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Abstract: Avoidant/restrictive food intake disorder (ARFID) is characterized in part by limited
dietary variety, but dietary characteristics of this disorder have not yet been systematically studied.
Our objective was to examine dietary intake defined by diet variety, macronutrient intake, and
micronutrient intake in children and adolescents with full or subthreshold ARFID in comparison to
healthy controls. We collected and analyzed four-day food record data for 52 participants with full or
subthreshold ARFID, and 52 healthy controls, aged 9–22 years. We examined frequency of commonly
reported foods by logistic regression and intake by food groups, macronutrients, and micronutrients
between groups with repeated-measures ANOVA. Participants with full or subthreshold ARFID did
not report any fruit or vegetable category in their top five most commonly reported food categories,
whereas these food groups occupied three of the top five groups for healthy controls. Vegetable and
protein intake were significantly lower in full or subthreshold ARFID compared to healthy controls.
Intakes of added sugars and total carbohydrates were significantly higher in full or subthreshold
ARFID compared to healthy controls. Individuals with full or subthreshold ARFID had lower intake
of vitamins K and B12, consistent with limited vegetable and protein intake compared to healthy
controls. Our results support the need for diet diversification as part of therapeutic interventions for
ARFID to reduce risk for nutrient insufficiencies and related complications.
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1. Introduction

Avoidant/restrictive food intake disorder (ARFID) was recently added to the Diagnostic and
Statistical Manual of Mental Disorders, 5th edition (DSM-5) Feeding and Eating Disorders section
to replace and expand upon the former DSM-IV diagnosis of feeding disorder of infancy and early
childhood. Individuals with ARFID have a unique psychological profile manifesting as sensory
sensitivity, fear of aversive consequences (e.g., choking or vomiting), and/or lack of interest in food
or eating. Yet, they often present with dysfunctional feeding behaviors similar to anorexia nervosa
(AN), including restrictive eating [1]. Restrictive eating in ARFID is typically characterized not only by
limited volume, but also limited variety. Case reports suggest that individuals with ARFID often limit
their intake to highly palatable carbohydrate-rich processed foods, and—in more extreme cases—only
eat foods within two food groups (e.g., grains and dairy), or even just one or two foods total (e.g.,
pasta and bread) [2]. This severely selective diet can lead to nutrition-related medical issues such
as electrolyte imbalances, fat-soluble vitamin deficiencies, B vitamin deficiencies (including vitamin
B12 and folate deficiencies), and mercury toxicity [2–4]. Unique to this population is the prevalence
of nutritional deficiencies that exist independent of low weight or even in the absence of faltering
growth [5–7].

It is well known that a nutritionally adequate and balanced diet is critical for optimal growth
and development in children and adolescents. The U.S. Department of Agriculture (USDA) Dietary
Guidelines for Americans promote the intake of a diverse diet including nutrient-dense foods such as
varied fruits and vegetables, whole grains, and lean proteins. Specific nutrient reference values for over
40 nutrients are described in the Dietary Reference Intakes (DRI) developed by the Institute of Medicine
of the National Academies. The DRI are intended to guide nutrition recommendations and target
adequate intake of both macronutrients and micronutrients [8–10]. These recommendations further
support the need for a varied diet as individual foods even within a food group can differ with respect
to nutritional composition [11]. Current estimates of nutrient status in the U.S. population indicate
that vitamins A, C, D, E, folate, B6, B12, calcium, zinc, iron, and magnesium are often under-consumed
relative to their DRI [12,13]. Coupling this general estimate of under-consumption with disordered
eating may increase risk of deficiencies in the ARFID population.

The USDA Dietary Guidelines for Americans recommend that both children and adults limit
consumption of saturated fat, added sugar, and added salt, which are most often found in processed
foods that may displace healthier alternatives. Processed foods—defined as any food that is altered
during preparation (i.e., baking, drying, freezing)—include cereals, bread, snacks (i.e., chips, pies,
pastries), convenience foods such as ready-to-eat meals, and sugar-sweetened beverages [14,15].
Globally (and in the U.S.), processed foods are the predominant source of nutrients and energy
accounting for 50%–90% (and more than 70%, respectively) of intake [16,17]. Greater intake of
processed foods is associated with health consequences including obesity, type 2 diabetes, and
cardiovascular disease [18,19], supporting the importance of limiting processed foods and promoting
diet quality with nutrition education and lifestyle interventions.

Clinical observations suggest that individuals with ARFID often rely heavily on processed foods
and limit their intake of fruits and vegetables, which may contribute to failure to meet adequate
nutritional and/or energy needs with associated negative health implications. Few studies have
evaluated the role of picky eating, a unique restrictive eating pattern that can lead to symptoms of
ARFID, in children or adults [20,21]. Among individuals with picky eating, severity of picky eating has
been inversely correlated with diet variety, more specifically, intake of fruits and vegetables [22–24].
However, dietary intake has yet to be systematically examined in the ARFID population. To empirically
characterize dietary intake patterns associated with ARFID, we evaluated differences in four-day
food record data in children and adolescents with full or subthreshold ARFID compared to healthy
controls. This is the first study to assess dietary patterns, food intake by food groups, and usual intake
of energy, macronutrients, and micronutrients of individuals with full or subthreshold ARFID. We
hypothesized that, consistent with our clinical observations, individuals with full or subthreshold
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ARFID would commonly report intake of foods that are defined as processed foods, leading to greater
consumption of added sugars and fat. We also hypothesized that greater consumption of processed
foods would displace healthier food groups, such that individuals with full or subthreshold ARFID
would report lower intake of fruits, vegetables, and fibrous grains compared to healthy controls. We
further predicted that these differences in intake among food groups would be reflected in differential
macronutrient intake such that individuals with full or subthreshold ARFID would have a diet higher
in carbohydrates and fat (but lower in protein) compared to healthy controls. Lastly, we hypothesized
that individuals with full or subthreshold ARFID would have significantly lower intake of fat-soluble
(vitamins A, D, E, and K) and water-soluble vitamins (vitamins B6, folate, B12, and C) and minerals
(calcium, iron, magnesium, zinc) compared to healthy controls, with a greater percentage of full or
subthreshold ARFID not meeting the current dietary recommendations for micronutrient intake.

2. Materials and Methods

We collected dietary recall data as part of ongoing observational studies examining the
neurobiological mechanisms of feeding and eating disorders in youth (NIH R01 MH108595, R01
MH103402, and Harvard Catalyst grant M01-RR-01066). We analyzed data collected between 2008
and 2018.

2.1. Participants

Our participants with full and subthreshold ARFID included males and females aged 9–22
years (n = 52) who met criteria for ARFID on the Eating Disorder Assessment-5 (EDA-5) [25]
or endorsed significant ARFID symptoms on the Kiddie Schedule for Affective Disorders and
Schizophrenia for School-Aged Children–Present and Lifetime version (KSADS-PL) Eating Disorder
and Substance-Related Disorders Supplements [26]. We used the four DSM-5 criteria and the Pica,
ARFID, and Rumination Disorder Interview (PARDI) to define full or subthreshold ARFID [27,28].
More specifically, we defined full ARFID as individuals who restricted their intake by volume and/or
variety and met DSM-5 criteria A (i.e., weight loss, nutritional deficiency, dependence on enteral
feeding or oral nutrition supplements, and/or marked interference with psychosocial function), B (the
eating disturbance is not explained by lack of available food or a culturally sanctioned practice), C
(the eating disturbance does not occur exclusively during the course of AN or bulimia nervosa, and
there is no evidence of shape and weight concerns), and D (the eating disturbance is not attributed
to a concurrent medical condition or psychiatric disorder) for ARFID, as suggested in the PARDI
diagnostic algorithm. Those with subthreshold ARFID restricted their intake by volume and/or variety
and met DSM-5 criteria B, C, and D, but did not meet criteria A1–A4 at the level of severity required by
the PARDI. For the full and subthreshold ARFID group, exclusion criteria included any co-occurring
psychotic disorders; gastrointestinal tract surgery; medical history of intellectual disability (IQ <

70); history of psychosis; active substance or alcohol use disorder within the past month; and active
suicidal ideation.

We drew healthy control participants (n = 52) from three studies with slightly different enrollment
criteria. More specifically, study inclusion criteria for healthy controls included males and females aged
9–22 years, who completed a health history review and physical examination, and screening laboratory
tests to confirm sound physical health, a body mass index (BMI) within the 25th–85th percentile for
age, and regular menses after the first two years post-menarche if female. Exclusion criteria for the
healthy control participants included psychological disorders determined by one of the following:
Children’s Depression Rating Scale-Revised (CDRS-R), Children’s Depression Inventory (CDI) [29–32],
or KSADS-PL [26]; feeding or eating disorders determined by one of the following: EDA-5 [25], Eating
Disorder Examination Questionnaire (EDE-Q) [33], or extensive review of health history and physical
examination; gastrointestinal tract surgery; any neuroendocrine abnormalities or conditions; active
substance or alcohol use disorder within the past month; and active suicidal ideation.
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All psychiatric interviews were administered by doctoral-level psychologists or trained research
coordinators, who participated in weekly inter-rater reliability meetings chaired by a psychologist.
The Partners Human Research Committee approved data collection for all studies from which
participants were drawn. We obtained informed consent from adult participants (ages 18 and older)
and parent/guardian consent plus child assent for child participants (ages 9–17).

2.2. Anthropometric Measurements

Study staff measured height with a single stadiometer, and weight by an electronic scale in
triplicate, then averaged to obtain final values. We calculated BMI as the ratio of weight (kg) to height
(m) squared [34]. We calculated percent of median BMI by identifying the median BMI for the following
age groups 9–13 years, 14–18 years, and 18+ years of age.

2.3. Assessment of Food and Nutrient Intake

We evaluated all participants at either the Translational and Clinical Research Center (TCRC) at
Massachusetts General Hospital or the Athinoula A. Martinos Center for Biomedical Imaging. The
visit included a review of health history and physical examination, and review of a four-day food
record [35,36] that participants completed at home prior to the study visit. Instructions for the four-day
food record were provided and reviewed by a research dietitian during screening. Research dietitians
entered and analyzed the data utilizing the 2018 version of the Nutrition Data System for Research
(NDS-R) software from the Nutrition Coordinating Center (NCC) at the University of Minnesota [37–39].
A research dietitian reviewed all data entered for analysis and final reports. Vitamin and mineral
supplements (e.g., over-the-counter multivitamin and multimineral supplements, individual vitamin
and/or mineral supplements, and nonprescription antacids) were not incorporated into the food and
nutrient intakes used for statistical analysis, as our objective focused on evaluating intake from food
specifically, rather than supplements. Use of calorie-containing nutrient/energy supplements including
Ensure®, Ensure® Plus, Pediasure®, Boost®, and Carnation Breakfast Essentials®, was captured during
the interview with the TCRC registered dietitian at Massachusetts General Hospital or the Athinoula
A. Martinos Center for Biomedical Imaging. Additionally, the calorie-containing nutrient/energy
supplements were captured as food items according to the NDS-R NCC and analyzed as food items
reported in the four-day food record. We used reference values from the USDA Dietary Guidelines
for Americans and DRI [12] to determine the percent of participants not meeting a recommendation
for food groups and micronutrients including vitamins A, C, D, E, K, folate, B6, B12, calcium, iron,
magnesium, and zinc [8–10]. To better understand whether our participants exhibited the limited
dietary variety previously observed in anecdotal evidence and case reports, we completed a qualitative
review of four-day food record data, identifying the five most commonly reported food subgroups
defined by the NDS-R NCC Food Group Serving Count System, which categorizes food into 169
subgroups across nine general categories [37–39]. We defined frequency of commonly reported foods
by the most common subgroups reported at least once in the food record and identified the top five
most common subgroups for the full or subthreshold ARFID group as well as the top five most common
subgroups for the healthy control group. We entered data as ‘present/absent’ in the food record for the
five subgroups identified within the full or subthreshold ARFID and healthy control groups.

2.4. Statistical Analyses

To determine differences among clinical characteristics between the participant classification
groups, we used Analysis of Variance (ANOVA) for continuous variables including age, percent of
median BMI, and multinomial or logistic regression for categorical variables including sex, ethnicity,
and race. Results of this analysis identified potential confounding variables including age and sex.
Thus, we adjusted all subsequent analyses presented for age and sex.
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We compared differences in the frequency of the most commonly reported food subgroups defined
by the NDS-R NCC Food Group Serving Count System between full or subthreshold ARFID and
healthy controls by logistic regression.

To determine the usual distributions among (a) intake of food groups (measured in cup equivalents,
ounces, or teaspoons), (b) energy and macronutrient intake, and (c) micronutrient intake, we utilized a
measurement-error model based on a linear regression adjusting for intra-person day-to-day variability,
followed by a Box–Cox transformation to skewed data distributions [40]. Intake by food groups,
macronutrient intake, and micronutrient intake were analyzed by a repeated-measures ANOVA for
non-skewed distributions, or the nonparametric Wilcoxon’s Rank Sum test for skewed distributions,
adjusting for age and sex. All models were assessed using diagnostics for assumptions of homogeneity
of variance. We found no outliers that influenced significance in the full models. We used the
Bonferroni–Holm procedure to adjust for multiple comparisons, by adjusting the rejection criteria for
each hypothesis [41,42]. Level of significance for each hypothesis was as follows: individuals with full
or subthreshold ARFID would commonly report intake of foods that were defined as processed foods,
p < 0.01; individuals with full or subthreshold ARFID would report lower intake of fruits, vegetables,
and fibrous grains compared to healthy controls, p < 0.01; individuals with full or subthreshold ARFID
would have a diet higher in carbohydrates and fat (but lower in protein) compared to healthy controls,
p < 0.0125; individuals with full or subthreshold ARFID would have significantly lower intake of
fat-soluble vitamins (vitamins A, D, E, and K), water-soluble vitamins (vitamins B6, folate, B12, and C),
and minerals (calcium, iron, magnesium, zinc) compared to healthy controls, p < 0.0125. We carried out
all analyses using SAS v 9.4 (Cary, NC). Data are reported as means ± standard error of mean (SEM).

3. Results

3.1. Participant Characteristics

Participant characteristics are summarized in Table 1. The mean ages of participants with full
or subthreshold ARFID and healthy controls were 14.3 ± 0.4 years and 16.9 ± 0.4 years, respectively.
Healthy controls were approximately 2.6 years older than participants with full or subthreshold ARFID.
Males comprised 62% (n = 32) of the full or subthreshold ARFID group, compared to 39% (n = 20)
of healthy controls. Anthropometric measurements were captured as percent of median BMI, which
was not significantly different between groups. Ethnicity did not significantly differ between groups.
Racial diversity was captured in the following categories: Caucasian, African American, Asian, more
than one race, and not specified. Race did not significantly differ between the full or subthreshold
ARFID group and healthy controls.

Table 1. Clinical characteristics of participants with full or subthreshold avoidant/restrictive food intake
disorder (ARFID) and healthy controls.

Full or Subthreshold ARFID Healthy Controls

n = 52 n = 52 p-Value

Age (y) a 14.3 ± 0.4 16.9 ± 0.4 <0.01 *
Sex (% male) 61.5 38.5 0.05 *

Percent of median BMI (%) a 103 ± 27.8 105 ± 16.6 0.54
Ethnicity (%(n)) 0.35

Hispanic 10 (5) 22 (11)
Non-Hispanic 90 (47) 78 (41)

Racial Diversity (%(n)) 0.85
Caucasian 92 (48) 62 (32)

African American 2 (1) 10 (5)
Asian 2 (1) 11 (6)

More than one race 4 (2) 13 (7)
Did not specify - 4 (2)

* Significance at p < 0.05. a Data presented as mean ± SEM.
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3.2. Frequency of Commonly Reported Foods

The most commonly reported foods based on the NDS-R NCC classification among participants
with full or subthreshold ARFID and healthy controls are reported in Tables 2 and 3. In both groups,
the most commonly reported foods fell in the category of ‘sugar, syrup, honey, jam, jelly, and preserves’
and ‘cheese, full fat’; however, they did not significantly differ between the two groups (p = 0.17
and p = 0.10, respectively). Consistent with our expectations, participants with full or subthreshold
ARFID reported a significantly higher frequency of intake of the following food categories compared to
healthy controls: ‘loaf type bread and plain rolls-refined grains’: 52% vs. 40%; and ‘cakes, cookies, pies,
pastries, Danishes, doughnuts, and cobblers’: 48% vs. 35% (all p < 0.01). In contrast, healthy controls
reported a significantly higher frequency of intake of other vegetables, fruits (excluding citrus fruits),
and dark-green vegetables (56% vs. 21%, 46% vs. 25%, and 46% vs. 17% respectively; all p < 0.01).

Table 2. Frequency of top five most commonly reported foods among participants with full or
subthreshold ARFID compared to healthy controls.

Reported Foods a Full or Subthreshold
ARFID Healthy Controls

(% (n)) (% (n)) p-Value

Sugar, syrup, honey, jam, jelly, preserves 71 (37) 63 (33) 0.17
Cheese, full fat 56 (29) 50 (26) 0.10

Sweetened soft drinks and fruit juice b 54 (28) 46 (24) 0.16
Loaf type bread and plain rolls-refined grains 52 (27) 40 (21) 0.01 *

Cakes, cookies, pies, pastries, Danishes,
doughnuts, and cobblers 48 (25) 35 (15) 0.01 *

* Significance at p-value < 0.01. a Foods are summarized into categories defined by the NDS-R NCC Food Group
Serving Count System, which categorizes food into 169 subgroups. Frequency of commonly reported foods is
defined by the most common subgroups reported at least once in a record. b Does not include artificially sweetened
soft drinks.

Table 3. Frequency of top five most commonly reported foods among healthy controls compared to
full or subthreshold ARFID.

Reported Foods a Healthy Controls Full or Subthreshold
ARFID

(% (n)) (% (n)) p-Value

Sugar, syrup, honey, jam, jelly, preserves 63 (33) 71 (37) 0.17
Other vegetables b 56 (29) 21 (11) <0.01 *

Cheese, full fat 50 (26) 56 (29) 0.10
Fruit (excluding citrus fruit) 46 (24) 25 (13) <0.01 *

Dark-green vegetables 46 (24) 17 (8) <0.01 *

* Significance at p-value < 0.01. a Foods are summarized into categories defined by the NDSR NCC Food Group
Serving Count System, which categorizes food into 169 subgroups. Frequency of commonly reported foods is defined
by the most common subgroups reported at least once in a record. b Other vegetables (e.g., radishes, vegetable
relishes like salsa, and mixed vegetable dishes) not including dark-green vegetables, deep-yellow vegetables, tomato,
white potatoes, fried potatoes, other starchy vegetables, legumes, fried vegetables, or vegetable juice.

3.3. Dietary Intake Among Food Groups

Mean intake among food groups as defined by the USDA Dietary Guidelines for Americans
in full or subthreshold ARFID compared to healthy controls is reported in Table 4 [8–10]. Dietary
intake of vegetables including all fresh, frozen, canned, and dried options in cooked or raw forms, and
vegetable juices was significantly lower in full or subthreshold ARFID compared to healthy controls.
Approximately 86% of the participants with full or subthreshold ARFID and 65% of healthy controls
did not meet the USDA Dietary Guidelines for Americans recommendation of vegetables per day.
Additionally, protein intake (including foods from both animal and plant sources) was significantly
lower among participants with full or subthreshold ARFID compared to healthy controls, with 76% of
participants with full or subthreshold ARFID not meeting the current recommendation for protein
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intake compared to approximately 50% of healthy controls. Although we found no significant difference
in fruit intake between groups, the percent of participants not meeting the recommendation for daily
fruit intake was significantly greater in participants with full or subthreshold ARFID compared to
healthy controls (72% vs. 57%, p = 0.001). We found no significant differences in mean intake in the
grains, dairy, and oils food groups, and no significant differences in the percent of participants not
meeting recommendations in the grains, dairy, and oils food groups.

Table 4. Intake among food groups in participants with full or subthreshold ARFID and healthy controls.

Mean Intake a
% (n) Not Meeting Dietary
Guidelines for Americans

Recommendation b

Full or
Subthreshold

ARFID

Healthy
Controls

Full or
Subthreshold

ARFID

Healthy
Controls

n = 52 n = 52 p-Value n = 52 n = 52 p-Value

Fruit c (cup equivalents) 1.3 ± 0.1 1.9 ± 0.1 0.03 72 (37) 57 (29) 0.001 *
Vegetables d (cup equivalents) 1.4 ± 0.1 2.6 ± 0.2 <0.001 * 86 (45) 65 (34) 0.001 *
Grains e (ounce equivalents) 7.9 ± 0.3 7.0 ± 0.2 0.17 33 (17) 39 (20) 0.14
Protein f (ounce equivalents) 3.2 ± 0.2 5.6 ± 0.3 <0.001 * 76 (39) 50 (26) 0.001 *

Dairy g (cup equivalents) 3.7 ± 0.4 2.5 ± 0.2 0.09 39 (20) 53 (27) 0.26
Oils h,i (teaspoons) 2.3 ± 0.21 2.4 ± 0.2 0.68 24 (12) 25 (13) 0.82

* Significance at Bonferroni–Holm p-value < 0.01. a Mean intake data presented as mean ± SEM. b Daily
recommendation defined by Dietary Guidelines for Americans for age. Percent not meeting recommendation
presented as %(n).c The fruit food group includes whole fruits (fresh, canned, frozen, and dried forms) and 100%
fruit juice. d The vegetable food group includes all fresh, frozen, canned, and dried options in cooked or raw forms,
including vegetable juices. e The grains food group includes grains as single foods (e.g., rice, oatmeal, and popcorn),
as well as products that include grains as an ingredient (e.g., breads, cereals, crackers, and pasta). Grains are either
whole or refined. f The protein foods group includes foods from both animal and plant sources such as seafood;
meats, poultry, and eggs; and nuts, seeds, and soy products. Legumes (beans and peas) are also considered part of
the protein foods group as well as the vegetables group. g Dairy includes all fluid milk and dairy byproducts such
as yogurt and cheese, or fortified soy beverages (commonly known as “soymilk”). h Oils include canola, corn, olive,
peanut, safflower, soybean, and sunflower oils. i Reported as participants exceeding recommendation for fats.

3.4. Energy and Macronutrient Intake

Absolute calorie intake and total grams consumed reported by participants with full or
subthreshold ARFID were comparable to healthy controls (Table 5). Intake of added sugars was
significantly higher in participants with full or subthreshold ARFID, with a parallel significant difference
in the reported absolute intake of carbohydrates. We observed higher intake of total sugars, and lower
intake of fiber, in participants with full or subthreshold ARFID compared to healthy controls; however,
the differences were not significant after controlling for multiple comparisons (all p > 0.02). Total protein
intake was significantly lower in the full or subthreshold ARFID group compared to healthy controls.
Additionally, participants with full or subthreshold ARFID consumed a lower percentage of total
calories from protein (ARFID: 12.0 ± 0.42; healthy controls: 16.4 ± 0.46, p < 0.001) and a greater
percentage of calories from carbohydrates (ARFID: 54.3 ± 0.64; healthy controls: 50.7 ± 1.05, p = 0.004)
compared to healthy controls. Percent of calories from fats (ARFID: 33.5 ± 0.56; healthy controls:
32.4 ± 0.71) did not differ between groups (p = 0.185). Among participants with full or subthreshold
ARFID, 19% endorsed nutrient/energy supplement use during the interview with a research dietitian,
while only six participants (12%) reported foods categorized as ‘nondairy based sweetened meal
replacement/supplement’ within the reported four-day food record period. No participants in the
healthy control group endorsed nutrient/energy supplement use or reported intake within the four-day
food record.



Nutrients 2019, 11, 2013 8 of 14

Table 5. Mean energy and macronutrient intake in participants with full or subthreshold ARFID and
healthy controls.

Full or Subthreshold
ARFID a Healthy Controls a

n = 52 n = 52 p-Value

Total grams (g) 1970 ± 97 2701 ± 357 0.10
Total Calories (kcal) 2126 ± 80 1967 ± 82 0.24

Total carbohydrates (g) 291 ± 111 252 ± 11.7 0.01 *
Total sugars (g) 131 ± 7.9 107 ± 6.8 0.02

Added sugars (g) 97.0 ± 6.6 66.7 ± 5.4 0.002 *
Total fiber (g) 15.0 ± 0.8 19.1 ± 1.2 0.03

Total protein (g) 63.9 ± 3.2 78.8 ± 3.6 0.003 *
Total fat (g) 82.0 ± 3.6 73.9 ± 3.5 0.17

Solid fats (g) 41.7 ± 2.9 39.1 ± 3.6 0.16

* Significance at Bonferroni-Holm p-value < 0.0125. a Data presented as mean ± SEM.

3.5. Micronutrient Intake

Dietary intake of vitamin K (as micrograms of phylloquinone) was significantly lower in
participants with full or subthreshold ARFID compared to healthy controls (Table 6) [43], with 78% of
full or subthreshold ARFID participants (vs. 55% of healthy controls) not meeting the age-appropriate
DRI for males and females [8–10]. Among the other fat-soluble vitamins, there were no significant
differences between groups. Vitamin B12 was the only water-soluble vitamin that significantly differed
between participants with full or subthreshold ARFID and healthy controls with lower intake of
vitamin B12 in participants with full or subthreshold ARFID. There was no significant difference in the
percent of participants not meeting the DRI [8–10]. Intake of vitamin B6, vitamin C, folate, calcium,
magnesium, and zinc did not differ between groups. However, the percent of participants not meeting
the DRI for magnesium and zinc was significantly higher in participants with full or subthreshold
ARFID compared to healthy controls (90% vs. 76%; 65% vs. 52%, respectively). Among participants
with full or subthreshold ARFID, 41% endorsed multivitamin/multimineral supplement use, compared
to 14% of healthy controls during the interview with a research dietitian.

Table 6. Micronutrient intake including fat-soluble vitamins, water-soluble vitamins, minerals, and
trace minerals in participants with full or subthreshold ARFID and healthy controls.

Mean Intake a % (n) Not Meeting Dietary
Reference Intakes b

Full or
Subthreshold

ARFID

Healthy
Controls

Full or
Subthreshold

ARFID

Healthy
Controls

n = 52 n = 52 p-Value n = 52 n = 52 p-Value

Vitamin A (mcg) c 699 ± 32.5 807 ± 32.3 0.16 70 (37) 63 (33) 0.09
Vitamin C (mg) 348 ± 88.3 90.4 ± 4.8 0.45 62 (32) 49 (25) 0.08

Vitamin D (mcg) d 5.4 ± 0.2 6.2 ± 0.3 0.11 93 (48) 92 (48) 0.38
Vitamin E (mg) 10.0 ± 0.4 9.8 ± 0.4 0.65 86 (45) 84 (44) 0.95

Vitamin K (mcg) 55.8 ± 1.9 162 ± 12.3 0.01 * 78 (40) 55 (28) <0.001 *
Vitamin B6 (mg) e 1.6 ± 0.04 1.9 ± 0.04 0.09 38 (20) 27 (14) 0.07

Folate (mcg) f 560 ± 17.2 569 ± 14.5 0.44 41 (21) 32 (17) 0.14
Vitamin B12 (cobalamin, mcg) 3.9 ± 0.1 4.7 ± 0.2 0.01 * 36 (19) 32 (17) 0.12

Calcium (mg) 1096 ± 29.1 1037 ± 26.7 0.78 63 (33) 72 (37) 0.75
Iron (mg) 14.5 ± 0.3 15.7 ± 0.4 0.14 45 (24) 46 (24) 0.38

Magnesium (mg) 248 ± 4.8 299 ± 6.6 0.05 90 (47) 76 (39) 0.002 *
Zinc (mg) 9.4 ± 0.2 11.0 ± 0.3 0.03 65 (34) 52 (27) 0.01 *

* Significance at Bonferroni–Holm p -value < 0.0125. a Mean intake data presented as mean ± SEM. b Not meeting the
recommendation is defined as not meeting age-appropriate recommended dietary allowances (RDA) or Adequate
Intake (AI) for males and females, respectively. Data presented as %(n). c Vitamin A defined as Retinol Activity
Equivalents (RAE). d Vitamin D defined as cholecalciferol. e Vitamin B6 defined as pyridoxine, pyridoxyl, and
pyridoxamine. f Folate as dietary folate equivalents (DFE).
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4. Discussion

This is the first report systematically characterizing dietary intake in youth with full or subthreshold
ARFID. We found that, compared to heathy children and adolescents, the diet of youth with full or
subthreshold ARFID is higher in refined-carbohydrate processed foods, as well as total carbohydrates
and added sugars, and lower in protein, vegetables, and vitamins K and B12. Our findings
demonstrate that overall diet quality of youth with full or subthreshold ARFID is inadequate in
macro- and micronutrient composition, ultimately increasing the risk for nutritional deficiencies and
metabolic disorders.

We demonstrated that participants with full or subthreshold ARFID have a diet high in added
sugars, a major component of processed foods, more specifically, foods categorized as refined grains.
Refined grains have been milled, which is a process that removes the bran and germ. This results in
a finer texture and improves shelf life, but it also removes dietary fiber, iron, and many B vitamins.
Frequent consumption of processed foods can increase risk for metabolic sequelae, as they tend to be
higher in added sugars, sodium, and solid fats, and lower in fiber and protein. The high palatability and
unique macro- and micronutrient composition of processed foods is thought to contribute to gut-brain
signaling dysfunction, which may drive intake and reinforce pathological eating behaviors [44–47].
Results from a randomized controlled trial found that individuals randomized to a processed food diet
had a greater intake of total calories, fat, and carbohydrates, a lower intake of protein, and a significant
increase in weight over a two-week period compared to individuals randomized to an unprocessed diet.
These findings further support the need to limit consumption of processed foods despite abundant
access and ease of purchase and preparation [48]. In children and adolescents, increased intake
of processed foods is associated with overweight and obesity, elevated blood glucose levels, and
increased risk of hypertension [49,50]. Within our sample, percent of median BMI was not significantly
different between groups. However, examining the long-term effects of limited diet variety and intake
of processed foods in ARFID is warranted to determine the risk of increasing BMI and associated
metabolic dysfunction. Increased consumption of processed foods is related to reduced intake of other
food groups including fruits, vegetables, whole grains, and protein [51,52]. We found that most of the
commonly eaten foods reported by participants with full or subthreshold ARFID include processed
foods and refined carbohydrates and that individuals with full or subthreshold ARFID report these
foods at a significantly greater frequency than healthy controls. This likely contributes to the greater
intake of total carbohydrates, percent of total calories from carbohydrates and added sugars, and
reduced intake of protein and percent of total calories from protein that we observed in individuals
with full or subthreshold ARFID.

Similar to AN, some individuals with ARFID are low-weight, which is often associated with
inadequate intake as defined by limited volume and calories. However, other individuals with
ARFID are of normal weight or overweight and report inadequate dietary variety. Other than
in low-weight individuals where energy repletion is a critical first step, our findings suggest that
therapeutic interventions for ARFID should prioritize the introduction of nutritionally adequate foods
over processed foods with known detrimental effects. While patients with very severe presentations
of ARFID may require gradual exposure to novel foods, early changes to eating flexibility that
favor minor variations in processed foods or the introduction of supplements should ultimately be
leveraged to initiate bigger changes such as the introduction of non-processed whole foods later in
treatment [2]. Cognitive-behavioral therapy is one current treatment modality for ARFID, which
implements the USDA MyPlate guidelines as well as describes common micronutrient deficiencies
to help identify foods for exposure therapy and learning [2]. In addition, multidisciplinary teams
including those in gastroenterology, nutrition, speech language pathology, and occupational therapy
adopt similar approaches using the MyPlate guidelines as a primary tool for nutrition education and
diet expansion [53]. Our findings support current cognitive-behavioral therapy techniques and will
help guide future multidisciplinary approaches and development of evidence-based guidelines for
treatment specific to ARFID.
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Micronutrient analysis revealed that youth with full or subthreshold ARFID reported lower
vitamin K (as phylloquinone), reflective of reduced vegetable intake, and lower vitamin B12, consistent
with reduced consumption of animal-based proteins, compared to healthy controls [43,54]. Vitamin
K is most commonly known for its role in blood clotting; however, novel functions continue to be
identified [55]. Vitamin B12 is an essential nutrient for brain development throughout childhood and
adolescence due to its involvement in DNA synthesis and methylation, and maintaining genomic
stability [54,56]. Vitamin B12 insufficiency is associated with cognitive impairments in children [56].
These findings are relevant for individuals with ARFID—whom we found to have insufficient intake of
vitamin K and vitamin B12—and further support the need to maintain a varied diet and meet nutrient
requirements from food before supplements. We did not find any other micronutrient insufficiency in
this group, which may be attributed to consumption of processed foods. Food processing practices,
such as enrichment and fortification, improve the nutrient content in foods by incorporating a variety of
fat- and water-soluble vitamins and minerals that help individuals meet the DRI [57–59]. With respect
to our findings, B vitamins, including vitamin B12, are often found in fortified cereals, whereas vitamin
K is not used in enrichment or fortification due to its interaction with anticoagulants [43,54]. Thus,
vegetables and plant-based oils remain the primary source of dietary vitamin K [58]. In contrast to
previous case reports of micronutrient toxicity in individuals with ARFID due to selective eating [2,3],
we found no indication of excessive micronutrient intake. The USDA Dietary Guidelines for Americans
and DRI recommend consumption of nutritionally dense foods via diverse dietary intake to ensure
optimal nutrient intake for physiological processes and to reduce disease risk [13]. Diet diversity
is considered imperative as nutrient composition varies among foods, and the likely synergistic
effects among the nutrients and compounds within a food matrix may be lost when relying on
supplements [60]. Dependence on nutrient/energy supplements is one way to meet diagnostic criteria
for ARFID. While 19% of participants with full or subthreshold ARFID endorsed taking nutrient/energy
supplements in general, only six (12%) participants reported actual nutrient/energy supplement use
within the four-day food record period, with healthy controls not reporting any use of nutrient/energy
supplements. This indicates that supplement use may be sporadic and suggests that providers should
maintain vigilance for patient adherence to nutrition-related recommendations. Thus, improving diet
diversity in individuals with full or subthreshold ARFID is necessary to ensure nutritional adequacy
and to preserve physiological functions independent of a diagnosed nutrient deficiency.

Our findings must be interpreted considering some limitations. First, we chose to use a four-day
food record in this first analysis of dietary intake in ARFID; like any self-report instrument, such records
are subject to potential bias and misreporting [36]. Second, extensive analysis of micronutrient intake
continues to be a challenge as the food composition databases utilized for nutrient composition can be
limited in high-quality data representative of current national food habits and consumption patterns [61].
Thus, we limited our micronutrient analysis to vitamins and minerals previously evaluated in pediatric
populations. Third, dietary intake of macronutrients and micronutrients is not necessarily a reflection
of nutritional status, of which we currently lack well-validated biomarkers [62–64]. Thus, dietary
questionnaires are useful in identifying risk for nutritional insufficiency. The question of how to best
evaluate nutritional status using assessments of food intake or biomarkers continues to be a challenge
among clinicians and healthcare practitioners working with ARFID [65]. Our study supports the use of
food records in full or subthreshold ARFID as a tool to help guide food exploration and diet diversity
within therapeutic interventions.

In summary, in this first study of nutritional intake in youth with full or subthreshold ARFID, we
found the diet of youth with full or subthreshold ARFID is higher in refined-carbohydrate processed
foods, as well as total carbohydrates and added sugars, and lower in protein, vegetables, and vitamins
K and B12. Thus, the severe selectivity and restrictions around eating among individuals with full
or subthreshold ARFID appear to increase their risk of nutritional deficiencies. However, a diet high
in processed foods may mitigate some micronutrient deficiencies since food processing techniques
(e.g., fortification and enrichment) alter the micronutrient content of food. Conversely, a diet high
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in processed foods increases risk for metabolic diseases. Independent of nutrient status or intake,
the selective diet often observed in ARFID may also contribute to psychosocial impairments such
as limiting an individual’s ability to engage in social eating with peers, further demonstrating the
burden of this disorder. Future studies will be important to examine differences in nutrient intake in
individuals with prototypical ARFID presentations (i.e., sensory sensitivity, lack of interest, and fear of
aversive consequences) [2]. Our examination of dietary intake in individuals with full or subthreshold
ARFID supports the development of therapeutic interventions—such as those utilizing food exposure
methodology or cognitive-behavioral therapy—to not only improve overall intake but reduce risk of
nutritional deficiencies and lessen the psychosocial burden of the disorder.

Author Contributions: Conceptualization, J.J.T., E.A.L., N.M., and K.T.E.; methodology, J.J.T., E.A.L., N.M., K.T.E.,
and M.M.; software, S.G.H.; validation, S.G.H., and T.M.H.; formal analysis, S.G.H.; investigation, J.J.T., E.A.L.,
T.M.H., M.S.R., A.M.I., O.W., R.L.P., E.A., K.T.E., M.M., and N.M.; resources, J.J.T, E.A.L., K.T.E., M.M., and T.M.H.;
data curation, S.G.H. and T.M.H.; writing—original draft preparation, S.G.H.; writing—review and editing, all
co-authors; visualization, J.J.T., E.A.L., and S.G.H.; supervision, J.J.T. and E.A.L.; project administration, J.J.T.,
E.A.L., K.T.E., M.M., and E.A.; funding acquisition, J.J.T., E.A.L., N.M., K.T.E., M.M., and S.G.H.

Funding: This research was funded by the National Institute of Health grants R01 MH108595, R01 MH103402,
F32 MH118824-01, P30 DK040561, and Harvard Catalyst grant M01-RR-01066.

Acknowledgments: The assistance of the staff is gratefully appreciated.

Conflicts of Interest: Thomas and Eddy receive royalties from Cambridge University Press for the sale of their
book Cognitive-Behavioral Therapy for Avoidant/Restrictive Food Intake Disorder: Children, Adolescents, and Adults. All
other co-authors have no conflicts of interest.

Abbreviations

ANOVA Analysis of variance
AN Anorexia nervosa
ARFID Avoidant restrictive food intake disorder
BMI Body mass index
CDI
CDRS-R
DRI

Children’s Depression Inventory
Children’s Depression Rating Scale-Revised
Dietary Reference Intakes

DSM-5 Diagnostic and Statistical Manual of Mental Disorders, 5th Edition
EDA-5 Eating Disorder Assessment-5
EDE-Q Eating Disorder Examination-Questionnaire

KSADS-PL
Kiddie Schedule for Affective Disorders and Schizophrenia for School Aged Children-Present and
Lifetime

NCC Nutrition Coordinating Center
NDS-R Nutrition Data System for Research
PARDI
SEM

Pica, ARFID, and Rumination Disorder Interview
Standard error of mean

TCRC Translational Clinical Research Center
USDA United States Department of Agriculture

References

1. Thomas, J.J.; Lawson, E.A.; Micali, N.; Misra, M.; Deckersbach, T.; Eddy, K.T. Avoidant/Restrictive Food
Intake Disorder: A Three-Dimensional Model of Neurobiology with Implications for Etiology and Treatment.
Curr. Psychiatry Rep. 2017, 19, 54. [CrossRef] [PubMed]

2. Thomas, J.J.; Eddy, K.T. Cognitive-Behavioral Therapy for Avoidant/Restrictive Food Intake Disorder: Children,
Adolescents, and Adults; Cambridge University Press: Cambridge, UK, 2019.

3. Chandran, J.J.; Anderson, G.; Kennedy, A.; Kohn, M.; Clarke, S. Subacute combined degeneration of the
spinal cord in an adolescent male with avoidant/restrictive food intake disorder: A clinical case report. Int. J.
Eat. Disord. 2015, 48, 1176–1179. [CrossRef] [PubMed]

4. Strandjord, S.E.; Sieke, E.H.; Richmond, M.; Rome, E.S. Avoidant/Restrictive Food Intake Disorder: Illness
and Hospital Course in Patients Hospitalized for Nutritional Insufficiency. J. Adolesc. Heal. 2015, 57, 673–678.
[CrossRef] [PubMed]

http://dx.doi.org/10.1007/s11920-017-0795-5
http://www.ncbi.nlm.nih.gov/pubmed/28714048
http://dx.doi.org/10.1002/eat.22450
http://www.ncbi.nlm.nih.gov/pubmed/26311292
http://dx.doi.org/10.1016/j.jadohealth.2015.08.003
http://www.ncbi.nlm.nih.gov/pubmed/26422290


Nutrients 2019, 11, 2013 12 of 14

5. Kurz, S.; van Dyck, Z.; Dremmel, D.; Munsch, S.; Hilbert, A. Early-onset restrictive eating disturbances in
primary school boys and girls. Eur. Child Adolesc. Psychiatry 2015, 24, 779–785. [CrossRef] [PubMed]

6. Eddy, K.T.; Thomas, J.J.; Hastings, E.; Edkins, K.; Lamont, E.; Nevins, C.M.; Patterson, R.M.; Murray, H.B.;
Bryant-Waugh, R.; Becker, A.E. Prevalence of DSM-5 avoidant/restrictive food intake disorder in a pediatric
gastroenterology healthcare network. Int. J. Eat. Disord. 2015, 48, 464–470. [CrossRef]

7. Hay, P.; Mitchison, D.; Collado, A.E.L.; González-Chica, D.A.; Stocks, N.; Touyz, S. Burden and health-related
quality of life of eating disorders, including Avoidant/Restrictive Food Intake Disorder (ARFID), in the
Australian population. J. Eat. Disord. 2017, 5, 21. [CrossRef]

8. Institute of Medicine. Dietary References Intakes for Vitamin K, Arsenic, Chromium, Copper, Iodine, Iron,
Managanese, Molybdenum, Silicon, Vanadium, and Zinc; The National Academies Press: Washington, DC, USA,
2001. [CrossRef]

9. Institute of Medicine. Dietary Reference Intakes: The Essential Guide to Nutrient Requirements; The National
Academies Press: Washington, DC, USA, 2006. [CrossRef]

10. Institute of Medicine. Dietary Reference Intakes for Calcium and Vitamin D.; The National Academies Press:
Washington, DC, USA, 2011; ISBN 978-0-309-16394-1.

11. Haytowitz, D.B.; Pehrsson, P.R. USDA’s National Food and Nutrient Analysis Program (NFNAP) produces
high-quality data for USDA food composition databases: Two decades of collaboration. Food Chem. 2016,
238, 134–138. [CrossRef]

12. McGuire, S. Scientific report of the 2015 dietary guidelines advisory committee. Departments of agriculture
and health and human services. Adv. Nutr. 2016, 7, 202–204. [CrossRef]

13. Bird, J.K.; Murphy, R.A.; Ciappio, E.D.; McBurney, M.I. Risk of deficiency in multiple concurrent
micronutrients in children and adults in the United States. Nutrients 2017, 9, 655. [CrossRef]

14. Gibney, M.J. Ultra-Processed Foods: Definitions and Policy Issues. Curr. Dev. Nutr. 2019, 3, nzy077.
[CrossRef]

15. Moubarac, J.-C.; Parra, D.C.; Cannon, G.; Monteiro, C.A. Food classification systems based on food processing:
Significance and implications for policies and actions: A systematic literature review and assessment. Curr.
Obes. Rep. 2014, 3, 256–272. [CrossRef]

16. Slimani, N.; Deharveng, G.; Southgate, D.A.T.; Biessy, C.; Chajès, V.; van Bakel, M.M.E.; Boutron-Ruault, M.C.;
McTaggart, A.; Grioni, S.; Verkaik-Kloosterman, J.; et al. Contribution of highly industrially processed foods
to the nutrient intakes and patterns of middle-aged populations in the European Prospective investigation
into cancer and nutrition study. Eur. J. Clin. Nutr. 2009, 63, S206–S225. [CrossRef]

17. Baraldi, L.G.; Martinez Steele, E.; Canella, D.S.; Monteiro, C.A. Consumption of ultra-processed foods
and associated sociodemographic factors in the USA between 2007 and 2012: Evidence from a nationally
representative cross-sectional study. BMJ Open 2018, 8, e020574. [CrossRef]

18. Schwingshackl, L.; Hoffmann, G.; Lampousi, A.-M.; Knüppel, S.; Iqbal, K.; Schwedhelm, C.; Bechthold, A.;
Schlesinger, S.; Boeing, H. Food groups and risk of type 2 diabetes mellitus: A systematic review and
meta-analysis of prospective studies. Eur. J. Epidemiol. 2017, 32, 363–375. [CrossRef]

19. Monteiro, C.A.; Moubarac, J.-C.; Levy, R.B.; Canella, D.S.; Louzada, M.L.; da Costa Louzada, M.L.; Cannon, G.
Household availability of ultra-processed foods and obesity in nineteen European countries. Publ. Health
Nutr. 2018, 21, 18–26. [CrossRef]

20. Norris, M.L.; Spettigue, W.; Hammond, N.G.; Katzman, D.K.; Zucker, N.; Yelle, K.; Santos, A.; Gray, M.;
Obeid, N. Building evidence for the use of descriptive subtypes in youth with avoidant restrictive food
intake disorder. Int. J. Eat. Disord. 2018, 51, 170–173. [CrossRef]

21. Taylor, C.M.; Wernimont, S.M.; Northstone, K.; Emmett, P.M. Picky/fussy eating in children: Review of
definitions, assessment, prevalence and dietary intakes. Appetite 2015, 95, 349–359. [CrossRef]

22. van der Horst, K.; Deming, D.M.; Lesniauskas, R.; Carr, B.T.; Reidy, K.C. Picky eating: Associations with
child eating characteristics and food intake. Appetite 2016, 103, 286–293. [CrossRef]

23. Ellis, J.M.; Galloway, A.T.; Zickgraf, H.F.; Whited, M.C. Picky eating and fruit and vegetable consumption in
college students. Eat. Behav. 2018, 30, 5–8. [CrossRef]

24. Zickgraf, H.F.; Franklin, M.E.; Rozin, P. Adult picky eaters with symptoms of avoidant/restrictive food intake
disorder: Comparable distress and comorbidity but different eating behaviors compared to those with
disordered eating symptoms. J. Eat. Disord. 2016, 4, 26. [CrossRef]

http://dx.doi.org/10.1007/s00787-014-0622-z
http://www.ncbi.nlm.nih.gov/pubmed/25296563
http://dx.doi.org/10.1002/eat.22350
http://dx.doi.org/10.1186/s40337-017-0149-z
http://dx.doi.org/10.17226/10026
http://dx.doi.org/10.17226/10026
http://dx.doi.org/10.1016/j.foodchem.2016.11.082
http://dx.doi.org/10.3945/an.115.011684
http://dx.doi.org/10.3390/nu9070655
http://dx.doi.org/10.1093/cdn/nzy077
http://dx.doi.org/10.1007/s13679-014-0092-0
http://dx.doi.org/10.1038/ejcn.2009.82
http://dx.doi.org/10.1136/bmjopen-2017-020574
http://dx.doi.org/10.1007/s10654-017-0246-y
http://dx.doi.org/10.1017/S1368980017001379
http://dx.doi.org/10.1002/eat.22814
http://dx.doi.org/10.1016/j.appet.2015.07.026
http://dx.doi.org/10.1016/j.appet.2016.04.027
http://dx.doi.org/10.1016/j.eatbeh.2018.05.001
http://dx.doi.org/10.1186/s40337-016-0110-6


Nutrients 2019, 11, 2013 13 of 14

25. Sysko, R.; Glasofer, D.R.; Hildebrandt, T.; Klimek, P.; Mitchell, J.E.; Berg, K.C.; Peterson, C.B.; Wonderlich, S.A.;
Walsh, B.T. The eating disorder assessment for DSM-5 (EDA-5): Development and validation of a structured
interview for feeding and eating disorders. Int. J. Eat. Disord. 2015, 48, 452–463. [CrossRef]

26. Kaufman, J.; Birmaher, B.; Brent, D.; Rao, U.; Flynn, C.; Moreci, P.; Williamson, D.; Ryan, N. Schedule for
affective disorders and schizophrenia for school-age children-present and lifetime version (K-SADS-PL):
Initial reliability and validity data. J. Am. Acad. Child Adolesc. Psychiatry 1997, 36, 980–988. [CrossRef]

27. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders, 5th ed.; American
Psychiatric Association: Washington, DC, USA, 2013.

28. Bryant-Waugh, R.; Micali, N.; Cooke, L.; Eddy, K.; Thomas, J. The Pica, ARFID, and Rumination Disorder
Interview: Development of a multi-informant, semi-structured interview of feeding disorders across the
lifespan. Int. J. Eat. Disord. 2018, 4, 378–387.

29. Thompson, A.H. Childhood depression revisited: Indicators, normative tests, and clinical course. J. Can.
Acad. Child Adolesc. Psychiatry 2012, 21, 5–8.

30. Mayes, T.L.; Bernstein, I.H.; Haley, C.L.; Kennard, B.D.; Emslie, G.J. Psychometric Properties of the Children’s
Depression Rating Scale–Revised in Adolescents. J. Child Adolesc. Psychopharmacol. 2010, 20, 513. [CrossRef]

31. Kovacs, M.J. The Children’s Depression Inventory (CDI) Manual; Multi-Health Systems: New York, NY, USA,
1992.

32. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders, 4th ed.; American
Psychiatric Association: Washington, DC, USA, 2000.

33. Fairburn, C.G.; Beglin, S.J. Assessment of eating disorders: Interview or self-report questionnaire? Int. J. Eat.
Disord. 1994, 16, 363–370.

34. Kuczmarski, R.J.; Ogden, C.L.; Guo, S.S.; Grummer-Strawn, L.M.; Flegal, K.M.; Mei, Z.; Wei, R.; Curtin, L.R.;
Roche, A.F.; Johnson, C.L. 2000 CDC growth charts for the United States: Methods and development. Vital
Health Stat. 2002, 246, 1–190.

35. O’Connor, S.G.; Ke, W.; Dzubur, E.; Schembre, S.; Dunton, G.F. Concordance and predictors of concordance
of children’s dietary intake as reported via ecological momentary assessment and 24 h recall. Public Health
Nutr. 2018, 21, 1019–1027. [CrossRef]

36. Frankenfeld, C.L.; Poudrier, J.K.; Waters, N.M.; Gillevet, P.M.; Xu, Y. Dietary Intake Measured from a
Self-Administered, Online 24-Hour Recall System Compared with 4-Day Diet Records in an Adult US
Population. J. Acad. Nutr. Diet. 2012, 112, 1642–1647. [CrossRef]

37. Schakel, S.F. Maintaining a Nutrient Database in a Changing Marketplace: Keeping Pace with Changing
Food Products—A Research Perspective. J. Food Compos. Anal. 2001, 14, 315–322. [CrossRef]

38. Schakel, S.F.; Sievert, Y.A.; Buzzard, I.M. Sources of data for developing and maintaining a nutrient database.
J. Am. Diet. Assoc. 1988, 88, 1268–1271.

39. Schakel, S.F.; Buzzard, I.M.; Gebhardt, S.E. Procedures for Estimating Nutrient Values for Food Composition
Databases. J. Food Compos. Anal. 1997, 10, 102–114. [CrossRef]

40. Joseph, M.L.; Carriquiry, A. A Measurement Error Approach to Assess the Association between Dietary
Diversity, Nutrient Intake, and Mean Probability of Adequacy. J. Nutr. 2010, 140, 2094S–2101S. [CrossRef]

41. Rubin, D.B. Evaluations of the Optimal Discovery Procedure for Multiple Testing. Int. J. Biostat. 2016, 12,
21–29. [CrossRef]

42. Giacalone, M.; Agata, Z.; Cozzucoli, P.C.; Alibrandi, A. Bonferroni-Holm and permutation tests to compare
health data: Methodological and applicative issues. BMC Med. Res. Methodol. 2018, 18, 81. [CrossRef]

43. Harshman, S.G.; Saltzman, E.; Booth, S.L. Vitamin K: Dietary intake and requirements in different clinical
conditions. Curr. Opin. Clin. Nutr. Metab. Care 2014, 17, 531–538. [CrossRef]

44. Schulte, E.M.; Avena, N.M.; Gearhardt, A.N. Which Foods May Be Addictive? The Roles of Processing, Fat
Content, and Glycemic Load. PLoS ONE 2015, 10, e0117959. [CrossRef]

45. Small, D.M.; DiFeliceantonio, A.G. Processed foods and food reward. Science 2019, 363, 346–347. [CrossRef]
46. Monteiro, C.A.; Cannon, G.; Moubarac, J.-C.; Levy, R.B.; Louzada, M.L.C.; Jaime, P.C. The UN decade of

nutrition, the NOVA food classification and the trouble with ultra-processing. Publ. Health Nutr. 2018, 21,
5–17. [CrossRef]

47. Schulte, E.M.; Smeal, J.K.; Gearhardt, A.N. Foods are differentially associated with subjective effect report
questions of abuse liability. PLoS ONE 2017, 12, e0184220. [CrossRef]

http://dx.doi.org/10.1002/eat.22388
http://dx.doi.org/10.1097/00004583-199707000-00021
http://dx.doi.org/10.1089/cap.2010.0063
http://dx.doi.org/10.1017/S1368980017003780
http://dx.doi.org/10.1016/j.jand.2012.06.003
http://dx.doi.org/10.1006/jfca.2001.0992
http://dx.doi.org/10.1006/jfca.1997.0527
http://dx.doi.org/10.3945/jn.110.123588
http://dx.doi.org/10.1515/ijb-2015-0027
http://dx.doi.org/10.1186/s12874-018-0540-8
http://dx.doi.org/10.1097/MCO.0000000000000112
http://dx.doi.org/10.1371/journal.pone.0117959
http://dx.doi.org/10.1126/science.aav0556
http://dx.doi.org/10.1017/S1368980017000234
http://dx.doi.org/10.1371/journal.pone.0184220


Nutrients 2019, 11, 2013 14 of 14

48. Hall, K.D.; Ayuketah, A.; Brychta, R.; Cai, H.; Cassimatis, T.; Chen, K.Y.; Chung, S.T.; Costa, E.; Courville, A.;
Darcey, V.; et al. Ultra-processed diets cause excess calorie intake and weight gain: An inpatient randomized
controlled trial of ad libitum food intake. Cell Metab. 2019, 30, 67–77. [CrossRef]

49. Costa, C.S.; Del-Ponte, B.; Assunção, M.C.F.; Santos, I.S. Consumption of ultra-processed foods and body fat
during childhood and adolescence: A systematic review. Publ. Health Nutr. 2018, 21, 148–159. [CrossRef]

50. Poti, J.M.; Braga, B.; Qin, B. Ultra-processed food intake and obesity: What really matters for
health—Processing or nutrient content? Curr. Obes. Rep. 2017, 6, 420–431. [CrossRef]

51. Eicher-Miller, H.A.; Fulgoni, V.L.; Keast, D.R.; Keast, D.R. Contributions of processed foods to dietary intake
in the US from 2003–2008: A report of the food and nutrition science Solutions joint task force of the academy
of nutrition and dietetics, American society for nutrition, institute of food technologists, and international
food information council. J. Nutr. 2012, 142, 2065S–2072S.

52. Martínez Steele, E.; Baraldi, L.G.; da Costa Louzada, M.L.; Moubarac, J.-C.; Mozaffarian, D.; Monteiro, C.A.
Ultra-processed foods and added sugars in the US diet: Evidence from a nationally representative
cross-sectional study. BMJ Open 2016, 6, e009892. [CrossRef]

53. Kohn, J.B. What Is ARFID? J. Acad. Nutr. Diet. 2016, 116, 1872. [CrossRef]
54. Scott, J.M.; Molloy, A.M. The discovery of vitamin B12. Ann. Nutr. Metab. 2012, 61, 239–245. [CrossRef]
55. Chen, F.; Du, M.; Blumberg, J.B.; Ho Chui, K.K.; Ruan, M.; Rogers, G.; Shan, Z.; Zeng, L.; Zhang, F.F.

Association among dietary supplement use, nutrient intake, and mortality among U.S. adults. Ann. Intern.
Med. 2019. [CrossRef]

56. Venkatramanan, S.; Armata, I.E.; Strupp, B.J.; Finkelstein, J.L. Vitamin B-12 and cognition in children. Adv.
Nutr. 2016, 7, 879–888. [CrossRef]

57. Fulgoni, V.L.; Keast, D.R.; Bailey, R.L.; Dwyer, J. Foods, fortificants, and supplements: Where do Americans
get their nutrients? J. Nutr. 2011, 141, 1847–1854. [CrossRef]

58. Harshman, S.G.; Finnan, E.G.; Barger, K.J.; Bailey, R.L.; Haytowitz, D.B.; Gilhooly, C.H.; Booth, S.L. Vegetables
and mixed dishes are top contributors to phylloquinone intake in US adults: Data from the 2011–2012
NHANES. J. Nutr. 2017, 147, 1308–1313. [CrossRef]

59. Floros, J.D.; Newsome, R.; Fisher, W.; Barbosa-Cánovas, G.V.; Chen, H.; Dunne, C.P.; German, J.B.; Hall, R.L.;
Heldman, D.R.; Karwe, M.V.; et al. Feeding the world today and tomorrow: The importance of food science
and technology. Compr. Rev. Food Sci. Food Saf. 2010, 9, 572–599. [CrossRef]

60. Tapsell, L.C.; Neale, E.P.; Satija, A.; Hu, F.B. Foods, nutrients, and dietary patterns: Interconnections and
implications for dietary guidelines. Adv. Nutr. 2016, 7, 445–454. [CrossRef]

61. Puwastien, P. Issues in the development and use of food composition databases. Publ. Health Nutr. 2002, 5,
991–999. [CrossRef]

62. Shea, M.K.; Booth, S.L.; Kyla Shea, M.; Booth, S.L.; Shea, M.K.; Booth, S.L. Concepts and controversies in
evaluating vitamin K status in population-based studies. Nutrients 2016, 8, 8. [CrossRef]

63. Potischman, N. Biologic and methodologic issues for nutritional biomarkers. J. Nutr. 2003, 133, 875S–880S.
[CrossRef]

64. Blanck, H.M.; Bowman, B.A.; Cooper, G.R.; Myers, G.L.; Miller, D.T. Laboratory issues: Use of nutritional
biomarkers. J. Nutr. 2003, 133, 888S–894S. [CrossRef]

65. Eddy, K.T.; Harshman, S.G.; Becker, K.R.; Bern, E.; Bryant-Waugh, R.; Hilbert, A.; Katzman, D.K.; Lawson, E.A.;
Manzo, L.D.; Menzel, J.; et al. Radcliffe ARFID workgroup: Toward operationalization of research diagnostic
criteria and directions for the field. Int. J. Eat. Disord. 2019, 52, 361–366. [CrossRef]

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.cmet.2019.05.008
http://dx.doi.org/10.1017/S1368980017001331
http://dx.doi.org/10.1007/s13679-017-0285-4
http://dx.doi.org/10.1136/bmjopen-2015-009892
http://dx.doi.org/10.1016/j.jand.2016.08.016
http://dx.doi.org/10.1159/000343114
http://dx.doi.org/10.7326/M18-2478
http://dx.doi.org/10.3945/an.115.012021
http://dx.doi.org/10.3945/jn.111.142257
http://dx.doi.org/10.3945/jn.117.248179
http://dx.doi.org/10.1111/j.1541-4337.2010.00127.x
http://dx.doi.org/10.3945/an.115.011718
http://dx.doi.org/10.1079/PHN2002386
http://dx.doi.org/10.3390/nu8010008
http://dx.doi.org/10.1093/jn/133.3.875S
http://dx.doi.org/10.1093/jn/133.3.888S
http://dx.doi.org/10.1002/eat.23042
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Participants 
	Anthropometric Measurements 
	Assessment of Food and Nutrient Intake 
	Statistical Analyses 

	Results 
	Participant Characteristics 
	Frequency of Commonly Reported Foods 
	Dietary Intake Among Food Groups 
	Energy and Macronutrient Intake 
	Micronutrient Intake 

	Discussion 
	References

