. Interventions to improve the availability of and
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access to nutrient-dense foods are critical to reduce the negative impact of food insecurity on

nutrient adequacy among children.
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CHAPTER 6 . CONCLUSION AND FUTURE DIRECTIONS

6.1. Conclusion

The aim of research in this dissertation was to identify nutrition risk of U.S. infants and
children in settings with low income or food insecurity, or who were participating in federal
nutrition assistance programs using data from nationally representative surveys, including
National Health and Nutrition Examination Survey (NHANES) and Feeding Infants and
Toddlers Study (FITS) 2016. In order to mosto accurately and comprehensively capture dietary
exposures, usual or habitual intakes were estimated by adjusting for within-person variation from
single day assessment methods, and this work included nutrients obtained from dietary
supplements,when relevant.

Among U.S. infants and young children, especially those in low-income households, low
intakes of iron and vitamin D for infants 6-to 12-months-old; iron, vitamin D, fiber, and
potassium for toddlers 12-to 24-months old; and calcium, iron, vitamin D, fiber, and potassium
for 24-to 48-months old were of concern. The analysis of FITS 2016 data suggested that
participation in the Special Supplemental Nutrition Program for Women, Infants, and Children
(WIC) is beneficial in improving dietary intakes that may be inadequate due to limited financial
resources. Infants participating in WIC had higher intakes of many nutrients than lower-income
or higher-income nonparticipants. WIC participants had lower risks of inadequate intakes for
iron (in 6-24 months-old), saturated fat (in 24-48 months-old), and vitamin D (12-48 months-old)
than lower-income nonparticipants. However, WIC participants were more likely to exceed the
recommended limits for sodium and energy from added sugars compared to higher-income
nonparticipants. Moreover, dietary supplement use was greater in higher-income WIC
nonparticipants compared to both participants and lower-income nonparticipants, which can
impact total nutrient intake.

The analysis of data from a nationally representative sample of children aged 18 years
and younger from the NHANES 2011-2014 showed clear patterns of lower dietary supplement
use among children who were in low-income or food-insecure families. Even among low-income
children, those participating in WIC and those in households participating in the Supplemental

Nutrition Assistance Program (SNAP) were less likely to use dietary supplements. While the
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most common type of dietary supplements used is multivitamin-minerals, only 15% of
multivitamin-mineral users took the product based on health practitioners’ recommendations,
and SNAP and WIC participants were even less likely to take multivitamin-minerals based on
the recommendations of a health practitioner compared to lower-income as well as higher-
income nonparticipants.

The difference in dietary supplement use by food security status may widen disparities in
total nutrient intakes for those at risk. Indeed, from the analysis of the 2011-2014 NHANES data,
the dose-response relationship between food security and mean adequacy ratio was only evident
when nutrient intakes from dietary supplements were included and food security status was
classified using the Child Food Security Scale. When total usual nutrient intake, a long-term
intake inclusive of the contributions of dietary supplements, was estimated by adjusting for
random measurement error (i.e. within-person variation) in dietary recall data from the 2011-
2016 NHANES, food insecurity was associated with a higher risk of inadequate intakes for some
nutrients, such as vitamins D and E, and magnesium. Poor overall dietary quality and excessive
sodium, added sugar, and saturated fat intakes were of concern among U.S. children, regardless
of food security status. By sex and age, adolescent girls were at considerable nutrition risk
because of the large number of nutrients idetifiied in this analysis.

The results from the studies in this dissertation contribute evidence of the association
between lower economic status and lower dietary supplement use and suggest that nutrient intake
from dietary supplements may rather widen the disparity in nutrition risk. The research findings
also highlight unique nutrition risk of U.S. children with lower economic status that should be
considered by policymakers and public health professionals when planning nutrition
interventions, given that poor dietary intakes during childhood can influence health throughout
the life course (e.g., low vitamin D and calcium intakes early in life and life-long bone health).

6.2. Future directions

Future research should establish the temporality of low income or food insecurity
proceeding poor dietary behaviors and compromised dietary intakes, using longitudinal data. In
addition, longitudinal study design would be beneficial to understand the pathways through
which low income and food insecurity impacts diet and health outcomes and to identify the

protective factors that shield children’s diets from economic disadvantage. At the same time,
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what protects children’s diet from disadvantage should be further investigated. Evidence on the
risk factors and protective factors will help policymakers and community workers developing
effective intervention strategies. Especially, the impact of federal nutrition assistance programs
such as SNAP, WIC, National School Lunch or Breakfast Programs on dietary behaviors, dietary
intakes, and mental and physical health should be elucidated, which will justify the need for
continued funding and help to improve the programs. Intervention strategies may also consider
incorporating diverse actors, including caregivers, health care providers, schools, and society.

To accurately demonstrate the impact of economic status on children’s dietary intake,
appropriate measures of exposures and outcomes are essential. Self-reported dietary data are
prone to measurement errors associated with the day-to-day variation, memory, difficulty in
quantifying the amount, personal characteristics such as age and social desirability, reliance on a
proxy, and mode of administration. When using a limited number of short-term dietary
assessment methods such as 24-hour recall, statistical modeling methods can be used to estimate
the usual intake distribution by accounting for the day-to-day variance; but, these methods do not
mitigate systematic measurement error, such as energy underreporting. Furthermore, little is
known about the measurement error structure of dietary supplement use assessment methods.
Therefore, future research needs to identify the measurement error structure of nutrient intakes
from dietary supplements, and improve the methods to estimate total usual nutrient intake
distribution. Nutritional biomarkers may complement dietary assessment and provide more
objective information compared to self-reported dietary intakes, but validated and cost-efficient
biomarkers are limited in the nutrition context. Biomarkers are also subject to measurement error
and misclassification issues. For example, biomarker estimates can vary substantially by the
analtyical method used, and the cutoffs used to define status for particular nutrients (e.g., serum
25-hydroxy vitamin D). Another future research area is the improvement of income and food
security measurement and classification. The current official poverty measure does not account
for government benefits, taxes, or geography. The new Supplemental Poverty Measure proposed
by the Census Bureau may complement the traditional family income measure. In addition, most
food security studies measure household-level experience rather than an individual child-level
experience. More direct measures of child food security through in-depth interviews with

children may be more comparable to their dietary intakes.
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Lastly, a growing body of scientific literature suggests that childhood poverty is
associated with an increased risk of chronic diseases later in life. Further investigation on the
complex relationships between childhood poverty, childhood dietary intakes, dietary intakes
throughout the life-course, and adult health will inform potential targets for effective and

efficient intervention to prevent development and progression of chronic diseases.
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Dwyer JT, Bailey RL. Dietary supplement use is higher among US children in higher income
households compared to children in lower income households. Nutrition 2018. Boston, U.S., June 9-
12, 2018 (Poster).

Jun S, Chun OK, Quansah DY, Hei Y, Joung H. Estimation of dietary total antioxidant capacity of
Korean adults. 2016 Experimental Biology Meeting. San Diego, U.S., April 2-6, 2016 (Poster).

Jun S, Shin SA, Joung H. Estimation of dietary flavonoid intake and major food sources of Korean
adults. 2015 Experimental Biology Meeting. Boston, U.S., March 28-April 1, 2015 (Poster).

SELECTED PRESENTATIONS at UNIVERSITY

Jun S, Gahche JJ, Potischman N, Dwyer JT, Guenther PM, Sauder, KA, Bailey R. Dietary
supplement use and its micronutrient contribution among U.S. pregnhant and lactating women.
Women’s Health Symposium. Nov 1, 2019 (Poster).

Jun S, Cowan AE, Bhadra A, Dodd KW, Dwyer JT, Eicher-Miller HA, Gahche JJ, Guenther PM,
Potischman N, Tooze JA, Bailey RL. Nutritional status of older adults who are overweight or obese
compared to those with a healthy weight. Center on Aging and the Life Course at Purdue University-
Scholars in Spotlight. March 28, 2019 (Podium).

Jun S, Cowan AE, Bhadra A, Dodd KW, Dwyer JT, Eicher-Miller HA, Gahche JJ, Guenther PM,
Potischman N, Tooze JA, Bailey RL. Nutritional status of older adults who are overweight or obese
compared to those with a healthy weight, NHANES 2011-2014. Purdue Interdepartmental Nutrition
Program Poster Session. February 1, 2019 (Poster; Selected as Winner).

Jun S, Cowan AE, Tooze JA, Eicher-Miller HA, Bhadra A, Guenther PM, Gahche JJ, Potischman N,
Dwyer JT, Bailey RL. Dietary supplement use is higher among US children in higher income
households compared to children in lower income households. Purdue College of Health and Human
Sciences Fall Research Day. October 17, 2018 (Poster).

Jun S, Eldridge AL, Bailey RL. Characterizing the dietary practices and nutritional exposures of US
children (birth-48 months): Data from the Feeding Infants and Toddlers Study (FITS), 2016. Purdue
Office of Interdisciplinary Graduate Program Spring Reception. May 2, 2018 (Poster).

Jun S, Thuppal SV, Maulding MK, Eicher-Miller HA, Savaiano DA, Bailey RL. Poor Dietary
Guidelines compliance among low-income women eligible for Supplemental Nutrition Assistance
Program-Education (SNAP-Ed). Purdue Interdisciplinary Nutrition Program Poster Session.
February 23, 2018 (Poster).
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e Jun S, Thuppal SV, Maulding MK, Eicher-Miller HA, Savaiano DA, Bailey RL. Comparison of
baseline characteristics between Indiana SNAP-Ed and NHANES women. Purdue College of Health
and Human Sciences Fall Research Day. November 8, 2017 (Poster).

UNIVERSITY SERVICE ACTIVITIES

e Volunteer. Senior Grocery Program (providing a bag of groceries to low-income older adults). Center
on Aging and the Life Course at Purdue University. Spring 2019.

e Volunteer. Tech Team (helping older adults in assisted living with their tech issues). Center on Aging
and the Life Course at Purdue University. Fall 2017, Fall 2018.

e Social committee member. Nutrition Graduate Student Organization. Purdue University. Summer
2018-Spring 2019.

o Liaison to the Interdisciplinary Graduate Program Students. Center on Aging and the Life Course at
Purdue University. Fall 2017-Spring 2019.

PROFESSIONAL MEMBERSHIPS AND ACTIVITIES

e American Society of Nutrition, 2017-Present.
o Reviewer of research articles for journals: British Journal of Nutrition, Public Health Nutrition,

Nutrition Journal, Journal of the American College of Nutrition

SKILLS AND LANGUAGES

e Certified Dietitian, Ministry of Health and Welfare, Korea, 2015.
e  Statistical Software: SAS, SUDAAN

e Languages: Korean, English
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