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Abstract Dietary quality has been linked to obesity in
children. Obesity among children of farmworker families
exceeds that of other US Hispanic children. Knowledge of
their dietary quality is needed to understand the origins and
prevention of this obesity. Mothers (n = 237) of 3-year old
children in farmworker families completed 3 24-hour
recalls with trained interviewers using the Nutrition Data
System for Research (NDS-R). Output was used to calcu-
late total and component scores of the Revised Children’s
Diet Quality Index (RC-DQI). Mean total score was 62
(range 36-86) of an optimal score of 90. Scores for total
fat, total grains, excess juice and iron were >80 % of the
optimum, but scores for added sugar, whole grains, fruits,
and vegetables were considerably lower. Children in
farmworker families have low overall dietary quality.
Intervention targeted to specific food issues may be an
efficient way to addressing the problem.
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Introduction

Among US children aged 2-5, almost one in four were
overweight or obese in 2011-2012 [1]. Proportions of
obesity and overweight consistently vary along lines of
race and ethnicity: while 17.4 and 3.5 % of non-Hispanic
white children were overweight and obese in 2011-2012,
rates were 13.1 and 16.7 % among Hispanic children.
These disparities may set the stage for observed disparities
in adults, as chronic diseases and risk factors such as
obesity and hypertension are higher among Hispanics,
particularly in association with acculturation [2, 3].

Several aspects of child diet have been associated with
weight status. Consumption of sugared beverages in child-
hood has been associated with development of overweight
and obesity [4, 5]. Greater consumption of whole grains,
fruits, and vegetables has been associated with normal
weight status in adults [6]. This suggests that a diet high in
whole foods and low in added sugars is a high quality diet for
young children, which can promote healthy weight. Such a
diet consumed from an early age may also help children gain
familiarity with a variety of foods and form positive food
habits [7, 8]. Using both positive and negative food con-
sumption findings, several measures of diet quality have
been constructed and found associated with both precedent
factors (e.g., parental feeding styles, socio-economic status
[9, 10] and weight-related outcomes [9, 11, 12]).

Among the immigrant Hispanic population in the US,
farmworkers constitute a medically under-served popula-
tion with high rates of chronic disease. Farmworkers are
employed as needed during the agricultural season to do
hand labor in crop production. Some are migrants, moving
and establishing temporary residences to work during the
agricultural season, while others are seasonal workers,
residing in one area year round and working seasonally in
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agricultural. The US farmworker population is estimated at
900,000 workers plus their dependents [13]. The number of
children is unknown, but previous estimates have put the
number at over 800,000 [14]. Because farm work is often
the entry point through which immigrant families enter the
US, farmworker families are important beyond their
numbers for efforts to understand and prevent the devel-
opment of childhood obesity in the Hispanic population.

Children of migrant and seasonal farmworkers are at
risk for poor diet quality due to economic constraints,
ineligibility for some food safety net benefits, migratory
lifestyle, and housing with inadequate cooking facilities
[15-19]. Few studies exist of weight status in children of
farmworkers, but all indicate these children have over-
weight and obesity rates exceeding other Mexican-Ameri-
can children [19-23]. Development of obesity prevention
strategies requires understanding the diet of these children,
as well as environmental, social, and cultural constraints on
achieving a high quality diet.

This study is based on data from a sample of mothers
and young children in farmworker families in North Car-
olina. North Carolina has the sixth largest farmworker
population of states in the US. This paper describes: (1) the
diet quality of preschool-age children of migrant and sea-
sonal farmworkers in North Carolina, and (2) examines the
association of diet quality with demographic factors. These
findings are discussed in terms of environmental and social
constraints on child diet in farmworker families.

Methods

The data for this study are from the Nifios Sanos study, a
2-year prospective cohort study of 248 young Latino
children living in farmworker families in North Carolina
designed to understand the role of diet and physical activity
in the development of obesity. This analysis is based on
data collected at the baseline assessment and is restricted to
237 for whom complete data exist. The Wake Forest
School of Medicine Institutional Review Board approved
all research procedures. Mothers provided signed informed
consent. A Certificate of Confidentiality was obtained from
the National Institutes of Health to protect the anonymity
of study participants.

Sampling

The goal was to create a sample representative of farm-
worker families with young children in North Carolina.
Because no sampling frame of Latino farmworker families
existed and because the narrow child-age range would
require contacting a substantial fraction of the eligible
population, a site-based sampling plan [24-26] was
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developed to provide as large a contact base as possible.
Such a plan is appropriate for hard-to-reach populations
and has been used by the research team over the last
19 years in studies focused on the health of immigrant
Latinos and their families [27-29]. “Sites” are organiza-
tions or locations with which members of the target com-
munity are associated. Logically, all families should be
associated with a site and most with multiple sites. In this
study, site categories (and number of sites targeted within
categories) were: Migrant and regular Head Start Pro-
grams-7; Migrant Education Programs-15; Community
Health Centers-4; WIC-1; community partner non-profit
organizations serving Latino immigrants-2; and stores,
churches, and events serving predominantly farmworkers-
7. In addition, door-to-door recruitment was undertaken in
Latino neighborhoods and farmworker camps; and families
from current or recently completed Latino farmworker
studies and from personal networks were contacted.

Recruitment

For institutions, such as Head Start, subject to privacy reg-
ulations, a staff member contacted the family, introduced the
study, and obtained authorization to release contact infor-
mation. In other cases, a trained data collector, who was a
native Spanish-speaker, attempted contact with individuals
for whom contact information was available. Once contact
was made, the data collector introduced and explained the
study, including its requirements and incentives and
screened for inclusion criterion, which were: (1) a woman
who self-identified as Latino, (2) a child 2.5 to 3.5 years of
age, and (3) at least one member of the household that
worked in farm work during the past year. Women were
excluded if the focal child had a special health care need
limiting normal physical activity. Eligible women were
invited to participate in the study, and an appointment was
scheduled for baseline data collection. In most cases, base-
line data were collected at the time of recruitment.

Data Collection

Interviews were collected from 4/19/11 through 4/20/12,
by 9 trained interviewers. The maternal questionnaire
collected demographic, family, and household character-
istics. Interviewer-administered questionnaires were com-
pleted in Spanish in participants’ homes or another location
determined by the participant. Mothers received $10 for
completing the interview.

Dietary data were collected using three 24-hour recalls
during a 7 days period, including one weekend day and two
weekdays. The first recall was conducted face-to-face in
the context of the interview; subsequent interviews were
conducted by telephone. Participants were given an
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incentive of $10 per completed recall. Mothers who lacked
a telephone were loaned a cell phone programmed only for
study use. At the time of the diet recall, mothers were asked
to report the amount of time the child spent watching
television during the recall day.

During the in-home interview, each participant was
instructed on use of a printed serving size guide; the
interviewer measured the size of child’s usual bowl, plate
and cup to facilitate calculation of serving sizes. Data were
reported by mothers, who sought input from caregivers,
particularly for away-from-home food consumption. For
children enrolled in formal preschools or daycares, food
intake data were obtained (with mothers’ permission)
directly from the caregivers.

Dietary data were collected by bilingual staff members
with the Nutrition Data System for Research (NDS-R)
software (Nutrition Coordinating Center, University of
Minnesota, Minneapolis, MN) developed by the Nutrition
Coordinating Center at the University of Minnesota, which
uses the multiple-pass method [30]. This method asks the
respondent to give a general chronological overview of the
food consumption (e.g., meals, snacks, primary foods)
before food consumption events are probed in detail to elicit
serving sizes, preparation methods, brand names, and
condiments. NDS-R contains over 18,000 foods, 8000
brand-name products, and many Hispanic and Latino foods.
The software provides values for 139 nutrients, nutrient
ratios, food-group serving counts, and other food compo-
nents. The NDS-R computer interface was in English; all
queries to the mothers were presented in Spanish. Because
some mothers needed to obtain intake data from caregivers,
the random day procedure usually used for repeated recalls
was modified. The initial recall was unannounced, because it
was part of the interview. Subsequent interviews were
negotiated at that time to fit the mother’s availability,
although the weekday/weekend distribution of days was
maintained. Interviewer training and quality assurance
review of randomly selected recalls was provided by the
Diet, Physical Activity and Body Composition Core of the
UNC-CH Nautrition Obesity Research Center, Anna Maria
Siega-Riz, PhD, director.

Measures

Dietary intake was output as nutrients and as food group
servings per day and averaged for the three days. Dietary
quality was calculated using specifications of the Revised
children’s diet quality index (RC-DQI), which are descri-
bed in detail elsewhere [12, 31]. Briefly, the RC-DQI
evaluates diet intake in comparison to current dietary rec-
ommendations for preschool age children. These recom-
mendations are drawn from a variety of sources, including
the National Academy of Sciences Dietary Reference

Intakes [32, 33], US Department of Agriculture
“MyPyramid” [34], and position papers of the American
Academy of Pediatrics [35, 36] and American Dietetic
Association [37]. Where these recommendations are bro-
ken down by age within the larger preschool age group or
gender, age and gender are taken into account in calcu-
lating a child’s score. The RC-DQI index has a total score
of 90 points, and includes 13 components which contribute
from 2.5 to 10 points to the total score. The components
are: added sugar, total fat, linoleic and linolenic fatty acids,
docosahexaenoic acid (DHA) and eicosapentaenoic acid
(EPA), total grains, whole grains, vegetables, fruits, excess
fruit juice, dairy, and iron intake, as well as a component
representing a proxy for energy balance (time spent
watching television adjusted for total daily energy intake).
Calculation of scores is based on both over- and under-
consumption. Higher scores indicate higher dietary quality.
Mothers reported their own age, level of educational
attainment, birth country, and employment arrangement (i.e.,
not working, working outside of farm work, working in farm
work), the child’s gender, and child’s birth country. Family
migrant status was based on maternal characterizations of
her or another household member’s involvement in farm
work: if she classified herself or another as a “migrant worker
who moves from place to place to do farm work,” the family
was classified as a migrant. Otherwise, the family was clas-
sified as being seasonal. For child care arrangements, chil-
dren whose mothers reported their child being involved in
Migrant Head Start, Head Start, or Smart Start were classified
as having government child care; other options were private
daycare center, in-home child care, and no child care.

Analyses

Descriptive statistics summarized the sample characteris-
tics. RC-DQI total scores were grouped into four quartiles.
Mean (SD) component scores are presented for the full
sample and lowest and highest RC-DQI total score quartiles.
Means (SD) for component foods and selected nutrients are
presented for all four RC- DQI total score quartiles. For each
nutrient, a one-way ANOVA with a linear contrast was
performed to test for differences across RC-DQI quartiles.
Multivariate linear models tested for relationships between
child and family characteristics and diet quality compo-
nents. A5 % significance level was used for all analyses. All
analyses were performed using SAS v. 9.4.

Results
Of the 248 mother—child dyads enrolled in the Nifios Sanos

study, 8 failed to complete any diet recalls; and 3 provided
incomplete dietary data. Therefore, these analyses are
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based on 237 dyads. Mothers ranged in age from 18 to 45,
with most between the ages of 2635 years (Table 1). Most
had less than a high school education; 43.5 % had six or
fewer years of education. Over 85 % were born in Mexico.
About half the children (52.3 %) were two years of age; the
remainder (47.7 %) were three. There were slightly more
girls than boys. Almost all children (98.7 %) were born in
the US. About 40 % were in some form of child care.
The mean (SD) total RC-DQI score was 61.8 (9.8). Scores
ranged from 36.1 to 86.2, none reaching the optimum score
of 90. Examination of individual component scores showed
that total fat, fatty acids, total grains, excess juice, and iron
all exceeded 80 % of the maximum diet quality score and
had narrow distributions (Table 2). Mean scores for added
sugar, whole grains, fruit, and vegetable components are

Table 1 Selected Demographic Characteristics of Participating
Mothers and Children in Latino Farmworker Families (N = 237)

N (%)
Mothers
Age (y1)
18-25 69 (29.1)
26-35 131 (55.3)
36-45 37 (15.6)
Education (yr)
0-6 103 (43.5)
7-9 73 (30.8)
10+ 61 25.7)
Place of birth
[N} 11 (4.6)
Mexico 203 (85.7)
Other 23 9.7)
Family status
Migrant 63 (26.6)
Seasonal 174 (73.4)
Children
Age (years)
2 124 (52.3)
3 113 47.7)
Gender
Boy 115 (48.5)
Girl 122 (51.5)
Place of birth
usS 234 (98.7)
Other 3 (1.3)
Child care arrangements®
Government (e.g., Migrant Head Start) 53 (22.6)
Private day care center 16 (6.8)
In-home child care 32 (13.6)
No child care 134 (57.0)

* Missing data for two cases
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considerably lower (60 % or less) than the maximum score
with wide distributions. Comparing component scores from
the lowest and highest quartile of total RC-DQI scores,
component scores track with the total score, except for total
fat, which has almost no variation. The components with the
highest percentage of children reaching the optimum scores
were DHA and EPA, excess juice, and iron (Fig. 1). A third
or less achieved optimums for added sugar, fat, whole
grains, fruits, vegetables, dairy, and energy.

Comparisons of food and nutrient intakes across quar-
tiles of total RC-DQI show that most intakes vary as
expected, with significant changes across quartiles
(Table 3). For example, percent of calories from added
sugar drops from 20.1 (£6.9) to 10.3 (£3.7) from lowest to
highest quartile. Intakes of grain, whole grain, vegetables,
fruits, dairy, iron, protein, fiber, and vitamin C all increase
across quartiles. Total fat, as well as specific fatty acids,
and the excess juice component show little difference
across total RC-DQI quartiles. Reported television viewing
time decreases from lowest to highest quartile.

Total RC-DQI scores did not vary by farmworker status
of the family, gender or age of the child, and type of child
care arrangements used by the family (data not shown).
When component scores were compared by these same
characteristics, only three significant associations were
found. The dairy component score was associated with age;
for each month of age, the dairy component was an average
of 0.072 lower (p = 0.011). The whole grains component
was also associated with age, with the component score
0.045 higher, on average, for each month of age
(p = 0.018). The total grains component was associated
with gender; girls had a component score 0.29 points
lower, on average, than boys (p = 0.030).

Discussion

These findings show that young children in farmworker
families have relatively poor diet quality. On average, they
score almost 40 % lower than optimal for the summary
score. Looking at individual components, they have par-
ticularly low diet quality in four areas: added sugar, whole
grains, fruits, and vegetables. Diet quality appears to be
relatively high for total grains, fats, and excess juice. The
added sugar component in the RC-DQI score sums sugars
in prepared and processed foods such as cereals, cookies,
and cakes, which are typically sources of refined grains, as
well as fruit “drinks” that are not 100 % juice. This sug-
gests that this group is likely consuming a diet that is high
in refined grains, with little whole fruit or vegetables.
The RC-DQI has been used to assess diet quality of
children in several national data sets, including the Con-
tinuing Survey of Food Intakes by Individuals (CSFII) for
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Table 2 Comparison of RC-

DQI component scores in the Component Maximum Score Mean (SD) RC-DQI total score quartile
highest and lowest quartile of Lowest Highest
total RC-DQI score
Added sugar 10 5.1 (4.0) 2.7 (3.6) 8.4 (24)
Total fat 2.5 2.2 (0.3) 2.2 (0.3) 2.2 (0.3)
Linoleic acid 2.5 2.1 (0.4) 2.1 (0.4) 2.2 (0.4)
Linolenic acid 2.5 2.1 (0.5) 2.0 (0.4) 2.2 (04)
DHA + EPA 2.5 2.4 (0.4) 2.4 (0.5) 2.5 (0.1)
Total grains 5 4.4 (1.0 3.7 (1.3) 4.7 (0.6)
Whole grains 5 2.9 (1.7) 1.9 (1.4) 3.7 (1.5)
Fruit 10 4.5 (2.9) 3.1 (2.3) 6.3 (3.0
Vegetables 10 43 (2.9) 2.8 (24) 6.4 (3.0)
Excess juice 10 9.1 2.4) 9.0 (2.6) 9.6 (1.6)
Dairy 10 7.5 (2.5) 5.8 (2.7) 8.7 (1.8)
Iron 10 8.1 (2.6) 6.0 (2.6) 9.3 (1.7)
Television x energy 10 7.0 (2.4) 6.0 (2.5) 8.2 (1.6)
Fig. 1 Perce.ntage of children Added Sugar
reaching optimal score for
Revised Children’s Diet Quality Fat
Index total score and component Linoleic Acid
scores Linolenic Acid
DHA & EPA
Total Grains
Whole Grains
Fruit
Vegetables
Excess Juice
Dairy
Iron
TV x Energy
OI% 1(;% 20% 30% 40% 50% 60% 70% 80% 90% 100%

1994-1998 [31] and the National Health and Nutrition
Examination Survey (NHANES) for 2003-2006 [38].
Compared to the CSFII, the present study found lower
median diet quality scores and a more constrained range of
values for most components. While the present study found
better scores for whole grains, the scores for fruits and
vegetables were considerably worse than children in the
CSFII sample. Compared to NHANES, children in the
present study had higher values for whole grains, similar
values for dairy and total grains, and much lower values for
fruits and vegetables. Children from farmworker families
may score better than US children in general for whole
grains because of consuming foods such as tortillas made
with corn meal, but they still have scores less than 60 % of
the optimal score.

Excess juice is a concern because it can be a source of
excess calories leading to obesity and metabolic syndrome

[39, 40]. Recommendations have been made to limit or
even eliminate 100 % fruit juice in children’s diets [41,
42]. In the present study, children’s scores for excess juice
were high, indicating that their diet quality was positive
with regard to juice consumptions and that they were not
exceeding the American Academy of Pediatrics’ recom-
mended 6 oz per day [36]. However, in this low income
population, it is possible that this particular dimension of
diet quality is positive because mothers give children less
expensive fruit “drinks”, which have added sugar. These
added-sugar drinks are not included in the excess juice
calculation; they are included in the added-sugar dimension
for which these children had a low score, indicating poor
diet quality.

One of the strengths of this study is its use of the RC-
DQI. Several measures have been developed to provide an
assessment of diet quality. The health eating index (HEI)
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Table 3 Mean (+standard deviation) of foods and selected nutrients by total RC-DQI score quartiles

Component RC-DQI total score quartiles F P value
Quartile 1 (36.1-55.0) Quartile 2 (55.1-62.2) Quartile 3 (62.3-68.7) Quartile 4 (69.3-86.2)
Added sugar (% kcal) 20.1 (6.9) 17.6 (5.8) 12.6 (5.6) 10.3 (3.7) 110.55 <.0001
Total fat (% kcal) 274 (5.5) 27.3 (5.4) 29.0 (5.8) 27.9 (5.5) 096  0.3278
Linoleic acid (% kcal) 5.1 2.1) 4.6 (1.6) 5.3 (1.8) 5.1 (1.9) 036  0.5493
Linolenic acid (% kcal) 0.6 (0.3) 0.5 (0.2) 0.6 (0.2) 0.6 (0.2) 1.84  0.1759
DHA + EPA (% kcal) 4.8 (4.7) 4.9 (4.3) 44 4.1) 3.7 (2.8) 252 0.1139
Grain (0z) 2.6 (1.4) 3.3 (1.5) 3.9 (1.5) 3.9 (1.6) 27.17 <0.0001
Whole grains (0z) 0.6 (0.5) 0.9 (0.6) 1.3 (1.1) 1.4 (0.9) 39.10 <0.0001
Vegetable (c) 0.3 (0.3) 0.4 (0.3) 0.5 (0.4) 0.7 (0.5) 44.19 <0.0001
Fruit (c) 0.5 (0.4) 0.6 (0.4) 0.8 (0.5) 1.1 (0.6) 51.88 <0.0001
Dairy (c) 1.4 (1.0) 1.9 (0.9) 2.0 (1.0) 2.1 (0.7) 16.82 <0.0001
Excess Juice (c) 0.1 (0.2) 0.1 (0.2) 0.1 (0.3) 0.0 (0.2) 0.71  0.4018
Iron (g) 6.1 (2.9) 9.5 (4.7) 11.5 (6.6) 11.0 4.1) 3598 <0.0001
Television (hr) 1.8 (1.2) 1.5 (1.0) 1.2 (0.9) 0.8 (0.6) 3530 <0.0001
Energy (kcal) 1043.2 (371.0) 1194.2 (345.9) 1258.6 (382.2) 1244.4 (344.4) 10.16  0.0016
Carbohydrates (g) 153.6 (54.5) 174.8 (50.9) 176.6 (58.2) 177.7 (50.1) 5.67 0.0181
Saturated fat (g) 11.9 (6.4) 14.9 (6.5) 15.1 (5.4) 15.3 (6.2) 8.29  0.0044
Protein (g) 36.1 (14.4) 43.3 (15.3) 48.1 (16.1) 48.3 (13.7) 23.11 <0.0001
Fiber (g) 6.5 (2.6) 8.7 (2.8) 10.6 (4.4) 12.6 (4.7) 84.58 <0.0001
Calcium (mg) 587.8 (302.9) 804.6 (257.4) 853.6 (325.2) 881.6 (245.8) 31.73 <0.0001
Vitamin A (IU) 1916.2 (1028.9) 2562.6 (1194.9) 2677.9 (1349.9) 3887.6 (2927.5) 33.65 <0.0001
Vitamin C (mg) 57.1 (45.3) 67.6 (38.4) 77.8 (49.4) 84.4 (47.3) 12.28  0.0005

and diet quality index (DQI), for example, were developed
to measure compliance with federal recommendations [43,
441, and have been revised over time to reflect changes in
these recommendations [44—46]. Because neither the HEI
nor the DQI were designed to address the specific needs of
young children, the Children’s Diet Quality Index (C-DQI)
[31] was developed for children under 6 and revised to the
RC-DQI [12] to take account of changes in dietary intake
guidance. All of these measures have specific components
reflecting food categories and include a total score. The
RC-DQI incorporates gender- and age-specific recom-
mendations, and adjusts its component scores for intakes
below and above recommended levels. It goes beyond
other indices’ focus primarily on Dietary Guidelines for
Americans in incorporating recommendations from the
American Academy of Pediatrics, as well as the Dietary
Reference Intakes for macronutrients and iron, and the
American Dietetic Association recommendations for total
energy and television viewing time [12, 31]. The use of the
RC-DQI allows identification of both excessive and defi-
cient intakes, and therefore can serve as the basis for efforts
to improve diet.

This study’s results should be interpreted in light of its
limitations. Data were collected from farmworker families
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in one region, and results might differ in other areas. The
RC-DQI method relies on maternal reports; mothers might
have adjusted their reports to provide more socially desir-
able answers or they might have forgotten foods. Some
children were in child care on recall days. This required the
usual procedures of unannounced random days for data
collection to be modified so that mothers could obtain diet
information from caregivers. Nevertheless, the dietary data
were collected using a rigorous multi-pass method [30] and
used three 24-hr recalls, rather than the single recall used in
some studies, so captured both weekday and weekend
intakes.

Farmworkers constitute a vulnerable population with
several characteristics that put them at risk for poor dietary
quality: low income, food insecurity, rural isolation, poor
housing, and lack of access to the social safety net pro-
grams, including those related to food [15-17, 47, 48].
Beyond such structural factors, parental behaviors such as
indulgent feeding styles may also underlie poor dietary
quality [40]. The present study confirms that, for children
in farmworker families, dietary quality is poor. Because of
the connections of diet quality to obesity and the negative
health outcomes of obesity, interventions to improve diet-
ary quality are needed for farmworker families.
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