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Abstract

Evaluating Eating Patterasid the Relabnship ofDiet Quality and Level of Processtong
Quality of LifeAmong Adultsand TeenagersVith Celiac Disease

Jennifer Woodard Cadenhead

Celiac disease, a common autoimmuhsgease, affects ~1% of Americans. Treatment
requires strict elimination of gten, proteins found in wheat, rye, and barley. Individuals with
celiac disease have been shown to have a lower quality of life than others without it. However,
their quality oflife has been known to improve with adherence to the glufee diet. Other
than glutenfree diet adherence, little research has been completed on how specific eating
patterns may impact the lives of individuals with celiac disease.

In the general populabn, diet quality has been associated with heaighated quality of
life, where quality of life has been predictive of other outcomes, like mortality. Research in the
general population has also shown an association between increased consumption -of ultra
processed foods and adverse health outcomes, including obesity, camceprenature
mortality, but none have explored its relation to quality of life. Among individuals with celiac
disease, no studies have explored the relationship between diet qualifitra-processing
resulting from strictly adhering to a glutdree diet and eliac diseasspecific quality of life.

This dissertation describes the eating patterns of a sample of 50 adults and 30 teens
gAUK OStAIFO RAASI &S o @atkhey werd eathg)aSaelbas the2 dzy RS NA&

relationship between their diet quality arldvel of food processing to quality of life. Results



were compared to a representative sampling of the population in the United States from the
National Health and Nutriton EXYA Yy I G A 2y { dzNBBSe& o0dabl ! b9{é¢0®

The sample had room for improvement in their degtality and levels of ultra
processing but performed favorably compared with NHANES. Using the Healthy Eating Index,
the majority had scores considered suboptimal (mostly motkesaoring). However, using the
Alternate Mediterranean Diet score, fewer hagb®ptimal scores (mostly moderate to high
AO02NAY3IVDP S5AFFSNBYOSa 0 S iA415 &yationskndneas@em@rdzNE a4 Q  a
criteria, and(2) separate weights appligd those criteria. The sample had ukpaocessed food
consumption within the ange associated with adverse health outcomes in some studies. With
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reported prior celiac disease diagnosis and were adhering to a gfteerdiet, with patterns
significantly more favorable to other NHANES groups. In the general population, thee wa
consistent relationship with both higher Alternate Mediterranean Diet seore lower levels of
ultra-processed food consumption as a percent of energy to better quality of life. Similar but
less robust trends were found with the sample.

Overall, results suggested that both higher adherence to healthier diet pattérns (

exampeg, more produce, legumes, nuts, whole graiaad less saturated fagndlower levels of

ultra-processingvere associated with higher quality ofdi
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Chapter I: Introduction

This chapter provides an overview of the backgrouatipnale, and significance die
Celiac Disease Eating Patterns Study, specific aims, and scope and delimitations.

The purpose of this study was to explore the eating patterns of adults (age 18+ years)
and teenagers (teens, age-13 years) with celiacisease (CeD) in terms of dietality and
levels of processing in foods, and their relationships, if any, to quality of life (QOL). CeD is an
autoimmune condition that affects ~1% of the United States (U.S.) population, making it one of
the most common awimmune conditions (Rubi®apig Ludvigsson, Brantner, Murray, &
Everhart, 2012). CeD is unique among autoimmune diseaagthe trigger, gluten, found in
wheat, rye and barley, is known and occurs in those who are genetically susceptible.

Currently, the aly therapy for individuals wht CeD is strict adherence to a glutae
diet (GFD) for life (Green & Cellier, 2007; Rukapia, Hill, Kelly, Calderwood, & Murray, 2013).
However,only few studieshave described thdiet quality of actual foods consumeihe last
comprehensive GFD sty in the U.S. was published over 15 years ago (Thompson, Dennis,
Higgins, Leg& Sharrett, 2005). Research based on foods can provide benefits to the general
public; nutrients are not consumed in isolation and can have gyskc or antagonistic effects
not always easily teased aparandfood-based recommendations may be easier to
communicate and understand than nutriebased recommendations, which may be
particularly important to individuals with CeD who rely on foodshesrtmedicine.

These individual may face unique challenges in adhering to nutritional
recommendations. There have been rapid increases in new GF product availability (Tarabella &

Francescato, 2019ith an unknown effect on the health of individualshigiwith CeD and
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adhering to a GD. It is known that GF products use gums, starcresemulsifiers to

compensate for the lack of gluten and often lack fortification. These-pltoaessed

formulations, created for hedonic appeal, are often hypercatomgth more fat and sodium

and lesswutritionally dense than gluteigontaining equivalents (Theethira, Dennis, & Leffler,

2014). These formulations can also make nutrients less bioavailable (Lasa, del Pilar Ferndndez
Gil, Bustamante& Miranda, 2017). In addin, additivesmay befound inultra-processed

foods that leave individuals with CeD particularly vulnerable to gut inflammation (Matthias,
Jeremias, Neidhofer, & Lerner, 2016). Limited evidence suggests that adverse changes to the
human microbiome have le® associated with GFD compos&dnainly lowfiber products, but

not so with higheifiber minimally processed GF foods (De Palma, Nadal, Collado, & Sanz, 2009;
Ercolini et al., 2015; Hansen et al., 2018; Sanz, 2010). Research has shown that indiuttduals wi
CeD in other countries maiain a generally imbalanced diet, with both nutritional inadequacies
and excesses (Melini & Melini, 2019; Taetzsch et al., 2018; Theethira et al., 2014). To the best of
0KS NBaSINOKSNRa (y2sfSRNSSHudieshavSadnimed tikey G K S
guality along with levels of food processing of individuals with CeD adhering to a GFD.

Both diet quality and level of food processing appear to impact health. In the general
population, healthier dietary patterns (DietaGuidelines Advisory Commig¢gDGAC]2015;
Schwingshacki, Bogensberg&rHoffman, 2018; Schwingshacki & Hoffman, 2015), as well as
selfrated healthstatus, or quality of life (Centers for Disease Control and Prevention [CDC],
2000, p 6; Gandeksinclair, Kosinski, & Ware, 200dayve been linked to health outcomes,
including premature mortality. A number of studies in adults (Bonaccio et al., 2013; Darviri et
al., 2012; Ford et al., 2014; Germain et al.,2@opinath et al., 2014laisted et &, 1999;
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Sanchez et al., 2012) atekns (Bolton et al., 2@ CostarelliKoretsi, & Georgitsogiann2013;
EstebarGonzalo et al., 2019; MuroBgrez, Ortega, Sanchez, & Knad17; Schnettler et al.,
2017; ZervakiYiannakouris, Sdrali, & Costareld17)have also found that higher el quality
was associated with higher QOL. Recently, nutrition science has begun to research the impact
of the type of food processing on human health. A number of studies have found an association
with levels of ultraprocessed foods using the NOVA systamd adverse health outcomes, like
overeating, obesity, cardiovascular disease, cancer, reduced telomere length, and early
mortality (AlonsePedrero et al., 2020; Fiolet et al., 2018; Hall et al., 2019; Kiun& Rebholz
2019; Mendonca et al., 2016; RafHamedani, Barak, Safa&i Miraghajani, 2017; RieGampa
et al., 2019; Schnabel et al., 2019, Srour et al., 2019). Among individuals with CeD, however, no
studies have explored the potential relationship between dieality or level of food
processindNB d dzf GAy3 FNBY | AGNAOG DCS5 -redatedai 2 Rl @ Qa T2
CeDspecific QOL.
Background and Rationale

Greek physician AretaeoisK S/ | LILIF R2OA LY 20aSNWSR 2@3SNJ H
O2yRAGA2Y ¢ NBFSNBY OA ¥ diseas&(SeDiiving Kridwd &sBeel 2 5 S O3S NI
| SNIly SNDa RRGhSentul§ to tpyiar twb physitiahs associated with its treattnen
who recognized thgastrointestinal symptoms and malabsorptive issues but had not yet
discovered the cause. In 1950, through exmentation, Dr. WillerrKarel Dicke, a Dutch
pediatrician, and others working with him determined that the alcedaluble portion of a
wheat protin, gliadin, was causing fat malabsorption in his patients and was one of the
immunogenic culprits (van BexdHenegouwen & Mulder, 1993; Yan & Holt, 2009). This
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discovery initiated the GFD for treatment of the conditiowhich remains the only available
option for CeD management.

It is not always easy tadherestrictly to the treatment. The GFD omits foods with
proteins found in wheat (gliadins), rye (secalins), barley (hordiens), triticale (secaloglutenin),
and related species, which are all members & thbe of Triticeae (Balakireva & Zamyatnin,
2016; Blattner, 2018; Bowden, 195 Numerous other foods, su@s cereal grains like quinoa,
produce, meatsand dairy are naturally GF. However, many foods may have ecostact
concerng often arising durig processing. Even spices have been found to contain gluten
(Miranda & Simén, 2017).

Although the triggersdr most autoimmune conditions are unclear, uniquely, gluten is
known to cause the allergenic reaction in individuals with CeD, but why partiodiarduals
develop the condition remains unclear. The condition only becomes activated in individuals
who hae a specific collection of germesiuman kukocyte antigens (HLA) DQ2 or DQ8
haplotypes anddevelop the condition (Lebwohl, Sanders, & Green, 2048¢re most (~95%)
who develop CeD have DQ2 haplotypes (Green & Jones, R8%&m, Murray& Kagnoff,

2006). It tends to run in families (Reilly & Green, 2014). Howewbile up to 40% of the U.S.
population has these genethe prevalence of disease 1d%. Therefore, other unknown
factors in addition to genetics and gluten exposure are required (Ludvigssion 2014; Rubio
Tapia et al., 2013).

The etiology of CeD may be multifactorial. The amount of gluten and timing of when it is
introduced may play role, but understanding is still limitedsmallamounts introduced
between4 and 6months possibly while eastfeeding may be protective (Ludvigsson & Murray,
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2019; PinteSanchez et al., 2016; Szajewska et al., 2016). Multiple viruses in early life may
increase risk (Kemppainghynch et al., 203 Marlid, Kahrs, Tapia, Stene, & Stgrd015;

Stene et al., 208). Children born via elective cesarean sectioamsmall for gestational age
have been associated with increased risk (Mast&phansson, Montgomery, Murra§&
Ludvigsson, 2012). Socioeconomic factors relating to reduced Helicobacter pylori codonizat
proton pump inhibitor use, nosmoking statusand maternal education have all been
associated with risk (Lebwohl & Rufliapa, 2020). Hygiene, dietary fiber (including maternal
intake), antibiotics, probiotics, organic pollutants, and other faatopsssibly impacting the
immune and endocrine systems or possibly interacting with the gut microbiomay impact
risk (Canova et al2014; Gaylord et al., 2028emppainen, Vehik et al., 201Marild et al.,
2013;Maérild, Ludvigsson, Sanz, & Ludvigsson42@&tersen et al., 2019).

The epidemiology of the condition remains under investigation. As population surveys
become more commarprevalence has been shown to be similar globally at.5%, including
Asia and Africehowever, study of diverse populatis continues to be needed (Singh et al.,
2018). The highest prevalence has been in cultures with higher consumption of-gluten
contaning foods, such as among individuals with ancestry from Northern European, the Punjab
region of Northern Indiaandthe Salarawis in western Africawho have among the highest
general prevalence in the world (Barada, Bitar, Mokadem, Hashash, & Green(C2046si et
al., 1999; Mahadov & Green, 2011; Ramakrishna.e@l6). Still, cohort studies have
suggested that place (dmpossibly culture) may impact risk (Lebwohl & Rukapia, 2020). In

the U.S,the prevalence has bedhe greatest among notispanic whites, and also much



greater among those living in the northern part of the coun®RylbicTapiaet al,, 2012; Unalp
Arida, Ruhl, Brantner, Everhart, & Murray, 2017).

There have been changes in the frequency and the ideas of who gets diagnosed. In
Westernized countries, where it has been studied the most, evidéasesuggestethat the
prevalence has been increasing (@i et al., 2010; Lohi et al., 2007; Rubapa et al., 2009;
White et al., 2013). Prevalence has been higher among females afddyowever, more likely
to remain undiagnosed and suffer longeétujoel,Reilly, & Rubidapig 2019;Lo et al., 2003;
Undp-Aridaet al., 2017). Although once considered a disease of childhood, it is now known the
onset can occur from infancy through old age, with the average age at (likely new onset)
diagnosis in the U.S. reported as 47.3 years and rising, and the averag tdagnosis taking
4 years from onset of symptoms (Lo, Sano, Lebwohl, Diangofsteen, 2003). Persons with
higher incomes also appear to be more likely to be diagnosed with atypical symptoms (Roy et
al., 2016).

There are varying presentations and gptoms fa CeD. Individuals with the classical
form of CeD often experience gastroenterological and/or nutretated concerns, such as
anemia or osteoporosis (Fayed et al., 2007; Green & Jone§),2@ich often resolve within a
few years of strict adivence toa GFD (Kelly, Bai, L& Leffler, 2015; Ludvigsson et al., 2014).
However, there are four recognized forms of CeD: (a) classidarm where signs or
symptoms are overt(b) asymptomatit found through screeningc) latent aform with
incompleteactivaion and where a GFD is not recommended; and (d) refractory celiac
disease which isnot responsive to a GFD, but immunosuppressants may help (Husby & Bai,
2019; Lebwoheét al., 2018; Malamut & Cellier, 2019).
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Diagnosis, and often management, reqsirendosopy and biopsy. Small intestinal
biopsy indicating histological damage in above a Marsh | level would confirm the diagnosis
(assuming symptoms improve after commencing a GFD) (Rialpiaet al,, 2013). To reduce
the need for endoscopy, however,searches are working to develop less invasive detection
methods (Kaur, Shiman& Wallach, 2018; Sarna et al., 2018). Biopsy can also help differentiate
CeD from wheat or gluten sensitivityhich does not cause intestinal damage but may be
responsive ta GFD (&assi et al., 2013; Dukowicz, Lacy, & Levine, 2007; Gupta et al., 2011;
Roncoroni et al., 2018; Volta et al., 2015).

Upon diagnosis, the American College of Gastroenterology consensus guidelines
recommend that physicians advise patients to mainta stict GFD for lifeconsult witha
registered dietitian trained in Celecauseadhering to a GFD requires significant nutrition
education evaluate for nutritional deficitsand encourage ongoing annual follayes (Rubic
Tapaet al., 2013). Approdes are currently under development to complement, which do not
yet replace adherence to the GFD, such as modifying the gluten proteins, gluten encapsulation,
and methods to interrupt or delay the immune response, to help mitigatestmal damage
from acidental exposure (Crowe, 2014; Pearson et al., 2019).

The Academy of Nutrition and Dietetics (AND) has also provided a consensus statement
directed towards registered dietitians which parallels advice from the American College of
Geastroenterology consensuguidelines; this consensus statement also recommends providing
LISNE2Y I f AT Ay3 GNBIGYSyd LXIFya (2 | RRNB&aa GKS
education, as needed, to correct nutritional deficits, and to improve mediggomes and
quality o life and adhering to a strict GFD for life (AND,2900
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If individuals danot respond to a GFD, tivediet should be checked for sources of gluten
and may require further investigation. Although these individuals may have théaameof the
condition,refractory celiac disease, which is not responsive to a GFD, unintentional exposure to
gluten is the most common reason for failure to respond to the GFD (Abdulkarim, Burgart, See,
& Murray, 2002; Leffler, Dennis, & Hyett, 20Rubb-Tapiaet al., 2013)This may occur even
without positive antibodies showing in serology (Hall, Rubin, & Charnock, 2013; Vahedi et al.,
2003). Biomedical research is working towards less invasive and clearer diagfuolsétier
gauge adherence to theRB AdriaanseX Leffler, 2015; Khan et al., 2020; Malamut & Cellier,
2019; Moreno, Rodriguelderrera, Sousa& Comino, 2017).

Individuals with CeD who continue to consume gluten, even inadvertently, may be at
increased risk for other autoimmune, neurolagli@nd inflammatory coditions, such as
| FaKAY202Q4a GKeNRPARAGUAA YR ¢@L)S m RAFOSOSao®
may reduce the initiation risk, but not reverse any acquired conditions (Hejasl,2019;

Reilly & Green, 2014).

Adhering to a GFD, however,ay have nomutrient concerns. The GFD has been
associated with increased risk for those with CeD for mood disorders, including depression,
anxiety, and disordered eating (Busby, Bold, Fellows, & Rostami, ai8sbury &arques,

2018 Slim, Ric/illademoros, & Calandre, 2018mith & Gerdes, 201Zerwas et al., 2016;
Zingone et al., 2@). In addition, they also may be at high risk to heavy metal exposure (Elli et
al., 2015; Lai, Cottingham, Steinmaus, Karagas, & VRIE5).

What people ultimately at is influenced by many factors controlled by others.
Understanding eating behaviocan be usefulo investigate thassues that individuals may face
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by examining the policies, systenasid environment that influence thesbehaviors (Contento,
2016). In@ed, manyof the questions that dyve thisdissertationwere derived from the law
that governs GF foods, its implementati@nd the subsequent food environment that
individuals with CeD must navigate to adhere to a GFD.

Integral to how individuals maintaia GFD in the..8.are the laws governing GF foods.

In the U.S., GF foods and labeling are regulated by the Food Allergen Label and Consumer
Protection Act (FALCPA). Although wheat was included in the initiation of thé laas only in

2014, when moditationswere madeto FALCPA which incorporated GF foods. These were

based loosely on protocols for GF foods from the standards developed for the Codex
lfAYSYGFNAdzA LYOGSNYFGA2YIE C22ROSNFYRYINRE 00K
adaptations were mucless extensive than those suggested in the Codex (U.S. Food and Drug
Administration JS-DA], 2013).

Although GF policy and labelingem welcomed, the selective adaptation of the Codex
meant less protection for individuals adhering to a GFD. Perhapsreiesant to this
dissertationwere two facts. First, FALCPA did not adopt the Codex recommendation to have GF
products replicate the nuitional content of basic foodsleaving it up to food manufacturers
to decidevoluntarily which products to fortify antb what extent aswell as be consistent
with other nutrients. This meant there was an unknown impact of the nutritional status of
individuals adhering to a GFD. Second, because GF labeling remained voluntary, it meant that
there would still be many circurtemcesin whichit would be unclear whether products were
truly free of gluten without crossontact concerns, like visiting delis or tagrants Qlsson,

Hornell, lvarsson, & Sydne2008;Roma et al., 2010; Schultz, Shin, & Coppell, 2017; Simpson et
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al.,2011; SverkerHensing, & Haller2005), owsingeven packaged foods (Do, Khuda,
Sharma, 2018).

Encouragingly, the general amourftgluten detected in foods labeled as both GF and
naturally GF foods has been decreasing since the initial globabtemd on GF labelling went
into effect in 2008 (Miranda & Simon, 2017). Still, even within the latter period, research within
the U.S. market has shown that, surprisingly, among5% products labeled as GF or thought
to be GF naturally have levels ab®@ppnt including oats, millet, and sunflower seeds
(Sharma, Pereira, & Williams, 2015; Thompson, Lee, & Grace, 2010; Thompson & Simpson,
2015).

Gluten can be ubiquitous as it is relied on for numerous uses. It may be added to foods,
drinks and condimentdbecause of itstructural properties and requires individuals with CeD to
be extensively educated and carefully read labels (Day, Augisiey & Wrigley, 2006).

Although some future regulations may address this, other items, like pharmaceuticals,
cosmetcs, and even items like Poh, may potentially be problematic, especially when
glutencontaining ingredients are not required to besdlosed (Reker et al., 2019).

Individuals with CeD may consume gluten for numerous other reasons as well. Based on
survey reports, adherence rates vary (adults:31®6, pediatric populations: 238%) (Myléus,
Reilly, & Green, 2019). Soragplanations that have been stated for lack of compliance have
included lack of availability and affordability of GF foods, embarrasgrfesling socially
awkward, preferring the taste or texture of regular gluteantaining equivalent foods, or lack
of true understanding of requirements (Barratt, Leeds, & Sanders, 2011; Bebinj2011;
CzajaBulsa & Bulsa, 2018; Mager et al., 20jéuset al.,2019; Olsson et al., 2008;
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RodriguezAlmagro et al., 2016; Roma et al., 2010; Sveeke.,2005; Vidlo & Gray, 2019;
White, Bannerman, & Gillett, 2016).

Glutenfree products may have particular nutritional challenges due to trying to
reproduce the experience of eating gluteontaining foods. Glutefree formulations are often
lower in protein and fibeas well as higher in total lipids. Lack of fortification and enrichment
requirements may add to the differences in nutrient profilesweén those adhering to a GFD
and others (Melini & Melini, 2019; Penagani et al., 2013; Taetzsch et al., 2018; Theetilira
2014;Vici, Belli, Biondi, & Polzonetti, 201®ne review on the analytical properties of gluten
free products noted that GF pduct formulations reducéhe bioavailability of certain
nutrients, including folate, calcium, and other nutrienisie to the properties of the high
starch ingredients (Las# al.,2017). Unlabeled food additives like enzymes, such as bacterial
transgluaminasesin ultra-processed foods may also contribute to inflammation that may be
particularly detrimental to individua with CeD (Matthiast al.,2016). Little research has been
undertaken to determine whether these product formulation changes are beia¢ (or
harmful) to human health.

The overall quality of those adhering to the GFD may suffer when incorporating thes
products. A limited body of evidence suggests that GFD quality, particularly when replicating
the low fiber content in Westernized d& may adversely modulate the salivary and gut
microbiome (De Palmet al.,2009; Ercolini et al., 2015; Hansen et 2018; Sanz, 2010). In
general populations, the Westernized diet has been linked to inflammation and impaired
intestinal immunity, medited through the gut microbiota, leading to increased disease
susceptibility and autoimmunity (Siracusa, SchaltenbettgbVanca, Huber& Gagliani, 2019).
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In general populations, diet patterns incorporating high levels of ydt@essing have been
assocated with reductions in telomere lengthandassociated with oxidative stress and
inflammation (AlonseéPedreroet al., 2020; Rafiet al.,2017).

Researchers have found that those with CeD may continue experiencing nutritional
issues even after commenciagGFD. From reviews of nutriebased studies, individuals with
CeD tend to have unbalanced nutrients (Me&nMelini, 2019; Penagani et al., 2013; Taetzsch
et al., 2018; Theethirat al.,2014; Vicet al.,2016). Reports have shown low intakes of fiber,
folate and other Bsitamins and other micronutrients. Women may be vulnerable to low iron
intake (Melini & Melini, 2019). Relative to comparison groups, protein intake may also be low.
In addition, as a proportion of total fat, polyunsaturated fat hagt@oted to be low relative
to nutritional guidelines (Theethirat al.,2014). Conversely, the GFD has alserbassociated
with excessive intake of higher total fat, particularly saturated fat, as well as items with a higher
glycemic load and index relaé to guidelines (Theethirat al.,2014). Studies suggested that
multivitamin usage may exceed recommendaedly amounts in some nutrients, but due to
LI22NJ RASGZ y20 | RSljdzZ 6Ste O02YLISyalrdsS FT2N 2GKS
| YA R2 28014).

Providing recommendations based on actual foods eaten has been increasingly
recognized as benefidigSince Trichopoulou and colleagues (1995) introduced the concept of
the Mediterranean Diet Index, nutrition researchers have increasingly turned towards using
diet quality indices to understand eating patterns and risks for disease, instead of sojéaig rel
on nutrientbased research. Nutrients can have complex interactions when eaten alone or as
part of foods. Also, conveying findings in terms of foods may be more easily understood.
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Research has also found that higher diet quality, measured usinghdiees, has been
associated with lower risk of mortality and morbidities (Schwingshackl & Hoffman, 2015; USDA,
2014). Communicating recommendations based on diet patterns may be useful for those
adhering to a GFD.

Most of the limited body of diet patternesearch among people with CeD adhering to a
GFD have used a priori diet indices, like the Mediterranean Diet score. All studies relating to
diet patterns among those with CeD have been published recerithm 2015t andthere is a
great deal of heterogeneitgmong the methods and populations. Most have focused on
pediatric populations, where the majority of participants were younger than age 16 (Alzaben
et al., 2015; Babio et al., 2017; Fernandez, Vaeeiras, Ubeda, & AlonsAperte, 2019,
Larretxi et al, 20L9; Lionetti et al., 2020; Liu et al., 2018; Mager et al., 2019), with fewer
focused on adults, where generally a higher proportion of women were represented (Churruca
et al., 2015; Morreale et al., 2018; Nikniaz et al., 2020; Gonzalez et al., 20488)ety of
countries are represented, including Spédabio et al.2017; Churruca et al., 2015; Fernandez
et al., 2019; Gonzalez et al., 2018; Larretxi et alL9p0taly (Lionetti et al., 2020; Morreale et
al., 2018)Iran (Nikniaz et al., 20208nd Canada (Alzaben et al., 2015; Babio et al., 2017; Liu et
al., 2018), but not the United States.

Results of the studies of diet patterns in populations with CeD adhering to a GFD
suggested a variety of associations. All studies reported overall dietytlai was generally
poor or needed improvementvith little adherence to national or regional food group
recommendations among those with CeD. Although the diet quality mirrored the trends of the
comparison groups, the results were mixed as to whethet quality of individuals adhering to
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a GFD was significantly bett€hurruca et al., 2015; Mager et al., 2018, 2019; Nikniaz et al.,
2020) or similar/worse (Alzaben et al., 2015; Lionetti et al., 2020; Liu et al., 20t&dle et
al., 2018). Higher hoe$old income (only reported in children) and maternal educati@mnev
linked to higher diet quality and greater consumption of fruits, vegetalaled grains (Mager et
al., 2018, 2019). Adolescettiiet quality selection was fouhto be lower tharthat of younger
OKAf RNBY o!til oSy St Ffodx wnmpT al3aSNI S Ffox
f26SN) GKFY 62YSyQa yR Y2NB NBTt SOGAGS 2F OdA
Those affiliated with CeD suppatoups or hospitals may ka had more Celelated diet
awareness. The differences in diet patterns in studies of individuals with CeD may reflect the
underlying heterogeneity of the populations.

There were also some differences in the proportions of fgoalps consumed relative
to comparison groups and relative to recommendationgten suggesting improvement was
needed. These included that red or processed meat (Babio et al., 2017; Churruca et al., 2015;
Lionetti et al., 2020) and fruit consumption waglmer among individuals witGeD on a GFD
(Alzaben et al., 2015; Churruca et al., 2015; Gonzalez et al., 2018; Lionetti et al., 2020; Mager
et al., 2018, 2019; Nikniaz et al., 2020). Conversely, compared with other groups or
recommendations, individuals thi CeD on a GFD had lowahke of grains (Babio et al., 2017;
Churruca et al., 2015; Fernandez et al., 2019; Larretxi et al., 2019; Lionetti et al., 2020; Liu et al.,
2018; Mager et al., 2018, 2018lorrealeet al., 2018) as well as vegetables (Alzabeal et
2015; Babio et al., A0’; Churruca et al., 2015; Fernandez et al., 2019; Gonzélez et al., 2018;
Larretxi et al., 209; Lionetti et al., 2020; Liu et al., 2018; Mager et al., 2018, 2dberealeet
al., 2018; Nikniaz et al., 2020). Fernandez et 892 noted few food groupitferences, but
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suggestedmprovement was needed to increase folate, calcium, and vitamiiclbfoods and
GF products may contribute to nutrient imbalances. They also found serology indicative of
adverse changes in the one subgp adhering to a GEWhich corresponded to significantly
lower intake of polyunsaturated fats versus saturated fats. Other than low intake of refined
grains (which may be a source of folate fortification), research of food groups suggest
modifications @& needed to balance foodgup consumption to align with recommendations.
These results suggested that both the ingredient makeup of GF foods, and the food
groups in the GFD, may matter with regards to health outcomes. These results mirrored
findingsin the general populationwhere generally higher socioeconomic status has been
associated with higher adherence to recommendations and diet quality (Hiza, Casavale, Gunter,
& Davis, 2013; Kipatrick et al., 2012; Kurotani, Shinsugi, & Takim@@20; Livingstone et al.,
2017; WorsleyBlasche, Bal& Crawford, 2003)Moreover,as previously discussed, higher diet
guality/diet patterns in the general population have also been associated with better health.
Most CeDBspecific QOL research hiagused on associations with adherence toRDG
There have been several recent systematic reviews of QOL and CeD, two focused on pediatric
studies (Nikiaz, Farhang& Nikniaz, 2020; White et al., 2@8) and two focused on adults
(Burger et al., 2017; Zypone et al., 2015). All reported that at dragsis individuals with CeD
have lower general QOL than the generally healthy population, with improvements thereafter.
In addition, they noted that individuals with classical symptoms reported more of an seira
QOL after diagnosthan asymptomaticridividuals, possibly due to the relief those with the
classical form receivkafter symptoms diminiskd. Sometimes, it was noted that poorer GFD
adherence was associated with lower or even deteriorating @Oinot always. The pediatric
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meta-analysis foud a less robust association between adherence and Qikhiaz et al.,
2020).

More recent studies have revealed numerous determinants of QOL beyond simple
adherence to the GFD. These incldd&) the amount ofjluten consumed (Mager et al., 2018);
(b) age at diagnosis (Vriezinga et al., 2017); (c) GF product affordability, availability, and
income/socioeconomic status (Bystromollén, FaltAMagnusson, & JohansspR012;

Mahadev et al., 2013; Bhadev et al., 206; SimsekBaysoy, Gencoglan, & Uluca, 20¥®lato

& Gray, 2019); (d) GHpecific knowledge, as well as sociodemographic factors including in
person sociasupport (not online), gender (women and boys), age (60 years +), ethnicity (non
Caucasianpandculture (Castilhos et alk015; FueyeDiaz ¢ al., 2019; Mager et al., 2018, 2019;
RodriguezAlmagro et al., 2016; Vriezinga et, &017. Subgroups may vary in the degree to
which these factors impact Q@lwhere some are much more negatively impacted than others,
like those with longer duration tdiagnosis, female adolescents who have difficulty obtaining
GF foods, and those with very low income (Barratt et al., 2011; Biagetti, Gesuita, Gatti, &
Catassi, 2(8; Castilhos et al2015; LeeWolf, Lebwohl, Ciaccio, & Greeg2019; Vriezinga et al.,
2017). In addition, how individuals approach adherence as well as psychosocial factors appear
to impact QOL as well. Individuals consuming a GFD with CeD have beaatadswvith

increased depression, anxiety, and higher vulnerability to heavy metal expofBusby et al.,
2018; Elli et al., 2015; Lai et al., 2015; Sainsbury & Marques, 2018; Slim et al., 2018; Smith &
Gerdes, 2012; Zingone et al., 2015). Heterogerdithe study designs and population make
generalizations difficult, but it seentsat manyfactors impact QOL in individuals with CeD
beyond adherence to the GFD.
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In the general population, healttelated QOL has been predictive of other health
outcomes,including premature mortality (CDC, 2000; Dorn et al., 2010; Gandek et al., 2004). In
addition, the association between QOL and diet quality has been examined in a limited number
of general population studies in both adults (Bonaccio et al., 2013; Deirali, 2012; Ford et
al., 2014; Germain et al., 281Gopinath et al., 2014; Plaisted dt,d999; Sanchez et al., 2012),
and adolescents (Bolton et al., Z)Lostarelli et al., 2@ EstebarGonzalo et al., 2019; Muros
et al., 2017; Schnettler et aRP17; Zervaki et al., 2017). Researchers have used a variety of
health-related QOL measures their studies, but alhaveindicated that higher QOL was
associated with better diet quality. Researchers repotieat certain fictorsmayvary in their
impad on both diet quality and domains of Q@hcluding gender/age, sociodemographics,
body mas index status, physical activity level, ruralwban location, lifestage (diet quality
may dip in adolescence), maternal education/emphasis on heatttifamilial and cultural
roles. Only one was a randomized trial (Plaisted etl&99. More prosgctive and randomized
studies are needed.

Among populations with chronic disease, studies have found that highiality diets
are associated with higher QOLg{lyen et al., 2019; Raimundo, Ravasco, Proenca, & Camilo,
2006; Veronese et al., 2016; Wayneaét 2006). However, diets that are viewed as too
restrictive have been associated with reduced QOL (Carson, Hidalg@&, Affdiso, 2014). In

addition, lower det quality has been associated with increases in internalizing behavior, like

depression, anxig, YR | §GSyiA2y RSTAOAG RA&A2NRSNE 05D! /

2019).
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Adherence to a GFD has been associated with higiidindividuals withCeD adherent
to the GFD. In generally healthy populations, higher diet quality has been pbsdssociated
with higher QOL, and higher ult@mocessing has been related to morbidity and mortality,
where higher diet quality has separately been associatgd higher QOL. No research on the
relationship between diet quality, level of uli@ocessig, and QOL in a population with CeD
has been conducted. This dissertation exptbitee link between diet quality, ultrg@rocessing
and QOL in adults and teensth CeD.

Study Purpose

The purpose of this dissertation was to analyze the relationship oé#tieg patterns of
a sample of adults (age 18+ years, n = 50) and teens (afjé y&ars, n = 30) with CeD to
determine the relationships among their eatingtfgns, diet quality, and levels of processing
in foods and drinks consumed and quality of (fOL)

Specific Aims

I. Describe the eating patterns of a sample of 80 participants withtC#adults and 30 teens
adheringto a GFD in terms of diet quality, level of processing, and nutrients;

Il. Compare those results with a nationally representative sampteb | ! wi®ich mabluded
three subgroupsfa) Reported CeD Diagnosis & GFD (adult§)New CeD Serology & No
GFD, andc)Everyonetlse Without CeD; and

lll.Determine if a relationship existl between diet quality or level of processing and QOL

within the sample, and also within the NHANES participants.
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Scope and Delimitations

The participants in the sample population were drawn from ¢eéchment area of the
/| SEAFTO / SYGSNI 2F /2fdzYoAl | YyAGSNERAGE Ay {(GKS
studies from the Celiac Center recruited in a similar way, participants have been former or
current patients of the Celiac Center, or indwals who subscribed to the email distribution
list, the majority of whom were from the New York metropolitan area, a@y fmave an
increased awareness of Ce8@ated healthpromoting behaviors. Participants were asked to
provide information on their dieand complete validated survey tools relating to the €eD
specific quality of life, as well as symptoms consistent witreaeiince to the GFD. Although
many relationships could potentially be explored among these variables, such as the
relationship between tning of meals and quality of life, or-depth analysis of the personal
sociatcultural influences of dietary patternsysh as adhering to a Kosher or vegetarian det,
even an analysis of the relationship between particular foods consumed and nufribats
researchedid not attempt to explore all possibilities. Not all of the foods mentioned in the diet
recalls were aailable in the nutrient analysis system. However, an attempt was made to
replicate these items as closely as possible. The nutrierysisasoftware, Nutrition Data
System for Research, version 2018 (NDSR, 2@48)chosen for the convenience of greater
inclusion of gluterfree products. However, the products were consumed in 2016 and
formulation of products may differ. If nutrient fatdbels were availablEom either the

participants or the manufacturer (online), attempts were made to reconcile amgrdifces.
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In addition, the NHANES participants were drawn from only three complgeap
cycles, instead of the folsuggested to determine a completely representative sample of the
U.S., as those were the only recent cycles reasonably concurrentheitiinting of the study
(to ensure the samples were comparabMhich included an indicator of sakported CeD
diagnoss and consumption of a GFD, as well as testing for serological markers consistent with
undiagnosed CeD. Diet recalls collected from NHB participants did not necessarily reflect
the actual product consumed, which may impact the determination of nutsemd ultra
processing level. Selection of NHANES participants was done to be a probabilistic sampling of
the U.S. population, based @gye, gender, and ethnicity/race, and was not designed to be
representative of the population in the U.S. of particulaatih conditions, like CeD. In both the
sample and NHANES, diet recalls arersgbrted, which is subject to recall and measurement
error. Data collection with the sample was cresectional and not part of a randomized trial.
However, NHANES is partao€omplex probabilistic sampling meant to reflect the U.S.
population. Therefore, comparison with NHANES may be helpful in determimeng t
ISYSNIfATIoAfAGE 2F (GKS al YLX SQa NBadzZ Gad | 26
populations. In sum, these cditions may limit the applicability of the results.

Common Acronyms

CeD celiac disease
GF glutenfree

GFD glutenfree diet
QOL quality of life

IgE Immunoglobulin E
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T-cell
tTG/anti tTG
HEI

AMED

NHANES

thymus (lymphocyte) cell
anti-transglutaminase antibodies
Healthy Eating Index

Alternate Mediterranean Diet

National Health and Nutrition Examination Survey
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Chapterll: Literature Review

Overview

Thischapter provides a brief review of the nature of celiac disease (CeD), the history of
its discovery and treatment, the issues surrounding the gldter diet (GFDQ)nd quality of
life issues while adhering to a GFD. It goes into ndergh on studies regrding diet quality
and food patterns in the population with CeD and provides context for the questionssof th
dissertation

Celiac disease (CeD) is an autoimmune condition that is triggered in genetically
vulnerable individuals by bbtthe ingestion of gtent aprotein found in wheat, barleyand
ryet andan unknown environmental stimulus, with an estimated prevalence of ~1% within the
United StategU.S.YRubieTapg, Ludvigsson, & Brantner, 2012)niqgue among autoimmune
diseases ithe fact that treatnent for CeD is dietary, the glutdree diet (GFDX) which remairs
the only currently available option. Without strict adherence to the GFD, individuals with CeD
experience intestinal damage and nutrient deficiencies, which may manifegitematically to
multiple organ systems beyond the gastrointestinal track, such as anemia or osteoporosis
where presumably adherence to the GFD reduces the risk of cancer and morejaydless,
having the condition is associated with a small but $icgmt increase in wrtality from cancer
and cardiovascular diseagidujoelet al.,2019; Lebwohl et al., 2018; Lebwalal., 2018;
Lebwohlet al.,2020; Ludvigsson, 2012; Reilly & Green, 2014)

Adhering to the GFD can be challenging due to ecosgactissuegSharmeet al.,2015;
Thompsoret al.,2010; Thompson & Simpson, A)INaturally gluterfree (GF) foods that are

minimally processed can be highly nutritious (Lee et al., 2009). Howelgmdducts may be
22



highly processed with formulations deseghfor hedonic appeal, not healthgseaet al.,2017)
In addition, the GFD has been associated with nutrient excesses and deficiencies linked to
chronic disease in the general populati@rheethia et al.,2014) Little is known about the
eating patternsof an American population with CeD. The last study of an American population
with CeD was published over 15 years &fisompsoret al.,2005). Products may have changed
since then, asnanymore hawe since entered the markeT arabella & Francescato, 2019).
Existing studies have associated adherence to the GFD with quality of life (QOL) in
individuals with CeD. Healitelated QOL(CDC, 2000; Gandekal.,2004)and diet quality have
been found to be related to each other and each has been found to be piredlaf other
health outcomes in a general populati@DC, 2000; Gandekal.,2004).0Other research has
also found increased diet quality positively asstadavith QOL in adults (Bonaccio et al., 2013
Darviri et al., 2012; Ford et al., 2014; Germdiale 201B; Gopinath et al., 2014laisted et al.,
1999;Sanchez et al., 2012) and teens (Bolton et al.62Cbstarelli et al., 2@® Estban
Gonzalo et a) 2019; Muros et al., 2017; Schnettler et al., 2017; Zervaki et al., 20afe
recently, the NDVA system of ultrarocessed food classification has linked increased
consumption of ultrgprocessed foods with adverse health outconEmlet et al., 20184all et
al., 2019; Kinet al.,2019; Mendonca etla 2016; RiceaCampa et al., 2019; Schnabekbét
2019, Srour et al., 2019 owever, no studies have examined the relationship of ultra
processed foods with QOL in any population, none have exahdiie¢ quality in an American
population with CeD, and none have examined eating patterns with regai@sDspecific

QOL.
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Background

Earliest Understanding

Ly Fy myyt f SO0Gdz2NBE Sy (éA G5t NHR {dFhyydzSif K SW2/ y2SS3f ADH S
physician angbediatrician, drew attention to the clinical symptoms of CeD. He described CeD as
G 1AYRADFAPRNBSAaAGAZ2YE GKFIOG gl a aSalLISOAlLtte |
8SIFNE 2fR¢ 6526R 3 {YAUKI wmMdTn3I ektddtusegoatiee ! YSNR
malabsorption and growth retardation issues related to the condition (Yan & B09). In
homage to the two physician®ork, untilthe mid-20th century, CeD was referred to as Gee
| SNISNR& RAAaSHAaS 062009 Sidrikgahts pevicpyfratibsed diets, sachds2 £ G =

S5N®» || lFaQa

Qi
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understanding the clinical effects of CeD, none attributed gluten as causative (Mahadov &
Green, 2011; vaBergeHenegouwen & Mulder, 1993).
Identifying Gluten as Symptorinducing

Willem-Karel Dicke, a Dutch pedigian, significantly improved the understanding of
CeD. In 1950, Dr. Dicke, who had previously suspected wheat as problematic, collaborated with
biochemists J.H. van de Kamer and pediatrician H.A. Weyers to perform a series of experiments
measuringsym@ Y G A O LI GASYy(daQ YIflFroaz2zNLliAzy-ftSOStaT
soluble portions of gluten in wheat, as causative in the symptoms adifease (van Berge
Henegouwen & Mulder, 1993). Their work eventually redefined treatment of CeD to what is
now known as the gluteffree diet (GFD). Glutenwhich is immunogenic for individuals with
Celr canbe found in wheat, rye, barley, as well as the tglof wheat and rye, triticalealong
with an unknown environmental trigger, initiate CeGréen & Cellier2007%).
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The GlutenFree Diet Description

The glutenfree diet (GFD) is free of the alcoksmluble portion of proteins (a/k/a gluten
prolamins) found in wheat (gliadins), rye (secalins), barley (hordeins), and triticale
(secaloglutenin) grains which ar¢gaxonomically all currently ascribed to the tribe of Triticeae
(see Figure 1 for taxonomic chafBalakireva & Zamyatnin, 2016; Blattner, 2018; Bemd
1959; Navarro et al., 201)7 as well as the plants which are also related species, such as spelt
and enmer. Many GF grain replacement foods are naturally ghitea, including numerous
cereal grains like rice, maize, sorghum, millet, and teff. Thex@kso numerous pseudcereal
grains, such as quinoa, buckwheat, chia, and amaranth. Oats may be proisléongdome
celiac patients, mostly due to cressntact issues, but also possibly due to allergy issues with
oat proteins (avenins); recommendatiofes including oats in the diet of patients with CD vary
based on countngpecific considerations (Shepa&dGibson, 2012).

Figurel. Taxonomy oGlutenContainingCereal Graingmodified from Navarro et al., 2017)

Gramineae (Poaceae)
0Grassest

v

Family

Pooideae
Qubfamily &Cool season grassest
v
Triticeae*
Tribe Guten containing cultivars

Note: *Contains certain immunogenic prolamins in glutetoxic in celiac disease
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All other foods for example produce,legumes, meats, dairy, etc.) are naturally gluten
free. However, it is possible that naturally GF foods can come into-copgact with gluten or
additives that will promote an immunogenic response. For instance, spices such as cinnamon,
which ae naturaly GF, have tested positive for gluten (Miranda & Simén, 2017). Also, it is not
uncommon for individuals with CeD to have intolerances, or even allergies, to other foods or
food components such as lactose, fructose, or soy (Green & Cellier, 2007)

CurrentUnderstanding of the Etiology and Epidemiology of the Disease

Celiac disease is one of the most common autoimmune disorders in.$héHayter &

Cook, 2012). Gluten is required for its initiation in those who are genetmadlgeptible, thus
requiring stict adherence to a GRDasno other treatments are currently available, but other
factors also may have a role in incidence and prevalence. This section discusses the current
understanding of the etiology and epidemiology bétdisease.

Etiology of theDisease

GeneticsBeing a carrier of specific major histocompatibility complex (MHC) human
leukocyte antigens (HLA) class Il DQ2 or DQ8 genes is generally recognized as necessary for a
diagnosis of Ce[FFalchuk, Rogentine, &r8ber, 1972;Stokes, Holmes,s&yuith, Mackintosh, &
Cooke, 1972 Nearly 95% of those with celiac have some combination of{R2 (DQ2.5;
DQA1*05/DQB1*02) alleles, where 25% have a set of homozygoubgRAlleles (Green &
Jones, 2016Karell et al., 2003Polvi et al., 198Rostomet al., 2005; Sollidet al., 1989;

Spurkland, Sollid, Polanco, Vartdal, & Thorsby, 192&D tends to run in families. Identical

twins have 7675% chance of CeD if one has it. Family members with al@ggee relative
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have a 410% chance of also tesg positive (Reilly & Green, 2014). However, sincé®@® of
the population in the LS carries some combination of these genes (Ludvigsson et al., 2014,
RubioeTapia et al., 2013), other factors are necessary for its initiation.

Early gluten intake and bastfeedinglvarsson and colleagues (2000) reported there
was a fousfold CeD incidete increase in Swedish children un@grears of age after the
government issued recommendations allowing glutamtaining grains in baby formula in the
1980s. They alseported this increase was followed by a precipitous decrease in CeD incidence
after new recommendations encouraged reduced gluten exposure along with more
breastfeeding. Some recent findings in large prospective cohorts siweggtybsit the amount of
gluten may be more important than the timing of gluten introduction in increasing the
incidence of CeD, especially with gluten consumption occurring shortly after transitioning to
solid foods up to 18 months (AndrékronssorS i | £ @3 H 1 m.gP019;[Mdmjfdretra) £ A E
2019;Myléus et al.2012;Szajewska et al., 201@)efinitive guidelines are still lacking. Studies
currently suggest that introducing small amounts of gluten between 4 and 6 months of age,
while stillbreastfeeding, may be protectiv@ifto-Sanchez et al., 2016zajewska et al., 201.6
While these crossectional studies have provided insight into potential triggers, randomized
control trials are still needed.

Viral exposureRecently, a few large pspective studies studying CeD have found
relationships between the incidence of viruses in young childrahthe onset of CeD. Stene
et al. (20®) found that in a cohort (& 1,931) of genetically susceptible children, rotavirus

infection increased thencidence of CeD nearly twto three-fold. Marlid and colleagues (2015)
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found that in a large cohort of children, those who He@lor more infections of any type by 18
months old had a significant increase in the onset of CeD. Kemppainen and collE2@fli&s)
found a 33% (p < 0.002) increase of risk of developing CeD imtloatBs after Gl infections.
There was also a 43% (p < 0.05) reduction in CeD onset in children who received rotavirus
vaccinations.

Microbial and other exposureglthough researe has been inconsistent, there are
indications that the gut microbiota magnpact risk of CeDO@noveet al., 2014; Kemppainen et
al., 2017b; Marileet al.,2013; Marild et al., 204). Elective cesarian section and being small for
gestational age, which nyabe associated with changes in the infant microbiome and
development of itestinal cell wall integrity, have been associated with increased risk of
development of CeMarild et al.,2012).In preliminary data presented at the ESPAGN annual
meeting in 209, researchers reported that children of mothers who consumed higher ansount
of dietary fiber (>45g/d) during pregnancy, compared to those of mothers who consumed lower
amounts (<19 g/d), had a 34% reduced risk of developing CeD, which may be linkedt® eff
on gut microbiota. Researchers have also found that certain baciendaluced peptides are
crossreactive with gliadin in producing reactions witkc@lls, suggesting microbial involvement
in the disease etiology (Petersen et al., 2019). Higher soormomic status may impact risk
through reduced exposure tidelicobactepyloricolonization, increased protepump inhibitor
use, lower rates of smoking, and higher maternal education, which are all associated with
increased risk (Lebwohl & Rublapia, P20). Like other autoimmune diseases, CeD has been

associated with commuty-level hygieneKondrashovat al. (2007) found that genetically
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similar children in the Karelia region of Russia living with lower socioeconomic status and less
hygienic condibnst where less hygienic conditions have been associated with more divers
gut microbiomes hadone-fifth the incidence of CeD as those living in neighboring regjion
Finland (1:496 vs 1:107). Researchera grhall pilot study also found that exposures t
persistent organic pollutants, which are known to be endocrine dismsptagnificantly
increased the odds ratios of developing CeD among genetically susceptible individuals (Gaylord
et al., 2020).
Epidemiology of theDisease

Global differencedDifferences in the prevalence of CeD have been noted worldwide,
possibly refleting dietary customs or unknown factoiGlobally, the prevalence has ranged
from 0.14% in lowrisk populations to 44% in higisk populations (Mahadov & Green, 2011).
Prevalence amuag western Europeans has the most reportiNstalahti et al. (2010) repted
the prevalence of CeD in Europe is estimated to be ~1%, with cespéific variationsf¢r
example Sweden 2.4% v&ermany 0.3%))Globally, the highest prevalence in a geader
population has been 5.6% among the Saharawis in western Africa (Catassi et al., 1999), which
increased substantially after an increase in wheat consumption associated with United Nations
food aid. Generally, pwvalence has been found to be higher inicegs where wheat
consumption is higher, such as the Punjab region of Northern India (and among their
descendants) and among Northern Europeans. More global surveillance is needed to determine

differences by cultwes and ethnicities.
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U.S. population difrences Crosssectional surveillance studies of the U.S. using
serology indicatd ~1% prevalence of CeD (RuBiapa, Ludvigsson, & Brantner, 2012), with
most cases among nddispanic whites (88% of cases). Hoarevhe highest prevalence of CeD
among indviduals living in the U.S. has been reported among individuals with Punjabi ancestry
(Krigel et al, 201G where Punjab is recognized as a high whedating region with high
incidence of CeD in Indi&g¢od, MidhaSood, Avasthi& Sehgal, 2006)n additia, those in the
northern U.S. were five times more likely to have CeD compared with individuals living in the
southern U.S. (Unalpridaet al.,2017).

Increasing prevalenc@lthough diagnostiprocedures have improved both awareness
and diagnosis, surdance studies from Scotland, the U.S., and Finland have indicated increases
of up to 640% within the 20 century (Catassi et al., 2010; Lohi et al., 2007; RUubpn et al.,

2009; White et al.2013). This suggests that both diagnosis and prevalemcmeneasing in
Westernized nations.

Gender.Gender and other differences have been noted. Females are more than twice
as likely to be identified with the condition, but the ratio of diagnosis tmagdging closer to
parity (Hujoelet al.,2019; KarbMansoor, Parasa, & Coope2019; Lo et al., 2003). Females also
tend to suffer longer and with more symptoms prior to diagnosis (Hujoel et al., 2019; Lo et al.,
2003; UnalpAridaet al., 2017).

Age and years to diagnosAlthough once considered a diseasebildhood, it is now
known that the condition can first occur at any a@aséellas, Vivancos, & Malagelada, 2006)

The average age at diagnosis within the U.S. is 47.3 ywehih has been increasing over time
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(Loet al., 2D03). The average time frorhe onset of symptoms to diagnosis in the U.S. has
dropped from 11 to 4 years between 1981 and 2001 (Green et al., 20@t;dL.92003). This
indicates that many suffer yesuprior to diagnosis.

Income differencesdna 2016 study, Roy and colleagues eisd the presentation of
patients (n = 872) in a North American hospital with biepsyven CD and determined that
there was a significantly higher odds ratio of patients with higher income presentingemtr
classtal symptoms, compared with those witbhwer incomes [OR: 1.71, 95% CI: 12150,
p < 0.01]. This may mean that those with higher economic status with atypical symptoms are
more likely to be diagnosedor possibly something about the lifestyle of thosdmwiigher
income that makes them morgusceptible, or more readily diagnosed, like access to medical
care.

The Disease Process, Presentatipasd Professional Recommendations

This section briefly reviews what is known about what happens when CeD odwurs, t
various forms that are recognizeaind current guidance on diagnostic and treatment options to
practitioners who work with individuals who have the condition.
The Disease Process

When individuals with CeD ingest gluten, it crosses the intestinal eithrrier due
G2 | af S ihgsasceptittd, this causygs aiseries of inflammatory reactions resulting in an
IgA-mediated autoimmune response, damaging the intestinal cells and impacting numerous
processes (Caio et. al., 2019; Kagnoff, 2007; Raixkb, Sollicet al., 1989. Understading the
mechanism by which inflammation and intestinal injury occur, such as the interactions with
t-cell lymphocytes, is currently under investigation in several locations (Celiac Center, 2019). As
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a result of thigntestinal damage, these individualfien lose the accompanying enzymatic
reactions that happen at the surface of the intestinal villi, causing digestive jsshes signs
and symptoms such as nausea, vomitimgd diarrheg and potentially numerous otr medical
conditions, including thoseesulting from nutrient malabsorptiorlike anemia or osteoporosis
(Reilly & Green, 2014). Continued gluten exposure for individuals with CeD may lead to
additional complications such as pancreatic insufficiency,oaa@pic colitisand carcinomas
(Larrexi, Navarro & Churruca, 201 8trict adherence to the GFD should be expected to heal
mucosal damagealleviating nutrient deficienciesaind presumably also reduce the risk of
cancer and mortality which havebeen assoiated with the ongoing inflammatoryate (Hujoel
et al.,2019; Lebwohl et al., 2018; Reilly & Green, 20Hbwever, even with adherence to GFD,
having the condition has been associated with a small, but significant increase in mortality
including from cancers and cardiovascular diseaséxohl et al.,2020; Ludvigsson, 2012).
Recognized Variants of Celiac Disease

The ultimate effects of CeD on the body can be diverse and varying. Therefore, multiple
variants of the disease are currentgcognized: classical, which may or may not be
symptanatic; non-classic¢latent; andrefractory (Lebwohét al.,2018).

Classical andymptomaticforms.Classical and symptomatic forms are any that cause
overt gastrointestinal (Gl) symptoms, such as mayomiting, and diarrhea. Often children
age2 or younger, and females, present with these symptoms or malnourishment (Heja,
2019). The classical form may present as unexplained malabsorption conditions, such as anemia

or low bonemineral density (osteomalacia or osteoporosis), growth and headsugs
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(particularlyin children) like failure to grow, reproductive issues, pa@ight gain,

unintentional weight loss, short stature, as well as dermatological conditions like dermatitis
herpetiformis and psoriasidebwohlet al.,2018;Reilly & Gren, 2019. Older children and
adults may have symptoms like iron deficiency anewt@onic fatigue, headache, bloating,
constipation, and osteoporosis, and may even have developed obesity (ldtigel 219;
Lebwohlet al.,2018; Reilly & Green, 2014).

Asymptomatidorm. Asymptomatic individuals display no overt symptoms of
malabsorpion and are only found through screening. Type 1 diabetics and close relatives of
individuals with CeD may have this type. Upon starting a GFD, any intestinal damageeand oth
previously unnoticed or unattributed symptoms would be expected to improveogiet al.,

2019; Lebwohl et al., 2018).

Latentform. In the latent form, individuals have the genes, may be sporadically positive
for antibodies, have symptoms of CeD, botribt have intestinal damage. They are at
increased risk of developiragtive CeD. It is recommended that they be monitored for the
development of the disease but not initiate a GFD (Hujoel et al., 2019; Lebwohl et al., 2018).

Refractoryform. Lastly, a s@all percentage of individuals (<1% of those with CeD) have a
refractoryor nonresponsive form of the disease, refractory celiac disease, RCD. Serology
remains positive and damage to the small intestines remains above Marsh Il. This is confirmed
after a caeful examination of their diet for hidden sources of gluten and adddl testing.
Prognosis for these individuals is poor, with high incidence of mortality. This condition primarily

occurs in adults (Hujoel et al., 2019; Lebwohl et al., 2018; Malan@!8er, 2019).
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Tablel presents a summary of the forms of celiac disease.

Tablel. Forms of Celiac Disease

Marsh Marsh Level Antibodies Gl Symptom{
Form Signs/Symptoms Level at After GED (TG, EMA, DPG With Gluten
Dx Testing
assic Gastromtest_lnal S| <1l + Yes
(malabsorptive)
Classic Extralntestln_al S| <l + None
(malabsorptive)
Asymptomatic | Possible extraintestinal >| <l + None
Latent Possible extraintestinal Ol N/A +/- Possible
Refractory Gastromtegmal/ S| 1+ + Not always
extraintestinal

Note: Dx=diagnosisGl=gastrointestinaltTG=anti-transglutaminase antibodieEMA= IgAtype antiendomysial

antibodies DPG=I1gGtype deamidated antigliadin peptide (Useful for IgA deficient individuals).
Adapted fran Larretxi, Navarro, & Churruca (2017)

Diagnostic Methods

Medicalhistory andtests.According to Rubidapiaet al. (213), clinicians should first
takeaRS Ul A f SR
potential nutriert malabsorption symptoms, abdominal pain, bloating, unexplained iron
deficiency anemia, high liver enzymes, impaired bone mineralization, or those witbdgsee

or seconddegree relatives with CeD, even if asymptomatic, should be tested serolodically.

I O002dzy i
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cases where testing may be inaccurate, such as with individuals recently diagnosed with type 1

diabetes or those maintaining a GFD, genetic tests foX@2 and DQ8 gene haplotypes may

be used to rule out CeéXffectively. The CeD comprehensive panellides testing for both IgA

anti-tTG antibodies and IgA antiendomysial antibodies (EMA), in case IgA deficiency exists. For

individuals with IgA deficienagelgG testing (IgG DGP and IgG tTG) should also be performed. If
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serology is positive or if suspai of CeD is still high, regardless of serological testing results, an
endoscopy is recommended for confirmation and to rule out other conditions.

Endoscop. Current U.S. guidelines recommend confirmation of CeD via small intestinal
endoscopy (Hill et gl2005; Rostonet al.,2006). Positive CeD biopsy results are characterized
by intestinal villous flattening, mucosal inflammation, duodenal intraepithtraphocytosis,
and crypt hyperplasia, which may be diffuse, with histological findings of damagkeat|
above the MarskOberhuber (Marsh) grading system, Type | (Lagana & Bhagat, 2019).
Consideration is being given to allow diagnosis of CeD withopsiresults in persons with
traditional Gl symptoms, identified as having the DQ2 and/or DQ8 sjleleo have tTG values
10 times higher than the normal limit and positive EMA serology. European guidelines recently
began to allow this criteria diagnod@ children (Husby et al., 2012). However, American
guidelines still require endoscopy for diagrssiegardless of ag&o reduce the burden of
performing endoscopy, researchers having been investigating whether serological testing can
identify individuds with DQ2.5 alleles who have Ce€gardless of whether they are consuming
gluten (Sarna et al.,048). Other researchers have been pursuing a potentially mass screening
test using gliadirderived peptides and gold nanoparticles (Katal.,2018).

Biopsy is currently necessary to rule out other conditions that may not require strict
adherence but maghare some coincidental relief with a GFD. These conditions will not exhibit
the characteristic intestinal villous atrophy and crypt hyperplasia of Ce®cdimses include
wheat allergy (Gupta et al., 2011), noaliac gluten sensitivity (NCGS) (Cataisal.e2013;

Volta et al., 2015), and intolerance to FODMAPS (fermentable oligosaccharide, disaccharides,
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monosaccharides, and polyatsugars to which somandividuals become reactive due to
microbial fermentaéion in the gut (Dukowicet al.,2007; Roncarni et al., 2018).

Other conditions, in some cases, may show some responsiveness to the GFD, even in
those without having CeD, such&as/ ¥t I YYI 12N 026Sf RA&&HAS OL. 5
autism (Maagaaret al., 2016; Reilly, 2016). However, the GRibighe generally
recommended firsfine treatment for these conditions as it may create other issues, like
nutritional challenges.
Guidance on TreatmenRecommendations to Practitioners

Currently, stricadherence to a GFD is the only treatment avaddbl CeD. (A detailed
discussion of the particulars of the GFD concexpearin later sections.Yhe most promising
of these efforts aim to be adjunctive and not a substitute for a GFD. Researchersusedmn
a number of areas: (a) ptteeating gluen to break down the proteins with enzymes to reduce
the harm of gluten; (b) suppressing the immune reaction to consuming gluten; (c) interrupting
or delaying the response to consuming gluten; and (d) itihdpiransglutaminase modification
of gluten to educe the inflammatory response (Beyond Celiac, 2020; Crowe, 2014; Pearson et
al, 200). Many of these trials are in the early stages.

Recommendations from gastroenterolody.S.consensus guidelines (Rubiapia et al.,
2013) state that physicians showdvise patients to maintain a strict GFD for life. They
additionally suggested that oats that are certified as gldfte® may be introduced into the
diet with caution to ensure that no adverse reactions axperienced. Upon diagnosis, they
recommend th& patients are advised to consult with a registered dietitian who is experienced
with the celiac diet to provide more detailed instruction, due to the significant amount of

36



nutrition education required in ammencing and maintaining a strict GFD. They highly
recommend ongoing annual follewps for nutritional assessment. Because newly diagnosed
patients with CeD often experience nutrient malabsorption due to intestinal injury, they state
that patients shald be evaluated for nutritional deficits, partitarly for iron, folic acid, vitamin
B-12, and vitamin D, with advisement for supplementation as needed (Ridpa et al., 2013).
Recommendations from dieteticshe Academy of Nutrition and Dietetics @)\ a U.S.
based organization, provided six ovi@oints in their consensus statement from 20@r
managing CeD. They recommended: (a) working with a registered dietitian; (b) becoming
informed about the disease; (c) maintaining a strict GFD for |devmeat, rye, or barley, or
foods containing comgnents of these grains, while avoiding areas of caassact); (d)
determining and addressing personal nutritional deficiencies; (e) accessing a celiac support
group; and (f) maintaining a lortgrm relationship with an interdisciplinary medical care team
In addition, the AND (2@®) provided detailed guidelines on considerations for the care
of patients with CeD. They recently completed a scoping review of topics that was started in
2018. It covered studiesompleted since the last review to determine whapics of research
had been covered without any additional systematic review created, but it is unclear what steps
they may take next (Cheng & Handu, 2020). Based on what they evaluated to be strong
scientific support at the time in 2007, they recommerdithat medical nutrition therapy should
0S LINPGARSR G2 LIGASYyGa FyR aKz2dzZ R Ay Of dzZRS | a
nutrient needs/deficits, quality of life, bone density, biochemical and othedical reports,
gastrointestinal symptoms, amather medical conditions. The AND advised that the dietitian

work with a patient to develop a personalized plan, providing nutrition education as needed on
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GFD adherence, labstading, and addressing nuiohal deficits, and (their language inferred)
to continue periodically monitoring their progress over the long termhere no specific
follow-up timeframe was advised. They indicated that patients need to be assessed for
adherence to the diet, which can be complicated by cimmstact and a variety of isgs,
ensuring that attention be paid to the effect of maintaining&D on QOL. They suggested
obtaining reports on diet history and symptoms; serological and endoscopy results can be used
to determine the level of success in adherence.

Reasons for dietdlure and potential remediedMany of these morbidities are expecte
to resolve within a few years of initiating the GFD for most individuals with CeD €Kally
2015; Ludvigsson et al., 201&nilure to adhere to a GFD is the most common reasondior
responsive serology and continued symptomvien individuals caimue to have symptoms
after maintaining a strict GFD, a determination of possible sources of-copgact or other
diet-related conditions would be advisenvhere a dietitian trained in @@issues can be helpful
(Abdulkarimet al.,2002; Leffleet al.,2007). Many individuals may have unintentional gluten
exposures, without positive serologyastesting only reflects significant nonadherence (Hall
al.,2013; Vahedi et al., 2003). Onc&&D has started, individuals should observe their levels of
antibodies decreasing (Sugai et al., 2009). In rare cases, individuals who are not responsive to
the GFD may have refractory celiac disease, RCD, stages | or || (RCDITomRERII)
immunosuppresant drugs may be of limited help, but mortality can be high (H&sBai,
2019; Malamut & Cellier, 2019; Silvester et al., 2016a; Syage et al., 2018).

Researchers have also been working on measuring the absorption of lactulose versus
rhamnose to determia how permeable the gut might lbewhich is suggestive of mucosal
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damage (Khan et al., 2020). If no additional gluten sources are identified and symptoms persist,
other potential causes should be examined. Because current serological tests are not designed
to monitor inadvertent gluten expase, diagnostisare being developed to better quantify
intestinal healing or potential damage without biopsy. Two other future tests include testing for
differences in citrulline levels or for intestinal fatty acid protévels (Andriaanse & Leffler,

2015). Researchers are also exploring testing and utility of urine and feces for immunogenic
peptides as residual signs of gluten contaminatiovhere the impact on clinical and behavioral
outcomes remains unknown (Morerat al., 2017).

Autoimmune and other@ncerns.Individuals with CeD, especially with diagnosis delays
andcontinued intentional or unintentional exposure, may also have comorbid autoimmune
diseases that result from inflammation and the autoimmune process asdbA deficiency, like
| ' aKAXY 20REONPARAGA &Y G(GelLS M RAFoSGSazr {223aNByQ:
among other associated conditions (Hujeekl.,2019; Reilly & Green, 2014). Common
neurological issues include headaches, particulartyrames, fatigue, fiboromyalgia, taritis,
and epilepsy (Hujoeadt al.,2019; Reilly & Green, 2014). Patients may also experience associated
inflammatory conditionssuch as lactose intolerance, as a result of an inability to produce the
lactase enzyme dum intestinal villi damage, as Wes hypertransaminasemia (or celiac
hepatitis) (Hujoekt al.,2019; Reilly & Green, 2014). Prompt diagnosis and treatment of CeD
with the GFD may alleviate chronic inflammation caused by the autoimmune process and could
be protective in preventing thenitiation of many of these conditions, but not necessarily halt

the progression once started.
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Psychological and heavy metal concerns associated with the ¢iigerdiet.
Practitioners should be aware that adherence te t8FD after a diagnosis of CeD had a
mixed association with an increased incidence of mood disorders, including depression,,anxiety
and disordered eating (Busley al.,2018;Sainsbury & Marques, 2018limet al.,2018;Smith
& Gerdes, 201Zerwas é€al., 2017Zingoneet al., 205). Evidencéasalso suggesid that
patients with CeD adhering to a GFD may have increased risk of heavy metal exposure, like
arsenic and mercury (Elli et al., 2015; étaal.,2015). (Discussed later are nutrient concerns
with the GFD.) Itsiunclear what the longerm risks may be of these concerns.

Policy, Systems, Environmerdand Individual Behavior

To understand why an individual has adopted an eating behavior, it can be helpful to
examine the issues through a podisj systemsand enwronment lens as the primary factors in
determining those choices (Contento, 2016). Americans with CeD who adhere to a GFD are
impacted directly by laws governing the labeling and handling of GF foods which determine
processing, formul#on, and market avidability, which help create the food environmant
choices, availabilityand affordability eventually impacting how individustietermine which
foods and nutrients are consumed. This section briefly focuses on American-ffeggooliges
and systems, cuent and environmental issueand nutritional issues related to the GFD. See

Figure2 below.
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GlutenFree Food Choe

Note: FAO = the Food and Agriculture OrganizatfdHO = the World Health Organizatiah S. = United
States Codex Alimentarius = Codex Alimentarius International Food Standards.

Policy and SystesnConcerns Regarding Glutémee Foods
The section befly describes how glutefree (GF) laws were developed and
implemented in the U.S., and the subsequent systefated issues surrounding those choices.
The Codex Alimentariu¥he basis for the foodWs governing many nations comes
from the Codex Alimmtarius International Food Standards (Codex Alimentarius). These
standards were published to ensure the standards of identity of foods that are traded
internationally in cooperation with the Food and Aguture Organization (FAO, 2019) of the
United Natios and the World Health Organization (WHO). In 1979, the Codex Alimentarius first
adopted guidance for the definition of glutesontaining foods and testing protocols anas

amended in 2015. Currentlgnly Argentina, Australia, Canada, the European Urrehand,

41



Italy, New Zealand, the United Kingdom, and the U.S. have adopted any portion of these

standards each with specific implementation differences (Celiac Disease Foundation, 2019).
TheOriginal Food Allergen Label and Consumer ProtectionPAict to the U.S.

Congress passing the Food Allergen Label and Consumer Protection Act (FALCPA) in 2004, in the

U.S., those with food sensitivities had difficulty knowing what was safe td'bat.act took a

large step towards rectifying that issue. It reqdrlabeling of foods containing the protein

portion of eight common allergens: milk, eggs, fish, shellfish, peanuts, tree nuts, soy, and

wheat. Since 2006, it applied to any labeled fodukst tare typically sold as packaged foods for

general consumption, ich are regulated by the FDA. It did help make it easier for consumers

to identify exposure to the most common lifareatening allergens (~90%) within the country.

Still, it was not meanto be inclusive of the 160 other potential food allergens (FDAGR0
American Policy on Glutefree LabelingDespite wheat having been included in FALCPA

at its inception in 2004, gluten had not been specified in it. After the American Celiac Disease

Alliance and Center for Celiac Research and Treatment lobbied posupdividuals with CeD,

an amendment was made to the law in 2014, which partially addressed the issue (CeD

Foundation, 2020; Watzman, 2013). The U.S. government adopted standards emlgdsed

on guidelines set by the Codex Alimentarius. They triesirtplify labeling by only recognizing

the termsgluten-ree, free of glutenno gluten orwithout glutenas adhering to the

regulationg eliminating the use of many other terms that hadated confusion. These terms

indicate that foods must contain leisan 20ppm of gluten, an amount that the FDA repexit

as the lowest amount that current analytical methods reliably detect (FDA, 20ti8)worth

noting thatthe level at which gluten ay be harmful for patients with CeD is still under
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investigation, vinere sensitivity level may individually vary, but Catassi.¢2@07 found 1650
mg/d to be tolerablegiven that assessment dbackground gluten exposure averaged 5.2
ppm [range: 850 ppm/d]t andother studies have similarly confirmed still higlébackground
gluten intake in even highly adherent individuals at immunological harmful |Eseége et al.,
201§.)

To qualify, foods are either (a) naturally gluteae or (b)gluten-containing but
processed to contain less than 20 ppfor (instance wheat starch). Other termare not
allowed. However, manufacturers may label foods with terms suehascontain gluteror
manufactured on shared equipmer@verall, this law likglresulted in somewhat less confusion
for consumers. Recently, a clarificatimas made to the regulation which stated that foods that
were fermented or hydrolyzed (but not processed) to remove gluten were not eligible for a
glutenfree designationfbr example,beers made from grains known to contain gluten) as no
method of provinghose claims exists (FDA, 2020).

Resulting SysterARelated Impacts of American Policy on Glufgae FoodsThe
FALPCA incorporation of gluténee foodshasalso potentiallyinpacted the nutritional state of
individuals adhering to a GFD, product auaillty, and even certainty of GF status. Lawmakers
chose to not implement certain recommendations of the Codex Alimentarius, including the
provision that foods should replicatéé vitamin and mineral content of important basic foods.
This meant that withat specific monitoring of this specific population, as is done for the
general population, assessment of their nutritional state would be unknahlomg with any

need for fortification.
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The GF labeling only applies to foods that are regulated by the FBu#pplements
(FDA, 2018plthough draft regulations are meant to address pharmaceuticals. Therefore, foods
regulated by the USDA, which include poultry, meat, and certain emtypts, as well as the
Alcohol and Tobacco Tax and Trade Bureau (TTB), imblades most alcoholic beverages, are
not covered by these regulations. Nor do they apply to certain foods, such as deli, bakery, kiosk,
or restaurant food items, that may be spped for the convenience of the customer. However,
the FDA does state in threQuestion and Answers on Glut&nee Food Labeling Final Rule,
AADGSY GKS Lzt AO KSTFNBIXQ afAl3gy/S{TMmy0od 3 OG5 12 Ta IWEa& dil
aglutenfreeck AY 2y GKSAN) YSydza aKz2dzZ R 0.871B2yaradaSyd
Resmnse 30). However, the regulations do not provide for enforcement action for violations.

The regulations also do not specify GF certification or testing procedures or frecord
keeping procedures. The FDA encourages individuals adhering to a GFD to call food
manufacturers to determine the veracity of their claims (FDA, 2020). To complicate matters,
some manufactures have stated that their processes are proprietary (Thompson, 2015).
Environmental Concerns in Getting Glutéree Foods

This section briefly disisses the some of the environmental issues of ghiitea food
choice, including crossontact, affordability, availability, and issues surrounding adherence
manyrelatingto the implementation choices of FALPCA. Nutrient content of GF foods, which
are mae closely related tohis dissertation are covered in the next section.

Crosscontactconcerns Crosscontact concerns which have been studied include grain

production,dining out at restaurants, packaged foods, and foods known to include gluten.
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Grainproductionconcerns.lt is primarily because GF labeling remains voluntary in the
U.S. that crossontact remains a concern. Accidental cressitact of glutercontaininggrains
with GF foods may occur at any point in the fgmcessing chain from the field to packaging
(Miranda & Simon, 2017). Figusellustrates the similarities between wheat and oat speties
whichare naturally GF in the field versus the raw dried seeathte prior to processing. One
review found that even flours of naturally GF graiegularly exceed 20 ppm (Miranda &
Simén, 2017). Still, the industry has been reducing etossact hazards since the 2008 GF
products labeling regulations went into eftgdiranda & Simén, 2017). However, even within
the later period, ~35% of GF produs and naturally occurring GF items contain gluten at levels
above 20 ppm in the U. Sof examplepats, millet, and sunflower seegdshich naturally are

GF) (Sharmat a., 2015; Thompsoet al.,2010; Thompson & Simpson, B)1

Oats

2010, January 30) Oats(Zell, 2010, December 27)

Figure3. Visual Examination of Wheat and Oats in Fields and Minimally Processed Forms
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Dining outconcernsin a recent study, researchers analyzed the results of a portable
gluten detection sensor frorarowd-sourced data and found some level of gluten, possibly
under 20 ppm, in about onthird of restaurants tested (Lerner et al., 2019). Gluten was
detected in over half of the pasta and pizza products that had been labelesh@GWwere over
twice as likg} to contain gluten as compared with other items. Crosstact appeared to occur
less frequently at fast food and chain restaurants. In addition,setostact was more likely to
occur during the busy dinndrour periods as opposed to other times. Othardies have
suggested that eating at restaurants can be particularly challenging dimertgusy period, and
there may be inconsistencies in trainingeven in the communication between waiters and
chefs (Olsson et al., 2008; Roma et al., 2010; Sverlar, @005). In addition, many in food
serviceare not familiar with CeD and the perils of cressntact (Schultet al.,2017; Simpson et
al., 2011)Little is known about the extent to which eating out in other locations, like schools,
events, or homesfdriends, are impacted by crosentact.

Packaged food concerndot all packaged food designated as glufese is safe for
those with CeD. In a swey of undeclared food allergens and gluten found in commercial foods
analyzed by enzymiinked immunosorknt assay, Det al.(2018) reported a wide and
significant variance in the prevalence of gluten present in the U.S. market in recent years. These
researchers concluded that the prevalence of gluten in products labeled GF varied from 0.5%
for bread, dry pata, and breakfast®B | £ &> G2 on®m: F2NJ GKS dal daz2N

found that food presumed to be naturally GF had a prevalence of gluten in the food at rates
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varying from 5.0% for breakfast cereals, spices, seasoning mixes, and oats Sugtofdr
cerealbasedproducts (rice, maize, buckwheat, millet, and oats).

Foods and beverages known to contain glutiglany prepared foods are known to
incorporate gluten derivative@ee Table 2)These include the obvious glut@ontaining items
like flours made from regutawheat. However, numerous other items, used as thickeners,
flavor enhancers, or additives in some way, may also include gluten. These appear in a variety
of foods including otherwise seemingly naturally GF foods. Ghaemtaining ilgredients may
also irclude soy sauce, wheat starch, and malt. Since thel@&Ds, even gluten by itself has
regularly been added to foods to increase the structural and whtdding properties of
products, including processed meats, seafood, and aeplacement products (Deet al.,
2006).

Other items known to contain glutemon-food items may pose a risk to patients, such
as preschool Plaoh, cosmetics like lipsticknd supplements like probiotics and digestive
enzymes (Thompson, Dennis, & Emers},8). One study sheed that pharmaceuticals may
regularly contain additives in the form of fillers, considered inert and often unlisted ingredients
which may prove problematic for individuals with food sensitivities and allergies, including
potentiallyunsafe levels of glen for those with CeD possibly because FALCPA rules are

voluntary (Reker et al., 2019).
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Table2. Safe, Potentially Unsafe, and Likely Unsafe Foods by Food'Group

Food Group Presumed Safe Potentially Unsafe Likely lJ_n§afe_
(Food Use) (Needs GFtabel) (check for GF label) (Glutencontaining, if not
labeled GF)
Grains & cereals Amaranth Breading Wheat varieties eikorn,
Arrowroot Buckwheat pasta emmer, kamut, spelt,

Potentially @od source of
fiber, complex
carbohydratesand certain
amino acids. If enricheor

fortified, alsogood source of

B-vitamins, like folateFe,
Mg, andZn

Buckwheat (most)
Corn

Manioc

Millet

Oats*

Quinoa (most)

Rice (most)

Sorghum

Tapioca

Teff

Certified GF products
(muffins, breads, etc.)

Cornbread mix
Ricemixes
Rice flours
Oats

Quinoa mix

triticale, semolina &
products (flour, crackers,
biscuits, breads, including
sourdough, challah,
readyto-eat cereals,
candies, pancakes,
pastries, pastas, matzo,
muffins, snack foods,
fillers in many packaged
and processed foods, soy
sauce)

Rye

Barley & Malt

Dairy

Potentially good sources of

calcium and protein.
If enriched, good source of
vitamin D and riboflavin

Milk, natural and cured

cheeses, plainairy
yogurts

Puddings, creams,
custards, nik shakes,
processed cheeses, frozet
ice creams, etc.

Yogurt with assorted
toppings/addins or
flavorings

Blueandveined cheese

Ice creamandice cream
sandwiches

Meats, poultry, & fish

Good sources of complete

protein, riboflavin, vitamin A,

niacin vitamin B12, vitamin
D,Fe, Mg, and Zn

Freshly prepared and
cured items prepared
with GF ingredients*

Eggs (without
additions)

Deli meats

Sushi (some sea legs use
wheat protein)
Cannedneats

Burgers (with fillers)
Sauces (BBQ, etc.)

Marinated items

Breaded meats

Coated items
Casseroles

Processed meats with
fillers (hot dogs, sausage
deli meats, meatballs,
etc.)

Fruits & Vegetables,
including nutsaandlegumes

Good source diibers, amino

acids, poly and mono
unsaturated fatty acids,
vitamins A, Byroup C & K,

Ca, Cu, Mg, Fe, Se, and Zn

Plain fresh, frozen,
dried or canned
(thoroughly sorted,
rinsed and drained)
legumes (most)
Plain nuts and seeds
Vegetable oils
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Seasoned (canned or
frozen) vegetables
Seasoned nuts and seeds

Breaded items
Products preessed in a
facility with equipment
shared with wheat
Saucesvith gluterr
containing flours



Table 2 (continued)

Food Group Presumed Safe2 Potentially Unsafe Likely Unsafe
(Food Use) (Needs GFtabel) (check for GF label) (Glutencontaining, if not
labeled GF)
Misc Products labeled GF  Soups, Stews, Sauces Soups, Stews, Sauces
Tamari* Salad dressings made with GC flours
Increase food palatability or Corn starch* Candies/sweets (pasta, flour thickeners,
hedonic appeal Ground spices & Gravy, Besamel sauce,
seasonings rue, etc.)

Foods cooked on grills or
in fryers with shared
glutencontaining items

Malt vinegar
Chocolate cereals
Chocolate
Beverages Juices Beer Beer
Soda Vodka (if mad from Barley maltontaining
Additional drink options Alcoholic Cider (apple, wheat) products(not allowed to
pear, etc.) Sake be labeled GF in U.S.)
Wine Flavored/spiced alcoholic Wine coolers containing
Mixers* drinks malt or hydrolyzed wheat
t N2 RdzOG a f I 6 protein
NEY2@SRéE 2NJ
NE RdzOSR¢

Note. Fe dron. Mg = magnesium. Zn = zif®lust be marked with GF label. Always read lab&kble aapted

from Churruca, Larretxi, & Lasa (2017) and Dennis, Lee, & McCarthy. {2aft@n exhaustive list or a

substitution for consultation with a specially train€Dregistered dietitian?According to the FDA, all grains,

legumes, and seeds in the tthd States are potentially vulnerable to cremsntact, so labels should be checked for

y2GSa 2y FLOAtAGE AYTF2NNIGAZ2Y 2 M a@AAswerOdn Glit®se Feddy dzF | O d.
Labeling Final Rule, For Consumers, Qtfs://www.fda.gov/food/food-labelingnutrition/questions-and
answersglutenfree-food-labelingfinal-rule)

Affordability. Maintaining a GFD hdmeen recognized as being more expensive, with
items averaging approximately2times the costs of gluteoontaining varieties, with some
priced much higher (Lee at., 2007; Singh & Whalen, 2011). However, prices appear to be
decreasing somewhat from i surveys (Lee et al., 2019).

Some countries, such as Sweden, have recognized that the increased cost of the GFD
can be burdensomeral provide financial support fgatients with CeD by supplying GF

products for children free of charge until theyach 16 years (Kautto et al., 2014). Other
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countries for example,Canada, Ireland, Itaglgnd the UK) also provide other forms of financial
assistance to individuals witCeD (Celiac Disease Foundation, 2019; Cddka019).

However, the U.S. does nprovide any type of support. Patients with lower socioeconomic
status may have an increased disease buraletdneed additional supports to adhere to a

GFOQ which may impacQOL (Oza et al., 2016).

Availability.Lee et al. (2007, 2019) found that availapiof GF items was much more
limited in general grocery stores as compared to pricier upscale markets. In a study of 20
glutencontaining versus GF products, Singh andchlatn (2011) found that smaller grocers, like
convenience stores, were less likelyh@ve a selection of GF products available. MacCulloch
and Rashid (2014) surveyed families with children who had CeD. They found that the lack of
available options, includg limited or nonexistent choices in restaurants and at social, school,
and religios functions, was the greatest reason for ratgherence to maintaining a GFD. A
recent systematic review of adherence studies, however, suggested that adherence may not be
increasing along with availability due to ongoing affordability issues (Myléus 20aP).

Individual lack of adherencé recent review reported average adherence rates based
on selfreported survey have been estimated to vary betweer426 for adultend 2398% for
children and adolescents, with a median adherence of 78% (Mgleals 2019). Numerous
reasons exist for lack of adherence. Besides limited availability and financial burdens, these
include inconvenienggoerceptions of isolationpoor praduct palatability or texture
preferences to avoid GF productseling embarrassedensitive or stigmatizedpersonality
characteristicslack of immediate symptomsulture; indifference and lack of awareness for
injury (Barrattet al.,2011; Bellinet al.,2011; Czajdulsa & Bulsa2018; Mager et al., 2018;
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Myléus et al., 2019; Olsson et al., 2008; Rodrighikezagro et al., 2016; Roma et al., 2010;
Sverketret al.,2005; Violta & Gray, 2019; Whiét al.,2016). Some individuals are suspected of
conauming gluten who have eating digters as a means of increasing malabsorption and
desiring to lose weight (Karwautz et al., 2008)pé&mson CeD social support groups may
improve adherence (Castilhos et al., 2015; Lee et al., 2015). Nutrition educatiomaveyeen
inadequate; thereforeindividuals may also be inaccurately identifying GF foods (Gutowski et
al., 2019). Improvements to CaBlated education, labelingand food availability options may
also increase adherence (Olssgiral.,2008; Roma et g/2010).
Gluten-Free Product Nitrient Concerns

Fortification andEnrichment History

The dilemmas surrounding the current concerns around the nutritional adequacy of GF
foods in the U.S. were likely inadvertently created before the need for the GFD wadetely
recognized. U.S. lagoverns many aspects of food production (Code of Federal Regulations,
Tite2t/ Cw HMU UKNRBdzZZAK GKS C22R / 2RS® ¢KA& aLISOAT
ARSYGAGeéd GKAOK RSGFAT A 08 deteyhrinbshRtRoSesiaardsS A 3 K (i
of identity which foods can have nutrients, that is, fortification and enrichment, added and in
what quantities. Fortification and enrichment programs were developed to address widespread
nutritional inadequacies in 1930swhicKk ¢ I & LINRA 2 NJ GdiscoveNdthat5 A O] SQa wm

avoidance of glutemvas critical for individuals with CeD.
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Impact of fortification and enrichment laws on gluténee productsWith the exception
of cornmeal and white rice, many GF foods have a wheaedcounterpart and so are not
required, or even allowed, without an extensive process, to be fortified or enriched. Generally,
the wheatbased counterpart is the one to which the standard of identity is officially assigned.
This is because laws were not wgit anticipating that foods dter than those with predefined
standards of identity would be needed for the health of those with food intolerances, like GF
substitutes for wheabased products. In addition, the U.S. did not adopt the portion of the
Codex Amentarius requiring replicadin of nutrient content of important basic foods.
Currently any GF food manufacturer who wants to enrich or fortify its products faces a
laborious process of testing and documenting that nutrients remain within a tightly
recommended range, specifically nekceeding the Tolerable Upper Level (UL) and even taking
shelf life into consideration. As a result, it is unclear what the risks are of those adhering to a
GR whereas most Americans adhering to a regular glutentaining det, which unlike GF
diets is nonitored for nutrient concerns, have sufficient intake to avoid most overt deficiencies
with the assistance of supplementation of common foods and drinks (Fulgoni, Keast, Bailey, &
Dwyer, 2011).
Gluten-Fee Product Formulation Concerns

Differences in starting product nutrient&F substitutes are typically composed of white
rice or corn. Compared with wheéased items, these products contain lower amounts of
protein, fiber, and certain micronutrients, as well as much highewoamts of ¢arch.In
addition, many of these ultrarocessed items often lack the fortification of the typical gluten
containing equivalents final products and are typically low in nutrient densitigere nutrients

52



could be improved if substituted with miniatly processed whole GF grains (oats, brown rice,
and quinoa)Lee et al., 2009Faetzsch et al., 2018; Theethira et al., 2014

More fats, emulsifiersand starch Specific product formulations also cause nutritional
differences. Lasat al.(2017) discused the clanges manufacturers make to replicate the
mouthfeel and other hedonic properties of traditional products. They noted that GF items have
significant formulation differences and require a high degree of processing, reporting that
manufacturers adanore fatsand oils in the forms of both animal fat and vegetable oils, as well
emulsifiers (moneand diglycerides of fatty acids), increasing total fat and saturated fat
content, which are known to be proinflammatory. They explained that these itemsdaledato
increase crumb texture, stability, structure, and production speed in breads, while also
strengthening pastas as these products have a high added starch content, with high glycemic
load, and lack stabilizing fiber and protein.

More sodium, gumsand enzymeslLasa and colleagues also detailed that sodium and
hydrocolloids, such as guar gum, xanthan gum, and carrageenan, isolated proteins from eggs,
milk or legumes, and assorted enzymes, including transglutaminases, are added to provide
stability, aswell as to enhance the taste of products which may be largely fairly tasteless starch.
The combination of these ingredients seems to cause many nutrients, including folate and
calcium, even when fortified, to have a low level of bioavailability becthes&F product
formulations result in lower amounts of proteins, which are needed to increase absorption of
certain nutrients. In addition, particular enzymes, notably bacterial transglutaminases, which

are not always required to be labeled due to techtitess in U.S. food law, are increasingly
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being used to enhance structural properties and are suspected of increasing inflammatory
immunogenic reactions in patients with celiac disease (Mattatas.,2016).

Ultra-processed food consumption, inflammaticand gut healthBecause many of
these GF products are composed of products chemically synthesized itbmassorted
emulsifiers, hydrocolloids, and enzymeprimarily to enhance hedonic appeal, according to
the NOVA food processing system, they are m®red ultraprocessed (Monteiro et al., 2019).
Little research has been conducted on the health effects of yltessed food in a population
with Ced nonewith the NOVA system. In the general population, however, ytcessed
foods have been assot&l with weight gain, obesity, cardiovascular disease, and a number of
cancers (Fiolet et al., 2018, Hall et al., 2019; &timl., 2019, RicaCampa et al., 2019, Schnabel
et al., 2019, Srour et al., 2019). A limited number of studies have also asson@atased
consumption of ultrgprocessed foods as well as decreased adherence to a Mediterranean style
diet, with reduced telomere length noting this reflects oxidative stress and inflammation
(AlonscePedrero et al., 2020; Rafet al., 2017).

Some studiehave shown that a GFD can be detrimental to the microbiome and has
been linked to increased inflammation. Adverse changes in the salivary microbiome and
microbial metabolites were observed among Saharawi children with CeD who had been
observing an Afriaastyle GFD and began consuming an Itatighe GFD with a higher
percentage of animal products and lower fiber intake (Ercolini et al., 2015). In a small study
(n= 10) of healthy subjects, removal of gluten by simply replacing glatenaining producs
with GF products, without adjusting for protein or dietary fiber, as is typical for many GF
products, showed reductions in beneficial human microbiota, a corresponding reduction in
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bacteriatproduced shorchain fatty acid, and an increased microbialtpat associated with
inflammatory bowel disease (De Palmizal.,2009; Sanz, 2010). However, in a small Dutch
study (n = 60), healthy subjects (without CeD) were randomized to aghidgn (18 g gluten) or
low-gluten diet (2 g gluten), matched for fiband only including products of high nutritional
quality; the low gluten was associated with positive microbial changes and less bloating
(Hansen et al., 2018). Still, a review of the effect of the GFD on gut microbiota and health
suggests that due to theigh degree of variability in the microbiome of humans, variations in
diet controls and other confounders, more study is required to generalize findings (Garcia
Mazcorro et al., 2018).

In the general population, the Western style diet (a/k/a mostly uftfracessed foods),
has become synonymous with high consumption of refined, processed grains (often high i
sodium, added sugar, and oxidized fat), fried foods (with high intake of oxidized fatty acids),
and high consumption of processed and red meatongwith low consumption of vegetables,
fruits, and minimally processed whole grainandalsoassociated with adverse alterations to
gut microbiota and increases in inflammation in animal studies and general populations (David
et al., 2014; Vanegas et &2017; \éronese et al., @18; Wan et al., 2019; Yang et al., 2017;
Zhao et al., 201&inocker& Lindseth, 2018 Ithas been more recently also linked to general
impaired intestinal immunity and inflammation mediated through the gut microbiota, leading
to increa®s in autoimmunity and increased susceptibility to disease (Rohr, Narasimhulu,

RodeskiRohr, & Parthasarathy, 2020; Siracesal.,2019).
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Known Dietary Nutrients of Concern in th@luten-Free Diet

Low andnadequatenutrient consumption Numerousreviews have found the diets of
individuals with CeD adhering to a GFD to be low in the intake of dietary fiber and folate (Di
Nardo et al., 201%Penagini et aJ.2013; Taetzsch et al., 2018heethira et al., 2014; Vici et al.,
2016). Taetzsch and colleagsi€2018) performed a metanalysis of select nutrients anith
comparing individuals with CeD to healthy comparison groups, reported significantly lower fiber
(p < 0.001) and folate (p < 0.03), with only reduced fiber intake remgignificant after
controlling for study heterogeneity (p < 0.001). Penagini et al. (2013) attributed reduced folate
to formulation differences and lack of fortification of GF foods. Theethira et al. (2014) also
noted that patients consumed lower thanaemmended amounts of cohydrates as a
percentage of total energy intake, likely not meeting the recommended servings of
grains/starch choices. They observed that few of the GF breads, pastas, andaesaty
cereals were fortified, particularly with fialacid, as is typicaljone with glutencontaining
foods in certain countries. They also indicated that the actual variety of grains/choices of starch
consumed was limited, likely decreasing nutrition and fiber intake, whereas in the general
population,bread consumption is thprimary source of fiber. Di Nardo and colleagues (2019)
noted that children may be consuming an imbalanced, Wessgyle diet that is more highly
processed so thategardless of whether they are adhering to a GFD or not, defi@erin fiber
and othernutrients are becoming a concern.

Multiple review studiediavenoted vitamin B12 irtake to be inadequate for patients on
a GFDRenagini et a)2013; Theethira et §l2014; Vici et aJ.2016).Several reviewers also
mentioned other Bvitamin deficiencis, beyond folate, such as thiamin (Vici ef 2016), niacin
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(Penagini et a)2013; Vici et al., 2013), riboflavin (Penagini et al., 2013), and vitai®in B
(Theethira et al., 2014), which was speculated as being ynda# to poor dietary intake,
compourded by lack of fortification and enrichment of gluténee foods.

There have been inconsistencies with regards to reporting on protein intake amount
among individuals with CeD. As a whole, reviewers have reportedesthdve found that the
absolute amounhof protein intake was generally considered adequate, with some evidence of
reduced plant protein intake compared to comparison groups (Melini & Melini, 2019; Penagini
et al.,2013;Taetzsch et al2018;Theethira etal., 2014. Vici et al(2013)also eported some
evidence of lower intake of protein among women relative to men with CeD. Taetzsch and
colleagueg2018)noted that the intake of total protein in their hypothetical diet was lower
than recommended. Thesesearchers suggested this may be ihitited to reduced protein
content in the typical grains (hypothetically) consumed by those adhering to a GFD (rice, corn,
and assorted starches), as opposed to including GF grains/psmzudals with more balanced
aminoacids (quinoa, amaranth, teff, or bkwheat) (Melini & Melini2019;Penagini et al
201 @ ¢KS NBaSINOKSNBQ 20aASNBlFGA2y OGKIFG G240l f
consistent with the protein leverage hypothesis, suggesting that human mesabeVorks to
conserve protein intak€Simpson & Raubenheimer, 2005). Therefore, it may be that individuals
maintaining a GFD who consume more refined grains (a/k/a low protein foods) may
compensate with higher intakes of animal proteingiiake up forthe protein intake
difference.Individuak with CeD have been noted in other studies to have low levels of free

amino acid which improve while adhering to a GFD, possibly further increasing the needs for
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balanced proteins, but fail to reach levels of thosehwiit CeD (Hallert & Sedvall, 1983nva
Hees et al., 2015).

Researchers have also noted deficiencies in vitamin D, calcium, magnesium, potassium,
and zinc (Di Nardo et al., 2019; Melini & Melini, 2@8nagini et a].2013;Taetzsch et al.,
2018;Theethima et al, 2014, Vici et a).2016) all of which have been noted to play various
possible roles in bone metabolisfiNational Institutes of HealtfNIH, 201§. Di Nardo and
colleagues (2019) also noted that supplementation may improve deficiencies implaulti
micronutrients, although no repting on the potential for adverse effectsas made However,
they also noted that vitamin D serology may remain low even after supplementation.

Low iron intake was only noted in three reviews (Penagini et al., 20E&tHima et al.,

2014; Vici et al., 2I6). Di Nardo and colleagues (2019) reported that studies on the intake of
calcium, iron, magnesiupand zinc in pediatric populations remains insufficeemthich may be
problematic due to GF product formulations. Besides low iron intake causing anemnya, the
advised that neurological issues common to individuals with CeD may be related to low intake
of many of these minerald/ici and colleagues (2016) reportddcreased intake of vitamin C

and selenium. They also noted low intake of polyunsaturated fatitysaelative to total fatty

acid intake, which may be critical to those with CeD due to ongoing inflammatory issues related
to the diseasePenagini et al(2013) also expressed concerns about low energy intake among
some children and adolescents.

High andexcessive nutrient consumptioReviewshave reflectedhat researchers have
fairly consistently noted that individuals with CeD haets high in simple arbohydrates with
high glycemic loads and indices (Di Nardo et al., 2019; Penagini et al., 203;aVi 2016),
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along with high total lipids (Di Nardo et al., 2019; Melini & Melini, 2019; Penagini et al., 2013;
Theetira et al., 2014, Vici et al., 2Q1particularly saturated fatty acids due to high intake of
animal proteins as well as GF produidsnulations (Penagini et al., 2013; Theetira et al., 2014;
Vici et al., 2016). Researchers have indicated that these patterns appeared to be somewhat
similar to the general population, except the glycemic load of GF items tended to be higher
than comparedyluten-containing products. Researchers also expressed concern over some
adolescents consuming increased intake of higiagéfoods. The researchers in twecent

reviews suggested that this may be attributed to the addition of calorically dense liphish w
contributes to total energy increases (Tastzsch et al., 2018; Vici et al., 2016). Increase in fat and
energy intake may increase the risk of overweightl obesity among populations with CeD.
Melini and Melini (2019) also noted there may be some kohievidence that iron and calcium
intake is high in children with CeD.

Although these reviews suggested general trends, some mixed results were found
regardng deficiencies and excesses in certain nutrients. For instance, Melini and Melini (2019)
observedmany of the differences. They stated that although many researchers reported excess
intake of fat and protein, particularly animal protein, some study ressitggested reduced
intake. They observed that some reports also suggested iron deficiency yotefsdlving on
the commencement of a GFD, where women in some populations may have lower intake
compared to men, while no deficiencies were reported in othepulations. They also detailed
calcium deficiency as a concern in numerous studies, but ndttedly suggested that these
differences may be due to gender, age, and cultural dietary preferences, ceapenyfic
RATFSNBYOSas I yR WérihnzdlGo bakfmBrEtions, QdtticwadyS & 2
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between 1998 to 2013. GHelated awareness may hawatso increased and impacted food
preferences and choices.

Concernsbout supplementation.Individuals with CeD may be recommended or decide
on their own toprophylactically take a supplement to adjust for potential deficiencies, without
verifying deficiecies. However, research is needed on whether this approach is appropriate, as
current studies have suggested that some supplements may be mainly beneii@altain
demographic cohorts. For instance, folate supplementation may benefit certain younger
women considering pregnancy, but create risks of cancers in others, particularly older patients
and men, due to bioavailability differences of the syntheticsus dietary forms (Bibbins
Domingo et al., 2017; Boush&eresford, Omenn, & Motulsky¥995; Glyn & Albans, 1994;

Kim et al., 2016; Tomaszewski et al., 2011; Viswanathan et al., 2017; Wien et al., 2012).

Liu et al. (2018), who examined the supplemeratand diet quality of a pediatric
populations with CeD, surmised that even with supplementatibere may be nutrients which
remain insufficient due to inconsistent supplement adherence and typically poor diet quality.
Mager et al. (2019) suggested thaultivitamin use may increase the intake of micronutrients
that exceed recommended amounts, partiady in a pediatric population with CeD. Other
researchers have also expressed concerns that supplementation intake of individuals with CeD
may even exceedpper tolerable limits, possibly leading to adverse symptém§ 3 dzO | 9
| YA R2 ¢ A QO atditisnngermenal @astrological guidelines currently recommend dietary
supplements only for patients with CeD who present with nutritional deficits. It is unclear
whether longterm research has been conducted to determine the efficacy and validityoskth
recomnendations in practice. Research has yet to clarify whether synthetic supplementation
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will adequately address concerns associated with dietary nutrient deficiencies, without
increasing the risk of exceeditige tolerable upper levelsf nutrients
See Tald 3 for potential nutrients of concern for patients with CeD.

Table3. Summary of Reviews: Potential Nutrients of Concern for IndividudiCeliac Disease

4

Inadequate Intake

Excess Intake

Dietary fiber (def]1-6]
Folate (dé) [1-6]
Vitamin D (def) [43,5,6]
Calcium (def) [8,5,6]
Iron [3,5,6]

Thiamine [6]
Riboflavin [3]

Niacin [3,6]

Vitamin B6 [5]

Vitamin B12 [2,3,5,6]
Vitamin C [6]

Vitamin A [5]

Zinc [6]

Magnesium [3,4,6]
Selenium [6]

Protein (low vs. ref|2-6]

Energy [4]

Total fat [16]
Saturated fat [1,3,5,6]
Refined carbohydrates
[1,2,3]

Added sugars [1,3]
Animal Protein [2,3]
Iron (children) [2]
Calcium (children) [2]
Multiple micronutrients
with MVM supplement

[1]

Note: (1) Mager et al. (2019); (2) MeliniMelini (2019); (3) Penagini et al. (2013); (4) Taetzsch et al. (2018);
(5) Theethira, Dennis, & Leffler (2014); (6) Vici et al. (2016)

The GlutenFree Dietin Relation to Diet Patterns

Understandings bAssessig Diet Patternsand Quality

Nutrients can ve complex interactions when eaten as a part of foods. Therefore,
individuals may more readily understand febdsed nutrition education rather than advice on

nutrients. In their study of Greek adults, Trichopouland colleaguesl95) introduced the
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concept of the Mediterranean Didhdex with a study which explored the association between
diet patterns and longevity. They observed that older Greek men and women living in rural
communities experienced a 17% redion in mortality (p = 0.04), regardlesbsmoking status
after adjustments for energy intake, agend gender, for each unit increase in adherence to a
more traditional Mediterranean style diet indekcreasingly, recent nutrition research has
focused on overall diet patterns instead of stiydocusing on nutrients.

Subsequently, numerous diet irdis studies have found an inverse association between
diet quality, increased morbidifyand early mortality (Dietary Guidelines Advisory Committee,
2015; Schwingshacki, Bogensberger & Hoffmat@828chwingshacki & Hoffman, 2015).

Although the strength ofhe associations has varied, in the U.S., these results have been
associated with several indices, including various forms of the Healthy Eating Index (HEI) and
alternate Mediterranean Diet Sco(@MED) patterns{och, Nothlings& Lieb, 2015)Given that
individuals with CeD must adhere to a GFD, it is also important to understand their eating
patterns and whether these are considered healthy as well. However, few studies have focused
primarily an the diet patterns or food choices of individuals with Caj none with

Americans.

There are multiple ways to assess overall diet patterms dpproaches have been used
toanalyzethe GED I 0 | LINA2NRA YS{iK2Ra 06 ¢ KA Olhgdieh & dzY S
indices which reflect adherence to national dietcoenmendations by food groupand (b) a
posteriori derivation of the eating pattern associated with outcomes (determining eating

patterns after empirical observation), where thetlat method typcally has used some type of
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cluster, factor, or reduced ranegression analysis (Cespedes & Hu320illet, 2012). The
primarily focus of this dissertationagon a priori methods.

GFD and relation to a priori methods, indicasd food groupsMost resarch
examining the diet of individuals with Celaintaining a GFD has primarily been nutrient
focused Theethiraet al.,2014). As of June 2020] studies have providedetails on diet
patterns consumed among populations with CeD who are maintaininda &lFwithin the last
5years. Only six of those studies have providedapth details on the GFD using a priori diet
indices, three focusd on adults and three focuseah children. Two other studies, which both
focused on pediatric participants, brieflgnentioned the use of a priori indices without
providing much detail. Finally, three studies also discussed food patterns based on adherence
to national food group recomendations, without the use of diet indices, where one focused
on adults. See Tabkefor an overview of a priori studies. More detail is provided in the

following sections.

A Priori Diet Index Sudies AmongAdults With CeliacDisease

Three studies provied more detailed a priori reports of diet quality with a focus on
adults with CeD. Itwo of these studies, researchers studied Spanish (Churruca et al., 2015) and
Italian (Morreale et al., 2018) individuals with CeD to a generally healthy comparison group
using a Mediterranean diet or its components. In the third study, researchers coohfiage
diet quality of Iranian participants with CeD to healthy comparisons using the Healthy Eating

Index (Niknia et al., 2020).
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Table4.Overview ofA Priori Diet Indices and Diet Pattef®udies* amongThose with Celiac
Disease

First Author Year Population Diet Index/Food Pattern Level of Detail/Focus

Studies on adults with detailed a priori diet indices

Churruca 2015  Spanish women Mediterranean Diet Components**
Morreale 2018 Italian adults Mediterranean Diet Components**
Nikniaz 2020 Iranian adults HE#2015 Components**

Studies on adults with food pattern adherence details

Gonzalez 2018  Spanish men Spanish Dietary Guidelines Components**

Studies on pediatric participants with detailed a priori diet indices

Larretxi 2019 Spanish children & adolescents KIDMED Components**

Lionetti 2020 Italian children & adolescents  KIDMED Components**

Mager 2019  Canadian children & adolescen HEIg C/ DASH/ Regional foo Component**s
recommendations

Studies on pediatric participastwvith mention of a priori diet indices, but different focus

Alzaben. 2015  Canadian children &dolescents HEIg C/ Regional food Nutrients
recommendations

Liu 2018  Canadian children & adolescen HEIg C/ Regional food Nutrients/ MVM
recommendations supplementation

Studies on pediatric participants with food pattern adherence details

Babio 2017  Spanish children & adolescents Spanish Dietary Guidelines Components**

Fernandez 2019  Spanish children & adolescents Spanish Dietary Guidelines Components**

Note. HE+2015=Healthy Eating Inde2015 HE{C=Canadian Health Eating IndédDMED-
Mediterranean Diet Index for pediatric populatioiASH= Dietary Approaches to Stop Hypertension
MVM = multivitamin. *Studies providing some level of detailegsults of subcomponent scores or of
food groups** Studies provided at least some indication of adherence to specific food groups
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Churruca et al. (2015), in a cressctional design, studied generally healthy Spanish
women @ = 54) from Northern Spajnn the Basque region, aged 16y+, with C&ge:34.4
(12.9) y, BMI: 21.4 (2.7) kgfinThey assessed the diet quality and nutritional status of a
population with CeD and compared results with a nationally representative sample in another
study of Spanistvomen = 1,734) as a comparison group. Theylwked anyone with a
history of diabetes, cardiovascular disease, pregnancy, hypertension, or high serum lipids. They
used three 24hour recalls, a food frequency questionnaire (FFQ) to assess dietary,iatake
the Mediterranean Diet Score (MDS) to deténendiet quality, with a range of 0 to 9 (lowest to
highest quality), according to the pattern reported Byichopoulouet al. (2003)

The authors reported that most participants with CeD did not meet the
recommendation for cereal grains, with only abdit% reaching the minimum
recommendation of four servings; only 18.5% meeting the recommended intake of two or more
daily servings of vegetablesnd 70% failing to meet the weekly recommendations (10
portions/week); and over threguarters of the participats exceeding the recommendations
for meats. Encouraginglthough, the researchers concluded this population was likely
adhering to a Mediterranean diet, since their overall MDS #1) was ranked intenediate.
In addition, they reported that CeD saag against the comparison group were favorable: low
scores (CeD: 30% vs HC: 62%), intermediate scores (CeD: 56% vs HC: 13%), and high scores
(CeD: 13% vs HC: 7%), where n@lues were reported. They alsoted that (a) the majority
of the grains consued were naturally GF grains, where only 3% of calories were from GF
products; (b)Jegume consumption was high, with over 65% of the sample having two or more
servings of legumes daily (20 g daily), whenelgheas, beans, and lentils composed the bulk;
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(c)dairy, fruit, and fish consumption were adequate for most; (d) the main fat source of both
the participant and comparison groups was olive oil; and (d) the consumption of other
vegetable oils, sugar, pags, and chocolates aswithin recommended limitgnot detailed).

The authors surmised that the overall diet of those adhering to a GFD was considered
imbalanced in terms of Spanish national macronutrient recommendations, in a way similar to
the compariso group, with an excessive amount of fat and pinteeflecting the excess intake
of meat and animal productsut reporting significantly less fiber [16.4 (5.6) g&l18.9
(10.2)g/d, p = 0.002] and significantly less energy [1,847 (362) kcal/d,038(655) kcal/d,

p =0.003]. These researchers spated that the participants with CeD may be adhering to

GFD dietary patterns that were partially reflective of cultural, environmental, and food
availability factors, as there were parallels between the @e®representative general

population sample grgoes. In addition, the researchers suggested that the group may have
been experiencing residual effects of nutrient malabsorption due to intestinal damage and may
also have been more aware of maintaining altieer diet.

Strengths of this study include alatively large sample size for a population with CeD,
multiple 24hour recallsand use of a food frequency questionnaire. The particulars of the
populatiort Basque, female (age 16 years or older), affoiatvith a CeD group that may
provide healthrelated education, nearly all lean (<6.5% overweight, with no cases of obesity),
and low rate of consumption of processed grains (<3% of emengy limit applicability to
other populations, where health and dieelated education may be more limited.

Morrealeet al. (2018), in a crossectional design study, compared the diet patterns of
122 Italian adults with CeD [average age: 42.8 (13.2) years, BMI: 22.6 (3.8) Kgfmfemale]
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as well as those of 108 a generally healthy comparison group [averaage: 38.3 (14.6) years,
BMI: 22.7 (3.8) kg/ 69% female]. The researchers assessed adherence to the Italian
Mediterranean Diet Score (MDS) by using a-it8& food frequency questionnaire (FFQ) that
was specifially modified and validated for use in apdation with CeD. They scored
participant adherence to the Mediterraneddiet Index based on 11 items. Seven food items
meant to be encouraged, associated with the diet adherence, were allocated one point if the
amount consumed exceeded the second terail@ generally healthy population. These
included: (a) vegetables (excluding potatoes), (b) fruits, (c) whole grains (pastas), (d) legumes,
(e) nuts and olive oil, (f) fish, and ggnoderate amount of red winégreater than 0 but up to
12g/d). Four iters, associated with the Western diet amthichshould be limited when

adhering to the Mediterranean diet, were allocated one point if the amounts consumed were
below the first tercile of consumption in a generdtlgalthy population. These included:

(h) buter, (i) potatoes, (j) soft drinks, and (k) red and processed meats.

The researchers reported that both groups in this sample had similarly low adherence to
the Mediterranean diet, which may reflect cultural trdésr However, the researchers observed
that the participants with CeD as compared with the comparison group had significantly lower
overall MDS mean (SD) [CeD: 3.2(0.2), HC: 4.2 (&B®)0P1]. In particular, the researchers
found that those with CeD cenmed significantly less fruit [CeD: 22813.9) g/d, HC: 275.0
(15.4) g/d, p = 0.014ndless energy [CeD: 1874 (560) kcal/d, HC: 2286 (677) kcal/d, p <0.001],
with significantly more potatoes [CeD: 40.2(2.9) g/d, HC: 26.8 (3.2) g/d, p = 0.003] amtred
processed meat [CeD: 85.4 (3.8) g/d; B&9 (3.9) g/d, p = 0.005]. They surmised that the
population with CeD had a diet pattern that was overall more associated with a Westernized
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diet pattern. Although reflective of the cultural diet pattern, thesults of this study suggested
those with @D may be at risk for poor diet quality and associated-gh&tted morbidities.

The g$rengths of this studyvere inclusion of both genders and use of an a priori index. It
also provided complete details of thermponent scoring of the index, with a relatively large
sample size for a study with a population that has CeD. Given that the population was Northern
Italian, a Mediterranean country which may be more adherent to a Mediterrarsgle diet
than others, gearralizability may be limited.

In a crosssectional studyNikniaz et al. (2020) compared the diets of Iranian adults with
CeD p= 122, average age (SD):B#B.6) years, BMI(SD): 23.8(3.6), 67.8% F] from a registry
with biopsyconfirmed CeD to a healthypmparison (HC) group of participants from a
populationbased study who did not have any drefated conditions, such as diabetesd 464,
average age (S97.9(9.5) years, BMI(SD): 27.4 (9.2), 55.6% F]. The researchers assessed
adherence to the Healthizating Index2015 (HERO15) by having a dietitian administer an
80-item FFQvalidated for the populatiofbased study and modified to include GF foods.
Adheence to the HERO15 was scored using 13 subcomponents, scaled frd foints,
where 100 is thenax, representing on an energyljusted basis the most permissive adherence
to the U.S. 20122020 Dietary Guidelines. Categories to be encouraged includgetbtél fruit
(5 points), (b) whole fruit (5 points), (c) total vegetables (5 points), (d) dadngregetables
and legumes (5 points), (e) whole grains (10 points), (f) dairy (10 points), (g) total protein foods
(10 points)and (h) fatty acid ratio (1points), where higher scosanean greater consumption.
Categories to be limited included (10 pargach): (i) refined grains, (j) sodium, (k) added
sugars, and (I) saturated fats, where higher scores mean reduced consumption. They
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categorized diet qualt I & & LJ2 2pNE: 0038 ORWPHBIR A A YLINR FS-YSy ¢ 02
YyE20Z FYR a3220®). 6a02NBa 0620S vy
The researchers reported that participants with CeD compared with the comparison
group had significantly higher total HE)15 scores [CeD: 57.8(7.9)%: 43.1(14.1)%,
p<n®nnmBI GgKSNBE /S5 LI NIAOALI yia HKGCeBR1714%,f 26 SNI N
HC: 68.5%], noting participants with CeD who were adherent to a GFD had significantly higher
scores than those who were not [adherent: 59.6 (%o5nonradherent: 56.2 (7.7)%y =0.007].
However, the researchers reported that the remaindertiadd S lj dzZ- t AGe Z202NBa A
A YLINE @S Y Sy i ¢yd@ailed ghat padigipantgtwittSCeD had significantly higher
subcomponent scores across six categories: total fruit [CeD: 4.0 (1.4), HC: 19<0.801],
whole fruit [CeD: 4.4(1.2), HC921.5),p =0.005], total protein foods [CeD: 4.7 (0.8), I2&:
(1.0),p <0.001], fatty acid ratio [CeD: 5.4 (3.8), HC: 2.2 (p.£)).001], refined grains [CeD: 5.9
(4.7), HC: 3.2 (3.8),<0.001], and sodium [CeD: 1.2 (2.8), HC: 0.1 (2.6).001]. They also
detailed that there were three categories wheparticipants with CeD had significantly lower
scores: whole grains [CeD: 0.08 (0.3), HC: 2.0 (2<1),001], seafood and plant proteins [CeD:
0.1 (0.6), HC: 2.8 (1.3)<0.001], and saturad fat [CeD: 7.6 (2.6), HC: 9.4 (2(1%,0.001].
They alsaeported that participants with CeD had significant lower energy intake [CeD: 2,334
(961)kcal, HC: 3,445 (1,459) kgak 0.001]. The authors speculated that these results
suggested that partipants with CeD may have a higher awareness of some asgects o
nutritious eating than the general populatiaoes; theymay limit their consumption of
commercial, higkcaloric products since they often contain glut@mdthey have limited access
to availdle and affordable commercial GF whole grain products irlrdn@an market. They
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advised that participants may need to have additional nutrition education to improve their diet
quality.

The g¢rengths of this studyvere inclusion of adults from both gendewith a relatively
large male percentage, use of an a priadex with detail provided on the subcomponents, and
the assistance of a dietitian in administering the FFQ. Limitations intkhdecountry-specific
nature of the study, the selfeported natue of diet reports, and the use of a dietary index
designed ¢ address the nutritional needs of the U.S. population, which may have other

concerns from that of an Iranian population.

Adherence toFood Groups AmongAdults With Celiac Disease

As of June 202®nly one study descrilgein detail the diet pattern in terms of food

group adherence to national recommendation (without also using an a priori diet index) among
adults with CeD. Gonzélez et al. (2018), in a esestional design, studied 42 generalbalthy
Spanish men from Nthern Spain, the Basque region, aged 16y+, with CeD [Age: 31.5 (11.9) y,
4.8% underweight, 57.1% lean, 26.2% overweight, and 11.9% with obesity, BMI: 24.7 (4.1)
kg/m?]. Criterion and methods were the same as reported in Chureti@d. (2015) above. They
reported on recommendations of the Spanish Societies of Nutrition, Feeding and Dietetics,
which is consistent with a Mediterranean diet pattern. However, the actual Mediterranean Diet
Score was not reported. They compared the pa@ A LJF y (1 & Q &idnalldzZf G & oA (K
representative samplen(= 1,589), as well as to the female participants in the study reported by

Churruca and colleagues.
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The researchers observed that the participants had low consumption compared to the
recommendaions of the Spanish Socie$ of Nutrition, Feeding and Dietetics in several
categories for a significant proportion of their population: cereal grains, vegetables, legumes,
fruit, fish, and eggs. However, they also found excesses in comparison to recaratrers for
a significanproportion of their populationincluding meat, eggs, milk/dairy, fiséind fruit.
Compared with the comparison population, the researchers found that the men had similar
deficits and excesses in terms of nutrients. They theorikhadthis indicated thatultural or
geographical trends, rather than the GFD per se, might be contributing more to macronutrient
imbalances for men. When comparing the results from the Churruca et al. study, the
researchers noted that men had greater egg intake angddespite haing low fiber intake, had
intake exceeding that of the women, likely due to increases in energy intake. They also reported
that on averagemen had greater fish intake, which led to an improved amount of
polyunsaturated fatty ad consumption in comparisoto females.

The g¢rengths of this study includkusing a relatively large sample of adult males with
CeD along with validated diet assessment measures. Limitations indlueleountry-specific
nature of the sample and relian@m selfreports of diet.

See Tablés below forStudies ofA Riori Diet Indices and Food Group Adherence of

AdultsWith Celiac Disease

71



Table5. Studies* ofA Priori Diet Indices and Food Group Adherence of Adwith Celiac

Disease

First Author Populations: General Findings
Country CeD /Healthy CeD versus comparison group
(date) Comparison Age & —
. Dle't Measures Deficiencies or Excesses or
Design Diet Index/ Lower/Adequate Hi ok
: : : o igher Intake
Main Conclusion ~ Recommendations Intake
Churruca et al. CeD (100% F) @ @ Grains/ cereals iy Animal protein

Spain
(2015)
Crosssectional

Although higher diet
quality than controls,
Consumecexcess high
fat foods (red meats),
and had low fiber
intake (cereal grains
and vegetables).

n=54

Age (years): 34.4 (12.9
BMI: 21.4 (2.7kg/m?
HC (100%F)

n=1753

Ages (years): 1865
Three 24h recalls

FFQ

MDS

(only 10% met grain rec) (More than % exceedekc)
(only 3% of grains highly m, 9 33 a

processed) (19% ereeded rec)
@ @ Nonstarchy Foods to encourage
vegetables Recommendation met for

(only 18.5% met daily veg most
rec; only 30% metweek rm, C NIMzA {

veg rec) m 51 ANE

@933a m [ S3dzySa

(40% below min) nm CAaKkK

@ 9y SNH& Ay i Higherdiet quality vs controls
(p = 0.003) MDS average: 4.6 (1.8)

Gonzélezt al.
Spain

(2018)
Crosssectional

Men with CeD had diet:
comparable to contrts,
but loweradherence to
a Med diet than
women with CeD.

CeD (100%M)

n=42

Age (years): 31.5 (11.9
BMI: 24.7 (4.1) kg/fh
HC (100% M)
n=1,589

Age (years): 18§ 65
Three 24h recalls

FFQ

Spanish Guidelines

@@/ SNBFf 3IANImm WSR 3 LINRBO
(Only 13% met cereal rec (88% exceeded rec3 srv/wk)

(44% had <2 srv/d) n 933a&
@+S3SGFof Sa (38% exceeded rec)
(Only 26% met rec) m 51 ANE

@[ S3dzySa (25% > 4 srvid)
(42% had <2 srv/wk) m CAakK

@ C NXzA (20% exceederkc)
(1/3 did not met min rec)

@933a

(19% met min rec)

Morreale et al.
Italy

(2018)
Crosssectional

Both groups had low
adherence to Med diet.
GFD more unbalanced.

CeD (78% F)

n=122

Age (years): 42.8 (13.2
BMI: 22.6 (3.8) kg/h
HC (69% F)

n=102

Age (years): 38.3 (14.6
BMI: 22.7 (3.8) kg/th

FFQ
MDS

@ CNHA G o0LI Iy t2GF02Sa 6L
@ ISrftikKe afm WwWSR 3 LINROS
(p < 0.001) (p = 0.005)

@ 9ySNHe Ayim 2SaiGSNyAT SR
(p <0.001)
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Tableb (continued)

First Author Populations: General Findings
Country CeD /Hbalthy CeD versus comparison group
(date) Comparison Age &
Design Diet Measures Deficiencies or Excesses or
Diet Index/ Lower/Adequate .
_ _ _ Higher Intake***
Main Conclusion ~ Recommendations Intake**
Nikniaz et al. CeD (68% F) Items to limit: Items to limit:
Iran n=120 m WSTAYSR 3Imp { I (dzNI €0D&1) C
(2020) Age (years): 36.7 (8.6) m Sodium scores Items to encourage:
Crosssectional @ 9ySNHe Ayim ¢20Ff FNHzAQ
:'(2351562% F) (p < 0.001) m 2K2ftS FNHZA G
Participants with CeD Age (years): 37.9 (9.5) Items to encourage: mH ¢2 u I-, f LJNE g S
had lover percent with gely YT e 2K2fS INDm Clade FOAR
poor diet quality.Both FFQ (p=0.005) Higher diet quality vs

INR dzLJA KI R HE#015

Q@@{ SIFFT22R g9 comparison
proteins (p<0.001)

Note: CeDlx= Celiac diseaseHC=Healthy comparisogroup. FFQ=Food frequency questionnair@4-hr
recall=Twentyfour hour dietary recallHEI=Healthy Eating Inde2015 Med =Mediterranean diet
MDS=Mediterranean Diet Scoreec=recommendationssrv=servingsd =day. *Studies providing
detailed results of subcomponent scores or of food gradp$-ood items which were reported as
deficient/low relative to recommendations, or possibly at leastaquate, but relative to comparison

groups lower*** Foods items which were reported as excessivgihrelative to recommendations, or

relative to others high

A Priori Diet Index Sudies Among AdolescentsWith Celiac Disease

Three detailed a priori studishaveexamined pediatric populations which included

adolescents. Researchers examined Spanishefixaet al., 2019), Italian (Lionetti et al., 2020),
and Canadian (Mager et al., 20HJolescentsLarretxi and colleagues, as well as Lionetti and
colleeddzS4 % SEI YAYSR LI NIAOALIYGEAQ RASGA dza Ay 3

the Mediterranean diet while Mager and colleagues used the Healthy Eating Index for Canada

(HE4C) for their examination.

Larretxiet al. (2019), in a prospective studySpanish children from three regions in

Basque country (age range 3 to 18 years), examined paatits with CeDr{= 83, average age:

73

i K



9.2 (3.8) years, 64% female, 70% had adequate BMI, none were obese]. Thelyrasetit
hour diet recalls and a 136em FFQ, modified for individuals with CeD, to assess diet quality
using the KIDMED index to deterraindherence to the Mediterranean diet.

Overall, they found that most (63.9%) participants had moderate diet qualtigre few
female participants (26.4%) and nearly double the percentile of males (46.7%) had high KIDMED
index scores>8 scores). Most hadn imbalanced diet pattern. Few participants (33%) met the
recommendations for cereals throughout the day§4ervirgs/day), where many had low
intake (<2 servings/day). Most (86%) participants also failed to reach the recommendation for
vegetables (Bervings/day) and only a few (28%) met nut consumption recommendations.
Nearly half, however, attained the recommendesat or more daily servings of fruit, and most
(~80%) met the recommendeminount of pulses (2 servings/week). Most (73%) met the
recommendtion for milk/dairy(2-4 daily servingsWwith many exceeding it. Almost 50%
reached adequate fish intake and 42% eggommendations (4 portions/weekiiowever, 64%
consumed excessive meat intake.

The researchers also reported that despite most (70%h)eparticipants being within
the adequate weight categorparticipantson average only consumed ~80% of their expdc
energy expenditure, with ~24% of energy being derived from GF products. Comparing dietary
patterns to nutrient profilesresearchers ated that participants adhering to a GFD tend to
replace cereal grains with higher intake of animal produetsich translates to increases in
unhealthy lipids and could exacerbate nutritional imbalances. The researchers urged continued

follow-up with patients with attention to counseling on adherence to a balanced GFD.
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The g¢rengths of the study includithe use of muliple 24hour diet recalls, a CeD
specific FFQ, the use of the KIDMED index aasthtively large sample size for a study
involving childen and adolescents with CeD. The large range of ages and low average age of 9.2
years meant that the sample of adolests was relatively small (n = 18 adolescents), which
limit applicability to older adolescents. Findings may be limited in a cowpegfic nature.

Lionetti et al. (2020), in a casentrolled prospective study of Italian children with CeD
[n=120, medan age: 10.5 (range: 4¥5.5) years, BMI: 16.8 kg/m60% female] who had
maintained a GFD for at lea®iyears (median GFD duration 2:€ars) compared their diet
quality with that of generally healthy children £ 100, median age: 10.1 years, range:

4.7- 14.5years, BMI: 16.8 kg/f50% female]. Researchers usedd@y food diaries in both
groups with the KIDMED index to assess dietlitppiand adherence to the Mediterranean diet.

Overall, the researchers reported suboptimal KIDMED scores in botpgrahere
participants with CeD averaged scores of 6.5 and comparison averagedtB.8 aslow
adherence>8 high adherence, and 12 gect adherence). In terms of food groups, the
researchers observed that the children with CeD consumed a signifitagiigr amount of
processed meat (CeD:2.5 portions, HC: 2 portiprs0.009) and salty snacks (CeD: 1 portion,
HC: 0 portionsp = 0.00), yet less added sugars (CeD:68.1g/d, HC: 83.g/®.036). The
researchers reported that both groups met the oeemended amounts of cereals, milk and
dairy products, and potatoes. However, they noted consumption of pseedeals was low in
the groupwith CeD and that neither group consumed the recommended amounts of
vegetables, legumes, fish, or eggs. They repottatl GF commercial products composed a
ddzoa Gl yaAalrf ne> 2F SYSNHE F2NJ 6KS 3INRdzL) 6AGK
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Participants with Cebad corresponding significantly higher levels of total and saturated fat
(78.1g vs64.49 fatp = 0.015, 25.3g v48.7g sat fatp = 0.003) along with significantly lower
levels of carbohydrates and fiber intake (carbohydrat289.7g vs260.5g,p = 0001, fiber-
12.69 vs15.0g,p = 0.015). The researchers advocated that individuals with CeD seek counseling
on maintaining a balanced, heafth GFD pattern which conforms with the Mediterranean diet.
The g$rengths of the study includi&the relatively lage sample size, the use of a
comparison populationand prospectively obtained food dairy. There was a lack of clear
delineation by age groupr gender, which limgthe ability to compare like age groups.
However, given the median age was 10.1 years, dlso indicate that comparison with older
adolescents may be limited. The use of food idiscollected ovel3 consecutive days, as
opposed b nonconsecutive days or weekends, and the couspgcific population may limit
generalizability.
Mager et al(2019), in a crossectional, multicenter study of Canadian children (age
range 218 years), compared participants with CeD:[228, averagege: 10.4 (4.1) years, 59%
female, height score range:-(.6-0.9), weight zscore range:-0.8-0.9)] to a popultion of
children with chronic, minor GI complaints without CeD (Gl), like constipation, as a comparison
group h = 144, average age: 10.9 (4y@prs, 62% female, heightszore range:-0.7-1.9),
weight zscore range:-0.4-1.8)]. They excluded participemwith any condition that
additionally limited diet, such as type 1 diabetes or a diagnosis of CeD in the GI complaints
comparison group. Thaysed two 24hour diet recalls to determine diet quality in terms of
adequacy, moderation, and variety. They cargd diet quality using the DASH index, with
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scores from O to 8, and the Canadian version of the Healthy Eating Inde&)(iih scores
from O to 10G where higher scores indicadegreater adherence to both indices.

The researchers reported that mostilthren in both groups had low diet quality.

Contrary to their hypotheses, the researchers reported that children with CeD compared with
the conparison group, those with Gl complaints, had greater adherence to th€ HIE&D: 66.7
(11.8), GI: 63.7 (13.2,=0.04], with greater adherence to adequacy and variatyg,0.05,

but similar levels of moderation. In terms of components, children wéb Gad significantly
higher subscores of daily servings of milk and milk alternatives [CeD: 2.6 (1.3), @l:3},0 (

p =0.04) and significantly lower amounts of grains [CeD: 5.2 (2.4), Gl: 5.4(2.6)002].

Those from families with higher incomeaca higher diet quality as welkincreased

likelihood of meeting the recommendation for HEIscores (>8@ =0.04) and diet variety

(p =0.03) but were not significantly more likely to meet national diet adequacy or moderation
recommendations. Materal education at a university level was associated with greater
consumption of fruits, vegetables, and grains. iYger children (<9 years) generally had higher
d02NBa GKIFYy 2f RSNJ OKAf RNBYy® az2ad KIFIR aySSRa
80) ard HEIC (80 out of 10Qhowever, significantly more participants with CeD had scores in
0KS Gy SSRa datédayrCers %% yGi: 9394 0.05).

The researchers reported that the participants with CeD who consumed the highest
amounts of cheese asgell as processed red meats had the lowest intake of calcium, vitamin D,
riboflavin, and significantly less folat However, those who consumed the lowest intake of
fruits, vegetablesand fortified whole grains had the lowest intake of folate. The redeans
observed that those with CeD were more likely to have diets which aligned with a Westernized
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pattern (~80% btotal CeD). Many relied on vitamin D (40@00IU) and multivitamin
supplements to compensate for potential nutritional deficits, not anease in healthier foods.
They also reported that children without Caucasian ancestry were more likely to amthare
Prudent diet pattern and eat more whole grains.

Overall, Mager et al. surmised that the children with CeD who adhered to a GFD in
Canadanay be adhering to a poaguality, unbalanced diet that mimics the diet of comparable
groups not adhering to a ®F despite having higher scoring. However, they noted that
children with CeD are at increased risk of inadequate folate intake and appearely tonr
nutritional supplements to compensate for potential deficits due to inadequate intake of
natural or fortiied foods. In addition, the authors speculated that diet quality may worsen as
children become adolescents, increasing the likelihood ofwiktted morbidities which
suggestghe need for ongoing diet counseling.

The strengths of the studycluded having a large, mukithnic, multigendered sample
andthe use of a comparison group and validated measures. At 10.4 years, the young average
ageof the sample may limit generalizability to an older population of adolescents. In addition,
selfreported diet and countnspecific sampling may also limit findings generalizability.

Other less detailed pediatric a priori diet index studikgew otherstudies showed
evaluations of dietary quality using a priori indices among patients with CeD (Aleabé,

2015; Liu et al., 2018). However, researchers reported fewer details beyond general overall
trends found.

Alzaben et al(2015)studied a Canaédn pediatric population (range-#8 years) with
CeD =32, average age: 10.4 (0.7) years, BMI: 13.7) kg/n%, 81.3% female] and healthy
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comparison groupri= 32, average age: 8.7 (0.7) years, BMI: 16.7 (0.6)*%k&9mM% female] in
a crosssectional sudy. They assessed diet quality with the ¥ @by using two 2four diet
recalls. They found that @it one-third of the participants had HE} scores meeting the
overall recommendations (HEI>80), including those with CeD. They noted that-BEkcore
varied inversely to age. Older children [average age: 11.2 (0.2) years] compared with younger
children[average age: 6.8(1.2) years] with CeD were significantly less likely to meet the
recommendations and consumed more processed foods which resulted iartggltemic
indexes and load$pE0.01). The only significant difference in terms of food groupstivais
more children with CeD met the recommended amounts of fruits and vegetables [CeD: 16%,
HC:9%,p > 0.05] however, the percentages were low.

The regarchers concluded that dietary counseliwgsneeded for both populations,
with particular attentionto increasing vegetable intake, calciuyamd vitamin D food sources
This suggestethat individuals with CeD need tom particularly for less highly poessed
grains with lower glycemic loads and index values when adhering to a GFD. The use of multiple
days of diet recall and the HEIlas a validated measure were strengths of the study. Having a
large age range, with a relatively young average age, amdiatry-specific cohort may limit
generalizability to an older adolescent population in other cow@stri

Liu et al(2018)performed a crossectional study using three Z#bur diet recalls, and
examined the diet qualityas measured usinipe HE4C, of aCanadian pediatric population
(n= 24, age range-38 years), who either had Ceb £ 14, average age 11(4.4) years], or
CeD with type 1 diabetes [= 10, average age: 13.1(3.8) years]. They aimed to describe diet
quality and the impact of microndent supplementation.
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Theresearchergound no difference in scoring based on age betw those under or

(@p))
g
O«

2PSNJ I 3S Mo @SIFENERX 6AGK ySIENIe Fff oyy203X
AYLINE @SYSy i é&C (89BO), Gith Ao\sBynifitadtlffierences between the groups.
Although the majority (~2/3) met the requirements for theeat and alternatives component,
fewer (~1/4)met milk and dairy alternatives, (42%) fruit and vegetable, and (46%) grain
recommendations. In addition, nearly all (929 mediumhigh to high glycemic loads.

The researchers concluded that pediatric pateewith CeD could benefit from diet
counseling because micronutrient supplementation use is typically inconsistenagbest,
will not completely alleviate nutriendeficits due to an imbalanced diet with foods that are high
in glycemic load, faindsugar. The use of multiple 2¢ur diet recalls and the HEI were
strengths of this study. Small sample size, low average age, and capetific sampling may

limit generalizability to an American adolescent population.

Adherence toFood Groups Among AdolescentsWith Celiac Disease
¢g2 {LIYyAaK addzRASAE RAAOdzaaSR FT22R LI G0GdSNYy
adherence to recommendations, without discussion of a@dimee to an a priori index. Babio et
al. (2017) reported on Spanish children with CeDragjaa comparison group to determine
adherence with recommendations, but witewer food group detailsFernandez et al. (2019)
detailed Spanish children compared wattomparison group and provided some discussion of
food group intakeSome level ohutrient analysis was also provided in all groups.
Babioet al. (2017) performed a cros®ctional study of Spanish pediatric and young
adult participants with Ceh(E 98)and a comparison groum € 98) matched for age, gender,

and BMI to examine diet patterns and nutrient intake based on age groupere paricipant
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age ranges were 103 years (CeD/comparison n = 45/45, BMI:~18.1 RgAnd 1423 years
(CeD/comparisom = 53/53, BMI:~20.&%g/m?). Neither group adhered to the Spanish National
Pyramid Guidelines, particularly regarding the fioeh groups,ncluding pulses, vegetables,
and fruits. Both groups had low compliance to recommendations. Participants with CeD
consumed significantly more proteinch foods such as fish, eggs, and processed red meat
[CeD:220.2 (77.1) g/d, HC: 188.6 (77d3)l, p = 0026] and significantly fewer starches [CeD:
216.0 (102.4y/d, HC: 298.6 (131.9)d, p= 0.007]. Those with CeD hbmver polysaccharides
[CeD: 37.9 (26.4) g/d, HC: 81.9 (37.4) g/d,0.004], higher total fats [CeD: 96.0 (31g8), HC:
85.9 (27.7) g/dp =0.049], and higher added sugars [CeD: 92.1 (37.9) g/d, HC: 74.9 (27.2) g/d,
p = 0.004]. Researchers also fouhdt the younger (age @3 years) compared with the older
(age 1423 years) cohort had lower compliance to the current recommendationsdy @roup.
The g¢rengths of the study includ&matching the cohorts on demographics which may
be confounders in aidt comparison study as well as a relatively large sample size. Limitations
included the selfreported nature of diet. livasalso unclearfithe groupingsad beenmore
divided among the older participants (say, having older teens agedBl#ars and yaw
adults aged 123 years grouped separate]yyhethermore variabilitywould have been shown.
Fernandez et al. (2019) performed a crgsstional study of Spanish children and
adolescents with CeD [n = 70, median age: 16.0 yrs (raii@eyss), 83% adeate weight, 50%
female] and general healthy comparison group [n = 67, median age: 15.0 yrs (ra8gg9),
67% adequate weight, 39% fempl&hey used three 2lour diet records and a FFQ to assess

diet adherence to the Recommended Intakes of EnergyNurtdents for the Spanish
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Population. The researchers additionally examined bone mineral density and serum parameters
for signs of nutrienteficiencies.

In terms of food groups, theesearcherseported that both adolescents andverall,
individuals withCeD had no difference in most groups (milk and yogurt, fruit, vegetables,
legumes, meat, fistand pastries), except significantly less bread, peastd rice (CeD: 14.0
IQR: (11.€20.0), HC: 18.0 IQR: (1220.0),p <0.05). Thg reported that bone mineal scans
revealed no significant differences between the groups. However, they noted that there were
clinical deficiencies of vitamin D for all groups on average, and significantly lower for girls with
CeD who also had significingreater adverse serunpld profiles p-values < 0.05). The
researchers suggested that although there were not many differences between the
populations, improvement is needed with attention to incorporating more folate, calcand
vitamin Drich foodg where both were adheringp an imbalanced, lovearbohydrate, high
protein, highlipid, low-fiber diet, reflective of Spanish societal trends. They also suggested that
processed GF products may be contributing to nutrient imbalances for individuals vidith Ce

The g$rengths of this sudy includel the use of multiple validated measures to assess
nutrient status and adequacy, breakdown of values by age and gemadgtarge sample size.
Selfreported diary,alimited GF product nutrient database, and counsigecific cohort
selection mg limit the generalizability of the study.

See Tablé for Studies of A Priori Diet Indices and Diet Patterns of Adolesuéitits

Celiac Disease

82



Table6. Studies* ofA PrioriDiet Indices and Diet Patterns of Adolescanish Cdiac Disease

First Author
Country
Year
Design

Main Conclusion

Populations:
CeDHealthy
Comparison
Ageand
Diet Measures
Diet Index/

Recommendations

General Findings
CeD versuSomparisonGroup

Deficiencies or
Lower/Adequate
Intake**

Excesses or
Higherintake***

Alzaben et al.
Canada

2015
Crosssectional

Advise dietary
counseling for more
F&V, foods rich in
Vitamin D and
calcium, and less high
GI/GL processed food

CeDn = 32 (81.3%F)
Age (years): 10.4 (0.7)
BMI: 17.1 (0.6) kg/fh

HCn = 32 (59.4 %F)
Ace (years): 8.7 (0.7)
BMI: 16.7 (0.6) kg/fh

2 24hr diet recalls
HEIC
Regional guidelines

CeD vs HC had similar m CgQeD(n.s.)

intake of most food groups iy K AGENd GL foods

@ 1-O(«80)2/3 of all m 1-O@80)ad3A22RE
@ 1-0 (k80)mostolder mostly young children
children

Q@ +*+AdG 5 3 |/

all

Babio

Spain

2017
Crosssectional

Both groups had
unbalanced diets. GFI
was more unbalanced
with less adherence tc
recommendations

CeDn =98 (61.2%F)
Age (years): 18.2 (3.7)
BMI:~18.1 kg/m

HCn =98 (61.2 %F)
Age(years): 15.4 (3.7)
BMI:~20.5kg/m?

3-day food record (non
consecutive)
National Food Pyramid

@ {GFNDK 6L i, {6SSGSYSR

(n.s.)
Q@ F&V mn YSFEGZ FA&K
@ Pulses (p = 0.026)
Few adhered to
recommendations.

Fernandez et al.
Spain

2019
Crosssectional

Both groups had
similarly unbalanced
diets which failed to
adhere to
recommendations.

CeDn =70 (50% F)
Age (years): 16.0
83% adequate weight

HCn=67 (39% F)
Age (years): 15.0
67% adequate weight

3 24hr diet recalls
FFQ
National Standards

CeDvsHC had similarpoomy, I ROSNBRS &85
intake of most food groups CeD girls (g 0.05)

@ ONBIRZ NMC

(p<0.05)

@ +xAG 5 9 Kl
all

@ *Ad0 5 o6aSsSnN

groups, CeD girls ¢0.05)
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Table6 (continued)

Authors
Country
Year
Design

Main Conclusion

Populations:
CeDHealthy
Comprison
Ageand
Diet Measures
Diet Index/
Recommendations

General Findings
CeD versuSomparisonGroup

Deficiencies or
Lower/Adequate
Intake**

Excesses or
Higherintake***

Larretxi et al.
Spain

2019
Crosssectional

GFD may replace
cereals with animal
products leading to
unhealthy lipids &

CeDn =83 (64% F)
Age (years): 9.2 (3.8)
70% adequate weight
No comparison groups

FFQ
KIDMED

Foods toEncourage

Low intake

@ FNHA G ofpn
@ S33a onw:
@ OSNBIfta oo
@ ydzia oHy?
@pS3sSialrot Sa
@ SySNH& o2y

80% of estimated energy)

Foods to Encourage
Higher Intake

m tdA aSa
m 5FANE
nm CAaKkK

oy %
0T 02
0 Yp E:

Few have high scores:
n YL5 a®sborep
- 42% males

imbalances. . 26% females
Lionetti et al. CeDn =120 (60% F) Foods to Encourage Foods tcEncourage

Italy Age (years): 10.5 All deficient All met recommendations
(2020) BMI: 16.8 kg/rh @ +S3SilotSam / SNBIfazx LI
Crosssectional fish, pseudecereals & eggs Foods to Limit

Encourage diet
counseling towards a
balanced GFD that
adheres to the Med
diet.

HCn =100 (50% F)
Age (years): (.1
BMI: 16.0 kg/m

3-day food diary
KIDMED

CeDspecific
@ {AYLXS adaAa
(p=0.036)
KIDMED average scores:
daSRAdzYé ! RK

All had high intake
m {dzZ3F NBE RNX-
processed meats
CeDspecific

nH LINRPOSaa$s
0.009)
m alfde=ag01)0
m O2YYSNDAL f

R

Liu et al.
Canada
(2018)
Crosssectional

Advise diet counselm
to correct imbalances
of foods high in fat,
sugar, GI/GL; without
correction nutritional
deficits not alleviated
even with MVM

CeDn=14 (63% F)
Age (years): 11.1 (4.4)
BMI: 17.9 (2.5) kg/th

CD + Tl = 10(62% F)
Age (years): 13.1 (3.8)
BMI: 18.8 8.4) kg/n?

3 24hr diet recalls
HEIC
Regional guidelines

Foods to Encourage

Low intake

@ DNIXAYya o6nc
@ Ca+ o6nw:2 Y
@ 5FANE OHP:
Most (88%) HEL in the
Gy SSRa A YLINE
category

84

Foods toLimit

Most had high intake

m aSkda 9 |If
(2/3)

n | AAK D[ kDL



Table6 (continued)

Authors
Country
Year
Design

Main Caclusion

Populations:
CeDHealthy
Comparison
Ageand
Diet Measures
Diet Index/
Recommendations

GeneralFindings
CeD versuSomparisonGroup

Deficiencies or

Lower/Adequate Intake

Excesses or
Higher Intake

Mager et al.
Canada
(2019)
Crosssectional

Most children had
suboptimal HEC
(<80) and DASH score

Ethnically diverse

CDn = 242 (59%F)
Age(years): 10.4 (4.1)
height zscore range:
(-1.60.9)

weight zscore range:
(-0.8-0.9)

HCn = 148 (62 %F)

@@ DNIJ AyYya
Children with Caucasian
FyOSaiNE @@
(p <0.05)

Older children (>9 yrs)
0Q@@ -C,9PEO0.04)

oLm Caztz
Associatedwiy, Y I (S|
education (university level)

LJ r

& Caucasian ancestry
m Cagx @I NRS

n

C]

Witk m KA I KSNJ

(p =0.04)

m 5FANES LI
nm DNXAYya | a
non-Caucasian ancestry

F
a

Age (years)10.9 (4.0)
height zscore range:

n { dzLILX SYSy i
£ CD family history.

(-0.7-1.9) Processed GFP (>30% kca
weight zscore range: Lowvariety of grains
(-0.4-1.8) >75% of grain on Prudent

pattern was rice

>80% Western diet patterns
Higher diet quality vs
comparison

2 24hr recalls
DASH index

HEIC index
Regionabuidelines

*Studies providing detailed results of subcomponent scores or of food groups

**Eood items which were reported as deficient/low rehagi to recommendations, or possibly at least
adequate, but relative taomparison groups lower

***Foods items which were reported as excessive/high relative to recommendations, or relative to

others high

Note: CeD: Celiac disease; HC: Hedltimparison; FQ: FoodrequencyQuestionnaire; 24hr recall:

24-hour dietaryrecall; Med: Mediterranean diet; MDS: Mediterranean Diet Score;GiElanadian

Healthy Eating Index; DASH: Dietary Approaches to Stop Hypertension; F&V: Fruit and vegetables; GFP:
GlutenFee Products; Gl: Glycemiadex; GL: Glycemioad; MVM:Multivitamins
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Discussion of Diet Quality and Adherence to Food Group Recommendations Studies

A limited number of midiesare available that detaéd the dietary intake of individuals
with CeD usingidt indices of food recommendations. Overall, diet quality restd
improvement. However, there was a great deal of heterogeneity among results, metuudls
measures. These are detailed below.

Trends indiet quality. The literature assessing the diet qugldf populations with CeD is
limited. Diet quality was found tbe poor to moderate. This was reflective of the larger
societies where studies were performed. The results were mixed in terms of whether diet
guality scores between populations with CeD adhgito a GFD and comparison groups were
better or worse. Threstudies, all pediatric, did not report significant differences (Alzaben et
al., Lionetti et al.Liu et al.). Three studies, two focused on adults, reported significantly higher
diet quality sores among adults (Churruca et &llager et al., Nikniaz et al.). One adult study
reported significantly lower scores (Morreale et al.).

Overall diet quality is predicated on choices of individual foods. Therefore,
understanding food group choice diffarees is importantAll the reviewedstudies agreed that,
like that of the general population, the GFD is imbalanced. However, the food groups where
imbalances occurred appeared to be somewhat related to adherence to theBekw is a
discussion of how mlividuals adhered to individual foagtoups and other study considerations.

Grains.The percent adhering to grain recommendations varied from 13% to 42%.
Perhaps unsurprisingly, since whdmtsed products often make up the bulk of the category
among the gneral population, the most commontyted food group deficiency for individuals
adhering to a GFD was low intake of starches, cereals, or grain products (Babio et al., Churruca
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et al.,Fernandez et alGonzalezt al.,Larretxi et al., Lionetti et al.jlLet al., Mager et al.,
Morreale etal.). Mager and colleagues commented that low variety was a problem, where
white rice composed 75% of consumption. Nikniaz and colleagues, who commenting on the
subcomponent score of the HED15 relative to 1,000 kcalf intake, detailed that refined gma
consumption relative to others was low, while whole grain intake was high, so scoring was
higher for participants with CeD in these categories. Although Morreale and colleagues
concluded that intake of pasta was sianibetween groups, they reported tireresults may be
limited in that GF pasta is primarily ribased in Italy presumably noting this as a limitation
because rice has a different nutritional profile than the wheat varieties used in pasta.
Vegetableslnadequate vegetable consumption, pari@rly nonstarchy ones, was the
next frequent observation in relation to the comparison groups (Babio g€alrruca et al.,
Gonzalezt al.,Larretxi et al., Lionetti et al., Liu et al.). Sometimes amounts were tegpais
non-significantly higher (Aliben et al.) or significantly highevi@ger et al.), but consumption
was still low In studies which had no significant differences, however, low intake of produce
was generally reported as problematic in the generalylapon as wellFernandez et al.,
Morreale et al., Nikniaz et al.pome studies suggested that potatoes may be consumed at
unhealthy amounts among those with CeWhere potatoes are associated with lower
adherence to a Mediterranean diet (as they are skarand generally prepared in unhtaf
ways, like frying). Among the studies that detailed potato intake, one pediatric study reported
intake was similar to the comparison group (Lionetti et al.), while the other study, an adult

study, detailed itasbeing significantly higher than the comparison group (Morreale et al.).
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Fruit. Those with CeD appeared to have higher concordance with fruit
recommendations than those of vegetables. Fruit consumption was found to be low relative to
the comparison groupane of the time (Babio et al., Larretxi et al., Morreale et al.) or similarly
low in both groupsKernandez et al.However, it was more often reported as adequate oron
significantly higher relative to other groups (Alzaben et@hurruca et al.GonZlezet al.,

Lionetti et al., Mager et al., Nikniaz et al.).

Animalproducts.High to excessive consumption of animal products characterized the
typical GFD pattern. Several studies mentioned red and processed meats as being particularly
high relative to omparison groups, speculating that this food group compensated for reduced
intake of other food items (Babio et al., Churruca et al., Lionetti et al., Liu et al., Moetealle
Although the HERO15 does not have a red meat category, the saturateddatgory, which
partially reflects intake of red meat (as well as GF commercial products), was significantly
higher in participants with CeD in the study by Nikniaz and colleaguaicating this may be a
concern across numerous cultures.

Consumption of dayrand eggs had mixed reporting. Some reported adequate intake of
dairy Churruca et all.arretxi et al.), higher (Mager et al.) or excessive int@angalezt al.),
while others reported low dairy intake, citing lactose intolerancéeisg problematidor the
whole population Fernandez et alLiu et al. Nikniaz et al.). Similarly, eggs were reported as
adequate for some (Alzaben et al.), low for others (Larretxi eL@inetti et al), and some

samples had significant percentages low, adequateand excessive intaké&pnzalezt al.)
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Other food groupsOther food group excesses or deficits, particularly in relation to
comparison groupsvere less widely reported. When reported, nuts and legumes were mostly
reported as either low in both grogp(Alzaben et alFernandez et glMorreale et al.), or low
relative to the population (Babio et algonzéalezt al., Lionetti et al), except anong some
Spanish populations, it culturally more adherence to a Mediterranean diewvhich tends to
be highe in nuts and legumasandintake was reported as high (Churruca et barretxi et al.).
Fish intake had mixed reportingmostlyreported high relative to others (Churruca et al.,
Gonzalezt al.,Larretxi et al.)However, it was almost equally reported w relative to
others (Alzaben et alEernandez et al.).

Sugar, glycemic load, and processed fodde discussion of sugatke glycemic effect
of foods and processing was mentioned in several pediatric studies detailing diet intake
(Alzaben et a)Lionetti et al., Liu et al., Mager et al.). Babio et al. reported participants with CeD
consuming nossignificantly higher amats of sugaisweetened beverages. In the work of
Lionetti and colleagues, sugary beverage intake for those withw@slPeported as being non
significantly lower, with total sugars being significantly lower. However, the authors were
concerned that highlprocessed GF products contributed 34% of added sugars. In the work of
Alzaben and colleagues, total sugars and simple swgenes not significantly different from the
comparison grouphowever, the glycemic load was significantly higher for participants wi
CeD. Similarly, two other studies found high intake of high glycemic load/index foods (Liu et al.,
Mager et al.). It was speilated that sugar intake may be lower in a more healinscious
population, like those with CeD. However, the impact of higihbcessed foods may need more
study.
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Dietintake andassessmeninethod heterogeneity.Researchers approached this subject
with a great deal of heterogeneity among methods and populations. They used an assortment
of methods to assess diet intakacluding multipleday 24hour diet recalls (Alzaben et al.,
Churruca et alFFernandez et alGonzalezt al.,Liu et al., Mager et 3l FFQs (Babio et al.,
Churruca et al., Larretxi et aMorreale et al.), and multiday food diaries (Babio et abneétti
et al.). They also used a variety of methods to assess diet quality. European researchers chose
different varieties of the Mediteanean diet. For adults, they used different versions of the
Mediterranean Diet Score (MDS), an Italian version instndy (Morreale et al.) and a Spanish
version in another (Churruca etalin pediatric populations, the KIDMED indeatsoa variant
of assessing adherence to the Mediterranean digtasused (Larretxi et al., Lionetti et al.).
Canadian researchers chogetCanadian version of the Healthy Eating Index-CGjki the
three Canadian studies (Alzaben et al., Liu et al., Mager et al.). Miageraéso used the
Dietary Approaches to Stop Hypertension (DASH) index and performed a cluster analysis in a
Canadiarpediatric population, determining that most diets adhered to a Westernized style
diet. Nikniazet al.also used the HEA015 from the US. to determine diet quality for an Iranian
population. Several compared food groups to national or regional recomntiemga where all
noted poor adherence (Alzaben et al., Babio etrdrnandez et alGonzalezt al.,Liu et al.,

Mager et al).

Partidpant selection andsamplingheterogeneity All participants with CeD were drawn

from convenience samples which were not statistically designed to be representative. In

addition, researchers generally had small to modest sample sizes, ranging from I to 24
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participants with CeD. All studies veeobservational studies. Although those which collected
diet recalls could be technically considered prospective studies, it appears they only followed
participants for the length of time to collect the diet relsatherefore, the ability to attribute
cawsationwaslimited. A few groups compared results to representative populations (Churruca
et al.,Gonzalezt al.,Nikniaz et al,)dthough none were representative national samples of
populations with CeD makingit unclear how representative the studyrsples may have

been. In addition, most other researchers who made comparisons of those with CeD against a
different group did so with convenience samples as well (Alzaben &addip et al.Fernandez

et al., Lonetti et al.,Liu et al. Mager et al, Morreale et al. Five groups compared healthy
populations to the population with CeD sampled (Alzaben et al., Babio €talryuca et al.,
Gonzalezt al.,Nikniaz et al.). Only one study did not have a comparniggonp (Larretxi et a).
However, one stdy used CeD patients with type 1 diabetes as the comparison group (Liu et
al.). Mager et al.in detailingthe most comprehensive results of the pediatric diet quality
studies, compared results with a populationpatients with chronic gastrointestinal

complaints who may have had some level of diet awareness due to the nature of their illness.
In the studies where participants with CeD had been drawn from CeD support groups rather
than the general hospitaffiliated population, atypically higher scores healthier food group
consumption may have been reflected due to higher deated knowledgeChurruca et al.,
Gonzalez et all,arretxi et al, Nikniaz et al.). Notablparticipants with CeD had very low rates

of overweight and obesity compared wittomparison groups in all studies. It is unclear if this

wasa reflection of the general population with CeD and an artifact of having the condition, an
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increased awareness of nutrition knowledge that helps with Wweiganagement, or a
reflection of the sarmples willing to participate in the studies.

Agerelated considerationsAge-related considerationsnayneed to be further
explored. Four studies examined adults, although the definition of adultsstarearly asge
16 years (Churruca et aGonzalezt al.,Morreale et al, Nikniaz et al.). Average age for adult
studies ranged from 31-82.8 years. Thilimits the extrapolation of these results, especially to
much older ages. The remainders, and bulk of the stsjdtxamined pediatric or young adult
populations (up until age 23 years). Average age of the pediatric studies tended towards the
young end ofdolescereor the late years of childhood (ageX years). Only two studies
averaged older adolescent ages €als-18 years) (Babio et akernandezt al.). This may
meanthat questions like the role of parental feeding at different life stages fdemographic
with a dietfocused condition may need to be further explored. For instance, parents, especially
of young children, may feel a greater obligation to provide healthful mdéalswing that their
child has a nutritiorrelated conditiort or simply kecause the child is more dependent on them
because ofige. This may be reflected in scoring. Alzaben and coksagrud Mager and
colleagues both found evidence of younger children having higher diet qualitet al. also
noted that from preadolescencénto adolescencéhat diet quality appeared to need
improvement, regardless of whether it was a GFD or ghat@riaining.Fernandez et al.
detailed that children (age-42) ate more vegetables than adolescerdshough significance
level was not determiad, which suggested that adolescents may have poorer adherence to

healthier food groupsA similar pattern of da@asing diet quality throughout childhood into
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adolescence, with improvements thereafter,dt@een seen within the 1%.(Banfield,Liu,Davis,
Chang, & Frazieaiood, 2016; Ervin, 201 Hizaet al.,2013.

Culture and food environment consideratiorulture and food environment may also
impact interpreting results. Only four countries account for studies reviewed: Canadian
(3studiey, Iran (1 study), Italy (2studie9, andSpain (5tudieg. Often national or regional
recommendations are given to enc@age the consumption of specific food groups and may
vary. For instance, Churruca and colleagoeted that Basque women regularly consumed
20g/d of lentils, which was reflective of a Mediterraneaietdpattern. According to the U.S.
Dietary Guidelines fohmericans (2015), however, this amount would exca&gpical
I YSNA OF yQa NikBi& etfaldusedl thél HED1S wol to measure diet qualitgespite
it being a tool designed to measure atbnce to the U.S. DGAs. They may have missed an
opportunity to address concerns more relevant to Iranians with CeD. Nikniazatsalstated
that GF product availability is very limited and/or expensive in Iran, which may precipitate
lower intake of Glproducts.Research on the American population has shokat individual
consumption tends to align with food availabilifpr(example Jow in produce, high in sodium,
refined grainsand red meats) and often does not match recommendatioasause
recommerdations are partially created to influence availabili§rébsSmith,Reedy, & Bosire
2010; Miller,Reedy, Kirkpatrick, & Kret@&mith 2015; ReedyKrebsSmith, & Bosire2010). The
population currently being studied is American. As a result, likelytbelyhree Canadian

studies may resemble Americaarticipants and all three were with pediatric populations.
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Demographics concernghe percent of female participants ranged fror1@0%, where
most studies had at least 60% female participants with G&. studies drew from the same
population but separated grticipants by gender. Despite both groups being affiliated with a
CeDsuppot group, men had lower adherence to the Mediterranean d@hgrruca et al.,
Gonzalez et al.)n a nutrientbased study of an American population (n = 47) with CeD,
Thompson anaolleagues (2005)oted that women had greater adherence than men to
numerousnutrients. Few studies mentioned race/ethnicity or income demographics. Likely this
is due to the ethnic homogeneity of the populations studied. In the one study with a
heterogerous population, Mager and colleagues noted that there were differences ingat
patterns due to race/ethnicity, family income, family historyof e R | OKAf RQ&a Y2 { |
education, where nofCaucasian ancestry, higher incgmaad having the mother atia a
college degree were associated with better eating habits, and famiigrizisf CeD was
associated with multivitamin intake. In studies in the general population, higher socioeconomic
status often translated to higher diet quality (and variety of hiei@r foods) where income
(higherif adults, mixed if children), ethnicitydice (Hispanic highest, ndtispanic Black lowest),
gender (female), age (very young and very adg education (college degree) have been
associated with healthier choices (Hegaal.,2013; Kikpatrick et al., 2012; Kurotaet al.,

2020; Livingstoneteal., 2017; Worslegt al.,2003).

Other limitations.None of the studies were controlled feeding studies. Therefore, these
researchers necessarily relied on estimated diet imfation and/or memory, which are all
subject to biases. None of researcherpaged the seasons when diet information was
collected, which may have impacted the foods consumed as well.
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Relation to nutrient imbalance&lnderstanding food group choices aadherence to
diet quality indices may patrtially explain the risk of chronsedse and nutrient imbalances.
One of the reviewed studies concluded that nutrient imbalances due to GF choices and food
group imbalances often continue or create new nutrienfidencieswhich build on
malabsorption issuethat developed prior to diagosis, and, for some, are not corrected with
multivitamin use (Liu et al.). Another of tiséudiesshowedthat some participants with CeD
had significantly lower levels of polyurtgeated fatty acid intake, and then corresponding
increases in adverdmid profiles associated with cardiovascular diseds®vever, itdid not
see significant differences in groupings of food categories between those with CeD and the
comparison groupHernandez et al.). This may indicate that both the food groupings a&d th
underlying biochemical and nutrient profile of the foods likely matter.

The heterogeneity of indices, sample sizes, demograpaickcountryspecific cohorts
limits their ability tomake generalizationee Tabl& for concerns of adherence to
recommerded diet patternsaandfood groups of participants with celiac disease).

Concerns of specialized dielsttle is known about diet quality among patients with CeD
who adhere to the GFDnd have additional dietary restrictions or practices, like vegetanmanis

adhering to a ketogenic diet, or maintaining a Kosher diet (Russo, 2019).
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Table7. Concerns of Adherence to Recommended Diet Pattanadd-ood Groups of
PaticipantsWith Celiac Disease

Low relative to
comparison groups
or deficient

High relative to
comparison groups
or excessive

Number of Studies
(referenced studies)

Number of Studies

Category of Concern (referenced studies)

Red & processed meats 5 (2,3,7,8, 10) -

Fruit 1,3,5,7,9,11) 3 (2, 6,10)

High GL/GI 1,8,9) -

Sugary beverages (1, 2 -

Potatoes (7, 10) -

Processed foods (7 -

Dairy (3,5,6,9) 3 (4,8,11)

Fish (3,5, 6) 2 (1,4

Diet Quality ¥s controls) (3, 9,11) 4 (1,7,8,10)

Eggs 3) 4 (1,3,6,7)

Legumes & Nuts (3, 6) 6 (1,2,4,57,10)
Vegetables 1 (9 8 (1,2 3,4,5,6,8,10, 11
Grains (whole) & starches - 9 (2,3,4,5,6,7,8,9, 10)
Overall Diet/Adherencéo - 11 (1,2,3,4,5,6,7,8,9,
recommendations 10, 11)

Note: One study can have large percentages of their populations which exhibit both excesses and deficiencies.
Referenced works include: (A)zaben et al. (2015); (2) Babio et al. (201); (@)@ca et al. (2015); (Hernandez

et al. (2019); (5%onzalezt al. (2018); (6) Larretxi et #2019); (7) Lionetti et al. (2020), (8l et al. (2018); (9)
Mager et al. (2019); (1Morrealeet al. (2018); (11) Nikniaz et al. (2020)
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Quality of Lfe Research

Quiality of life (QOL) refers to multipRA YSy aA 2y I £ | & LISKeing Itig F
often measured by evaluating physical, emotional, and social domains. Disgesiic QOL
AYAGaNHzySyada FGadSYLi G2 ObebgivdidtBnaybé disScyii & 2 F
impacted due to living wit the condition and assist in directing treatment and resources.
However, general and heaHlfelated QOL instruments may be useful in comparing patients
with a specific condition to a generally healthypolation to understand differences in overall
QOL.
Synthesis of Reviews of QOL and Celiac Disease

Four recent groups of researchers have performed reviews of studies on QOL among
patients with CeD, two primarily on pediatric studies (hakzet al.,2020;White et al.,2016)

and two on adult studies (Burget al., 2017; Zingone et al., ZB)1 Two were metanalyses

LIS

focusing on specific aspects on QOL that could generally be compared across studies which had

control groups (Brger et al, Nikniazet al.). However, generally the reviewers went beyond the
obvious restrictive nature of the diet and need for constant folamy which may negatively
impact QOL to explore other determinants. They noted that when using general wekdted
QOL measures, individls with CeD have reported lower QOL than heattthpparison

populations at diagnosis, with improvements after treatment commences. They reported that

individuals diagnosed with classical symptoms more consistently reported an increase in QOL

after diagnoss than individuals who were screeletected. Thg also noted that among those
who were symptomatic, improvements tended to appear within the first year of treatment. The
researchers found thahe studies suggested patients who were able to have supp®rtiv
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networks of family, friends, advocates, and pogive health professionals had improved QOL
and adherence. Although not always found, they also reported that poorer adherence rather
than strict adherence has been associated with lower or even detemy&OL. However, the
pediatric metaanalysis natd that fewer than half of the included studies found a relationship
between GFD adherence and bett@OL(Nikniazet al). Later studies also provided further
subtleties.

In addition, these reviewers dis@exd other aspects of having CeD that negatively
impacted QOL. They related that GF items may be of a less enjoyable taste/texture, cost more,
areinconsistently available, anzhn bedifficult to locate while traveling. Researchers reported
that individuak experienced a range of emotions from angertipatarly for those who were
asymptomatic prior to diagnosis, to feeling isolated, restricted, different, fearful, hassled over
continued work to maintain the diet, as well as being a burden to others; tivere even
reports of hostility from others in &mpting to maintain a GFD. White and colleagues (2016)
reported that besides these issues, adolescents had the additional burdens of developing
independence; the demands of navigating social relationsiipselating out with friends; being
unable, uncomdrtable, or unwilling to disclose CeD status; and sometimes choosing to eat
glutenrcontaining foods intentionally for a variety of reasons. In addition, the reviewers
discussed that personal and familial aag styles and traits may determine actions aglae
reactions, thereby affecting QOL. Temperament and personality that make handling stress less
effectivdy were cited as possible contributidgctorsto a reduced QOL. Researchers found that

other comohbidities, such as allergies or diabetes, whilaldey with CeD reduced QOL. hdz
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et al.found some evidence that increased age at diagnosis of childesassociated with
decreased QOL. They also noted that parents were likely to rate QOL loweh#iaahildren.

Interestingly, one subtlety that as mentioned in one study but not in the revievas
that different subgroups within the population of those with CeD may be significantly more
negatively impacted than others. For instance, Biagetti eR8l1%) using quantile regression
analysisfoundthat thosewho experiencedhe most difficulties adhering to the diet, had other
morbidities, or were the youngest in age had much lower hesdthted QOtL where QOL was
reported by parents if <8 years orlseeported if 8+ years old. In addition, a coef studies
found that those who had the least amount of difficulty adhering to a GFD had the highest QOL,
possiby related to income, GFRnowledge, and/or culture (Barratt et al., 2011; Glasset al.,
2015).

Reviewers also noted that a great deaheterogeneity in studies made comparisons
and conclusions difficult. In particular, they stated that the advent of-§@fzific QOL
instruments have only recently been developed for pediatric (Jordan e2Gl3; van Doorn,
Winkler, Zwinderman, Mearin, &oopman 2008) and adult patients (Dorn et al., 20Huser,
Gold, Stallmach, Caspary, & Stein, 208@ only a limited amount of research has been
performed with these tools. They also noted that nuanoesy determine QOL beyond dealing
with the disease that remain to be more fully explored, including demographic, environmental,
availability, labeling, social norms, aging, gender, cognitiongfftdhcy, CeBelated
education, disease characteristiceduency of healthcare followp, personapsychosocial

factors, and effect of diet qualityalthough this idikely not an exhaustive list.
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QOL and Celiac Disease Studies Beyond Current Reviews

The following narratives briefly review the QOL studies siheddtest reviews or which
the questions gaminedbut were not explored in the metanalyses, and therefore not
included. Most usé CeDspecific tools to measure QOL.

Bystrom et al. (2012)n a prospectivejuantitative cohort study of Swedish children
(n= 15, 65.5% female, age: 13 yeafslind that children who received their diagnosis before
the age of 5 had higher QOL total scores and mental and social health domain soorpared
to those diagnosed at older ages (total: 92 vs.[£8,0.06, mental90 vs. 85p = 0.03, social:

95 vs. 90p = 0.01). In addition, they also noted that those who presented with the
symptomatic, classical form had higher QOL than those with atypical symptoms or were
asymptomatic, with respective QOL values of 92 (83.5), 90 (84€94), and 88 (80:84.5),
p=0.03.

These conclusions are consistent with prior studiesg found that asymptomatic
individuals may not benefit as much of a QOL boost as those who have the classical form after
treatment. In addition, this @lo supports the limited literature in suggting that a diagnosis at
a younger age may be positively associated with higher, @@may be a reflection of having
longer to figure out what needs to be done to manage the disease.

Mahadev et al. (2013) peafmed a crossectionalquantitative study of adults in the
U.S.(n= 413, 77% female) to see if dietitian use was associated with celiac disease outcomes.
The only association found, however, was between lower QOL and delay in diagnosis. There
was no assaation between QOL amdiet adherence or dietitian use. The researchers
speculated that there may have been a high degree of health literacy in the gubigh may
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have limited the ability to detect effect size in the low number of participants who load n
visited a dietitianln a fairly homogeeous population where 88% had attained a college degree
and over 40% had attained a graduate degree and fairly high QOL (a@LCB72), these

results suggested that within a higlocioeconomic status, highly ecated population with

cultural effects may be mitigatecdnd ongoing difficulties from diagnosis delays may have
persistent effects on QOL.

This study is consistent with findings that assoddtgher socioeconomic status and
health-related knowledge to igher QOL. It also adds the literature by suggesting there may
be an association between diagnosis delays and reduced @©QAhlternatively, higher
education may be related to greater likelihood of diagnosis and higher QOL.

Castilhos et al. (2015) perined a crossectionalquantitative study ofrf = 96, 100%
female) adult patients in Brazil who had been diagnosed with CeD for at least 60 days to
examine QOL. They reported that time since diagnosis greater than 10 years, compared with
less than 1 yeagpproached but did noteach significance in improving QOL scores, whereas
those who had the diagnosis longer generally had better QOL scores. They noted that no
statistical evidence suggested income made a difference in QOL scores. However, they stated
that participants who wex over the age of 60 years had significantly higher QOL scores,
speculating that this group may have had more ability to prepare meals at home. The
researchers also suggested that because the sample came from a population afflitted
celiac support goup, more individuals may have had higher levels of-§edzific education

and support possibly influencing the group.
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This study did not find evidence supporting (or refuting) the association of
socioeconomic status and QOL. ild ind evidence suppoirg the idea that the association
with a CeBsupport group may be related to higher QOL scores. addgdto the literature in
finding evidence that older age (greater than 60 years) may be related to increaseda@OL
well as somdimited support that loger time since diagnosis may also improve QOL. This
research also suggested that there may be cultural differences in the Brazilian population that
may produce higher QOL scores.

Lee et al. (2015) performed a cressctional quantiative analysis of an attypopulation
in the US.with CD = 2,138, 87% female) to examine the relationship of online compared
with faceto-face support groups on QOL. They used theQCI). instrument for QOL. They
found that increased duration of fade-face social support waassociated with higheQOL
(p < 0.0005), while both increased duratign<g 0.0393) and frequency € 0.001) of online
support were associated with lower QOL. Notably, they also found that age (65+yrs), higher
educational attainnent (graduate degree)ehgth of time since diagnosis (3+ years), and living
in the Northeastern L5.were significantly associated with higher QOL scores.

This study found evidence supporting the association of older age (age 65 years or
older), higher ducation, and longer dgnosis time with higher QOL. It added to the literature
by associating increased physical facdace support (as opposed to online support) in terms
of both frequency and duration with greater QOL.

Simsek et al. (2015) performecpeospective crossectonal quantitative analysis of
Turkish children with Ce E 25, 61% female, age (SD): 11.84 (2.1) years] and healthy controls
[n=25, 44% female, age (SD): 12.24 (2.3) years] to examine the effect of beginning a GFD on
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QOL and degssion, following the ups for at least 6 months. At baseline, no significant
differences between depression scores were seen between individuals with CeD or controls.
However, the group with CeD had lower QOL scqres(.02), with significantly lower

emotional weltbeing sibscale score(= 0.01). At followup, there were no significant
differences in changes to overall depression or QOL scores. However, participants with CeD
who were adherent to a GFD had significantly lower depression sqoref@2). The group

was geneally from a lower socioeconomic status population, with limited access to GF
products.

This study supports other findings suggestingt higher adherence to a GFD may be
associated with higher QOL. It also supports an associbé&tween low socioeconoristatus
with limited availability to GF products and reduced Qtbusreinforcing the need to examine
the barriers to adherence to a GRldd suggesting that increased ease of availability (possibly
through regulation) may impactlawer socioeconomic status population.

In a crosssectional study, Mahadev et al. (2016) examined differences in QOL among
adult (h= 211, 78% female) patients wi@eD in the L5.who were symptomatic versus screen
detected. They reported no significadifferences in QOL between the groups, where both
groups had similar levels high level of adherence (90%-+) to the GFD. The researchers also noted
that both groups opatrticipants who had been recruited from the population affiliated with
the regional Celi@aCenter were highly educagd, which has been associated with a higher
socioeconomic status.

This study did not find evidence supporting the association of differenc@OL
between those who are symptomatic and classical symptoms of CeD while adheaiGgFD
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this differs from the results of some other studies. However, it does support evidence from the
literature that high adherence may be associated with sinidaels of QOL in a group with high
socioeconomic status and Ceélated knowledge. This wgeaconsistent with the sensitivity
meta-analysis of Burger et gR017),which suggested that level of strict adherence may be
more associated with QOL than whethedividuals were screedetected or not.

RodriguezAlmagro et al. (2016) performed a cressctional quantitative analysis of a
nationally representative study of Spanish adults with Ge® 1,230, 89% female, mean (SD):
32.7 (10.41) years] to examine QO@hbey found that overall QOL scores were moderate [mean
(SD): 56.3 (18.27)], with improvemts based on the time since diagnosis. They noted that
women also had significantly higher QOL scoring, suggesting that in Spanish culture, men may
have more difficlty navigating the GFD because most food preparation and choices are
decided by women. Thealso suggested that the lower scores of their sample, as compared
with those obtained with hospital population studies, may possibly be attributable to less
frequert follow-up and lower adherence to the GFD. However, they stated that their results
were Imited because adherence was not measured.

This study supports other literature finding that additional years of experience in
maintaining a GFD increases QOL.slb @irovides speculative support, as found in other
studies, that culture and the abilitptcontrol food may play a role in increasing @Q@indthat
men may approach adherence to a GFD differently than women due to culture. It also provides
some limited suport that additional Cebelated education may improve QOL since the
individuals in thistsidy were from a representative sample, which likely did not have the same
degree of knowledge as samples obtained from a hospital care setting.

104



Vriezinga et al. (207) performed a crossectional study of children and young adults
(age<25yrs) with CeDni a Dutch populationn(= 78, 73.1% female, mean age 12.5 years) to
examine their HRQOL and its relationship to the typical physician perception of their QOL
scoresMost patients rated their QOL as neutral to bad, with a mean total score of 3.29 (0.68)
(1 = very good, 5 = bad). Male gender and longer duration of the disease had the greatest
predictive value of better QOL scores. The physicians ranked QOL incarrdélgut of the
available 70 physiciaranked patient QOL scores. Physicians more fretiydailed to
recognize poor QOL perceptions in patients who were female with shorter duration of the
disease (<9 yrs).

This study lends credence to the idea thatipat perceptions need to be evaluated as
they may not matchthoseof care providerstherefore, simpy asking the patient directly may
be a good idea. It adds to the Gefated literature in that it suggested that pediatric patients
may have unrecognizgabor overall QOL, where females, particularly newly diagnosed
adolescents, may have evéawer QOL.

Mager et al. (2018) performed a cressctional analysis of ethnically diverse pediatric
patients (age 3.8 years) with CIh( 243) and gastrointestinal complaints£ 148) in Canada
to determine whether sociodemographic or socioeconomicdexiand HFQOL would
influence adherence to a GFD. They found that the lack of GI symptoms, youngst@ge (
years), and reduced intakd gluten (<10mg/day) in both groups were positively associated
with QOL scores. They noted that older children with CeID years) compared with younger
children €10 years) had significantly lower QOL scores, varying by domains. They found that
when indviduals with CeD had fewer Gl symptoms or were of-@amcasian ancestrgnost
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QOL domains and overall QOL scores asrd significantypQ a 0S¢ 98, ndnnm
Relatedly, they found neRaucasian ancestry was associated with greater acceptance of the
GFD. In addition, they detailed that greater Gl symptoms were related to reduced acceptance
of the GFD= 0.02), moreserological testingp(= 0.0018), less overall happineps=(0.04),
YR ddzyKI LAY Saa Fo2dzi KI0KR2I OfF=-TeH)Mh{ 2200 a
older children having lower scores in the communication and diet domains of (3O (5).

This is the first study to have enough of an ethnically and sociodemographically diverse
population to form associations. Theesults suggested that as pediatric patients age (#$),
QOL may be lower, which is consistent with some studies but diffems dthers. Also
consistent with other studies but with a twist is the observation that they associated
gastroenterological syptoms with lower QOL and less acceptance to adhering to a GFD (which
may also cause gastroenterological distress). In additluey tilso suggested that the gluten
amount, not simply adherence, as well as acceptability of the GFD, particularly whilg eatin
away from home (like feeling different or embarrassed), may play a significant role in QOL in
adolescent lives. Thegs wellnoted that different domains of QOL may be associated with
sociodemographic and socioeconomic factors, and parents may rank asutiffierently from
children. Younger children and those from households with greater acceptability of the diet
may promote adherace and, relatedly, QOL.

Wolf et al. (2018) performed a prospective cr@estional mixeemethods analysis of
adults h =50,84% female, mean (SD) age: 50.7 (17.8) years] and adolescents [n = 30, 80%
female, mean (SD) age: 15.7 (1.5) years] with Celeitlth.to examine QOL. They found that
hypervigilant adults had significantly lower overall Q@hmpared to those who weress
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vigilant (p = 0.004). They also noted that among adults, Rygglance was associated wigh

higher level of Celtelated knavledge p = 0.035). They noted that vigilance reflected the

LI NIHAOALI yiaQ LISNOSLIIA2Y 2 hadyeBebtRllitghBxposadreso S O N.

In addition, the researchers observed that those who expressed having lower energy levels
compared wih higher energy levels had lower QQRE f ndnov ® h@GSNIF t f =
highly educated and affiliated with a regidr@eD center with high level of education.

This study supported existing literature associating higher education with increased QO
It alsoprovided a refinement in understanding the relationship between adherence and QOL in
a population that is highly adinent. It introduced the idea that hyperigilance towards
maintaining a GFD reduces QOL. Additionally, it suggested that aduieseay have different
factors impacting QOL from adults.

Cadenhead et al. (2019) followed up on the Wolf study with adoldsc&he
researchers reported that adolescents who had more maladaptive behaviors towards
maintaining a GFDwhich were characteriz€by more rigidity (vs. flexibility), more avoidance
(vs. trust), more controlling behaviors (vs. confidence), and more pugaton (vs.
awareness) had lower QOL scores. Older teens [16.4 (1.0) years vs. 14.7 (1.5) years] were
more likely to have maladdipe behaviors and lower QOL scores. They noted that these
behaviors may be associated with disordered eating. This populatsngenerally highly
adherent and associated with a regional CeD center.

This further supports the idea of how individuals apmo@adherence (not just whether
someone is adherent) may also be associated with QOL. During a period of rapid social and
neural development, adolescents who become maladaptive in their approach to maintaining a
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GFD are associated with having a reduced @@ditionally, it may suggest that QOL may be
lower in later adolescence.

FueyaDiazet al. (2019) examinedhE 271) patientsvith CeD to understand the impact
of general and specific sadfficacy of GFD adherence and QOL. They found that specific self
efficacy in maintaining a GFD, rather than generals#itacy, was significantly associated with
greater GFD adherence angyher QOLg< 0.01).

This study supports existing literature which has found an association between higher
GFD adherence and Capecific QOL. It adds to the literature by providing evidence that
adherence may be improved with specific sefficacy in larning to maintain a GFD.

Violato and Gray (2019) reported on a repeat foHoprquantitative analysis on QOL
among individuals wh CeD 1§ = 1,584, 73% female, mean (SD) age: 56(21) years] in the UK to
seek the impact of diagnosis delay. They noted tlyatgtoms of the disease were less severe
when diagnosis was made more promptly, with QOL improving substantially on most domains.
They also reported that QOL among those who were older (65+ years) was significantly higher
than among younger respondents prito diagnosis, but not significantly different after
diagnosis. In addition, they determined that lower family income (<£20,0085 $26,000) was
significantly associated with lower QOL, both prior to and after diagnosis. Similarly, they
reported that thae was an association with patients having limited access to GF products in
stores, particularly in loweend supermarkets, multip (3+) comorbidities, and needing to
travel frequently with lower QOL.

This study supports findindbat diagnosis delays ka been associated with reduced
QOL, while older age (65+ years) with CeD has been associated with higher QOL. Their findings
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alsosupport that QOL may be reduced with very low household income, further quantifying an
amount as a floor, as well as limitedr @roduct availability and the difficulty of maintaining a
GFD while traveling

Discussion of Additional QOL Studies in IndivideMlith Celiac Disease

Newer studies among individuals with celiac disease (CeD) affirmed that strict
adherence to the&GFDwasimportant to controlling symptoms and associated with increased
QOL(Bystrom et al.2012 Mager et al., 2018; Mehadov et al., Z)Mehadov et al., 2016;
Simsek et al 2015. Mager et al. (2018) also specified that the amount of gluten may be of
issue for some, where lower amounts (<10mg) may result in higher QOL. However, there
appeasto be a range of other determinants and subgp subtleties.

Among children, the younger the age at diagnosis (<5 years old), the higher the QOL
(Bystrom et al.)Older children (>10 years) appeared to have lower QOL (Mager et al., 2018).
Older adolescents may have lower QOL than younger adolesasmtgll (Cadenhead et al.).
Recently diagnosed female adolescents appeared to have reduced QOL, differing from males,
which medical providers missedr{ezinga et al.). Adolescents also had differences in QOL
domains from children (Mager et al., 2018) veall as differences in the effects of approaches
to maintaining a GFD on QOL from adults (Cadenhead et al., Walf.et a

More evidencehassuggested a possible association with high (versus low)
socioeconomic status, heakhtelated literacy, educationattainment, and product availability/
affordability with higher QOLBfstrom et al.; Mhadev et al., 2013; khadev etal., 2016;

Simsek et al.; Wolf et alAnincome floor, however, needs to be reached for higher QOL
(Violato & Gray))suggesting thaincome may allow increased adherence due to being able to

109



afford GF products. Other studies did not associate incomie @@L (Castilhos et al.), but it is
unclear how income was examined.

More evidence also supports the ongoing difficulties caused by dsiigndelays,
possibly explaining differences in improving QOL for those who were asymptofagigaDiaz
et al; Mahadev et al., 2016/iolato & Gray). Relatedly, evidencassuggested that increased
duration of diagnosis improves QOL (Lee et al., 2Bb8riguezAlmagro et al.; Vriezinga et al.)

Increased QOL was associated with gender, culamd/or specificselfefficacy
(Castilhos et alFueyoeDiazet al.; RodrigueAlmagro et al.; Vriezinga et al.). Older adults (age
60+ years) may also have batQOL (Castilhos et aMahadev et al.2016 Violato & Gray. In
addition, cultivating igperson (not onling social support appeared to be beneficial (Lee et al.,
2015).

Summary of QOL Studies in Individudth Celiac Disease

The focus of diet adltrence onQOLhas been the focus of many studjemd ightly so,
since lack of adherence can cause devastatffects among those with celiac disease.
However, recent researdias suggestethat adherence may be impacted by many
determinants including GB-specific knowledge, affordabilitgndavailability, along with
sociodemographic factors such as gender, atipj culture and the degree of social support
that may play a role. In addition, how one approaches adherence based on psychosocial factors
may be involved Subgroups within populations may have differing perceptions of QOL, and
different stages of lifenay impact QOL as well. Heterogeneity of designs and populations

makes generalizability difficult. More research is needed.
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Diet Quality and QOLin the General Population

The general populatianincluding groups with health concemdiave shown that
healthier overall diet quality is associated with higher QOL. Higher diet quality may promote
health and reduce inflammatory processes. Substitutirfonesl grains with whole grains
(Vanegas et al., 2017) as well as higher adherence to the Mediterranet(@iosh et aJ
2020) have been shown to increase gut microthed arebeneficial to health and reduce

inflammatory processaswhichare associated wh QOL.

Diet Quality and QOL of Adultin the General Population

Presented below are several of the stgecent studies exploring the association
between seHlperceived healthrelated QOLand diet quality in an adult population.

Bonaccio et al. (2013)epformed a crossectional analysis of a population from the
Moli-sani Project, an Italian population cmth study, excluding individuals with serious medical
conditions h = 16,937, age: 52(10.8) yrs, ~52% female]. They examined HRQOL, using the
Italian $rort Form Health Related QOL survey-88}; and its association to diet, using a
validated 188tem FFCQand the Mediterranean Diet Score (MDS) (Trichopoulou et al., 2003).
They reported that higher adherence to the Mediterranean diet was correlated viginein
mental components of QOL scores, with similar inverse associations prior to adjustments, after
controlling for antioxidants and fiber intake (@2 €0.001). They found physical health was
associated with food components instead of the overall dgsecifically, they reported physical
healthasbeing positively associated with the highest adherer@cednsumption of olive oil and

vegetables (OR: 1.28, 95% CI: [1.09, 1%%]0.002), with lower consumption of eggs and
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sweets (OR: 1.25, 95% CI0R,.1.44]p = 0.05), and negatively associated with higher
consumption of meat and pasta € 0.015).

Darviri et al. (2012) conducted a cressctional analysis of the determinants of self
rated health (SRH) among rural Greek adults living in the Tapei 0 = 1,519, 56.9% female,
32% under 45, 27% between-85%, 41% 65+ years]. They used SRH as aineaishealth
related QOL Six questions were used to determine adherence to the Mediterranean diet. Using
multinomial regression analysis and adjagtfor a number of potential asfounders, they
determined that a healthier diet explained 2.1% of the &ade of the model. They found that
highest versus lowest quality diets hagdignificantly higher odds ratio of reporting very good
rather than poor QQ [OR: 1.89 (1-2.97)p <0.05] and similar significant results for moderate
versus poor diet quality [R: 1.64 (1.22.46),p < 0.05]. Being femalandolder andhaving
health issues and less education were associated with reduced QOL. Regular exeatityeofq
sleep and religiosity ratings had higher odds of increasing QOL, but explained less of their
Y2RSt Qa OFINAI yOSo

Ford et al. (2014) conducted a cresectional analysis of a population of older adults
living in rural Pennsylvania as part of tBeisinger Rura\ging Study to determine the
relationship between diet quality and seHted health fi = 5,993 n: = 4,009, 57% female,
mean age: 81.5 (4.4) years]. They assessed diet quality using the Dietary Screen Tool (DST),
which is based on the Hithy Eating Indg-2005 andhe Health and Activities Index (HALex) for
health-related quality life. They found that participants with diets considered unhealthy [0.70,
95%CI1(0.69,0.72), p < 0.05] or borderline [0.71, 95%0C10,0.73), < 0.05], compaed with
healthydiets [0.75, 95% @0.73,0.77), had significantly lower HALex scoring, even adjusting
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for confounders, wherasthose in the BMI categories of underweight, obeserlobese Il
were also associated with reduced QOL scores.

Germain et al(2013) conductel a 12year prospective observational cohort study of a
French populationrf = 4,407, 46.5% female, age: 51.4 (4.3) years, attrition 31.8%] who had
participated in the Supplémentation en Vitamines et Minéraux Antioxydants (SU.VI.MAX) trial
They examinethe association between HROL, using the S36, and adherence to national
diet recommendations, as periodically measured by at least threledzd dietary recalls, and
adherence with the Programme National Nutrition Sa@@@ideline ScorePNNSGS). Overtte
follow-up period, the physical component significantly declined [52.2 (6.4) to 50.3 (7.0)], while
mental functioning significantly increased [47.9 (9.6) to 51.2 (8.7)], petl®.0001. After
confounder adjustments, higher adherence tettrecommendatbns was positively associated
with initial mental functioningg < 0.001) and, at followp, with both componentsp(< 0.05),
but with higher physical functioning (3 = 0.20) than mental (3 = 0.17). This implied that
adherence to national dtary recommendions may be associated with better agirgjated
physical aspects of QOL longitudinally and, to a lesser extent, mental aspects of QOL in a
generally healthy, middlkaged French population.

Gopinath et al. (2014) performed ay®ar prospetive observatioml cohort study of
participants of communityiving older adults¥55 years, ~60% female) from an Australian
community vision studyn{= 1,305n:= 895) to determine the association between diet
qualityt usinga FFQ, the modified Austrahiadiet index and the Australian guide to healthy
eatingr andhealthrelated quality of life (HRQOLJ using the 3étem Short Form Health
Survey (SB6). They concluded that participants with higher diet quality at baseline had
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significantly better HRQOL lagitudinally, including better physical functioning< 0.003),
general healthg = 0.02), vitality (p = 0.001), and physical composite scpre(003). They
reported that malesgf <0.00001) and current smokerg £ 0.02) fad particularly higher
likelihood of poorer diets.

Sanchez et a(2012) performed a4ear prospective cohort study as part of the SUN
Project (Seguimienttniversidad de Navarra), a continuously enrolling csesgional cohort
multidisciplinary study of Spanish college graduasegef ~38 yrs, 57.9% fematesr 11,015].
They examined HROL, using the Spanish version of the86Fand adherence to the
Mediterranean diet, using a validated 1-3&m FFQ and the-point MediterranearDiet Index
(Trichopoulou et al., 2003). After muléiriate adjustments, results showed significantly higher
diet quality and longitudinal associations with multiple componentQ0GHL [physical
functioning ¢ < 0.001), role physicab € 0.005), bodily paimp(= 0.005), general health
(p<0.001), and vitaty (p < 0.001)]. This implied that clinically significant differences in QOL
may be associated with higher adherence to thedtt@mnal Mediterranean diet in an educated,
healthy, young adult population.

Plaisted et al. (1999) conducted andigek, positve quality, randomized control trial
(RCT) of diet in an American populatiorq 105, age: 45.3 (10.7) years, 45% femaleitiaitr.
20.9%] to examine HROL, using the $36, and its association with diet quality, by recording
actual food intake. Indiduals were randomized into three diet groups and provided food ad
libitum: (a) the control group, the typical American diet; i@ American diet, with additional
fruits and vegetables; and (c) the DASH diet, which emphasized fruits, vegetables, whndge gra
legumes, nuts, lowat dairy, poultry, and fish, but limited red meat, fat, sweets, and sugar
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sweetened beverages. Althoughprovements in QOL were seen in all groups, they noted that
only the individuals in the DASH diet, the arm of the study withttighest overall quality,
showed significant improvement in multiple QOL subcomponents from pretest baseline
[Change % (SDYodily pain: 9.3 (16.0p < 0.01, vitality: 6.2 (15.0p < 0.05]. In addition, the
DASH group was the only one that had sigaifity better scores than the control condition and
pretest baseline measure on the QOL subcomponent change in health [Change DASD):

5.9 (12.3) vs. controt6.2 (11.1)p < 0.05].This suggested that adherence to the DASH diet
compared to the more tyjgal American diet may be associated with significant improvements

in QOL, regardless of weight classification.

Discussion of Diet Qualitgnd QOLof Adults in the General Population

Inadults, a limited body of research has suggested that better dietityualpositively
associated with higher healttelated QOL Significantly better functioning was noted among
the physical components, with some or less impact on mental componenéd! fetudies
except Bonaccio et a[2013) the largest of the studies Wi an older population, which found
the reverse. However, the relationship of subcomponents of QOL to diet quality may vary with
age and gender. Males were reportamhavelower qualily diets (Gopinath et gl2014, but
not necessarily lower perceived HFOL, which may be dependent on unmeasured
confoundes like level of physical activity or socialization. Notably, Germain et aB)(a(b
reported that>60 min/d exercise was much mestrongly associated with both components of
HRQOL than diet (40xgreater 3 values).

Most of these researchers assessed diet quality using a validated form of the

Mediterranean Dietndex (Bonaccio et al., Germain et &larchez et al), although sora used
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national standards (Germain et al., Gopinath et al.), and anaiheup of researchers used the
DASH index (Plaisted et al.). All of these studies defined agbigjity diet as a pattern that
emphasizes the consumption of vegetables, fruits, whyskens, legumes, nuts, and fish, with
limited intake of meats, althougbome also included moderate intake of alcohol and olive oil,
with limited meats, sweets, and sugaweetened beverages. They assessed dietary intake
based on either FFQs (Bonaccio let @opinath et al.Sarchez et al), diet recalls (Germain et
al.), oractual intake (Plaisted et al.). All of the studies used the Short Form hetdiied QOL
survey, SB6, to assess QOL. Sedport of dietary intake may not reflect actual intakel Al
studies used a priori analysis and found similar results, with Bamatal. (2013) adding the
a posteriori of principl component analysis, which added more nuance from a nutrient
perspective. They suggested the effects seen with a healthier pattern likely appear positively
correlated with antioxidant and fiber intake.

Three studies were prospective trials (Gopinath et@ermain et al.Sarchez et al.),
lasting from 4 to 12 years, suggesting adults may have longitudinal effects from baseline diets.
Only Bonaccio et al. was cressctional. The size varied signifidgramong studies. Two were
relatively largeBonaccicet al. = 16,937) an@archez et al.rf= 11,015). Two were misized:
Germain et al.n{= 3,005) and Gopinath et ah £ 895), while Plaisted et al. was smali(105).
Except for the participants two studies (Plaisted et al.: 45.3 [10.7] ye&é&chezet al.: 38
years), the average participant age of the other studies was at least 50 years. Participants were

from a variety of countries: Australia, France, Italy, Spain, and tited/Sates.
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The one RCT and U.S. study (Plaisted et al., 1999dpbevidence suggesting that the
typical American diet results in low HPOL. compared with a pattern of higher nutrient
density. More longerm cohort and RCTs are needed to determine causation.

See able8, for Overview of Quality of Life and Diet Qmalstudies in Generally Healthy
Adults

Table8. Overview of Quality of Life and Diet Quality Studies in Generally Healthy Adults

. Measures
First Author .
. Diet Assessment . .
Country (year) Population(s) Diet Quality Main Conclusion
Design QOLmeasures
Bonaccio Moli-sani Project 1 FFQ Higher adherence to diet index
Italy (2013) Avg. age (years): 53 (10.8) ¢ MDS/ IMI associated with higher QOL,
~52% female 1 SF36 with greater association to
Crosssectional n=16,937 mental than physical health.
With a posteri analysis,
relationship between QOL and
diet quality appears correlated
to antioxidant and fiber intake.
Darviri Rural Tripoli 1 Modified MDS  Healthier diet significantly
Greece (2012) Adults all ages 1 SRH associated with higher self
56.9%female rated health in multivariate
Crosssectional n=1,519 model, explaining 2.1% of the
model variance.
Ford Rural Pennsylvania 1 DST Selfrated health and limitations
USA (2014) Age (years): 81.5 (4.4) 1 HALex were significantly greater in
57% femée those with unhealthy and
Crosssectional n=4,009 borderline diets. Underweight
and obesity (class Il and Il1)
BMI categories were also
significantly associated with
reduced scoring.
Germain Duration: 12 yrs 1 >324-hour diet Higher diet quality had
France (203) Avg. age (years): 51.4 (4.3) recalls significant association with HR
46.5% female 1 PNNSGS diet QOL, with ayreaterassociation
Prospective n= 3,005 index on physical components,
Crosssectional f SF36 (PCS limited association with mental
andMCS components.
components)
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Table8 (continued)

Measures
First Author Design Diet Assessment Main Conclusion
Country (year) Population(s) Diet Quality
QOL measures
Gopinath Duration: 1 FFQ Higher diet quality
Australia (2014) 5 years 1 Modified prospectively associated with
Age (years)>65+) Australian diet  better HRQOL in older adults.
Crosssectional ~60% female index and the Significanly better physical
n =895 Australian guide functioning, general health,
to healthy eating Vitality, and physical composite
1 SF36 scores.
Sanchez SUN Project 1 FFQ Higher diet quality with
Spain (2012) Duration: 4 yrs 1 MED index improvements over time
Avg age: ~38 yrs 1 SF36 associated with components of
Prospective Cross 57.9% female HRQOL (all physical and some
sectional n= 11,015 mental domains) in a young
adult population.
Plaisted Duration: 11 weeks Food praided: Only the highest diet quality
U.S. (1999) Avg age (years): 45.3(10.7 (i) American diet arm, the DASH diet, significant
45% female (control) improved multiple components
RCT Initial n= 105 (i) American diet + of QOL against the control
Final n= 83 F&V group and from bseline
(iii) DASH diet measures.
SF36

Diet Quality and QOLof Adolescentsin the General Population

EstebanrGonzalo et al. (2@ studied children and adolescents in Spain who were part

2F GKS !t 9 5h2b f2y3IAddzRAYIf aidzRé 2y 524y Qa

years. They examined adherencetihe Mediterranean diet, using the KIDMED instrument, and
HRQOL, usinghe KIDSCREHN instrument, along with the PANAS scale to measure positive
and negative affect. There were cressctional associations between diet quality scores and
QOL and welbeing scores, but no longitudinal associations for either scores. Aseamhildr

showed more signs of puberty, their diet scores, QOL scores, and positive and negative
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affective scores decreased (pftd ¢ ndnnamou® al fS& KIFIR KAIKSNI RA
points. Implicationsvere that diet quality may fluctuate as children pra@zkinto adolescence,
which is associated with QOL.

Muros et al. (2017) recruited adolescents (n = 496, 47.3% &rbatween the age of 11
and 14 years from five public schools in &@&da, Spain, for a crosectional observational
study of the associatiobetween adherence to the Mediterranean diet, using KIDMED, and
HRQOL, using KIDSCREHENHigher diet quality was associated with significantly higher HR
QOL. Adherence to the Madrranean diet and higher BMI contributed about the same amount
of predidive value (~4%) of HQOL, while physical activity contributed nearly three times as
much (~11%) of the variance.

Schnettler et al. (2017) conducted a crasstional observationatudy of 300 twe
parent families with one child aged 10 years or oldeegm age 13.2 (2.3) years, 48.7% female]
Ay ¢8SYdz02s / KAtSd ¢KS& SEIFIYAYSR GKS | 48a20A1 GA
with psychometric properties using the Satisfaotwith LifeScale (SWLS), Satisfaction with
Family Life (SWFal), andi§faction with Fooerelated Life (SWFoL) among the triad. The group
with the highest diet quality had significantly higher satisfaction scores for parents on all scales
(p <0.04) maintained a numberofhealth 3 a2 OA 1 SR 0SKI @A2NRZI tA]1S Y
p<ndnpov 2N WSIH G f Sa®p<0.004)and Bad motherwth didBrénti | dzNJ y { & ¢
OKIF NI} OGSNRadAOCaszr adzOK | a-06 9D gDAORE IR Rornal2z 2 R A Y LI
BMI ( <0.05). The diet quality scores of mothers and adolescents were more highly correlated
in the group with the highest overall diet quality than with those of the fathers to either of the
other two groups. Most families and individualsddiet patterns that required changes or
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were unhealthy, with high intake of ultqarocessed foods; overall, 14.7%, 5.3%, and 11.3% of
mothers, fathers, and children, respectively, had what would be considered healthy diets. This
impliedthat greater dietquality is associated with multiple aspects of greater life satisfaction as
well as correlated with multiple maternal factors, including education and number of family
meals.

Zervaki et al. (2017) conducted a craextional study of 400 urban Greek higineol
students [50.5% F, age 15.8 (1.03) years] to assess the relationship between adherence to a
Mediterranean diet, using the KIDMED index, and®, using the KIDSCREENhstrument.
They found higher diet quality was positively associated with ttdlall HRQOL
subcomponents, except school environment. They reported a significant negative association
between obesity and total HROL, as well as physical weding, peers and social support, and
Fdzi2y2Ye |yR LI NBy(GaQ adsighiicaniReyalvg dsdodiatianK S& | f a
between disordered eating behavior and total H@®L, along with the subcomponents of
psychological webeing, parents and autonomy, and school environmena tinultiple
regression analysis, they also noted a positivaoaation with HRQOL and the number of
family meals as well as a negative association with increasing age.

Bolton et al. (2016) conducted a cressctional study of 1,144 Australian adolescents
[ruraln= 722, 54% F, avg age: 14.55 (1.52) years; urbai22, 40.9% F, avg age: 14.77 (1.51)
years, 19 schools surveyed] to assess whether there was a relationship between diet quality
andQOL Diet quality was assessed by aitdhn questionnaire which determined if their diet
was healthy or unhealthy. QLwasassessed using the Assessment of Quality of Life (AqoL)
Agol-6D Adolescent HROL Survey, validated for Australian adolescents. Results indicated that
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increases in healthy diet scores were significantly associated with increased QOL scores
(p < 0.02), wile increases in unhealthy diet scores were associated with lowered QOL scores
(p < 0.05). Males had higher QOL scores compared with fenale®.01), despite having
comparatively lower quality diets compared to femalps<(0.001). Rural adolescentadh
higher diet quality and higher QOh< 0.001). They also had fewer soft drinks, ate less takeout
food, and tended to eat breakfast more regularly, compared with urban studert®(05).

Costarelli et al. (2@ performed a crossectional study of 39 Greek high school
students [53.7% female, 13.01 (0.5) years, 18.1% with overweight or obesity] to study the
relationship between diet quality, using KIDMED, and}R_, using KIDSCREENTheir
analysis found higher diet quality was positively corretawith all components of HROL. In
their full model, higher diet scorep € 0.000), maternal educatiop € 0.013), and number of
family meals = 0.001) were most highly associated with increased QOL.
Discussion of Diet Qualitgnd QOL oAdolescentsn the GeneralPopulation

A number of studies have examined the overall diet pattern of adolescents (generally
age 1319 years) tdQOL EstebarGonzalo et a2 @019) study was longitudinalyhile all the
others were crossectional. Two werérom Greece (Gstarelli et al., 203; Zervaki et al., 2017),
and one eachwvasfrom Australia (Bolton et al., 2@}, Chile (Schnettler et al., 2017), and Spain
(EstebarGonzalo et al., 2@). Three used a version of the KIDMED instrument (Costerelli et al.
EstebanrGonzdo et al., Zervaki et al.), while the remaining two relied on questionnaires. All
were conducted within the last decade.

Like the adult studies, all observed a positive cemsstional association between diet
quality and QOL. However, sommebtle differerces existed in the results. The one longitudinal
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study by Estebaxsonzalo et al. (2®) found that, unlike adults, diet quality did not
longitudinally predict future QOL since as children aged a couple of years into adolescence,
their positve affective sores decreasedhis suggestshildhood may produce more
fluctuations than adulthood.

There were differences based on gender, physical activity,laand|IBMI. Some
researchers also found that boys had higher diet quality and QOL scdrasadine and fher
entering adolescence. Bolton et al. (B)Tound that boys had higher QOL scores than girls,
despite lower diet quality scores. These findings were similar to a couple of adult studies that
indicated males having lower diet quality buit as negativly associated with QOL as were
females with similar levels of negative diet quality (Darviri et al., 2012; Gopinath et al., 2014).
Zervaski et al. (2017) found that although adolescent girls had similar overall QOL and diet
scores, the physal subcomponenscore was significantly lower than the males (p < 0.001), and
obesity along with disordered eating were negatively associated with overall QOL. However,
they noted that the boys tended to have significantly more vigorous physical acBuitylarly,
Muros et al. (2017) noted that BMI was similar to diet in explaining diet quality, but physical
activity explained nearly three times the variance. This mirrored results found in one adult
study (Germain et al., 2@), which noted that accountig for physicahctivity levels (>60
min/day), was (4.0%) more predictive of QOL scores than diet quality alone.

Two studies took family factors into account (Costarelli et al.328thnettler et al.,

2017). Both found higher diet quality and QOL wassociated withmaternal education and
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In the one study that compared rural to urban students, rgtaldents were eported as
having higher diet and QOL scores (Bolton et al.6R00he sample sizes ranged from 300 to
nearly 800 participants.

The strengths of these studies included the routine use of validated measures. However,
the diet assessment mesares might ha® some limits, as none provided asdepth detail as a
detailed FFQ, 2our dietary recall, or food record might. Still, all these methods were self
reports, which have limits. In addition, none were randomized trials and only one was a
longitudinal stug, lasting only 2 years, which limited its ability to predict causation.

See Tabl®, for anOverview: QOL and Overall Diet Quality Studies in Generally Healthy
Adolescents
Summary of Diet Quality in the General Population QOL

Adherence to higher qualitgiet patterns has been positively associated with-self
reports of healthrelated QOL in generally healthy adolescents and adult populations. Currently,
a limited number of tudies are heterogeneous in demographics, measures, and methods.
Different domainof QOL may be impacted differently and may be dependent on
sociodemographic factors, including familial relations, age, life stage, and gender. More
prospective and randomézl trails are needed.

QOL and Diebf Chronic DiseasPopulations

Numerous studieave shown positive associations between adherence to higher diet
guality and QOL in patients while dealing with illness. However, if the diet is felt to be
restrictive, regardless of healfbromoting effects, it has not always had a pog&tassociation
with QOL.
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Table9. Overview QOL and Overall Diet Quality Studies in Generally Healthy Adolescents

First Author Measures
Country (year) Population(s) Dlet_ Assess_ment Main Conclusion
Diet Quality
Design QOL measures
Bolton Rural: 1 Healthy/ unhealthy  Higher diet quality associated with

Australa (205)

n=72254% female
14.55 (1.52) yrs

diet score based on

10 item questionnaire

increased QOL scores. Males had
higher QOL scores compared with

Crosssectional Urban: 1 AgoL females, even with comparatively
n =422, 40.9% female lower quality diets. Rural students
14.77 (1.51) yrs had higher diet quality and higher
QOL.
Costarelli High schoolers 1 KIDMED Higher QOL significantly and
Greece (2012) n= 359 1 KIDSCREE2Y positively associated with higher die
53.7%Female quality, maternal educatiorand
Crosssectional 13.1 (0.5) years numberof family meals.
EstebanGonzalo 2 years 1 KIDMED MED scores had baseline divtal
Spain (209) n=798 1 KIDSCREEN crosssectional association to QOL
~14 years 1 PANAS and weltbeing scoring. However,
Prospective cohort MED scores at baseline were not
predictive of followup MED scores,
QOL or welbeing scores.
Muros n =456 1 KIDMED High diet quality significantly
Spain (2017) 51.5% female 1 KIDSCREEN associated with higher QOL. Both
11-14 years diet quality and BMI were similar in
Crosssectional predicting QOL, while PA had 3x thi
impact.
Schnetttler n =300 Children and 1 AHEI & questionnaire Participants with higher quality diets
Chile (2017) parent triads 1 SWLS, SWFol, SWFe had higher life satisfaction on all
Children: variables. In families with higher
Crosssectional 48.7% female overall diet scores, diet of mother
13.2 @.3) years and child more closely correlated
10-17 years thanthefattS NDaz 6 KA OF
Zervaki Urban 1 KIDMED MED scores positively associated
Greece (2017) n =400 1 KIDSCREE3% with HRQOL. Obesity and

Crosssectional

50.5% Female
15.8 (1.03) years

disordered eating negatively
correlated with MED and QOL
scores.

Note: QOL: Quality of life; MEBgoL: Assessment of Quality of L iféediterranean diet; AHEI: adapted Healthy
Eating Index; SWLSatisfaction with Lif€&ale; SWFaL: Satisfaction with Family Life; SWFoL: Satisfaction with

Foodrelated Life.
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Higher dietquality and high QOL scord$éumerous studies were found where higher
quality diets were associated with higher QOL. Higher diet quality has been shown to improve
mental and physical functioning QOL subscales in breast cancer survivors (Wakn2@og.
Researchers have correlated higher adherence to diet recommendations for hemodialysis
patients (1= 60) with better outcomes and multiple aspects of QOL (Raimahdb,2006). In
examining a large cohort in an osteoporosis study @470)researches found that greater
adherence to the Mediterranean diet was significantly and positively correlated with higher
QOL scores (particularly the physical component) and reduced incidence of pain, stiffness,
disability, and depression (Veronese &t 2016) Researchers associated adhering to diet
recommendations for outpatients(= 168) with chronic obstructive pulmonary disease (COPD)
with higher QOL (Nguyen et al., 2019).

Restrictive diets and reduced QQiis unclear whether diet promotiorof optimal
health is always positive for QOL. In a systematic review of stutie4) to determine
whether dietary interventions were designed to promote weight loss by reducing energy intake
found little evidence that weight loss diets increased QQits@et al., 2014). These
researchers speculated that restrictive diets may encourage negative feelings instead of
feelings of accomplishment. It is also possible that restrictions may induce nutrient deficiencies
and reduce QOL.

Diet quality and behavial healthissuesSome limited evidence has also suggested that
reduced diet quality may predispose children, adolescents, and adults towards greater
internalizing behaviors, such as depression, anxiety, and attention deficit hyperactivity
disorders (DGAC H n med &t al.h2Q13; Wu et al., 2019).

125



Quality of Life and Diet Quality of Life of Patientgth Celiac Disease

There is no known research on the relationship between adherence to a GFD and
national or other diet quality recommendations (based ond groups)onducted with
individuals who have CeD and quality of llfgriguingly, a Canadian group recently performed
an analysis of QOL in pediatric patients and later analyzed the dietary pattern of the same
population (Mager et al., 2018). Thesesearchers ated that diet quality of children with CeD
as well as younger childreg1(0 years) and no€aucasians had higher diet quality. These were
the same children who were also noted to have higher QOL in this 2018 analysis. However, no
analysis of the associati between diet quality or level of processing and QOL was reported.

Undeastanding how diet quality is associated with QOL among populations with CeD
could be important in making clinical treatment recommendations and providing nutrition
education. It igpossible that higher quality diet may be helpful to improve QOL.

Study Réionale

Nutrient interactions can be complex. Increasinggsearchers are recognizing the
benefits of providing foodbased recommendations, including clearer communication of
nutrition advice to lay people. In recognition of this trend, studies haverm&céwithin the last
5 years) started being published on how individuals with CeD adhere to overall diet quality or
food group recommendations (see Talflabove). Research in thegeral population has
associated diet quality, including level of procagsiwith morbidity and mortality. However,
food availability and food patterns have been known to vary by culture, yet no overall diet

guality research has been conducted with Amans with CeD.
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Adherence to a GFD has been associated with improved@®idividuals with CeD
adherent to the GFD. In generally healthy populations, higher diet quality has been positively
associated with increased QOL, and uftracessing has been reéd to morbidiy and
mortality, which has separately been associated with QOL. No research on the relationship
between diet quality, ultrgorocessingand QOL in a population with CeD has been conducted.

This dissertation explotethe link between diet quiity, ultra-processingand QOL in
adolescents and adults with CeD. Various diet quality indices and diet categorizatiens

used to explore this relationship
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Chapter llI:Methods

The purpose of this chapter is psovide an overview of the study metts. It includes a
description of the specific aims of the study design, recruitment plan, population, funding,
ethical approval, sample data collection and instruments, NHANES data collection and
instruments, and the dta analysis plan.

Overview

The goal bthis study was to explore the eating patterns of a sample of adults (age 18+
years) and teens (age 413 years) with celiac disease (CeD) in terms of diet quality and level of
processing, and its relation to quality life (QOL), if any. All analysissnat secondary data.
Participants provided three 2Hhour dietary recalls, guided by an interviewer either in person or
by phone. In addition, to determine perceived QOL, each participant completed a validated QOL
assesment instrument, the CelQuality of ife (CDQOL) survey for adylésd the CeD
PediatricQuality of Life (CDPQOL) survey for teens. The study sample was compared with a
nationally representative sample of the United StafesS.¥rom the National Healtland
Nutrition Examination Survey (NNES). Healthelated quality of life (HRQOL), diet qualiéyd
level of food processing from NHANES were examined to determine whether findings in the
representative sample had similarities to that of the study sample
Study Design

The researcher perfored a secondary analysis of a creggtional, prospective cohort
study. Participants were told to expect onepearson interview lasting approximately dirs
and two interviews by phone lasting approximately 30 misuéach. The two phone interviews

wereto be unannounced, but at a mutually convenient time and day within 2 weeks after the
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completion of the previously scheduled interview. Thgerson interviews were conducted at
the Irving Institution for Clinical antranslational Research at Columbiavénsity between
March 14 and August 22, 2016.
Recruitment Plan, Inclusion and Exclusion Criteria

Participants were recruited between March and August 2016 through flyers distributed
at the Celiac Disease Center atupabia University Medical Center (Celi@enter) and via email
through the ~5,000 affiliates of the network, a combination of patients and those interested in
information provided by the Celiac Center. Recruitment was targeted for 30 teens (elge 13
years)and 30 adults (age 18 years or oldénclusion criteria included sellentifying as having
CeD diagnosed by duodenal biopsy, having maintained a GFD for at least 1 year, and being at
least age 13 at the date of the initial interview. Participants nektdebe willing to participate
in three interviews over a-inonth period. To adher® practice recommendations within the
U.S for diagnosis, exclusion included anyone who reported not having been diagnosed with
CeD, being seltiagnosed, or diagnosed thugh serology alone. Participants wexiso
excluded if they were not available during the period to conduct the interviews. Teens who
were not yet age 13 years at the time of the initial interviews were also excli8ed.
AppendixA for enroliment formg Teens who completed the study wer&ered a $25 Amazon
gift card. No study compensation was provided to adult participants. When possible, subjects
who were patients of the Celiac Center were scheduled for the initial intervderoitrespond

with an upcoming appointment date at the Celiaen€r.
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Funding

The study was supported by fundifigm( KS t NP @g2aiQa Ly @SadaySyi
Provost Doctoral Dissertation Grant at Teachers College, Columbia University. In addition, the
Irving Institute, where interviews were conducted and the studyffsigere trained to conduct
the 24hour diet recalls, operates with the support of grants from the National Institute of
| S| f(KIK)Radional Center for Advancing Translational Science giabhi#rR000040
provided to Columbia University.
Ethical Approval

Prior to enroliment, written consent and assent were obtained for participants and
parents, as applicable, according to the Institutional Review Bq#riof Columbia University
Medical Cengr and Teachers College (approved on 1/21/2016), per proi&REBAAAQ6529
and consent numbered G&FAAS9018 for adult participants,-BRAS9085 for parental consent
of teens, and GRAAS9084 for assent of adolescent participants.

Secondary data analysis svanitially approved per protocol 1421 by the RBof
Teaches College on 07/11/2019 as exempt, with subsequent approval for continued extended
studied on 11/10/2020(See AppendiA for letters from the RB.)

Sample Data Collection andstruments

Demographics and Medical History

Demographic variables were colledtduring the final interview (time 3) and included:
gender (male/female); ethnicity/race (Hispanic or Latino, White, Black, Asian, or other); highest
level of education compled (less than high school and grade school, high school graduate,

some college4-year college graduate, postgraduate training); interactions with a registered
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dietitian (currently seeing, if yes, how often and how long; if no and have in the past, why did
you stop seeing; if never have, any reason why not); zip code (as proxyi@esmomic
status) along with medical history variables of sedported weight (pounds) and height (feet
and inches), which the researcher used to calculate body mass iB8#¥. (Participants were
asked as part of the eligibility screening the numbkyears since CeD diagnosis.
Quiality of Life Measures
Two validated instruments were used. Adults completed the Celiac Disease Quality of
Life(CDQOLguestionnaire. Adolescemarticipants completed the Celiac Disease Quality of
Life (CDPQORpestionnaie for 13-17 years old. (See Appendiy
Celiac Disease Specific Quality of [ifee CDQOL is a-#6m validated survey
instrument used to assess GspecificQOLfor adults ged 18 years and older) (Dorn et al.,
2010). It captures four main diseaspecific domains including: limitationike,&d L FS St f A YA |
08 UGUKAA RAASIKkeaxdB:FSSREANKAKABYSER o0& KIQGAYy3I GKA
treatment (ike,d L #FKSISE GKSNB NP y20 Sy2daAK OK2A0Sa T2
(like, & feel concerned that my lond SNY KSIF f 0K gAff 6sGored, 8faS OO0 SRE U «
5-point Likert scale and combined, where 100 is the maximum and implies a higher QOL.
The tool underwent a detailed development and validation process (Dorn 0410).
The researchers who developed it first recruited a focus group of adults in-aWpgdrt group
(n = 19) in Westchester County, NY, to qualitatively describe concernh affiected their QOL
relating to living with CeD that would be most respongivéreatment. These concerns were

translated into themesthen questions. Questions were further refined into questions with a

Likert scale by a team of medical professional€@umbia University who specialized in the
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treatment of individuals with CeThese new questions were administered to another group
who had CeD (n £7) drawn from another support group in Suffolk County, & patients
from Columbia University. Furgh refinements occurred after feedback. A third round of
testing and revisioneccurred after administration to individuals from a community €eD
support group in Central Long Island, NY (n = 44). Factor analysis was used to eliminate
guestions which perfaned poorly or did not add substantially predicting the overall score.

Thee2f gLk a F2dzyR (2 0S AYUSNylrtte O2yaraidsSy
alpha. It was validated using a fourth group of participants (n = 387) drawn from the Celiac
Diseae Center and support groups in Central Long IslanggalNiyg with Northern Oio. The
validation process tested construct, convergeatd discriminate validity using a series of
psychometric tools, including a singtem healthrelated QOL (How would you rate your QOL
related to your illness?: 1= poor, 2 = fair, 3 = good, 4 =g@og, 5 = excellent.), the Brief
Symptom Inventory (BSI18), the Sickness Impact Profile (Séagthe IBS quality of life (IBD
QOL)it also used a Visual Analogue Scale (VAS) to rate their abdominal pain. The final tool, a
20-item survey, was foundtbe moderately correlated with each validation tool. The validation
study suggested that a point difference of about 10 points betweerep&tfbverall scoresvas
clinically meaningful.

Celiac Disease Pediatric Specific Quality of Tife.CDPQOL is &item validated
survey instrument used to assess QOL in a population with CeD age 13 to 17 years (Jordan et
al., 2013). It captures four stinct domains including: socidike,d L FSSf o0l R 6KSy 21
GKFG L KFEZS OSft Alka IRABSS A StEN1ZS R ad kB DYy 20 F
FSSt RAFTFSNBYG 6KSyYy L like LI (- 20K B8\ yZNI (i@ 9 g NS0
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is reversescored, on aoint Likert scale, then transformed and combined so that 100 is the
maximum and implies a higher QOL. Studies (Cadenhead et al., 2019) have suggested that a
point difference of about 15 points between partiaipts would be clinically meaningful.

Jordan et al. (2013) used a mwdtep process to develop and validate the tobhe
researchers first recruited focus groups of children living in the New Yestata areaaged 8
to 18 years oldr(= 12), who selfeported CeD and being highly adherent to the GFD (>89%)
who were associated with Cefuipport groups, pediatric gastenterologist and
gastroenterologist, email, and word of mouatho qualitatively describe concerns which
affected their QOL relating to Iing with CeD that would be most responsive to treatment and
appropriate for patients living in the.B.They taperecorded the focus group discussigrieen
transcribed, discussed, and analyzed them by an expert panel. Eventually, they developed two
preliminary instruments yeans one for ages 812 years and another for ages-18. An
additional set of focus groups € 11) were recruited (same as prior means/criteria) to review
these instruments for comprehension, semantiasd applicability. After revisiorfsom this
feedback, a second round of expert review was completed, with further adjustments.

The instrument was tbn evaluated using children throughout the Urs=(181).
Exploratory factor analysis was used to select the items used in the finalrmestta. Principal
axis factoring with a pranax rotation (using a kappa parameter of 4) was used to develop the
model. Only items with eigenvalues greater thhmere selected, where individual itefiactors
had to have loading factors of at least 0.36 tode@sidered for inclusion. Construct validity was
accomplished by finding moderate Pearson correlation ranges betweeinstruments and

several other instruments associated with measuring the assorted concepts the tool hoped to
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incorporate, which includg psychosocial, social, and school functioning dimensions from the
PedsQL (a validated generic QOL instrument),edsas the Physical Health Summary. Reading
level assessment was shown to have a FléGakaid reading grade level of 4.3 for tha3
yearold instrument and 3.4 for the 138 yearold instrument.
Gluten-Free Dietary Adherence

Celiac Dietary Adherence StCDAT.)The CDAT is a validated (Leffler et al., 2009),
7-item selfadministered questionnaire. Each item is measured &maint scale (15) and
covers a range of items associated with greater symptoms or poor adherence, such as
symptoms within thedst 30 dayslike, headaches and low energy), as well as behaviors and
attitudes related to maintaining a GFIké¢, is able tofollow a GFD outside of home, considers
consequences before action, does not consider self a failure, importance to healtbidéatal
gluten exposures, times purposefully consumed gluten in last 4 Wye€ke sum of the total
score will range from 7 t85. Sums greater than 13 indicate poor adherence. (See Appandix
Diet Assessment

Assessment of diet patterns was accomplishetth three separate 24our diet recalls.
An interviewer asked participants to describe in detail everything they ate or dinathie last
24 hours. The first recall was at the initiakperson interview. The remaining two targeted one
unannounced day othe weekend and another during the week via phone interview about
2 weeks apart. At the first meeting, which wasperson, @rticipants were provided with paper
diagrams of commonly consumed foods and drinks that modeled serving sizes, along with a
ruler, to assist in estimating amounts consumed (see AppefdiXhey were asked to keep the

packet at home for the two subsequeadlls.
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The multiplepass method has been previously described and is a validated method for
diet assessment, normally with figteps (Bliss, 2004; Rap@erliff, Ingwersen, Steinfeldt, &
Anand 2004). An additional step was taken to check for unintergleten exposure. Step 1 is
recalling the quick list of foods and drinks consumed within the last 24 hours. Step 2 is probing
for missing foods. Step 3 is recalling the time, occasion, and place where the item was
consumed. Step 4 is providing details onatvwas consumed. Step 5 is reviewing what was
written to check that the recall was correct. Step 6, for this special case, Wwetiln probe for
gluten contaminationfor example Does anyone share that equipment who uses regular wheat
bread?) as well asrand, restaurant names, recipes, and so on to ensure that sources of gluten
were thoroughly explored. Less common glufeee packaged products that were noted by the
participants were reviewed online with the participant and researchers together atitte of
the recall ingredient, nutrient, and/or label information was downloadland attached to the
recall for later analysis.

¢KS NBOFft AYOGSNIBASGA oSN -leMBOHNRSR 2y LI LI
students, including the researcher from Teach€dlege, Columbia Universignd one
supervising researcher, who was an expert in the method. To increase validity, all team
members were trained in the method by a senior member of the Irving Institute at Columbia
Ly A @S NENutitidnUaAit. Thayere then were asked to perform multiple recalls to
increase intefrater reliability. The supervising researcher reviewed reealsoon as
practicably possible to ensure completion and accuracy.

The researcher personally transferred all completed hanttierirecalls into the

Nutrition Data System for Resear®DSR)version 2018 software. Recipes were included,
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where available flan exact product match was not available, the NDSR equivalent was

selected, where availabléiKe, NDSR jam or preserves, ozff | NJ ¢ & & dzo & i A (dzi SR
blueberry preserves, regular). NDSR had a number of glaéenproducts included in the

database as well as generic glutéee products like, flour, pasta, bread, rolls, etc.). Each

product the participants consumed was compared against the nutrient facts of the products
included in the NDSR database, as even formulations of particular bmgsygbave been

different from the item captured in #ta NDSR database. If food choices or brands did not match
GKS SEA&adGAY3 b5{w RIFE{GlIolF&S 62N I fA3dy 6AGK (GKS
label was available, substitutions were madeatmn with ingredients, energgnd

macronutrients vithin 20%, where most where aligned within 10% based on the reported

weight of the productl{ke, a recipe for Tinkyada brown rice spaghetti was developed as there
were no adequate substitutions meetimgiteriat most glutenfree pasta is made from white

rice and/or corn pasta which has a different nutrient profile). This approach was adapted as it is
known that product manufacturers can be 20% off on the nutrient facts label for nutrients, but
generally @& more accurate with mass, which may partially ekptifferences in nutrient

profiles determined with this method (Freuman, 2012). In cases where the label was
unavailablepr a recipe could not be obtained as foodsfrom arestaurant ora¥ NA Soffe,Qa K
substitutions were made by basing ingredientsnfrrecipes taken from NDSR or highly rated
internet cooking siteslike, Allrecipes.com or equivalent sites). Some recipes were created by
combining existing products within the NDSR datab&smeskampe, meal replacement drink

was created using a combitnan of a meal replacement powder, whey protein powgand

water to match nutrient facts). (See Appendifor a listing of substitution$ If a participant
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reported a range of values, the middle numiveais chosenfor example jf a participant said
they ate 810 crackers, then 9 crackers were chosen to be input into NDSR).

It is possible that the estimations provided by participants were faulty due to errors in
recall or poor ability to estimate sizes wolumes. Participants were not always completely
knowledgeable about the ingredients contained in recipes or mixed dishes. Estimates were
made based on reasonable approximations from standard recipes, as provided by NDSR or by
recipes foundn online sies. Another limitation was that there may be sometamces where
F22R | Y2dzyda yR NBOALISA 6SNBE AyidSNLINBG SR G2
underlying cultural assumptions and not being able to actually observe the occasion, the foods
recorded may not necessarily represent the actuald® consumedlike, the actual reality of a
bakery item that the participant consumed may not match with 100% accuracy what was
recorded however, mitigation of drastic differences were likely possibid the 5-step recall
method and food diagrams). Vdiy was increased by separate input of a 10% sample of the
recalls into NDSR by a separate team member and comparing nutrient and food processing
categorization results. Differences in macronutritionasares (total calories, carbohydrates,
proteins, fatsand gluten content) were found to be less than 5% per participant. Differences in
coding for ultraprocessed food categorization were discussed and solved by consensus.

Diet Pattern Assessment

Diet qudity and level of food processing were used to detereneating patterns. Diet
guality was assessed using two a priori diet indexes, the Healthy Eating Index (HEI) and the
alternative Mediterranean Didihdex (AMED). Level of food processing was determirsauy

the NOVA system. Use of an a priori methodwadifor comparison of known diet patterns with
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other health conditions to determine if associations exist. In addition, macronutrients and
micronutrient intakes were assessed based on the U.S. goverrier@atommended Daily
Allowance (RDA) guidance.

Healhy Eating IndeXAs detailed in the most recent validation paper (Reedy et al.,
2018), the Healthy Eating Index was originally designed to assssssummary measure
how well individual diets adhere tthe recommendations provided by the Dietary Guidedine
for Americans (DGA) and to provide a measure of diet quality. To promote consumption of
what should be maintained or corrected for optimal health, the DGAs are based on monitoring
of national food congmption patterns. Researchers are advised to assestddsed on the
version of which aligns with the DGA in effect during the period when theatateollected. In
this case, the HE1015 (HEI), aligns with the 202520 DGA. Like the prior versiotise index
has beerupdatedevery 5 years since 1995 @lyear of its inception). The HEI has been shown
to be valid and reliable by multiple means to ensure that it reflects what it purports, both as an
indication of a diefpromoting health as well as a ditttat reflects the DGA. For instance, the
HEI was shan to have construct validity with high scoring in diets known to be associated with
health andto have reliabilityp & 6 SAy 3 AYGSNylrfte O2yaradasSyd
It breaks down the@mponents of diet into 10 categories that are equally weighted, but for
which subcategory scoring is slightly different: (a) adequacy grofmpgs, vegetables, whole
grains, dairy, proteinandfatty acids and (b) moderation groupsrefined grains, sodium
added sugars, and saturated fats.

The HEI in 2015 also separately sedwomponents that reflectd saturated fat, limited

to <8% of total calories for maximum poing)d added sugar, limited to <10% of total calories
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for maximum points. In assessingethatio of fatty acids, the sum of polyunsaturated and
monounsaturated fats, or healthy fats, is compared with saturated fats, generally considered
unhealthy. This chamgmay better reflect potential morbidities, particularly with regards to
inflammatory onditions and risks to cardiovascular disease. The HEI no longer reflects alcohol
as a separate component as it had in the past, but accounts for the calories consiomed f
alcohol in the total intake. To reflect added nutrition from legumes, beans, atglthat
vegetarians may incorporate as part of their diets, plant proteins have been reallocated in the
index, giving these items a more prominent role in the calcutatio

All values in the indewere adjusted calorically to account for nutrient densityhich
may be an advantage over some other methods. Although the HEI calculation does determine a
single score where the maximum is 100%, with higher scores indicagatpgdietary
adherence, the recommendation is to provide the analysis of adequacypopwation basis by
reviewing subcomponent scores. Each participant was assigned a series of component scores
averaging the 3 days of consumption for each categoryusii KS bl GA 2yt /I yOSN
Simple Method (National Cancer Institute, 2017), aéferred to as the HEI Scoring Algorithm
Method, where the ratio of the sum of food component over all days is compared to the sum of
the energy over those days (seep®mdixD for more detailson the components used

The coding for the algorithm used tietermine the HEI component and aggregate score
was based on the coding providing on the National Cancer Institute website for SAS, but was
modified by the researcher for the use ®tlays of diet recalls and using Stahstead of SAS

(see Appendix E fan example of the Stata coding)
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HEI variables and determinationhere were 13 HEI component® to encourage (total
fruit, whole fruit, total vegetables, greens and beans, whole grains, total protein food, seafood
andplant protein, and fatty acid ratigand 4 that should be moderated (refined grains, sodium,
added sugars, and saturated fat). These values (except variables expressed as percentages) are
all energyadjusted and compared to limits to determine the minimamd maximum scores.
Per the Simpl&lethod algorithm, the sum of the components across multiple days per person,
if availablewere usedprior to energy adjustments and the algorithm (National Cancer
Institute, 2017).

Food group variables came fromtheN&v F22 R FTAf Sa wufriend St SR danH
I NAFofSa OFYS FNBY (KS LydF1S tNRLSNIASaAE ¢240
the HEI components was developed in Stata based on the SAS coding guidance provided to
NDSR users for the HE)10(Regents of the University of Mingeta, 2014), with additional
clarification through email to the current support team to update to the-BE15.(See
AppendixD for a listing of the variables from NSSR and their transformafi@ng to the
limited sample size, for purposes of comparisath QOL, values were divided into tertiles.

Alternate Mediterranean IndextheAlternate Mediterranean Index (AMED) is a
modification to adapt the original Mediterranean Index, as described fmpdpoulou and
colleagues in 2003, to adjust for items ifoad frequency questionnaire used by a North
American population (Fung et al., 2005). Although, as far as the researcher is aware, no formal
validation studies have been performed, the AMED isdknto measure how well individual
eating patterns adhere ta Mediterraneanstyle pattern, which has been associated with

numerous health benefits including lower levels of serum markers of inflammation, better
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endothelial functionand reduced incidencef@ardiovascular disease and related mortality
(Fung et al.2005; Fung et al., 2009). It has been used in numerous other studiedich
adherence has been correlated with better health outcomes, including lower risk of premature
death from cancer, cardvascular diseas@nd all causes (Liese et al., 2014¢nitourages a

diet rich in produce, legumes, nuandfish; moderate alcohgland limited consumption of red
and processed meats. It is scored by allocalipgint based on individual intake reiae to the
median population intake, with values from 0%o Individuals are assigned 1 point in each
category where their average consumption exceeéthe population median consumption of
fruits, vegetables (excluding potatoes), nuts, legumes, wholmgj@ndfish, along with

moderate amounts of alcohol (fermed, between 5g and 15¢g ethanol; males, between 10g and
25g/day), and ratios of monounsaturated to saturated fats. Individuals also retgigeint for
consumption less than the median intakes fed and processed meats. Each participant was
assigned a sees of component scores averaging theid&y values. Most AMED components
were derived from variables from the food group variables f{8se AppendiD for more

detailson components and Appelix E for a sample of the Stata codiyigue to the smallige,

for analyzing the relationship between diet quality and QOL, the group was broken into tertiles
based on scores.

NOVA food processing classification systendzY | ya Kl @S 06SSy¥ aLINROSA
since they first began to cook and store food. Howevethiwithe last century, to both extend
storage time and enhance palatability, food manufacturers industrialized processing inia way
whichtheir methods were no longer replicable to the typicaiie cook. An assortment of

products often synthesized in lakatories, such as flavorings, enzymes, sweeteners, gums,
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hydrocolloids, and emulsifiers, began beimggdregularly to formulate these food product
creationg which are now termedV dzELINWEI O S s 2RMR WLINR RdzOG a4 Q I NB
chemically syntheged items. To count as ulg@arocessed, the motivation for food

manufacturers to add these items has to be primarily for hedonic appeal, not food preservation
(like, to increase tature, palatability, mouth feel, creaminess, color, etc.). These food pteduc
are designed to be convenient arichportantly, highly profitable to the manufacturers.

Although, as far as the researcher is aware, no formal validation studies have been
performed, ultraprocessed food consumption has been linked to a number of advieealth
outcomes, including obesity, cardiovascular disease, cancer, and early mortality (Fiolet et al
2018; Kinet al.,2019; Mendonca et al., 2016; Ri€ampa et al., 2019cBnabel et al., 2019;
Srour et al., 2019). In addition, one recent smak 20) randomized control trial showed that
participants who consumed a mostly ukpaocessed diet compared with a mostly minimally
processed diet ate more than 500 kcal per daingd 2.2 Ibs (1 kg) overall, and gained ~1lbs
(0.4 kg) in fat over a tdayperiodt eventhough the meals were matched for calories, fat,
sugar, sodiumand fiber (Hall et al., 2019). With unclear leiegm health effects, ultra
processed foods now compo#ige majority of calories that Americans consume (Martinez
Steele et al., 206)

The NOVA food processing classification system offers a simplified way of comparing
groups of food based on four levels of processing: (I) minimally or unprocessed foodassuch
fresh milk, fruits, and vegetables; (Il) culinary food ingredients, agdtour, salt, oil, and table
sugar, or things addetthat can be obtained in local markets to enhance the palatability of

foods; (lll) processed foods, the result of combiningugeol and Il, when created outside of a
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home kitchen; and (IV) ultraroces&d foods, which may resemble group Il but were made
with ingredients that cannot be commonly found by combining group | and Il ingredients,
includngitems that might be unrecogmable or of an uncertain identity to anyone other than a
food chemist,such & &yl GdzNF € 2NJ F NOAFAOALIE Fifl @G2NAyAIE
other itemsthat are added for hedonic appeal (Monteiro, 2009).

Classification of NOVA food groups floe sample asdetermined by assigning a group
number representing the pimessing level (1 = minimally processed, 2 = culinary ingredient,
3 = processed, and 4 = uliprocessed) to each individually reported item or recipe ingredient
reported by partigpants using a database created in Microsoft Excel. If items were proveded a
GYAESR RAAKSazZ¢ GKSYy GKS &2dNDS 2F GKS F22R §4
pasta with prepared marinara sauce would contain multiple ingredients. The pasta lpeight
O2Y&aARSNBR AGYAYAYLIff& LINEOS: ap&RsedingleddnNs LI NB R
(like, white rice flour and water)d LIN2 OSa a SRé¢ AT LINB LI NFPrbcesdetl Y Y S ND A
ingredients ljke, brown rice flour and water)2 NJ G-uizicesddé A T LINB LI NSR g A (K
processed ingredientsqr example white riceflour, brown rice flour, corn flour, quinoa flour,
mono and diglyceridasultra-processed ingredients). Similarly, the entirety of the marinara
sauca containing tomatoes, onions,lpand spicecsw2 dzf R 0S O2yYaARSNBR daYAy
LINEOSaaSRé ATILRBLINBROSEAKRYSAT LINBWUNSR | d |
Al Ffaz2 O2yildFAySR a42YSUKAY3I fA1S KAIK FNHzOG2 a
LIN2 OS & a $4ll the iBgdisnts had been listed to replicate the nutrition facts.
Catgyorization was meant to align with the NOVA coding as assigned to NHANES participants

during an earlier analysis by Martin8teele et al. (2016), which formed the basis of the
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comparison group. Where questions arose as to the classification of an itemmesiearcher
consulted with Dr. Martine&teele for confirmation of coding decisiorisach day of

LJ- NI A OA LJ a6iis€ddo deterrimnz&verage consumption by food categoiirgtwhere
the amounts were then used to determine the percent of energy aags in calories and
grams (See Appendik for examples of NOVA group coding decisions and App&ridrx
correspondence regarding questions with Dr. Martir@teele)

AmericanNutrient Recommendations

The Institute of Medicine (I0OM) of the Nationata&lemy of Sciences, Engineeriagd
Medicine uses the latest research evidence to provide guidandestdry reference intakes
(DRIs) for 40 substances, including maaral micronutrients, for persons without nutrient or
metabolic abnormalities, termedenerally healthyThese DRIs assist in assessing nutrient
adequacy of the population, research, andd@ebased diet guidance, among many activities.
Where applicable, six measures are provided by age, gender, and lactation status: (a) the
estimated averag requirements (EAR); (b) the recommended daily allowance (RDA); (c) the
adequate intake values (Alusedif the RDA had not been established; (d) the tolerable upper
intake level (UL); (e) the acceptable macronutrient distribution (AMDR); and (f) tmeatst]
energy requirement (EER¥yee Appendi® for more details and tablek.

Nutrient values for indiidual foods that the sample consumed were calculated using
the NDSR system and its underlying database (Schakel, Buzzard, & Gel9aujlt
Comparisonsgainst the DRI®r the samplewere performed irStata

Variables downloaded from the NDSR nutrient intake file for purposes of determining

measuring the amounts, as well as comparing to the DRIs to determine potential deficits or
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excessegncluded thefollowing: total calories (kcal), total protein (g), whichdetermine
I RKSNBYyOS (2 G4KS 9!'w ¢la RAGARSR o0& GKS LI NIA
kg), total carbohydrates (g,) total dietary fiber (g), total fatty acid (%kcal), lirextedo(g) which
wasthe percent of total energgalculated calcium (mg), iron (mg), magnesium (mg),
phosphorus (mg), potassium (mg), sodium (mg), zinc (mg), copper (mg), manganese (mg),
selenium (mcg), total vitamin A (mcgetinal equivalents), vitamin Eofal alpha tocopheral
mg), vitamin C (mg), thiaminvitamin B1 (mg), riboflavn vitamin B2 (mg)niacin equivalents
(mg), vitamin B6 (mg), vitamin B12 (mcg), choline (mg), vitamiphiglloquinone (mcg)and
dietary folate equivalents (mcg).

For purpose®f determining evidence of deficits or exces&lfableswere also
downloaded (Office of Dietary Supplements, 2019) based on values fro@khecbmparing
the participanfi ¥alues to determine whether they met either the recommended daily
allowance (RDA)r adequate intake (Al) if an RDA value was not availelleeeded the
tolerable upper level (UL), oragwithin the acceptable macronutrient distribution ranges
(AMDR), as applicable. Values for the following values were obtained: calcium (mg) (DA), ir
(mg) (RDA), magnesium (mg) (RDA), phosphorus (mg), ({Bidégsium (mg) (Al), sodium (mg)
(Al), zinc (mg) (RDA), copper (mcg) (RDA), manganese (mg) (Al), selenium (mcg) (RDA), vitamin
A (mcg) (RDA), vitamin D (mcg) (RDA), vitamin C (mg) (RDA), vitaimg)ERDA), vitamin B2
(mg) (RDA), vitamin B3 (mg) (RDAamMIin B6 (mg) (RDA), vitamin B12 (mcg) (RDA), choline
(mg) (Al), vitamin K (mcg) (Al), folate (mcg) (RDA), protein (g) (RDA), carbohydrates (g) (RDA),
dietary fiber (g) (Al), linoleic fatty acfd) (Al), linolenic fatty acid (g) (Al), min total fedtyids

(% kcal) (AMDR), max total fatty acids (% kcal) (AMDR), min linoleic acids (% kcal) (AMDR), max
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linoleic acids (% kcal) (AMDR), min linolenic acids (% kcal) (AMDR), max linolenic acidls (% kcal
(AMDR), min carbohydrates (% kcal) (AMDR), max carbatepdi% kcal) (AMDR), min protein
(% kcal) (AMDR), max protein (% kcal) (AMDR), vitamin A (mcg) (UL), vitamin C (mg) (UL),
vitamin D (mcg) (UL), vitamin E (mg) (UL), niacin (mg) (UL), vitamin B&J{hgolate (mcg)
(UL), choline (g) (UL), calcium (rfidl.), calcium (mg) (UL), copper (mcg) (UL), calcium (mg)
(EAR), carbohydrates (g) (EAR), protein (g/kg) (EAR), vitamin A (mcg) (EAR), vitamin C (mg)
(EAR), vitamin D (mcg) (EAR), vitamin E (mg),(E#dnin B1 (mg) (EAR), vitamin B2 (mg)
(EAR), vitamin®B(mg) (EAR), vitamin B6 (mg) (EAR), folate (mcg) (EAR), vitamin B12 (mcg)
(EAR), iron (mg) (EAR), magnesium (mg) (EAR), phosphorus (mg) (EAR), selenium (mcg) (EAR),
and zinc (mcg) (EARJalues wez averaged over the available days off#ur recalls.
NHANES Data Collection and Instruments

Understanding NHANES

The National Health and Examination Survey (NHANES)asstically complex
designed nationally representative series of surveys of ti&dihce the 1960s. NHANES is a
program run through the Btional Center for Health Statistid8SCHS)which is part of th&CDC
The current version interviews approximately 5,000 participant and 15 casnper year,
releasing results i@-year cycles. NANES combines results frpfinst, an inperson home
interview, then physical examination which includes serologyMbhile ExaminationCenter
(MEC) and finally followmup phone interviews. The dietary survey in NHANES, What Wa Eat
America One (WWE)JAwvas completed as part of an onigg joint project between U.S.
Department of Health and Human Services (DHHS) and the U.S. Department of Agriculture

(USDA), and with the final results managed by the Food Surveys Research Group, which is part
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of the USDAOne of the two 24our diet recdls per participant was conducted in tihEC and

the second was conducted on a roansecutive day, at the time of the phone follayg; in

both casesthe Automated Multiple Pass Method (AMPM) was used to collect dietnmdtion.

The interviews were conaiied by trained staff interviewers fluent in English and Spanish. Each
participant is provided with measuring guides to help quantify foods and provided with
additional measuring guides for use at home for the foHgpvinterviews. Records from the
AMPM sgtem were imported into a food coding and management system developed by the
USDA, Survey Net, which aligned with the WWEIA database. Foods that did not align with the
WWEIA database were further researched by the foodrdist from the Food Surveys

Reseach Group. Additional information on products were added using a combination of data
from online searches, contact with manufacturess food levels. Various integrity checks are
built into the system and are regularlguiewed to ensure reliability andalidity. Modifications

are regularly made to ensure that the nutrients match the description as reported by the
participant.

For purposes of thidissertation participant data on dietary intakeewve taken from the
NHANES data sets (20a214), which encompass three cycles (22020, 20112012, and
20132014). To determine group values for all calculations, population survey weights were
applied. Weightingised the day 1 dietary weight, whialowed for the analysis t@roject the
results in a way that would be probabilistically proportionate with the larger sample (based on
age, gender, race/ethnicity) to the U.S. noninstitutionalized population. Most participants had
two days of recalls availableut a slightly greagr number only completed one day of recalls.

Normally, the day 1 weights are only applied to values collected on the first day. However,
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using one day of diet recalls may have skewed the results in unintended v@aysstance,
people dten eat differentlyon weekdays versus weekends, or perhaps the person attended a
special occasion on one of the days of recall. Because the purpose of the weightings is to
account for the proportionality of the population (not their diet patterns), tygig day 2
weights tave only been used to apply to only the portion of NHANES participants who had two
days of data. The nutrition researchers at the National Cancer Institute examined the impact of
the weights and determined that averaging two days ofib; when availablebut using the
day 1 survey weights would reduce errors, especially with a large dataset. This might have been
problematic for purposes of thdissertation becausa number of participants were classified
as having CeD who only hadeodiet recall. Thisrould have meant excluding them from the
analysis. According to the National Cancer Institute method (Herrick, Rossen, RP&rSmu,
2018), to account for both the probability of selection and adjust for the days of the week
where recallswere represenéd or when data vere only collected from a subset of the total
survey participant®nthe MEC dietary survey, it is acceptable for dietary day 1 weights to be
used regardless of whethet or 2days of dietary recalls are available. Hmar, the reliabiliy
of the results may depend on the number included in the sample who are missing days.
Therefore, this approach may improve the actual estimate of what the population was
consuming with some limitations.
Datasetsirom NHANES

Data fromNHANES used to addethe aims of this thesis were assessed from the
NHANES 200@ n M1 0 G Cé -HAMAE SGDEH OMMMME 0 D Gl ¥ R O O & 0
for public use on th&l\CHS website. Demographic data included demographic variables and
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sample variance weight®EMO_F, DEMO_G, DEMQ (H)estionnaire datancludedmedical

conditions (MCQ_F, MCQ_G, MCQ_H). Examination data included information from the body
measures files (BMXx, BMX_G, BMX_H), the laboratory data fiissue transglutaminase

assay (IgATGrndIgA endomyseal antibody assay (IgA EMA) (TGEMA_F, TGEMA_G,

TGEMA _H), and the questionnaire data from the current health status files (HSQ_F, HSQ_G,
HSQ_H). Dietary tlwere taken from multiple sources. In each year, each participant could

potentially hawe had two dietary interviews (individual foods files) in NHANES, which would be
recorded in the dietary interview day 1 files (DR1IFF_F, DR1IFF_G, DR1IFF_H), &l day 2
(DR2IFF_F, DR2IFF_G, DR2IFF_H); these were also indirectly used as the &&s\u th

classification system, but were provided by MartinezSteelefully coded as summaries for

each day and participant by level of processing. Derived from timaeidual food files, each

year also had two total nutrient intake files (a summaryday of each nutrient a participant
consumed)the first day files (DR1TOT_F, DR1TOT_G, DR1TOT_H), and the second day files
(DR2TOT_F, DR2TOT_G, DR2TOThddp were2 Y LI NBR gAGK (GKS al YLX SQ3
the Dietary Guidelines and also against thetalg reference intakes to determine evidence of

deficiency or excess. In addition, downloaded from the Food Patterns Equivalents Database

(FPED) website managed by th8DA 4 C2 2R { dzZNBSeéa wSaSlk NOK DNZdz
converted foods and beverages anappropriate serving sizesas reported for each participant

in NHANES which aligned with the 37 8DAFood Patterns componentsas day 1 files (FPED

DR1TOT 0910 sasHIPDRITOT 1112 sas, FPED_DRIBX4 sas) and day 2 files (FPED

DR2TOT_0910_sas, FPERTIR 1112 saBPED DR2TOI314 sas). Dietary data for food

groups and nutrient information were opened, cleaned (based on criteria discussed below), and
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merged and anverted to a file compatible with Stata, usitige SAS, University Edition, where
extraneous variables or records not meeting criteria were deleted. All other files were imported
directly into Stata.

The following description details how the dat@retransformed to address the aims of
this study.
Celiac Status Indicators

The NHANES surveyralically adds questions to capture different health aspects of
the population. The 2002014 cycles added two questions pertaining to CeD in the surveys
under the malical conditions files (MCQ): (1) Has a doctor or other health professional ever
told youthat you have celiac disease, also called spruge (MCQO082) variablend (2) Are
you on a gluterfree dieta the (MCQO86) variable. In addition, the participante@d® years
or older were also tested for the presence of IgA antibodies in their sefuiasue
transglutaminase (IgAT'G) and for IgA endomysial antibodies (IgA EMA), where results can be
found under the laboratory section in the (TGEMA) file. Partidpavere classified as CeD
Diagnosis GFD if they answered that they had been informédheir condition by a medical
doctor and also separately answered that they adhered to a GFD, regardless of serology results.
Participants were classified as havingWNCeD Serology & No GFD if their serology was positive
[both IgAtTG>4.0 U/ml (LBXTT@ariable, and IgA EMA (LBXEMA) variable were positive] and
they had not been made aware of a medical diagnosis. Otherwise, participants were labeled

Everyone Else Without CeD.
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Demographicvariables

Data from the demographic database vwerombined firstdr all three cycles. The
following variables were used from the demographic datageespondent sequence number
(SEQN) was used to match participant records with other variables in other data sets. Gender
(RIAGENDR) was set to femalenade. All other pdicipants based on age in months at exam
(RODAGEEX) were included for purposes of standard errors if they were aged 2 years or older.
However, only those who were aged-13 years were included in the teens group, while those
who were agd 18 years or okl were considered adults. However, some determinations were
based on different age classifications based on the NHANES instructions or other indications.
Race/ethnicity (RIDRETH1) was defined as Mexican American, Other Hispasticsfsoit
White, NonHispanic Black and Other, including mudthnic. There were two sets of education
levels. For children and youth aged-18 years (DMDEDUC3), values were transformed to
<= §h grade, 6h-8th grade, $h-12th grade, completed high school/GE. For adults age20
years +, the education levels (DMDEDUC3) were transformedhayr&de, $h-11th grade,
KAIK aO0OK22f kD952 | aa 2 Gukdr colegeigradi&icdoNBotekMagtalr S 02 € f
status (age 20+ years) (DMDMARTL) was transformethtded/living wih partner or not.
Ratio of family income to poverty (INDFMPIR) was kept as it was. The variable masked variance
pseudastratum (SDMSTRA) was used to estimate variance in the model. Demographic
variables were used as independent variabtethe model measting the relationship between

eating patterns and QOL.
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ExaminationData

The body measures file was used to procure the variables body mass indexX)(kg/m
(BMXBMI) and, where available (262012, 20122014), body mass index (BMI) categtuoy
children/adolescents. All BMI determinations for adults were based as follows: underweight:
BMI <18.5 kg/y, normal weight: BMI between 1824.9 kg/nt, overweight: BMI between 25
29.9 kg/n*, obesity: BMI 30 kg/Aor higher. For participants up to ad®, when the categry
was not specified, the CDC conversion chart was used to determine BMI categories based on
gender, ageand zscore determination, where generally, categorizations for underweight BMI
were less than theth percentile, normal BMI was between théhs85th percentile,
overweight BMI was between the 8595th percentile, and obese BMI wast@9ercentile or
over (NCH$2004).
Dietary Variables

Food group records and variablé&riables from the Food Patterns Equivalents
Database (FPED) for day 1 (DR1)dmd2 (DR2) were used for most of the components of the
HEIl and AMED. The remainder of the varialleses from the nutrient intake files from
NHANES. The component and total scores were used to develop mean and interquartile ranges
which were compared with KS & YL SQ&a @l tdzSad ¢KS G241 f RAS
percent of ultraprocessed foods were used independent variables in the model measuring
the relationship between eating patterns and QOL.

HEI variables and determinatioHEI was determineds previously discussed for the

sample.Per the Simple Method algorithm, the sum of the components aamdsiple days per

person, if available, prior to energy adjustments and the algorithm (National Cancer Institute,

152



2017).(Details of the variables artheir transformations are provided in the Appen@x For

purposes of examining the relationship witloQ, HEI total scores were further categorized into

three groups based on scoringigh: 860100, Medium: 6679, Low: €59. Medium diet quality

wasalsO2y 38ARSNBR GaY2RSNI GS>¢ oKAES t2¢6 RASG |jdz €
AMED variables and determinatioAMED was determined as previously discussed for

the sample(Details of the variables and their transformations are prodide AppendiD.) For

purposes of examining the relationship with QOL, AMED total scores were further categorized

into three groups based on scorirtgigh: 69, Medium: 35.9, Low: €2.9.Medium diet quality

gra ta2 O2yaARSNBR @X¢2RERI ®S5H¢ O2KANARSNBER RAR
NOVA system variableEhree datasets were provided by MartinezSteele

corresponding with each of the three NHANES cycles. Her group used the dietary interview files

to determine the level of processing for each food fack participant in every cyebased on

energy (kcal) and mass (grams). Amounts from for each participant were provided for each day

and then collapsed into the average, for day 1 and day 2, or day 1 if only one day was available,

which ultimately resultedn two sets of four variabke(one in kcal and one in grams) for each

cycle (a) the percent of minimally processed foods, (b) the percent of processed culinary

ingredients, (c) the percent of processed foods, and (d) the percent ofpuiteessed foods.
Although levels of ultrgorocessed foods in a couple of prior studies have been

associated with adverse health conditions, there has yet to be established an amount in an

American population. So, for purposes of examining the relationship with QOL vieofe

ultra-processing wasrdy further divided into quintiles for NHANES.
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Nutrient variablesAn assortment of nutrient intake files variableasincluded from
each of the two days in each cycle of NHANES from the respective files (DR1TOT, DR2TOT).
Resmpndent sequence number (SEQMs usedo match with other files. As previously
discussed, the variable from this file, dietary weight for day 1 (WTDRD1), was used to
determine the amount of weighor S OK LI NO A OA LI yiQa @I fdsSa Ay R
medians. Other nutrient variablescluded: energy (kcal) (TKCAifere before applying to
HE|] was divided by 1,000; total saturated fatty acids (g) (TSFAT); sodium (mg) (TSODI); total
monounsaturated fatty acid (g) (MFAT); total polyunsaturated fatty &) (TPFAT); protein (g)
(TPRQ); carbohydrates (g) (TCARB); dietary fiber (g) (TFIBE); linoleic acid (octadecadienoic) ()
(TP182); linolenic acid (octadecatrienoic) (g) (TP183); calcium (mg) (TCALC); iron (mg) (TIRON);
magnesium (mg) (TMAGN); phosphi(mg) (TPHOS); potassium (Mi@YQTA); zinc (mQ)
(TZINC); selenium (mg) (TSELE); vitamin A (RAE, mcg) (TVARAE \(afphatocopherol)
(mg) (TATOA); vitamin D (D2 + D3) (mcg) (TVD); vitamin C (mg) (TVC); thiamin (mg) (TVB1);
riboflavin(mg) (TVB2);iacin (mg) (TNIAC); vitamireBmg) (TVB6); vitamin-B2 (mcg)
(TVB12); choline (mg) (TCHL); vitamin K (mcg) (TVK); and folate (DFE, mcg) (TFDFE). All other
variables were excluded. These variables were used to develop mean and interquatrtile
distributionranges as well asto compare agai t G KS al YLX SQa @I f dzSazx | €
recommended values.

For purposes of determining evidence of deficits or excess, the s&falides were
used as previously discussed.

DietaryData ExclusionsRecords were deemed urirable because quantities may hav

been considered atypical, unable to be accurately measured, or other resmwhsowere
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excluded. Iparticipants were considered pregnant at the time of the exam (RIDEXPRG) from
the demographic file, the interviewerdlinot consider the recall provideto meet the
minimum qualifications for reliability (DRSTZ) or was a breastfed infant (DRABF) from the
nutrient intake files, they were excluded. Participants were also excluded from the analysis if
they did not have at last one day of valid diet recall.
Quality of Life Measure for NHANES
TheOCY2yAG2NAR (GKS yIFidA2yQa KSIFEGK Ay | 4a2ND¢
has incorporated a measure of healtblated quality of life (HRQOL), which is meant to
capture multple dimensions of QOL in a valied way (CDC, 2000). For purposes of this study,
2yS QOIftARFGSR 1jdzSadAz2y ¢l & dzaSR G2 YIS GKI G
KSFf K Aa SEOSttSyi(r OSNEB 3I22R> SkReddingthe A NE 2
household questionaire interview (possibly by proxy for children) (HUQ®1&Yailable on the
demographic file and during the mobile examination interview (HSD@18yailable on the
current health status file (HSQ). If the values wavailable on the current health statuief
then the HSDO010 variable was usetherwise, the HUQO010 variable was used. It possible that
a proxy would have answered differently than the individual. Individuals who were missing a
QOL value were excludeain the analysis of diet patterns and Q®or purposes of analyzing
the relationship of QOL with eating patterns, QOL variables were condensed into three
categories: High excellent to very good, Mediumgood, or Low fair to poor.

SeeTablelOfor a list ofMeasuredJsed inAnalysis.
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Tablel0. Measures Used in Analysis

Sample NHANES
Measure Type Teens Adults Teens  Adults

Demographic Measures Assorted Vv \% \% \%
Dietary Intake 24-hour recall 3 3 2 2
Dietary Measures HEI Vv \% \% \%
AMED \% \ \ V
NOVA \% \ \ V
Nutrients Vv \Y \% \

Quiality of Life Measures CDPQOL \% N/A N/A N/A

CDQOL N/A \% N/A N/A
HRQOL \Y; \Y;

Adherence to the GFD CDAT Vv \ N/A N/A

Note: See Appendi® for full details of variables used.

Data Analysis

Dietary intake data of the sampleerereviewed when ollected by the senior

researcher. For NHANES data, validation checks of diet data were Raatieipants were only
included if they were at least age 13 years old, not pregnant, had at least onecad and
the recall(s) were considered reliable the interviewers Participants were also excluded who
reported average energy intake compared with the population that were either below the
lowest 1% (female: 62&cal or males: 914 kcal) or greateati?2.5 standard deviations above
the mean,the highest99% (female: 3,598cal or males: 5,40/cal) to reduce outliers and
increase data normalityror purposes of calculating standard errors, however, where

applicable, the entire dataset, excluding tleosho had unreliable diet recalls, were used.

Statistical Analysis

Statistical calculationor componentswvere performed using a combination of SAS,

College Edition, Stata, version 16 (College Station, TX) and Microsoft Excel, M&r3on
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(RedmondWA). All statisticalanalysis wre done in Stataln allcases of statistical analysis, the
significance levelas alphaof 0.05.Testing was done for normality, skewness, homogeneity
versus heterogeneity of the data, with statistical adjustments made as appropriate.
Comparisons of numerical values were donenggitests, using-tests of unequal variances,
whereapplicable to compare meandnstead of using cldquare tests, due to the small
number of participants in many groups, comparison of categorical values was performed using
C A a K S NI a (d& Fobntil saripf ifefhere applicablethe researchedetermined the
interquartile range of values, perforaad a count of the population with scores below the cut
point, and determina the proportion with suboptimal scores.

Analysis of covariance (ANCOWA} used to determinevhether there were
differences between the sample and QOL scoring. Both QOL variables for the sample, CDQOL
for adults and CDPQOL for teens, were the continuous dependent variables. The diet quality
scores, HEI and AMED, as well asuhtra-processed fod percentages (% calories and %
grams), were divided into three groups (tertiles) as the first independent variables in each
model. Thereafter, models were created which also controlled for gender, age, years since
diagnosis with Ce[BMI, and adherence tthe GFD, using the CDAT, with the final model
incorporating all variable®©nly thoseconfoundershat significantly impacted the models were
included in the final resultd his resulted in 80 models being presented for each groug: on
dependent variabldor eachof the fiveCeDspecific componerst [Study Adults: Dysphoria,
Limitations, Health Concerns, Treatment, or Overall; Study Teens: Social, Uncertainty, Isolation,

Limitation, or Overallland for independent variableéseachdiet measure(HEI, AMED, ub-
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processed (%kcal), or ultprocessed (% gransdivided into tertiles]at baselingandthen
those same diet measuresth potential confoundergstated abové.

For NHANES (adults and teersyurvey weightedrdinal logistic reg¥ssion (using the
ologit command in STATA) was used to determine whether there were differences between
diet quality, level of processingnd QOL. In NHANES, the dependent variable, QOL, was
categorical and ordered. Ordered logistic regression modelsggraze that the diierences
between the groups have direction (higher or lower rarkj the differences within a category
may not necessarily be lineand are important (Woodward, 201 Qften regression analysis
has been performed using linear regressiavhich assumedat the values of the dependent
variable are ordered continuously, using set intervals with known differences. For instance, the
difference between 1, 3and 5 is a set quantity of two. With categorical variables, like the self
reported health-related QOLscoresone can assign a number to different categories in a similar
way, such as 1 = poor quality, 3 = raehge qualityand 5 = high quality. However, it would be
unknown if the difference between poor and midnge quality was the sagras the differene
between midrange and high quality. In addition, using numbers may also misinterpret the
relationship between these categories. For instance, different results may occur if values were
instead 10 = poor quality, 30 = midnge qualityand 50 = highestuglity, or even if values
were 5 = poor quality to 1 = high quality, simply because the scale changed but the underlying
relationshipsdid not. Ordinal regression takes into consideration both the fact that categories
have a relative ordecompared with oher categories, and that the exact amount of the
difference remains unknown. The results do not change based on the numeric labeling of the

categories because results are presented as being relative to other categories. This method
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produces outcomes whickhan be shown using odds ratios of being in a higher QOL category
based on a given category of diet quality or level of yttracessing. Here, comparisons were
made assuming the lowest diet quality atine highest amount of ultrgorocesse food
consumptionwere the referenced groupdhe general model used wag:=i Ewherey*
represents the outcomes, represents a vector of coefficients, ardepresents a matrix of
independent variablesThis general formula represents the probabibifyoutcomei occurring:

Pr(outcome =i) = Pr(®ita <1 1xqj +1 oXoj + -+« # 1+ Uj SF),
where ¢j.1represents the cut points, or thresholds, for the number of possible outcomes in
these models. Here, there were three possible outconfggexcellat/very good health,
(2)good health, and3)fair/poor health.

To eliminate confounding which was different from multicollinearity of results
between diet quality and level of ultgarocessing, while still allowing an adequate participant
count for analysis, diet quality was divided into categories known to be associated with health
outcomes (HEI: low = scores <60%,-naidge = scores 609%, high = scores 80%+; AMED:
low = 33, midrange = 46, high = P). Ultraprocessing levels were dividettd quintilest as
the levels associated with poor health outcomes in an American population were unclear.
Healthrelated QOL was also condensed to three categories from five (High = ExceWeny or
Good, Good, Low = Fair Boor) to allow for adequate nubrers forcomparison in each
subcategorylike, teens with high AMED scores and high levels of ydtexessed foods).

The initial models useHRQOL as the dependent variable, with diet qualliEl or
AMED)r level of ultraprocessed foodé% kcal or %ergms)asthe independent variable based

on age group (adult or teems the baselineAn intermediate model was created that also
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adjusted for age, agequared, household income to poverty ratio, ethnicity/raBd/]|, level of
education (adults), and marital stat@adultsx where variables were eliminated if they did not
significantly contribute to the model. Final models included the intermediate modeiahles,
plus the combinations dévels ofdiet quality and ultraprocessings independent variables,
with levels of HRQOL as the dependent variabldss resulted i total of16 models foreach
groupbeing shownQOL as the dependent variable forchanodel, then as independent
variables each diet measurgHEI, AMED, ultrprocessed (%kcal), or ultg@ocesse (%
grams} divided as discussed above] at baseline, and then those same diet measures with
potential confounders (stated above).
Specific Aims
1. To evaluate eating patterns in a sample of adults and teens with(&el30) by
describing
1.1.diet quality as asessed by
1.1.1the Healthy Eating Index015 (HEI); and
1.1.2the Alternate Mediterranean Diet Index (AMED);
1.2.level of food processing as assessed by the NOVA classification system; and
1.3. macronutrient and micronutrient content in relation to U.S. DRI.
All values arelerived from multiple 24our diet recalls.
2. To compareeating patterns of a sample of adults ate#ns with CeD to three
adzodANRdzLJA 2F bl !'b9{ o6dabl ! b9o{ -J0d201F1RR dzLJA € L O

201314):
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2.1.those who seleported a diagnosis of CeD aadherence to a GFReported CeD
Diagnosis & GFD)
2.2.those with serology indicative of untreated B&vho adhered to a regular gluten
containing dietNew CeD Serology & GFD); and
2.3.all other participants, regardless of diet, who did not have serology inseafi
untreatedCeD (Everyone Else Without CeD).
3. To examine and compare the relationships betweating patterns, in terms of diet
guality, as measured by HEI and AMED or level of-ptmaessing, an@OL in:
3.1. a sample of adults and teens with C&RudyAdults & Study Teensind
3.2.adults and teens in NHANBSHANES adults, NHANES teens).
QOL was assed in our sample by the CDQOL for adults and the CDPQOL for teens.
QOL in the NHANES samples was assessed using a generaRe&skd QOL tool
(HRQOL).
Hypotheses associated withdlstudy aims:
1. Eating patterns would need improvement among gample.
1.1. Diet quality would be suboptimal:
1.1.1. A large proportion (i.e 375%) of the sample will have suboptimal diet
quality scores.
1.1.1.1HEI scores will be below 8@®wzi 2F wmnn o6a/ ¢ 3IANI RS
1.1.1.2AMED scores will below 6 out of 9 (moderate or lower).
1.1.2. A majaity (i.e.,>50%) will have a high proportion (>20% energy/ >10%

mass) of ultrgprocessed foods (NOVA).
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1.2. Nutrient consumption would need improvement

1.2.1.A majority(i.e.,>50%) would have low consumption of carbohydrates,
fiber, certain Bvitamins {or exampeg, folate, riboflavin and B12),
calcium, magnesium, zinc, iron, selenium and polyunsaturated fat

1.2.2.A majority (i.e.250%) would high consumption of total lipidsiturated
fat, and added sugars.

2. Similarities and differences with NHANES:
2.1.Theresearche E LISOG SR GKIFd GKS 2SNttt RASG LI
patterns would not differ significantly from that of the NHANES subgroups,

Reported CeD Diagnosis &GF

2.1.1.Therewillbey 2 RAFFSNBYOS 06SisSSy (KS I Y LJ

Qx

the NHANES subgroup®eported CeD Diagnosis & GFD;

2.1.2.Therewillbey 2 RAFFSNBYOS 06SG4SSy GKS I Y LI

Qx

of the NHANES subgroypeported CeD Diagnosis & GFD;
2.1.3.There will beno difference between the amount aiitra-processed foods
that the sample consumes and those of the NHANES subgroups
Reported CeD Diagnosis & Gabd
2.1.4.There will beno difference between the proportion of the sample with
potential nutrient defciencies or excess, or unfavorable mean amounts

and those of the NHANES subgroupsported CeD Diagnosis & GFD.
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2.2. The researcheexpected that the sample will have a significantly lower nutrient
profile compared with the two NHANES subgroups, New CeDoggr&INo GFD,
and Everyone Else Without CeD
2.2.1.Thesample will havéower HEI scores compared with the two NHANES
subgroups, New CeD Serology & No GFD, and Everyone Else Without CeD;
2.2.2.The sample wilhave lower AMED scores compared with the two NHANES
subgroyps, New CeD Serology & No GFD, and EveryongVilsaut CeD;
2.2.3.The sample wiltonsume a greater amount of ult@ocessed food compared
with the two NHANES subgroups, New CeD Serology & No GFD, and Everyone
Else Without Celsnd
2.2.4.The sample will hava greater number of potential nutrient deficiencies o
excess, or unfavorable mean amounts compared with the two NHANES
subgroups, New CeD Serology & No GFD, and Everyone Else Without CeD
3. Associations will be shown between eating patterns and QOL
3.1.In the sample CeDBspecific QOL would be positively associated with diet quality
scores (HEI and AMED) and negatively associated with the intake of ultra
processed foods. These associations were expected to remain significant after
controlling for age, gedter, educatim, BM|, years since CeD diagngsisd
adherence to the GFD.
3.2.1n the NHANES subgroups, the researcher expected overall QOL would be
positively associated with diet quality scores (HEI, AMED) and negatively

associated with the intake of ultqparocessed food. These associations were
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expected to remain significant after controlling for age, @geared, gender,
education (adults), percent of income to poverBMI|, ethnicity/race, marital
status(adults) where confounders would be removed froimet model if rot

shown to be significant.
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Chapter IVResults

Overview
The purpose of this chapter is to present the findings of the study. Quantitative results
of the sample and the comparison group atewn.
Characteristics of the Participants
In this study, 80 paicipants with celiac disease (CeD) were interviewed between March
14 and August 22, 20180 of the participants were teens and 50 were adults. Figure 4 shows a
breakdown by enrollment as recruited.

Figured. Flow of Study Padipants

Initiad email; 37316
Follow-up emails: 3/23/26
& 61316 teens anly

1

Contact
~B000 affiliates of the Celiac
Digease Canlar

2 4

123 Imteresied &

] approached .
—| B ineligible Adults (78 Adults, 45 Teens) 15 Ineligible Teens -
-| E Mo blogsy ] | 11 Mo biopsy |-' {
—=|  2other aligibility | 1 other eligibility .
. 20 did not sthedule 3 did not schedule i
initial appeintment 80 Envolled imitial appaintmeant
L 1
50 Sample Adults 30 samiple Teens
|42 females, § maleg) |24 females, b males)
=3 wisits) (~3 wislts)
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In addition, a comparison group, representing a nationafresentative sample of the
U.S.non-institutionalized population, was obtained by selecting threge2r cycles of the
National Health and Nutrition Examination Sur¢fy1ANE}P Thesecycles included the 2009
2010 cycler{= 10,253)the 2011-2012 cyclgn = 9,338), andhe 20132014 cycler{=9,813).
Ultimately, 18,157 participants were eligiblef,which2,304 were teens and 15,853 were adult.
(See Figure 5 for a flow of these paipiants)

Figure5. Flow of NHANES Three Suhgss in Adults and Teens

n=10,253 n=%9338 n=94813
NHAMES cycle MHAMNES cycle NHAMES cycle
2009-2010 2010-2011 2012-2013
n=9623 n=8389 n=8531
Dropped n = 630 without | |Dropped n = 949 without Dropped n = 1,282 without
reliable diet recalls reliable diet recalls reliable diet recalls

| ——————— n = 8,386 |

Ineligible
Total NHANES: n = 18,157
Represents n = 244,984,046
* n= 24,863 population used
for standard error estimates
Represents n = 295,005,379
|

Dropped: n = 1,501
Under age 2
(measures validated for 2+ years)

h J

All NHANES Adults ["A")
Age 18+ years, n = 15,853
Represents: n = 224,897 508

Represents: m = 533,171
Reported CeD Diagnosis & GFD
[19 females, & males]
Represents: m = 1,203,231
New CeD Serology & No GFD
[26 females, 25 males]

A3 Suberoun: n = 15777
Represents: n = 233,161,106
Everyone Else Without CeD
[8,009 female, 7,768 males]

All NHANES Teens (“T)
Age 13-17 years, n = 2,304
Represents: n = 20,086,539
Represents: n = 18,815
Reported CeD Diagnosis & GFD
[ 1 female**, O males]
Represents: 90,707
New CeD Serology & No GFD
[5 females, 2 males**]
Represents: n= 19,977,016
Everyone Else Without CeD
[1,115 females, 1,181 males]

Dropped: n=179
Pregnant or breastfed
(diet atypical)

Excluded:* n = 6,187
Younger than age 13 years

Excluded:® n =519
Average Energy Consumed
<1% or = 99% of population
by sex
[or within 2.5 standard deviations)
914 keal < Males < 5,401 kcal
623 keal = Fernales < 3,598 keal

Note. NHANESNational Health and Nutrition Examination Survey; CeD: celiac disekBglutenfree diet.
*Population used to determine standard error vatu@nly) include the total population with whom the measures
were deemed to be valid and reliable, which incladbose aged 2.3 years as well as those whose dietary
consumptionwasin the lowest 1% or highest 99%r within 2.5 standard deviations of theean)of the average
population average consumption.

** Statisti@l analysisvasnot calculated on these subgroups due to small sample(size5).
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Demographic Results

The study participants were broken into multiple groups. The study sample had the
Study Adults (women & men) and Study Teens (girls & boys). The adiNtsANES were
broken into(a) A1 SubgroupReportedCeD Diagnosis & GFD (women & mén))A2 Subgroup:
New CeD Serology & No GFD (women & men){(@nal3 Subgroup: Everyone Else WithoeDC
(women & men). The teens in NHANES were broken(@)tblParicipant ReportedCeD
Diagnosis & GFDrily 1girl); (b) T2 Subgroup: New CeD Serology & No GFD (gt &
boys); andc) T3 Subgroup: Everyone Else Without CeD (girls & Hoysdse®f small sample
size (1< 5), only means and no othstatistics were showfsee Figure §.

Comparisons between the sample and NHANES subgrdtgighting was applied to
NHANES data to allow the results to be representative of the American population in

accordance with the L5.Census. These tables are pretmehseparately for adults and teens.

Adult Population Descriptions

Most Study Adults were middiaged, norHispanic White, highly educated, female,
with normal weight BMI and good to excellent QObares,and were most similar to the
NHANES A1l Subgroupeported CeD Diagnosis & GFD). The Study AduitS®) had an
average age of 50.7 (SD: 17.8) years. Most were femal&2 (84%). Many had normal BMI,
= 35 (70%). A fewm= 10 (20%), had an oveeight BMI, om = 3 (6%) obesity. Most were highly
eduated with at least college degreeas= 34 (68%). Of the minoritp,= 12 (24%), who had
only attained a high school diploma or some college, most were in the age range of a college
undergraduate (<2%ears). Nearly all identified as nétispanic Whiten =47 (94%). They
reported having the diagnosis of CeD for an averadel.7 (SD: 10.8) years. Their average
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Figure6. Comparison Groups by Data Source, Age, CeD Status aderGen

Study NHANES
n=80 n=18,577
CeD Diagnosis Prior CeD New CeD Serology & Everyone Else Without
& GFD Diagnosis & GFD No GFD CeD
Study Adults NHAMES Al Subgroup MNHAMES A2 Subgroup NHAMES A3 Subgroup
™ n=50 n=25 m=51 n=15777 -
v
o
= Women Women Wamen Wamen
E n=42(84.0%) n=19(77.2%) n =26 (40.5%) n = 8,009 (50.9%)
Men hen Men Men
™ n=8(16.0%) > n=6(32.8%) —* n =25 (59.5%) n=7768 [49.1%)
N Study Teens MHAMES T1 Particip | | MNHANESTZ Subgroup | | NHANEST3 Subgroup [¥—
n=30 n=1 n=7 n=2296
(]
=
w v
E Girls Gir Girls Girls
n =42 (80.0%) n=1{100%) n =5 (65.5%) n=1,115 {51.7%)]
Boys vy By Boys
n=8(20.0%) 1 (D8] n=2(355 n=1,181 (48.3%)

Note. CeD = Celiac Disease. NHANES = National Health and Nutrition Examination Survey. GREe dieten
*Statistical analysiwas notcalculated on these subgroups due to small sample size (n < 5)

CDQOL score was 74.1 (SD: 14.2). Thiswgaestve ofequivalent scores using a general
HRQOL scoring of very good to excellent 19 (38%), good far=15 (30%), fair fon=7
(14%), and poor fan =9 (18%)Compared with the NHANES A1l SubgrdrgpprtedCeD
Diagnosis & GFI}) = 25, represntingn = 533,171)the Study Adults were demographically
similar, except more reported poor QOlthe lowest rating. Compared with the NHANES A2
Subgroup (New CeD Serology & No GRBp1, representing n = 1,203,231he Study Adults
were less racial/efinically diverse, older (by almost a decade), more likely to be fernats

college degreehadless incidence of overweight BMI, and reporfgabr QOL. Compared with
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the NHANES A3 Subgroup (Everyone Else Without(@ellp,777, represemgn =
223,161,106),the Study Adults were older (by about 4 years), had less ethnically/racially
diversity,weremore likely femalehada college degredjadless incidence of overweight or
obesity, andeported poor QOL(See Table Iifor details)

AdultdemographistakeawaysThe Study Adults were most similar to the NHANES Al
Subgroup ReportedCeDDiagnosis &FD) and were likely to identify as femaled Non-
HispanidWhite, have normal BMI, and be college graduates. They had tst dissimilarities
with the NHANES A3 Subgroup (Everyone Else Without CeD), which were a more racially
diverse, gendebalanced group with less educatiand more categorized in the overweight
and obesity categories. QOL was mostly ranked good to ertéallall groups. However, the
Sudy Adults had a significantly greater percefQOL scores in the lowest categories as
compared with NHANES.

See Table1, for Summary Statistics of the Study Adults and NHAWWESD Status

TeenPopulation Description

The Study Teens were mostly etdeens, norHispanic White, female, with a high
proportion reporting normal BMI categorization and somewhat high QOL scores, which,
compared with the NHANES groups, was less ethnically/racial diverse, old&vitamess
incidence of overweight and obiég. The Study Teens (n = 30) had an average age of nearly 16
years [15.7 (SD: 1.5) years]. Most Study Teens were femal24 (80%). Most had normal BMI
categorizationn = 28 (93%), and the remainder were undeight,n = 2 (7%). Most were in

high schol, n =22 (73%), and nearly all identified as fdispanic Whiten = 29 (97%). On
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average, the diagnosis of CeD was reported as occurring 6 (SD: 4.6) years prior. The mean

CDPQOL survey score was 70 (SD: Tth& .was

Tablell Summary Statistics of thetudy Adultand NHANES by CeD Status

Adults (18+ years)

Study Adults NHAMNES
. . Al Subgroup A2 Subgroup A3 Subgroup
CeD Diagnosis
PP Reported CeD MNew CeD Serology Everyone Else
Diagnosis B GFD B No GFD Without CeD
n =50 n =25  pvalue n =51 g-walue n =15777 p-valus
Agein years, mean (50) 50.7 (17 .8} 56.7 (4.0) n= 39.6 [2.6) *** 46.5 [D.4) ***
Fermnale gender n (%) 42.0 (B4.0%) 189 (77.2%) ns 26 [40.5%) *** B009 (50.9%) ***
Body Maossindex n (%)
Underweight 2.0 (8.0%) 1{1.5%) ns 2(1.1%) ns 285 (1.7%) ns
Marmal 35.0 (70.0%) 14 [61.6%) ns 20 (39.5%) ** 4612 (30.2%) ***
Owerweight 10.0 (20.0%) 3(11.5%) ns 15 (45.4%) * 4989 (32.3%) ns
Obesity 3.0 [6.0%) 7 (25.4%) ns 14 (14.0%) ns 5730 (35.8%) ***
Total 50.0 (100.0%) 25 (100.0%) 51 (100.0%) 15616 (100.0%)
Education attained n (%]
< High schoal 4.0 [B.0%) 2(3.5%) ns 4 (4.B%) ns 3554 (16.4%) ns
HS grad / Some college 12.0 (24.0%) 13 (40.3%) ns 23 [46.4%) * 7794 (53.9%) ***
College graduate + 34.0 (6E.0%) 10 (56.2%) ns 20 [48.8%) ns 3566 (29.7%) ***
Total 50.0(100.0%) 25 (100.0%) 47 (100.0%) 14914 (100.0%)
Rocedethnicity n (%)
Mon-Hispanic White 47.0 (94.0%) 19 (93.5%) ns 36 (B7.5%) ns GE1E (66.7%) ***
All other ethnicities races 3.0 [6.0%) 6 (6.5%) ns 15 (12.6%) ns B957 (33.3%) ***
Total 50.0(100.0%) 25 (100.0%) 51 (100.0%) 15775 (100.0%)
Years since CeD disgnosis, mean (50) 11.7 (10.8)
Cuality of Life Ratings
CDOOL overall score, mean (S0} 74.1(14.2)
CODOL —=00L scoring equivalency
Excellent (30 -100) 5.0 (10.0%)
Very good (80 -90) 14.0 (28.0%)
Good (70 -80) 15.0 (30.0%)
Fair (60 - 70} 7.0 (14.0%)
Poor < &60) 9.0 (18.0%)
Total 50.0 (100.0%)
NHANES HR-QOL n (%)
Excellent 4 [13.8%) ns 12 (31.3%) * 1520 (11.1%) ns
Very good B [49.6%) n=s 14 [35.4%) ns 4252 (32.3%) ns
Good T(25.3%) ns 18 [26.4%) ns 6339 (3B.B%) ns
Fair 5[10.6%) n=s 6 (6.2%) ns 3082 (15.2%) ns
Poor 1[0.7%) * 1[0.6%) *** LEZ [2.7%) ***
Total 25 (100.0%) 51 [100.0%) 15775 (100.0%)

Note. CeD: Celiac disease. NHANES National Health and Nutrition Examination Survey. CDQOL: CelspeCifssasality
of Life. HRQOL: Hedh-Related Quality of Life survey. SD: stard deviation. fests used to determine the difference
between continuous variables. Fisher's exact test used for categorical comparisons. Comparison agaiAsutudg = not

significant. * p < 0.05. ** g 0.01. *** p < 0.001.
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suggestive of equalent score using a general heat#lated QOL of very good to excellent.
Compared with the teens in NHANES T2 Subgroup (New CeD Serology & No FD), (
representing =90,707), the Study Teens were lessratially/racially diverse, older, and more
likely to be in high school. Compared with the NHANES T3 Subgroup (Everyone Else Without
CeD) 1l = 2296, representing 19,977,016), the Study Teens were less ethnically/racially diverse,
more likely to be female, der, or in high school, with fewer havingeyweight or obesity and
more reporting poor QOL scores. (See Table 1&@omnmary Statistics of tigudy Teensand
NHANE®y CeD Status

Teen demographics takeawayhe Study Teens were most similar to tANES T1
Subgroup (Reported CeD Diagnosis/kDy they were mostly female, nearly age 16 years, with
normal BMI, in high school, with good or better QOL scores. The Study Teens differed most
from the general population teens, NHANES T3 Subgroup (EveBysm&Vithout CeD), which
was gendeibalancedyounger, more likely to be in middle school, more ethnically/racially
diverse, and having more with overweight or obesity. Although QOL among all teens was
mostly considered high and comparable, the Study Teassompared with the NHANES T3
Subgroup (Ewgone Else Without CeD), had a significantly greater percent in the lowest QOL
grouping. Small sample sizes may limit the ability to detect significant differences, especially

with the NHANES subgroups with CeD
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Tablel2. Summary @&tistics of theSudy Teensand NHANES by CeD Status

Teens (13- 17 years)

Study Teens NHAMES
CeD Diagnosis Tl Participant” T2 Subgroup 13 Subgroup
& GFD Reported CeD New CeD serology Everyone Else
Diagnosis B GFD B Mo GFD Without CeD
n =30 n =1 wa n =7 pvalue n =2296 p-value
Agein years, mean [50) 15.7(1.5) 16.0 (0.0} N/A 14.5(0.4) * 15.0(0.1) ***
Female gender n [%) 24 [BD.0%) 1(100.0%) N/A 5 [65.5%) ns 1115 (51.7%) **
Body Mass index n (%)
Underweight 2 [6.7%) 0 (0.0%) NSA 1(5.5%) ns GB(2.2%) ns
Normal 28(93.3%)  1(100.0%) N/A 5({91.0%) ns 1390 (63.3%) ***
Overweight 0 (0.0%) 0 (0.0%) N/A 1(3.4%) ns 369 (14.5%) *
Obesity 0(0.0%) 0 (0.0%) N/A 0 (0.0%) ns 460 (20.0%) **
Total 30(100.0%) 1 (100.0%) 7 (100.0%) 2277 (100.0%)
Education attained n (%)
< Middle School 0 (0.0%) 0 (0.0%) N/A 0 (0.0%) ns 13 (0.6%) ***
Middle school (grades 6-8) 7(23.3%) 0 (0.0%) NfA 6 (98.4%) *** 1054 (44.8%) *
High school (grades - 12) 22(73.3%)  1(100.0%) N/A 1(1.6%) *** 1204 (53.7%) *
Some college 1(2.3%) O [D.0%) N/A 0(0.0%) *** 25 (1.0%) ns
Total 30(100.0%) 1 (100.0%) 7 (100.0%) 2296 (100.0%)
Racefethnicity n (%)
Non-Hispanic White 29(96.7%)  1(100.0%) N/A 1(42.3%) === 623 (56.4%) ***
All other ethnicities/ races 1(3.3%) 0 (0.0%) N/A 6(57.7%) *** 1673 (43.6%) ***
Total 30(100.0%) 1 (100.0%) 7 (100.0%) 2296 (100.0%)
Years since CeD diagnosis, mean [50) G (4.6}
Quality of Life Ratings
COPOOL overall score, mean (S0} 70 (14.9)
COPQOL —= Q0L scoring equivalency
Excellent (85 -100) 7(23.3%) :
Very good (70 - B5) B(26.7%)
Good (55 - 70) 12 (40.0%)
Fair (40 - 55) 1(3.3%)
Poor (<40} 2 (6.7%)
Total 30 (100.0%) :
NHANES HR-QOL n {%)
Excellent 0 (0.0%) N/A 0(0.0%) ns 352 (16.4%) ns
Very good 1(100.0%) N/A 2 [55.0%) ns BO2 (3B.9%) ns
Good O (0.0%) NSA 4 (43.4%) ns B57(33.5%) ns
Fair 0 (0.0%) N/A 1(1.6%) ns 254 (10.1%) ns
Poor O (0.0%) NSA 0 (0.0%) ns 31(1.1%) *
Total 1 (100.0%) 7 (100.0%) 2296 (100.0%)

Note. CeD: Celiac disease. NHANES: National Health and Nutrition Examination( BiMeans shown, but no statistical

analysis due to small sample siZd®PQOL: Celiac Disease PedigpaxificQuality of Life. HRQOL: HealtiRelated Quality of
Life survey. SD: standard deviatiorte$ts used to determine the difference between continuous variables. Feshract test
used for categorical comparisons. Comparison against Study Teens. ndgnifioast.

*p < 0.05. * p < 0.01. ** p < 0.001.
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Results Presented by Research Aims

Three primary aims guided this research:

1. to describe what the Study Teens and Study Adults were eating in terms of diet
quality and level of foogrocessing, as wedk nutrients, to determine whether
there were issues of concern;

2. to compare results to a nationally representative sample to determine the
generalizability of the findings; and

3. to compare diet quality and level of ult@rocessing to QOL to determineaif
relationship existed.

To reduce redundancy in table displays, results for the Study Teens and Study Aidulisare
displayed alongside those of the nationally representative samples, the NHANES comparisons,

whichwas Aim 2, where possihlevithout necessarily specifying Aim 2.

Diet Measure Results

Diet QualityResultsas Measured by the Healthy Eating Index

Aim 1.1.1To evaluate eating patterns in a sample of adults and teens with(iCeB0)
by measuring diet quality as assessed by the Healthpdeatdex 2015.

This section discusses the results of measuring diet quality using the Healthy Eating
Index2015 (HE])whichcontains 13 subcomponentsine adequacy components are meant to
be encouragedtotal vegetables, greersndbeans, total fruit, vinole fruit, whole grains, milk
anddairy, total protein foods, seafooandplant proteins, and the fatty acid ratio

(monounsaturated and polyunsaturated fatty acids to saturated fattijgls) and four
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moderation components are meant to be limitegsbdium,refined grains, added sugar, and
saturated fatty acidsHigher scores are considered favoralilae maximum score is 100
however, higherscores have been clinically associated with healtltonrtes where, broadly,
scores 8a100%were considered good (wherA = 96100%, B = 889%), 6679%were
considered needing improvement (where C =788, D = 669%) and <60%as considered
FIAEAY3IT Iy aCé¢ AN RSO

AssociatedHEIHypothesesncluded:

1. Eating patterns would need improvement among the sample:

Hypothesisl.1.1.1. A large proportion (i.e., >75%) of the sample will have suboptimal
RASG ljdzrft Ade aoO2NBad | 9L aoO2NBa wgAff 0SS o0St2s

NHANESomparion hypotheses associated with this study aim are:

2. Similarities and differencegith NHANES

| LR IKSAAE HOMOMD CKSNBE gAff 06S y2 RATFTFSNS
of the NHANESubgroupReportedCeD Diagnosis & GFD (adults)

Hypothesis 2.2.1The sample will have lower HEI scores compared thétwo
NHANES subgrospNew CeD Serology & No GFD, and Everyone Else Without CeD
Healthy Eating Index Results for the Adults

Study Adults HEI scoring highligh@szerall, the Study Adults had HEI dietlity scores
that fell primarily in the C to D categorie®r moderate scangt whichwas suboptimal scoring
andneeded improvement especially men. Areas of most concern included total fruit (men),
fatty acid ratio, sodiumand saturated fats. Their diet quality was generally better than those in

NHANESyith the most similaity to the A1Subgroup Reported CeD Diagnosis & GFD
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HEI diet quality for the Study Adul@®verall, the Study AduBiE| score was 68.3% out
of 100 wheremostscoredd S (i 6 S Sdd & (€ansidered suboptimybind were most
similar to the NHANES Al Sulgw Reported CeD Diagnosis & GBBd significantly better
than the others in NHANESmong the 13 components of the H&X componentshad
favorablyhigh scoes. These included four adequacy components: greens and beans, whole
fruit, total protein foods and seafood and plant proteins, suggesting high consumption. These
also included tw moderation componentwith favorably high scas refined grains and added
sugars, suggesting low consumption. The fatty acid ratio, a moderation component composed
of the ratio of monounsaturated and polyunsaturated fats to saturated fat, wdavoraby
low, suggesting higbaturated fat relative to the others. Sodium and saturated fats
components, both moderation components, were ailsdavorablylow, suggestindnigh
consumption.Compared with the NHANES A1l Subgroup (Reported CeD Diagnosis &a&FD)
Study Adults had similar HEI diet quality, with higher favorable scoring in a few components
(favorable consumption of greemsdbeans, whole grains, and total proteindds and refined
grains), but unfavorably lower scoring in saturated fat (unfavoralger consumption).
Compared with the NHANES A2 Subgroup (New CeD Serology & No GFD) as well as the NHANES
A3 Subgroup (Everyone Else Without CeD), the Study Adultsgmaficantly and qualitatively
KAIKSNI 1 9L RASG | dzl £ Aféillngcategary. Yn2 Stidy AdSIts scoredy (1 2 (i K
favorably higher on most components in comparison to these two groups, but unfavorably
lower scoringwith saturated fat.There were also some gender differencedthin the Study
Group as well as between the NHANIEBgroupswhere men had fewer componeniis which

they were doing wejldong withan inability to determine significant differences based on
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smaller sample sizes foralStudy Adult merSeeTable B, Healthy Eating Index Comparison of
Study Adults and NHANES by CeD Statarsg withFigures 78, and 11whichshow
comparisondy gender(SeeTables 5 and 5% in AppendixB for more genderspecificdetail.)
Healthy Eatirg Index Results fothe Teens

Stuly Teens HEI scoring highligi@szerall, the Study Teens had HEI scores needing
improvement, particularly the boys. Concerning components included the fatty acid ratio,
sodium, and saturated fats. Boys did especially goevhere most components were critically
low. The Study Teens hadliet that was significantly and qualitatively better than the NHANES
New CeD Serology & No GFD as well as Everyone Else Without CeD.

HEI diet quality for the Study Teei®verall, the Stdy Teens scored 63.8% out 100,
GKSNBE Y2aid ao02 NBRI KSdaEsthGhat it ds ivds ndt jfsRsulfoptimal, but
a significant proportion had failing scores and urgently needed to improve thejrydietvere
significantly better than the othersomparison subgroups in NHANHS8e Study Teens only
scored favoraly high in three of the 13 components, two adequacy components, whole grains,
total protein foods indicating high consumption, and one moderation component, refined
graing indicating favoraly low consumption. The Studgens could improve on many
components, particularly the fatty acid ratio, sodiurand saturated fat. Boys also scored poorly
on total vegetables, greerandbeans, total fruit, whole fruit, and seafoahd plant protein.
Noth 6f 83X GKS o62ea | gSNI IS & 02 NP ponts bweptiadthes: = |y 0
girlsat 65.9%, suggesting a critical need for improvement. Compared with the NHANES T2

Subgroup (New CeD Serology & No GFD) as well as the NHANES T3 Subgroup @seryo

Without CeD), the Study Teen®ke significantly and quatitively better. The Study Teens had
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Tablel3. Healthy Eating Index Comparison of Study Adults and NHANES by CeD Status

Adults [age 18+ years)

Study Adults NHANES
) ) Al Subgroup A2 Subgroup A3 Subgroup
CeD Diagnosis Reported CeD New CeD Serology Everyone Else
EGFD Diagnosis & GFD B No GFD Without CeD
n =50 n =25 n =51 n =15777
Component [Range)* mean [IGR] mean [IQR] g-value  mean [IOR] p-value mean [IGR] p-vilie
Adequacy
1. Total Vegetables [0 - 5) 3.7 [2.5, 5.0) 3.8[2.2, 5.0] ns 3.2 [2.0, 5.0] ns 3.3[2.1,5.0] *
2. Greens & Beans [0 - 5) 4.1[4.0, 5.0] 2.4[0.0, 5.0) *** 1.2 (0.0, 2.0] *** 1.9 [0.0, 4.9] ***
3. Total Fruit [0 - 5) 3.3 (2.4, 5.0) 3.8(2.4, 5.0] ns 2.1[0.1,3.5) *** 2.4[0.2,4.8] **
4. Whole Fruit [0 - 5) 4.0([2.7, 5.0) 3.8(2.0, 5.0] ns 2.5 [0.3, 5.0] *** 2.5 [0.0, 5.0] ***
5. Whole Grains (0 -10) 6.7 [4.1, 10.0) 2.7[0.0,4.6) *** 2.7[0.0,3.9] *** 2.9[0.0, 4.8) ***
&. Milk & Dairy (0-10) 6.0 [3.6, 8.3] 6.3[2.9, 10.0] ns 6.9(5.2,9.4] ns 5.5 [3.1,8.2] ns
7. Total Protein Foods [0 - 5) 4.9 [5.0, 5.0) 4.6[4.2, 5.0) ** 4.3[2.7,5.0) *** 4.5[4.2,5.0] **
8. Seafood & Plant Proteins (0 - 5) 4.0 (2.0, 5.0) 3.8[2.8, 5.0] ns 2.6 [0.3,5.0] *** 2.8[0.2,5.0] ***
9. Fatty Acid Ratio (0 -10) 5.6[2.4,8.7] 6.1[3.3, 10.0] ns 3.2[1.1,4.7] *** 5.0([2.2,8.0] ns
[PUFA +MUFA)/SFA
Moderation
10. Sodium [0-10) 4.42.2,6.1) 3.7[1.2, 6.7] ns 4.4[1.4,6.4] ns 3.9 (0.7, 6.4] ns
11. Refined Grains (0-10)  9.8[10.0, 10.0) 2.8[8.1,10.0] * 6.7[4.2,9.5) *** 6.2[3.6,9.8) ***
12. Added Sugar [0-10) 8.0 [6.9, 10.0] 8.2[8.2, 9.1) ns 7.1[6.4,8.5) ns 6.8[4.7,9.9) **
13, Saturated Fatty Acids  (0-10) 3.8[1.4,6.1) 7.2 (4.6, 10.0] *** 5.3[3.6,8.3] * 6.2[3.9,9.1] ***
Total HEI Score (0- 100) 68.3[61.3,74.7] 65.0[57.5,77.7] ns  52.3[42.2,62.0] ***  54.0[44.2,63.3] ***

Note. NHANES = National Health and NuatnitExamination Survey. CeD = celiac disease. PUFA = polyunsaturated fatty acids. MUFA = monounsaturated fatty acids. SFA =
saturated fatty acidg(1) Higher scores represent higher diet quality. Comparison ag8iusly Adults. Test values: *p < 0.05. ¥ < 0.01. ***p < 0.001. ns = not significant.
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Figure7. Healthy Eating Index Mean Component Scores by Percent Maximum Target Comparison of Study Adults and NHANES by
CeD Status iWomen
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Figure8. Healthy Eating IndeMean Component Scordxyy Percent Maximum Target Comparison of Study Adults and NHANES
by CeD Status in Men
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higher scoring on many components exctdpty had unfavorably lower saturated fat scoring.
See Table4for the overall scoring results, as well as FigureB09and 11 for comparisois by
gender (SeeTables 3 and58in Appendix B for more gendeapecific detail.)
HEI Overall Results Summary

TKS 1 9L RASG ljdzr €t AGe& F2NJ GKS &l YLIX S | @SNF 3 €
suboptimat SEOSLII F2NJ 6KS o02ea Ay (KS {giadzReor ¢ SSyazx
scoring), indicating a need for urgent improvement. Adults had better scorest¢lems, and
females had better scores than males. The areas where the sample did the best overall included
total protein and refined grains. The Study Teens aldowll with whole grains. In addition,
the Study Adults did well with greens and beans, wtil#, seafood and plant protein, and
added sugar. The components most consistently needing improvement were saturated fatty
acids, sodium, and the fatty acidti@ The teens, particularly boys, had numerous areas
needing improvement. Relative to NHAN&®, sample had favorably higher scoring overall
with the whole grains, total protein, and refined grains components, but unfavorably lower
saturated fat scoresThey were most similar to the group who Reported CeD Diagnosis & GFD
(adults).See Table 15 anFigure 11.

See Table 15, Summary of HEI Components by Score Level for Study Adults and Study
Teens Relative to NHANES, as well as Figufeahiparison of Mean and Interquartile Ranges

of HEI Total Scores for the Sample and NHANES by Gender and CseD Statu
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Tablel4. Healthy Eating Index Comparison of the Study Teens and NHANES byt@eD Sta

Teens (13-17 years)

Study Teens MHANES
{ED;;‘:T;EEIE Reported CeD Mew CeD Serology Everyone Else
Diagnosis & GFD B No GFD Without CeD
n=30 1=1 n=7 n=2296
Component [Range)* mean [ICR] nean [I0R mean [IOR] p-walue mean [OR] g-value
Adequacy
1. Total Vegetables [0 - 5) 3.0[1.5, 4.0) 2.0 N/A 2.2[0.7,2.8] ns 24[1.4,35) *
2. Greens & Beans [0 - 5) 2.9(0.0, 5.0] 8 NjA 0.4 [0.0,0.0] ** 1.2 (0.0, 2.1] ***
3. Total Fruit [0 - 5) 2.9(1.5, 5.0 1N 2.7[0.9,3.8] ns 2.3[0.2,47] *
4. Whole Fruit [0 - 5) 3.7 [2.5, 5.0 3.9(1.7,5.0] ns 2.2 (0.0, 5.0] ***
5. Whole Grains (0-10) 8.5([6.7, 10.0) 1.0 N2 34[1.2,8.0] ** 2.4[0.0,2.7] ***
&. Milk & Dairy [0-10) 5.9 (5.0, 9.1] £.9(6.5, 10.0) ns 7.0 (4.7, 10.0] ns
7. Total Protein Foods [0 - 5) 4.5[4.5, 5.0 5.0 NJA 3.2[2.3,3.8] ** 4.1[3.4,5.0) ***
8. Seafood & Plant Proteins (0 - 5) 3.3[1.6, 5.0 0.8[0.0,1.2] ** 2.0 [0.0,4.5] ***
9. Fatty Acid Ratio (0 -10) 3.5[0.4, 5.4 1.5 b 2.5[0.0,4.7) ns 4.2[1.3,6.8] ns
(PUFA +MUFA)/SFA

Moderation
10. Sodium [0-10) 4.4[0.1, 7.2] 3.4 [0.2,5.0) ns 4.0[1.1,6.3) ns
11. Refined Grains (0 -10) 9.5[9.7, 10.0) 1.0 NJA 4.1[0.5, 6.6] ** 4.8[1.7,7.6] ***
12. Added Sugar [0-10) 7.4 (6.3, B.9] 7.5 NJA 7.8 (7.0, 10.0) ns 5.5 (3.1, B.1] ***
13. Saturated Fatty Acids (0 -10) 3.4[0.0, 5.4 1.4 NJA 3.1[0.0,5.3] ns 5.9([3.7,8.5] **
Total HEl Score (0- 100) 63.8(54.5,71.2] 505 N/A  46.4[44.4,48.4] ***  47.9[39.2,55.6] ***

Note. NHANES = National Health and Nutrition Examination Survey. CeD = celiac disease. PUFA = polyunsaturated fafbp acidenbluhdarated fatty acidsSFA =
saturated fatty acids. 1.) Higher scores represent higher diet qualitiléaps shown, but no statistical analysis due to small sample size (n < 5). Comparison against Study
Teens. Test pvalues: *p < 0.05. **p < 0.01. **p 8.001. ns = not significant.
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Figure9. Healthy Eating Index Mean Componeoti®s by Percent Maximum Target Comparison of Stiadnsand
NHANES by CeD Status in Girls
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FigurelO. Healthy Eatingndex Mean Component Scores by Percent Maximum Target Comparison off Sardgnd
NHANES by CeD Status in Boys
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Tablel5. Summary of HEI Components by Score Level (% of Target) for Study Adults and Study Teens Relative to NHANES

Score Level Overall Study Adults Overall Study
(% of Taget) Women Men Teens Girls Boys
Low Fatty acid ratio® Fatty acid ratio Total fruit Greens & bean®:©) Fatty acid ratio Total vegetables
(< 60%) Sodium Sodium Fatty acid ratio® Total fruit© Sodium Greens & bean¥)
Saturated fatab.c) Saturated fat®?¢)  Sodium Fatty acid ratio Saturated fat® Total fruit
Components Saturated fat Sodium Whole fruit
that urgently Saturated fat® Seafood & plant
need protein
improvement Fatty acid ratio
Sodium
Saturated f&(©
Overall score
Moderate Total vegetablese) Total fruit© Total vegetables® Total vegetables Total vegetable<® Added sugatr©
(60%- <80%) Total fruitb.0) Whole graingabc)  Greens & bean$©) Whole fruit Greens & bean$:©)
Whole graing@b.c) Milk & dairy Whole fruit® Milk & dairy Total fruit@+©
Components Milk & dairy Overall score® ©) Whole graing@b.) Seafood & plant Milk & dairy
that need Overall score®.) Milk & dairy protein*(.c) Seafood & plaritb.c)
improvement Seafood & plant Added sugat© protein
proteins Overall scorel®.c) Added sugat®
Added sugar Overall scorglb.c)
Overall scorél®.c)
High Greens & beant§b©)  Total vegetables Totalprotein foods Whole graing®.) Whole fruit Whole graing©
(>80%) Wholefruit*b.c) Greens & beart® ¢  Refined graingb-c) Total proteint®.) Whole graing®b:c) Milk & dairy
Total proteirt(a.b.c) Whole fruit©) Refined graingb.©) Total proteirt(b.c) Total protein
Components Seafood & plant Total proteirt(ab.c) Refined graingb.c) Refined graing®
where protein*(®.c) Seafood & plant
participants are  Refined grainga.b.) proteins
doing well Added sugat® Refined graingab.c)

Added sugat®

Note: HEI = Healthy Eating Indext80Relative to NHANES: blank = no significant differegeesignificantly unfavorable consumption, + = significantly favorable

consumption. NHANES subgroups: (Reported CeD Diagnosis & GRL) = New CeD Serolo§yNo GFD. (c) = Everyone Else With@eD
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Figurell Comparison of Mean and Interquartile Ranges of HEI Total Scores for the Sample and NHANES by
Gender and CeD Status
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< 0.01. **p-value <0.001.
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HEIHypotheses Outcomes
Hypothess 1.1.1.1. In line with expectations, a large proportion ,(*&5%) of the

Al YLX S KFER adzo2LJiAYFE RASG ljdzr f AGe a02NBa

OF Yy

45¢ 3IANIRS oO6cydol F2NJ I RdzZ Gaz 6KSNB iggS YI 22 NAR

0§SSya | @SNI IS R(63:8) ihgréaSeed bays averagddddNGe 3 02 NBE P a2 NB

specifically, among the adults, 45/50 (90%) had suboptimal scores (HEI <80), while among the
teens 26/30 (86.7%) did. However, few had poor scoring, exceptdgsb
Hypothesis 2.1.1. In line with expectations, there wasigmificant differences among
the HEI scores between the Study Adults and the NHANES A1l Subgroup, Reported CeD and
GFD.
Hypothesis 2.2.IThesample had better diet quality than the other tWdHANES New
CeD Serology & No GFD and Everyone Else Withouff@sDvas opposite of the hypothesis.
Diet Quality Results as Measured by AMED
Aims 1.1.2To evaluate eating patterns in a sample of teens and adults with(€eB0) by

measuring diet qualt as assessed Ibiye Alternate Mediterranean Diet Index

P
A

CtKAAd aSOGA2y RA&aOdzaasSa GKS al YL SQa |
(AMED) scoreAMED hasine componentswherel pointis awarded based oan individal
consumptionrelative to themedian intake of the population. Adequacy componeantauits,
vegetables (excluding potatoes), nuts, legumes, whole grains, fish, and ratios of
monounsaturated to saturated fatswere each given 1 point for exceeding median
consumption. One moderation compent, red organ andprocessed meatsyas assigned 1
point if consumptiorwas below that of the median population. The moderation component
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alcohol, howeverwas assigned point only if consumptionfell within specified amonts
(females, between 5g and @%ethanol; males, between 10g and 25g/day).

The mean component scores represetithe percent of the population scoring
favorably relative to the median consumption. The expectation for the total population would
be a scoreof 4.5 in total and 0.5 for e&cof the components (except alcohol). (The alcohol
d02NBE NBLINBaSyida (GKS LISNOSyd 2F 0KS 3INRdAzZLI GKI
above 0.5 on most components for a group indicates that more than half ohtheiduals in
that group are abve the median. A total score of above 4.5 for a group weutghest that the
typical individual in the groupras above the median for at least half of the components
(although itwas also possible for a group to score abdve by scoring particularly wedn just
a few of the components). AMED scores have been grouped into three levels3pw (
moderate (35.99), and high (®). For consistency in approach, the researcher used a similar
categorization of components, withedignations of low (033), mockrate (.34.66), and high
(.67-1.0) to better understand areas of concern. Differences were considered clinically
significant when the components werg) significantly differentand(2) had either (a) more
than .33 net difference, (b)-palue<0.001, @ (c) a difference in category.

Associated hypotheseascluded:

1. Eating patterns would need improvement among the sample

Hypothesis 1.1.1.2. A large proportion (i.e., >75%) of the sample will have suboptimal
diet quality scores. AMED scores will be be®out of 9 (moderate or lower

NHANESomparisonhypotheses associated with this study aiare:
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2. Similarities and differences with NHANES

| LR IKSEAE HOMDPHD CKSNB gAff 06S y2 RATFTFSNEB
those of the NHANES subgmiReported CeD Diagnosis & Gabults)

Hypothesis 2.2.2The sample will have lower AMED scores compared witlother
two NHANES subgroupdew CeDe&ology & No GFD, and Everyone Else Without CeD
AMED Results for the Adults

Study Adults AMED scorihgghlights.As a groupthe Study Adults had AMED scores
that were considered high, particularly among the womehich was optimal scoringdver
half of the components had high favorable percentiles. However, some areas indicated there
could be improvemst, especially among men. The differences between the AbtiEiponent
and overallscores nearly always favored the Study Aslalter the NHANES subgroups
however, the NHANES Al SubgroRegorted CeD Diagnosis & GIRRd the most similarities

AMED diet qality for the Study Adulteras considered high and was better than all of
those in NHANEShe AMED score for Study Adults was 6.18 out of 9 paoittishwas
consideredhigh scoring (scores:®), or optimal Most component$ad high favorable
percentage, including whole fruit, vegetables (no potatoes), whole grains, nuts, and fatty acid
ratio (MUFA: SFAJhe others were moderately high, with no unfaviollow percentages.
Results for women paralleled the general findintisere were differenceby gerder, with
women scoring higher than men, particularly with regardstaderatealcohol. The Study
Adults did significantly better than mosbmponents and overall scores than the subgroups in
NHANESHowever, there was some overlap in scoring with the NB3MX1 Subgrougéported
CeD Diagnosis & GFBee Table@for AMED component scoring, as wellFagures 2, 13 and
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16 for comparisons bgender (SeeTabless9and & in Appendix B for more gendepecific
detail.)
AMED Results fothe Teens

Study Teen&MED scoring highlightds a groupthe Study Teens had moderate AMED
scoring which was suboptimal, suggesting more of a need for improvement, particularly among
boys. Their diet quality was clinically and significantly higher than the comparison NHANES
subgroups (New CeD Serology & No GFD, and Everyone Else Without CeD).

AMED diequality for the Study Teens was considered moderate and was better than
the comparison groups in NHANES. The AMED score for diet quathy ®iudy Teens scored
4.93 out d 9 points, which was moderate scoring (considered suboptimal). Only wholg fruit
whole grainsand nuts had high favorable percentages. Most components had moderately
favorable percentages, including vegetables (no potatoes), legumes, fatty acids andyaad,
andprocessed meat. Other than alcohol, fish was the one componentamitbxtremely low
percentage. The alcohol component, as expected, zessas no Study Teens reported
WY2RSNI 0SS fO02K2f Q O2yadzYLIiA2y doroNIruit, I f a2 KI
whole grains, nuts, fatty acigdalong with red, orgajand processed meats, with only low
percentages for fish. Boys had high percentages for vegetables (no potatoes), whole grains and
nuts, with low percentages for legumes, fish, fattyds¢ along with red, orggrandprocessed
meat. Girls, overall, had higher saagithan boys (5.25 versus 3.67). Compared with the
NHANES T2 Subgroup (New CeD Serology & No GFD), the Study Teens had significantly and

qualitatively higher AMED diet qualitgll nonalcohol components other than whole fruit and
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Tablel6. Alternate Mediterranean Diet Index Comparison of Study Adults and NHANES by CeD Status

Adults (18+ years)

Study Adults MHANES
) ) Al Subgroup A2 Subgroup A3 Subgroup
CeD Diagnosis Reported CeD Mew CeD Serology Everyone Else
& GFD Diagnosis & GFD & Mo GFD Without CeD
n =50 n =25 n =51 n =15777
Component [Range) mean [I0R] mean [IQR] pwale  mean [IOR]  pvalue  mean [[OR]  powalue
Adequacy
1. Whale fruit (0-1) 0.74[0.0,1.0) ©0.94[1.0,1.0] * 0.76[1.0, 1.0) ns 0.68 [0.0, 1.0) ns
2. Vegetables (no potatoes)  (0-1) 0.90[1.0,1.0] 0.61[D.0,1.0) ** 0.75[1.0,1.0) * 0.57 [0.0,1.0] ***
3. Whale grains (0-1) 0.92[1.0,1.0] 0.42[0.0,1.0) *** 0.66 [0.0, 1.0) ** 0.50[0.0, 1.0) ***
4. Legumes (0-1) 0.52[0.0,1.0) 0.32[0.0,1.0) ns 0.39 (0.0, 1.0] ns 0.31[0.0, 1.0] ***
5. Nuts (0-1) 0.80[1.0,1.0] 0.86[1.0,1.0) ns 0.72[0.0,1.0) ns 0.51[0.0,1.0) ***
6. Fish (0-1} 0.60 [0.0, 1.0] 0.25[0.0, 1.0] ** 0.14 [0.0, 0.0] *** 0.29 [0.0, 1.0] ***
7 .Fatty acids [O-1}) 0.80[1.0,1.0] 0.54[0.0,1.0] * 0.42[0.0, 1.0] *** 0.54 [0.0, 1.0] ***
(MUFA:SFA)
Moderation
8. Red, organ &
processed mests (0-1) 0.50(0.0,1.0] 0.71[0.0,1.0) ns 0.24 (0.0,0.0] ** 0.47 (0.0, 1.0] ns
9. Alcohol (0-1) 0.40[0.0,1.0) 0.12[D.0,0.0) ns 0.11[0.0, 0.0] *** 0.11[0.0,0.0] ***
Total (0-9) 6.18[5.0,7.0] 4.84[4.0,6.0] ** 4,18 [4.0,5.0] ***  3.98[3.0,5.0] ***

Note. NHANES = National Health and Nutrition Examination Survey. CeD disetiae. PUFA = Polyunsaturated Fatty Acids. MUFA = Monounsaturated
Fatty Acids. SFA = Saturated Fatty Acids. 1.) Higher scores represent higher diet quality. ComparistiedgidgtAdults. -Testing performed on the

total score. Fisher's exatest performed on components. Significance values were: *p < 0.05. **p < 0.01. ***p < 0.001. ns = not significant.
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Figurel2. Alternate Mediterranean Dietdhponent Scores by Percent Scoring Above the Mean Comparison of
Study Adultand NHANES by CeD Status in Women
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Figurel3. Alternate Mediterranean Diet Component Scores by Percent Scoring Above the Mean Comparison of

Study Adults and NHANES by CeD Status in Men
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red, organandprocessed meat were clinically and significantly different, favoring the Study
TeensCompared with the NHANES T3 Subgroup (Everyone Else Without CeD), the Study Teens
had significantly and likely qualitatively higher AMED diet quality. There werg niaital and
significant differences, adif whichfavored the Study Adults, including vegetables, whole grains,
legumes, nuts, and fislkeeTablel7 for AMED component scoring, as well as Figures 14, 15
and 16 for comparisons by gendébeeTables & and62 in Appendix B for more gender
specific detail.)
AMED Overall Results Summary

Both the Study Adults and the Study Teens, as compared with NHANES, had higher
AMED scoring. The Study Adults shared the most commonality with the NHANES A1l Subgroup,
Repated CeD Diagnosis & GFThe Study Adults, especially the women, had high AMED
scores. The Study Teens, especially boys, however, had AMED scores that suggested
improvement was needed. Among men and Study Teens, consumption of most components
could use irprovement. Nearly all could benefit by increasing whole fruit (men and boys),
legumes, fish, and nuts, while decreasing red and processed meats and improving fatty acid
ratios. The Study Teens could also benefit with increased vegetables (not potatoeleraldo
drinking scores for adults were also low, and it is unclear whether increasing alcohol would be a
benefit if individuals do not currently. Whole grain consumption was the one component that

was high throughout both the Study Adults and Study TegSeeTable 18 and Figure 16
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Tablel7. Alternate Mediterranean Diet Index Comparison of Study Teens and NHANES by CeD Status

Adolescents (13-17 years)

Study Teens MHANES
e Dogrods Reported CeD Mew CeD Serology Everyone Else
&GFD diagnosis & GFD & Mo GFD Without CeD
n =30 1= 1 n=7 n=2,296
Component [Range)" mean [I0R] Tiean ; mean [IOR] paolve  mean [IOR]  pouslve
Adequacy
1. Whole fruit (0-1) 0.77 [1.0, 1.0] 1.00 NfA 0.91([1.0,1.0] ns 0.62 [0.0, 1.0) ns
2. Vegetables (no potatoes)  (0-1) 0.60 [0.0, 1.0 .00 NJA 0.48 [0.0, 1.0] ns 0.32 [0.0, 1.0] ***
3. Whaole grains (0-1) 1.00 [1.0, 1.0] 1,00 N/A 0.43 [0.0, 1.0] *** 0.48 [0.0,1.0] ***
4. Legumes (0-1) 0.40 [0.0, 1.0) .00 NJA 0.0% [0.0,0.0] ns 0.24[0.0,0.0] *
5. Nuts (0-1) 0.67 [0.0, 1.0] 1,00 N/A 0.23 [0.0,0.0] ns 0.43[0.0,1.0] **
&. Fish [0-1) 0.33 [0.0, 1.0] 1,00 NfA 0.06 [0.0,0.0] ns 0.13 [0.0, D.0] ***
7.Fatty acids [O-1}) 0.60[0.0, 1.0] 100 MfA 0.13[0.0,00] * 041[0.0,1.0] *
(MUFA:SFA)
Moderation
EB.Red, organ &
processed mests [0-1) 0.57 [0.0, 1.0} 1,00 N/A 0.20 [0.0,0.0) * 0.53 (0.0, 1.0] ns
9. Alcohol (0-1) 0.00 [0.0, 0.0 .00 NJA 0.00 [0.0,0.0] ns 0.01 [0.0, 0.0] ns
Total (0-9) 4.93 [4.0, 6.0) 1.00 N/A  2.52[2.0,2.0] ** 3.17 [2.0,4.0] ***

Note. NHANES = National Health and Nutrition Examination Survey. CeD = celiac disease. PUFAtarR@guretty Acids. MUFA = Monounsaturated

Fatty Acids. SFA = Saturated Fatty A¢idsHigher scores represent higher diet qual{). Meansshown, but no statistical analysis due to small sample size

(n < 5). Comparison against the Study Teetissfing performed on the total score. Fisher's exact test performed on components. Significance values were:
*p < 0.05. **p < 0.01. ***p < 0.001. rrs not significant.
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Figurel4. Alternate Mediterranean Diet Component Scores by PdrSeoring Above the Mean Comparison of

Study Teens and NHANES by CeD Status in Girls
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Figurel5. Alternate Mediterranean Diet Component Scores by Percent Scoring Above the Mean Comparison of
Study Teens and NHANES by CeD Status in Boys
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Table18. Summary of AMEDomponents & verall Score forStudy Adults and Study Teens Relative to NHANES

Overall Study

Overall Study

Score Level Adults Women Men Teens Girlst Boys
Low Moderate alcohol FisH© Fish"© Legumes
(% pop: < 34%) Fish
(score: 0-2.9) Fatty Acids
Components that Red, organand
urgently need processed meats
improvement
Moderate Legumeé(") Legumeé(ayc) Whole fruit Vegetables (no Vegetables (no Whole fruit
(% pop:34%66%)  Fist@Po Fish@b.) Fish®©) potatoes)*© potatoes)*© Total Score
(score: 35.9) Red, organand Red, organ & Legumes Legumes®© Legumes®©
processed meat®)  processed meat®) Red, organ & Fatty acid&®© Total Scora®:©)

Components that Moderate alcohoi®© Moderate processed meats”  Red, organand
need alcoho®©) Total Scorg®®) processed meat¥’
improvement Total Scoré®©)
High Whole fruit® Whole fruit Vegetables (no Whole fruit Whole fuit*© Vegetables (no
(% pop=>67%) Vegetables (no Vegetables (no potatoes) Whole grain&®© Whole graing®© potatoes)
(score: 69) potatoes)*@b:©) potatoes)*(@c) Whole graing®®) Nuts'© Nuts'© Whole graing®©

Whole grain&@°.9) Whole grain§®P9  Nuts _ Fatty acid&®9 Nuts
Components Nuts"© Nuts"® Fatty acids Red, organ &
where participants  Fatty acids®) Fatty acid&®>©) processed meats
are doing well Total Scoré@P.9) Total Scorg@P.©)

Note: AMED = Alternate Mediterranean Diet Index. 1 = Did not show alcohol component. Relative to NHABIgSficantifower, + = significantly
higher. NHANES subgroups: (&eported CeD Diagnosis & GHL) = New CeD Serology & No GFD. Esjeryone Else Without CeD.
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Figurel6. Comparison of Means and Interquartile Ranges of Total Alternathtdteanean Diet Score of the Sample
and NHANES by Gender, Agied CeD Status
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AMED Hypotheses Outcomes

Hypothesis 1.1.1.2. Contrary to expectations, most of the Study Adults had better than
subgotimal scoringonly 12/50 (24%) had suboptimal AMED scoring (below 6 out of 9). The
median score for adults was 6.Mhich still indicate room for improvement but suggested
that many exceedd amounts consumed in the general population. More in line vk
hypothesiswas that the majority, but not quite 75%, of the Study Teens 19/30 (63.3%) had
suboptimalscores Their average score was 4.93, suggesting more of a need for improvement.
Notably, all of the boys had suboptimal scores, suggesting an ungesd for improement.
However, few, except for boybad poor scores.

Hypothesis 2.1.2. The Study Adults had clinically and significantly better AMED diet
quality than the NHANES Al Subgroup, Reported CeD and GFD.

Hypothesis 2.2.2Thesample had better MED diet qualiy the two NHANES subgroups,
New CeD Serology & No GFD, and Everyone Else Without CeD. This was opposite of the
hypothesis.

Food Processing Results Measured byJsing NOVA
Aim 1.1.2. To evaluate eating patterns in a sample of teens andsaslith Ce(n =80) by
measuringhe level of food processing as assessed by the NOVA classification system.

This section describes the results of the NOVA classification system. As detailed in the
methods chapter, NOVfot an acronymcategorizes foodsto fourlevels of processing by
groups (GiG4) Group 1 (GX) minimally processed food§roup 2 (G2)t1 processed glinary
Ingredients,Group 3 (G3)t processed foodsand(the focus for this thes)sGroup 4(G4x ultra-
processed foodshis will bereferred kere on inthe text as ultraprocessed foods, ultra
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processed foods%kcal) or ultra-processed foods¥pgrams) Ultraprocessed foodare
products which may contain foods from prior groups, but also include other chemically
synthesized items to enhan¢edonic appeallike texture, mouthfeelor colorsuch as dyes,
emulsifiers, gumsor flavorings, which would be necessarily created in specialized labs. Lower
percentages of ultrgorocessed foods are considered more desirable, where consumption
starting & 22%kcal (10% grams) and increasing by 10% kcal (5% grams) has been associated
with adverse health outcomes in European ad@8shnabel et al., 2019; Srour et al., 2019)
Therefore, where differences exceeded 10% kcal (5% gram) with statistical argeifithis
would potentially be considered clinically significant.

Associated hypotheses:

1. Eating patterns would need improvement among the sample

Hypothesis 1.1.2. A majority (i.e., >50%) will have a high proportid®{>ehergy/ >10%
mass) of ultrgprocessed foods.

NHANESomparisonhypotheses associated with this study aim are:

2. Similarities and differences with NHANES

Hypothesis 2.1.3. There will be no difference between the amount of-plvaessed
foods that the sample consumes and those of MidANES subgroupReportedCeDDiagnosis
GFD.

Hypothesis 2.2.3Thesample will consume a greater amount of ulfyeocessed food
compared with theother NHANESubgroups New CeD Serology & K&F-D) and Everyone Else

Without CeD

200



NOVA Results fathe Adults
Study Adults NOVA food processing system highligFtie. average intake of ultra
processed foods for the Study Adultes30% kcal (14% grams), which potentially places the
groupwithin the rangesuspected of adverse health outcomes. However, compared witarot
NHANES groups, their intake was relatively modest, especially among women. GF products like
breads and baked goods composed about a quarter of theirpitogessed food consumption.
TheSudy Adultsconsumed aconcerningamount of ultraprocessedoods butwas
generallymodest when compared with thosa NHANESRoughly a third of calories for the
StudyAdultswere derived from each of the minimally processed, procesaed ultra
processé categoriesThey hadamean consumption of minimally processkds of 33.2%
kcal (70.8% gramsyith processed foods composing 29.6% kcal (14.4% graims).mean
consumption of ultrgprocessed foods was 29.6% kcal (14.4% grams). Theregerder
differences in the groupNomen had higher minimally processed faopercentages 34.1% kcal
(73.6% grams), while men hadower percentage 28.8% ko@5.5%gramg; conversely
women had lower ultrgorocessed foods 27.6% kcal (11.5% grams), wiele mad higher
percentages 39.6% kcal (29.5% graf@®mpared with the NHARS A1l SubgrouRéported
CeD Diagnosis & GfEhe Study Adults consumed more processed foods 2.7x kcal (2.6x grams)
andfewer ultra-processed foods 0.7x kcal (0.8x grams), but tffe@nce in mass was not
significant.Compared with the NHANES A2 Subgr@New CeD Serology & No GFD), the Study
Adults consumed more minimally processed foods 1.3x kcal (1.1x gram), more processed foods,
3.3x kcal (1.8x grams), afelver ultra-processedoods, 0.5x kcal (0.5x gram&ompared with
the NHANES A3 Subgroup (Breee Else Without CeD), the Study Adults consumed more
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processed foods, 3.2x kcal (2.3x grams), femeer ultra-processed foods, 0.5x kcal (0.5x
grams).SeeTablel9andFigure 7. (SeeTables 8 and &1 in Appendix B for more gender
specific detail.)

Thetop three contributors to ultrgprocessed food consumption in energy by category
for the Study Adults were grains (25.9%), including ghiitee breads and baked goods (sweet
andsavory), snacks (14.3%), and candy (8t9a6rounting for nearly 50% of thetual-
processed food calories. As a percent for men, frozen desserts and ice cream (12.6%) also
composed a high percent of uli@rocessed calories (see Table 20). The top conioiisuby
mass are shown in Table 21.

NOVA Results for the Teens

Study Teens NQVMfood processing system highlightie average intake of ultra
processed foods ~40%kcal (~20% grams) for the Study Teens places the group within the range
for potentially risk of adverse outcomes. Compared with other NHANES groups, however, their
intakewas relatively modest. GF breads and baked goods composed almost one third of their
ultra-processed foods.

The Study Teens also consumed a concerning amoutitrafprocessed foods but it
was modest when compared with the teens in NHANES. Roughly atluatbries for the
Study Teens were derived from each of the minimally processed, processed, and (a bit higher
for) ultra-processed categories. They had a meansumption of minimally processed foods of
31.5% kcal (68.9% grams), with 28.9% kcal (14.@Msyrof processed foods. Their mean
consumption of ultrgprocessed foods was 37.7% kcal (18.2% grams). This potentially placed
them within the range of consummtn for adverse health outcomes. There were gender
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Table1l9. NOVA Foo@rocessing Comparison 8fudyAdultsandNHANES by CeD Status

Adults (18+ years)

Study Adults MHAMES
. . Al Subgroup A2 Subgroup A3 Subgroup
{ED;:?;MIE Reported CeD Mew CeD Serology Everyone Else
Diagnosis & GFD B Mo GFD Without CeD
n =50 n =25 n =51 n =15777
Group Level of Processing [% Range)’ mean [ICGR] mean [ICGR] p-value mean [IGR] p-value mean [IGR) p-value
Energy Percentage
G1: Minimally Processed (0-100) 233.2%[24.7%, 42.6%] 39.5% [34.0%, 47.8%)] ns 25.7% [15.5%, 35.4%)] ** 30.3% [19.3%, 39.5%] ns
G2: Culinary Ingredients (0-100) 5.7%[ 2.7%, 7.5%)] 4.6% [2.6%, 5.8%) ns 3.9% [1.1%, 6.6%] * 4.0% [1.0%, 5.9%] **
G3: Processed (0-100) 31.7%[21.2%,41.9%]  11.8%[6.3%, 15.9%] *** 9.6% [3.0%, 16.3%) *** 9.8% [2.8%, 14.0%] ***
G4: Ultra-processed (0-100) 29.6% [17.8%,40.2%] 44.1%[34.4%,55.0%] **  60.8%[46.6%,78.0%] ***  55.9%[43.5%, 68.2%] ***
Percentage in Grams
G1: Minimally Processed (0-100) 70.B%[65.3%, 79.4%] 76.7%[65.2%, 84.6%) ns 62.8% [56.2%, 76.4%] * 62.7% [50.1%, 78.5%) **
G2: Culinary Ingredients (0-100) ©.7%[ 0.2%, 1.0%) 0.5% [0.2%, 0.6%] ns 0.6% [0.1%, 0.9%] n< 0.6% [0.1%, 0.8%] ns
G3: Processed (0-100) 14.2%[ B.9%, 17.7%] 5.5% [1.9%, 7.8%] *** 7.7% [1.4%, 9.2%] *** 6.2% [0.8%, 7.0%] ***
G4: Ultra-processed (0-100) 14.4%[6.6%, 19.3%] 17.3%[11.5%, 20.7%] ns 28.8% [16.8%, 37.5%] ***  30.5%[15.1%, 41.6%] ***

Notes: NHANES = National Health adhdrition Examination Survey. G1 = Group 1. G2 = Group 2. G3 = Group 3. G4 = Group 4. 1.) Higher percentage
represent higher consumption of different legeof processed foods or drinks as percent of the total amount consumed. The sum of the 4 groupings of
categories should equal 100%, subject to rounding errors. Comparison against Study Adsttsalues: *p < 0.05. **p < 0.01. ***p < 0.001. ns = not
significant.
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Figurel7. Comparison oMean and InterQuartile Range dilltra-Processed Foods for Study Adults
and NHANES by CeD Status

NOVA - Adults
100%
Total Women Men
*k*k
—
QOJA) Kk k *k%k *
— — / J
*% *k*k
80% =
‘?‘? Total Adults f 1 Total Women Total Men
o Sample: n =50 Sample: n = 42 Sample: n=8
70% i, Al Subgroup: n = 25 A1 Subgroup: n = 19 A1 Subgroup: n = 6
E S —— A2 Subgroup: n =51 A2 Subgroup: n = 26 o A2 Subgroup:n =25
8 ﬁ i A3 Sibgroup: n = 15,777 A3 Subgroup: n = 7,768 G#] A3 Subgroup: n = 8,009
8 948 333 i
T e ) pi
© 5 e pe
E ;eﬂ LIl " n e
> TRl P e
B IS e85t e L
R O et 3% R i
i it e it
T jtoe i L i
k<] 7. — ,
= N O R
5 40% i IO .-E.'.'-E..
= e el R
c N Tat LR
3 o 3
L) s
More Risk e SR
Ve LAy
- e
i,
20% A
- i
Less Risk
10%
Energy Percentage Energy Percentage Energy Percentage
0% Percentage in Grams Percentage in Grams Percentage in Grams

mSudyAdults [EALSubgroup @ A2 Subgroup B A3 Subgroup

Note. NHANES = National Health and Nutrition Examination Survey. NHANES SubgroRegiofted CeD Diagnosis & GRR=New CeD
Serology & No GFD. A3 = Everyone Else Without@sbparison against Study Adultg-value < 0.05. **pvalue < 0.01. ***pvalue <0.001.
Levels associated with more or less adverse health risk forpiteessed foods (22% kcal/10% gsiischnabel et al., 2019; Srour et al., 2p19

204



Table20. Top Contributors of Ultrd’rocessedroodsas Percent of Energy for Study Adults

Grains & Grains & Grains &
baked goods 8% 26% baked goods 8% 28% baked goods 8% 19%
Ice Cream &

Snacks 4% 14% Snacks 5% 15% Frozen Desserts 5% 13%

Candy 3% 9% Candy 3% 9% Snacks 4% 9%

Milk & Dairy 2% 6% Milk & Dairy 2% 7% Candy 3% 8%

Ice Cream &

Frozen Desserts 2% 6% Nuts 1% 4% Pasta &rice 3% 7%

Pasta & rice 1% 4% Pasta & rice 1% 3% Beverages 2% 6%
Ice Cream & Poultry (not

Nuts 1% 4% Frozen Desserts 1% 3% organ meat) 2% 5%

Beverages 1% 3% Fats & Qils 1% 3% Milk & Dairy 2% 4%

Dressing 1% 3% Dressing 1% 3% Dressing 1% 4%

Fats & Qils 1% 2% Beverages 1% 3% Nuts 1% 3%

Note. % of Total (kcal) =@bultra-processed foods of tal energy. % of UPF (kcal) = Percent of yin@essed
foods energy percentag&xamples of snacks include cereal party mix, cheese balls, corn nuts, chips, pretzels, fried
pork rinds, and potato sticks.
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Table21. Top Contribubrs of UltraProcessedroodsas Percent of Mass for Study Adults

Beverages

Grains &
Baked Goods

Milk & Dairy

Fruit Juice

Snacks

lce Cream &
Frozen Desserts

Yogurt &
Frozen Yogurts

Pasta & rice

Candy

Poultry
(processed)

3.3%

1.9%

1.7%
0.7%

0.7%

0.6%

0.6%
0.5%

0.4%

0.4%

24.1%

14.4%

12.8%
5.3%

5.0%

4.7%

4.2%
3.9%

2.9%

2.8%

Beverages

Milk & Dairy

Grains &
Baked Goods

Snacks

Yogurt &
Frozen Yogurts

Fruit Juice

Pasta & rice
Candy

Ice Cream &
Frozen Desserts

Cooked
Cereals

2.5%

1.9%

1.8%
0.7%

0.5%

0.4%

0.4%
0.4%

0.3%

0.3%

21.9%

16.3%

16.2%
5.8%

4.2%

3.7%

3.2%
3.1%

2.8%

2.5%

Beverages

Grains &
Baked Goods

Ice Cream &
Frozen Desserts

Fruit Juice

Pasta & rice

Poultry (not
organ meat)

Yogurt &
Frozen Yogurts

Milk & Dairy

Poultry
(processed)

Snacks

7.4%

2.5%

2.4%
2.3%

1.4%

1.1%

1.0%
1.0%

0.9%

0.8%

29.3%

9.9%

9.5%
9.1%

5.7%

4.4%

4.1%
3.9%

3.7%

3.1%

Note. % of Total (grams) = % of uacessed foods of total mass. % of UPF (grams) = Percent ghndt@ssed

foods mass percentagExamples o$nacks include cereal party mix, chedslls, corn nuts, chips, pretzels, fried

pork rinds, and potato sticks.

206



differences in thegroup; girlsconsumed lessltra-processed foods 36.6% kcal (17.0% grams),
while boysconsumed morg42.1% kcal (23.3% gram€ompared to the NHANES T2 Suhbigro
(New CeD Serology & No GFD), the Study Teens consumed more processed foods 3.8x kcal (6.9x
grams) andewer ultra-procesed foods 0.5x kcal (0.5x grams). Compared to the NHANES T3
Subgroup (Everyone Else Without CeD), the Study Teens consumed moraligipnocessed
foods, 1.2x kcal (1.3x grams), more processed foods, 4.5x kcal (4.5x,gnadris)ver ultra-
processed food®.6x kcal (0.4x gramsJee Table2and Figure &. (SeeTables 6 and & in
Appendix B for more gendepecific detail.)

The top tiree contributors to ultrgprocessed food consumption by category for the
Study Teens were grains, includi@gbreads and baked goods (sweet and savory) (30% kcal),
shacks (11%), and reatty-eat cereals (8%)accounting for nearly 50% of the ultpaoces®d
food calories. Top contributors for boys also included frozen desserts and candy (see Table 23).
The top ontributors by mass are shown in Table 24.
NOVA Overall Results

The sample consumed amounts of ulgeocessed food products that were concerning.
A few Study Adults consumed amounts below the level associated with adverse effects, but the
majority of Stug Adults and Study Teens were within that range. However, compared with the
NHANES subgroups, consumption of ufiracessed foods was modest, esgly for women
and girls. Most consumption was concentrated in GF grains and baked goods, snacks, and candy
for both groups, with additional concerns of reattyeat cereals (Study Teens) and ice cream/

frozen dessert (men and boys).
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Table22. NOVAFood Processingomparisonsis of Studyfeens and NHANES by CeD Status

Adolescents [13-17 years)

Study Teens MHANES
oD Dl Reported CeD MNew CeD Serology Everyone Else

& GFD Diagnosis & GFD B No GFD Without CeD

n=30 n=1 n=7 n=2,296
Group Level of Processing (% Range)’ mean [IQR] TiEan o-valus mean [IQR] a-value mean [IQR) g-value
Energy Percentage
G1: Minimally Processed (0-100) 31.5% [18.6%, 45.3%] 21.6% [9.6%, 29.9%) ns 25.5% [14.7%, 34.6%) *
G2: Culinary Ingredients (0-100) 4.9%[ 1.3%, 8.4%) 1.1% [0.0%, 1.0%] ns 2.2% [0.0%, 3.2%] ***
G3: Processed (0-100) 26.3%[15.6%, 37.6%] 7.0% [0.0%, 17.2%) ** 5.8% [0.7%, B.5%] ***
G4: Ultra-processed (0-100) 37.7% [28.4%, 48.2%] 51.4% NJA 70.3% [52.5%, B9.5%] *** 66.4% [55.2%, 78.3%] ***
Percentage in Grams
G1: Minimally Processed (0-100) 68.9% [61.8%, B0.4%] 69.9% NJA 57.9% [38.7%, 73.9%) ns 54.6% [40.2%, 70.8%] ***
G2: Culinary Ingredients (0-100) 1.1%[ 0.3%, 1.7%) 1.1% NJA 0.2% [0.0%, 0.1%] ns 0.4% [0.1%, 0.5%)] ***
G3: Processed (0-100) 11.9%[ 5.2%, 13.4%] 1.7% [0.0%, 3.8%)] ** 2.7% [0.3%, 3.6%] ***
G4: Ultra-processed (0-100) 18.2%( 9.9%, 25.0%] 30.0% NJA 40.2% [22.1%, 58.4%] ** 42.3% [26.3%, 56.6%] ***

Notes: NHANES = National Health and Nutrition Examination S{tyelgher percentage represent higher consumption of different levels of processed
foods or drirks as percent of the total amount consumég) Means shownbut no statistical analysis due to small sample size (n&h&) sum of théour
categories should equal 100%, subject to rounding errors. Comparison against Study fesingallies: *p< 0.(. **p < 0.01. ***p < 0.001. ns = not
significant.
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Figurel8. Comparison of Mean and Int€puartile Range of UltrRrocessed Foods for Study Teens
and NHANES by CeD Status
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Table23. Top Contributors of UltrdProcessedroodsas Percent of Energy for Study Teens

Grains & Grains & Grains &

baked goods 11% 30% baked goods 10% 30% baked goods 13% 31%
Ice Cream &

Snacks 4% 11% Snacks 5% 14% Frozen Desserts 4% 11%

Ready-to-eat Ready-to-eat

Cereals 3% 8% Cereals 3% 8% Candy 3% 7%
Ready-to-eat

Candy 2% 7% Candy 2% 6% Cereals 2% 6%

Ice Cream &

Frozen Desserts 2% 6% Milk & Dairy 2% 6% Snacks 2% 5%

Milk & Dairy 2% 5% Pasta & rice 2% 5% Vegetables 2% 4%

Ice Cream &

Pasta & Rice 2% 5% Frozen Desserts 1% 4% Milk & Dairy 2% 4%

Yogurt & Yogurt & Cooked 2% 4%

Frozen Yogurt 1% 3% Frozen Yogurt 1% 4% Cereals

Fats & Qils 1% 3% Nuts 1% 3% Beverages 2% 4%

Nuts 1% 3% Fats & Qils 1% 3% Pasta &rice 2% 4%

Note. % of Total (kcal) = % of ulpeocessed foods of tal energy. % of UPF (kcal) = Percent of yin@essed
foods energy percentag&xamples of snacks include cereal party mix, cheese balls, corn nuts, chips, pretzels, fried
pork rinds, and potato sticks.
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Table24. Top Contribtors of UltraProcessed as Percent of Mass $tudy Teens

Beverages Beverages
(nonalcoholic) 4% 20% Grains & baked goods 3% 21% (nonalcoholic) 8% 36%
Beverages
Grains & baked goods 3% 19% (nonalcoholic) 2% 11% Grains & baked goods 4% 16%
Frozen Desserts/ Ice
Milk & Dairy 1% 8% Milk & Dairy 1% 9% QCream 1% 6%
Yogurt & Frozen
Yogurt & Frozen Yogurts 1% 7% Yogurts 1% 8% Fruit juice 1% 5%
Fruit juice 1% 6% Shacks 1% 7% Qooked cereals 1% 5%
Pasta and rice 1% 5% Pastaand rice 1% 6% Milk & Dairy 1% 5%
Yogurt & Frozen
Shacks 1% 5% Fruit juice 1% 6% Yogurts 1% 1%
Frozen Desserts/Ice
Gream 1% 5% Ready-to-eat cereals 1% 5% Pastaandrice 1% 3%
Frozen Desserts/Ice
Ready-to-eat cereals 1% 4% Qeam 1% 4% Ready-to-eat cereals 1% 2%
Candy 1% 3% Candy 1% 4% Candy 1% 2%

Note. % ofTotal (grams) = % of ult@rocessed foods of total mass. % of UPF (grams) = Percent ginatessed
foods mass percentagExamples of snacks include cereal party mix, chee$g batn nuts, chips, pretzels, fried
pork rinds, and potato sticks.
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NOVAHypotheseOutcomes

Hypothesis 1.1.2As anticipated, a majority (i.e250%) had a high proportion (2%
energy/>10% mass) of ultrocessed food consumption. Among adults/583(66%) exceeded
the limit regarded as high (based on energy) 28660 (56%) exceeded the limit regarded as
high (based on mass), with an average intake of 29.6% kcal (14.4% grams). Among teens, 26/30
(86.7%) exceeded the limit regarded as high (basedrergy) and 22/30 (73.3%) exceeded the
limit regarded as high (badg on mass), with an average intake of 37.7% kcal (18.2% grams).

Hypothesis 2.1.3The Study Adulisompared with thosavho Reported CeD Diagnosis
& GFDgconsumedsignificantlyfewer ultra-processed foosglas percent of total foods when
assessed by energwhich was not expectedVhen assessed by mass, however, there was no
difference, matching the expectation.

Hypothesis 2.2.3Jnexpectantly, the sample consumed clinically significanetpw
instead of higher, percentages of ultpgiocessed food, compared with the other NHANES
subgroups, New CeD Serology & No GFD, and Everyone Else Without CeD
Nutrient Resultsas Measured by Using U.S. Recommendations

Aim 1.3 To evaluate eating patterria a sample of teens and adults with C@l3x80) by
describingnutrient content in relation to U.S. Dietary Reference Intakes (DRI) as highlighted by
the 20152020 Dietary Guidelines for Americans (DGA).

This section describeéle results of the nutrientinalysis. Tabless2o Table28 describe
the nutrient content of the Study Adults and Study Tegmanarily focusing on whether

sufficiency was establishedhat is,the percent withdeficitst or if excessive consumption

212



occurred, but also providing a conapison of mean intake between the sample and NHANES
subgroups.

Hypotheses associated with this study aim are:

1. Eating patterns would need improvement among the sample

Hypothesis 1.2. Nutrient consumption would need improveime

1.2.1.A majority (i.e.>50%) would have low consumption of carbohydrates, fiber,
certain Bvitamins {or example folate, riboflavin and B12), calcium, magnesium, zinc, iron,
selenium and polyunsaturated fat;

1.2.2.A majority (i.e.>50%) would high consumption of total I, saturated fat, and
added sugars.

NHANESomparisonhypotheses associated with this studynm are:

2. Similarities and differences with NHANES

2.1.4.There will be no difference between the proportion of the sample with potential
nutrient deficiencies pexcess, or unfavorable mean amounts and those of the NHANES
Subgroup, Reported CeD Diagiso& GFD (adults)

2.2.4.The sample will have a greater number of potential nutrient deficiencies or
excess, or unfavorable mean amounts compared withdtier two NHANES subgrosipNew
CeD Serology & No GFD, and Everyone Else Without CeD
Nutrient Resuls for the Adults

Nutrient highlights for the Study Adults. Thexere several nutrients of concern for the
Study Adults. Although the majority of these concerrest those of the American diet, some
appearpotentiallyrelated to theGFD, such dsgh lipids and low folate
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Patterns of potential nutrient deficits itihe Study AdultsThere were 15 nutrients
where at least 10% or more had potential deficits in r@oeendation. These included:
carbohydrategn = 36 (72%) < AMDRiber[n = 30 (60%) Al], calcium[n =22 (44%) €AR]
potassiumn = 17 (34%) < Alyitamin En =26 (52%) €AR] vitamin D[n =37 (74%) €AR]
vitaminC[n =12 (24%) €AR] vitaminK[n = 12 (24%) < Althiamin[n =11 (22%) €AR]
choline ph =38 (76%) Al], folate [n = 23 (46%) < EAR], and the polyunsaturated feisleic
acid[n =12 (24%) < Ah,= 10 (20%) < AMDRinolenic acidn =13 (26%) < Ah = 16 (32%)
< AMDR]suggesting potential deficiency among multiple vitamins ové¢sa# Table 3). In
addition, there were some gendapecific concernsas iron (womenjn =5 (12%) €ARRnd
magnesium (menn =5 (63%) €AR}vere also low(see Tables®70in AppendixBfor more
genderspecific detail)Of these sixwere of particular concern, as at least 50% of the Study
Adults did not meet targets, including: carbohydrates (AMDR only), fiber, magnesium (men),
vitamins E and D, and choline, with calcium and folatefaobehind, exceeitdg 40% who were
potentially ceficientandindicating widespread potential for deficiency across the Study Adults.

Mean nutrient values based on the Dietary Guidelines are shown in Z&bbéosely
paralleingthose found in Table® Reviewing the lowest quartiles, results shoin the sample
overall had low intake in dietary fiber, calcium, magnesium, vitamin E, vitamin D, vitamin C,
thiamin, choline, and folate. Encouragingly, howevke, results in Table®also suggest
widespreadconsumptionat a level of adequaayf several nutients, including: protein (grams),
carbohydrates (grams), selenium, vitamin A, riboflavin, and vitamin B12.

Patterns of potential nutrient excessaad high consumptiom the Study AdultsThere
were onlythree nutrients where at least 10% of the population potentially exceeded
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recommendationstotal fat (% kcal]n =40 (80%) > AMDRinolenic acidrj =5 (10%) > AMDR]
andniacin ph = 28 (56%) > UL]. The total (&b kcalymaypotentiallybe moreproblematicthan
niacin Niacin may be more problematic when consumed@splementyseeTable ).
Observing trends across the populatiohete was high mean consumption of total (&b kcal)
saturated(% kcalps well as sodiunevenamongthose with the lavest quartile of intake of
these nutrientswho exceeded recommendationsge Table 8). Themean consumption of
added sugar approached the recommended lirite upper quartile,and50% exceeded the
recommendaon (not shown).

Comparisons with NHANES weemerally favorable, with a few exceptiori$he Study
Adults generally had a better nutrient profile than most in NHANES. Howerapared with
all NHANES subgroups, the Study Adults were more likely toHigiver potential for excessive
total fat as a prcent of energy and lower adequate consumption of carbohydrates as a percent
of energy. In addition, the Study Adults had higher mean saturated fat intake and niacin
consumption.The Study Adults had the most in common with the NHANES Al Subgroup
(Reportal CeD Diagnosis & GFDjherwise,compared withthe NHANES Al Subgroup
(Reported CeD Diagnosis & GRBg,Study Adults hathe fewest significant differences and
many more favorhle nutrient comparisonsCompared with NHANES A2 Subgroup (New CeD
Serology& No GFD), the Study Aduliiksohada higher percent potentially consuming
inadequate calcium, thiamin, folate, iron (women), and magnesium (men). Comparethwith
NHANES A3 Sgitoup (Everyone Else Without CeD), the Study Adults alemmore likely to
have potentially excessive vitaminvkh lower adequate consumption of folafsee Tables 2
and &, along with Tables®70in Appendix B for more gendspecific detail.)
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Table25. Percent Below or Above Targdtitrient Recommadations Comparison of Study
Adults and NHANES by CeD Status

Adults (18 years +)

Study Adults MHAMES
. . Al Subgroup A2 Subgroup A3 Subgroup
CeD Diagnosis Reported CeD Mew CeD Serology Everyone Else
&GFD Diagnosis & GFD B Mo GFD Without CeD
n =50 n =25 n =51 n =156146
n (%) n %) p-value n %) p-value n %) p-value
hMacronutrients, Fiber B Fatty Acids
Energy < TEE 0 [0.0%) 14.1 [56.5%) *** 6.3 (12.3%) * 5247.1 [33.6%) ***
Protein < EAR 1(2.0%) 4.7 (16.6%) * 1.2 (2.4%) ns 3069.6 (19.6%) **=
Frotein <% AMDR 2 (4.0%) 0.7 (2.7%) ns 0.6 (1.1%) ns 769.0 (4.9%) ns
Frotein =% AMDR 0 (D.0%) 0.0 [0.0%) ns 0.0 (0.0%) ns 41.8 {D.3%) ns
Carbohydrates < EAR 1 (2.0%) 0.6 (2.2%) ns 0.5 (1.0%) ns 437.6 [2.B%) ns
Carbohydrate <% AMDR 36 (F2.0%) B.1(32.6%)* 17.6 (34.5%) ** 5199.1 (33.0%) ***
Carbohydrate =% AMDR 0 [0.0%) 1.0 (3.9%) ns 2.0 [4.0%) ns 653.7 [4.1%) ns
Fiber < Al 30 (60.0%) 20.1 (BD.4%) ** 44 .3 [B6.B%) *** 13559.6 (BB.5%) ***
Total Fat <% AMDR 0 [0.0%) 0.0 (0.0%) ns 0.5 (1.0%) ns SEB.0 [3.7%) ns
Total Fat =% AMDR 40 (B0.0%) 11.0 [43.9%) * 24.2 (47.5%) * 6726.3 [42.6%) ***
Linoleic Acid < Al 12 (24.0%) 11.1 (44 4%} ns 16.3 (31.9%) ns 6534.5 (44.0%) ***
Linoleic Acid <% AMDR 10 (20.0%) 4.1 (16.5%) ns 18.1 (35.5%) * 3522.0 (22.3%) ns
Linoleic Acid =% AMDR 4 (B.0%) 5.2 (20.9%) ns 2.2 (8.2%) ns 1731.4 {11.0%) ns
Linolenic Acid = Al 13 (26.0%) 10.1 (4D.3%) ns 16.9 (33.1%) ns G6EB.1 [42.4%) **
Linolenic Acid < % AMDR 16 (32.0%) 10.7 (42.7%) ns 27.4 [53.7%) ** 6334.5 [40.2%) *
Linolenic Acid = % AMDR 5 (10.0%) 2.0 (B.0%) ns 1.3 [2.5%) ns 1201.6 [7.6%) ns
Minerals
Calcium < EAR 22 (44.0%) 12.2 (4B.B%) ns B3 (16.4%) * 7570.9 (48.0%) ns
Calcium > UL 0 (D.0%) 0.5 (2.1%) ns 4.8 (9.3%) ns 328.9 (2.1%) ns
Iran < EAR 5 (10.0%) 5.0 (20.1%) ns 0.6 (1.2%) ns 1053.9 [6.7%) ns
Iran = L 0 [0.0%) 0.0 [0.0%) ns 0.5 (1.0%) ns £9.9 [0.6%) ns
hagnesium < EAR 7 (14.0%) 9.8 (39.3%) *** 9.3 (1E.1%) ns E999.6 (57.0%) ***
Fhosphorus < EAR 0 [0.0%) 0.6 (2.2%) ns 0.1 (0.2%) ns 529.7 [3.4%) ns
Phosphorus= UL 0 [0.0%) 0.0 [0.0%) ns 0.0 [0.0%) ns 38.5 [0.2%) ns
Potassium < Al 17 (34.0%) 14.1 [56.4%) ** 17.2 (33.7%) ns 10435.1 (66.1%) ***
Sodium <Al 0 [0.0%) 0.0 (D.0%) ns 0.0 (0.0%) ns 108.4 [0.7%) ns
Zinc < EAR 0 (0.0%) 0.6 (2.2%) ns 0.1 (0.2%} ns 529.7 (3.4%) ns
Zinc = UL 0 (D.0%) 0.0 [0.0%) ns 0.5 (1.0%) ns 36.1 {0.2%) ns
Selenium < EAR 1 (2.0%) 1.2 (4.7%) ns 0.0 (0.0%) ns 578.1 [3.7%) ns
Selenium = UL 0 [0.0%) 0.0 [0.0%) ns 0.0 (0.0%) ns 20.2 [0.1%) ns
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Table 5 (continued)

Adults (18 years +)

Study Adults MHAMES
. . Al Subgroup A2 Subgroup A3 Subgroup
CeD Diagnosis Reported CeD Mew CeD Serology Everyone Else

&GrD Diagnosis & GFD & Mo GFD Without CeD

n =50 n =25 n =51 n =15616

n (%) n (%) p-wlie n (%) p-wling n (%) p-wling
Vitamins
Vitamin A< EAR 3 (6.0%) 5.0 (20.0%) ns 18.6 (36.5%) *** BO96.7 (51.3%) ***
Witamin A= UL 3 [6.0%) 0.0 (0.0%) ns 0.0 (0.0%) ns 60.7 [0.4%) ***
Vitamin E< EAR 26 (52.0%) 23.2 (92.6%) *** 49.2 (96.5%) *** 15550.2 (9B.6%) ***
Vitamin E = UL 0 [0.0%) 0.0 (D.0%) ns 0.0 [(0.0%) ns 0.0 [0.0%) ns
Witamin D < EAR 37 (74.0%) 23.1 (92.4%) *= 41.5 [B1.3%) * 14205.2 (90.0%) ***
Vitamin D= UL 0 [0.0%) 0.0 (0.0%) ns 0.0 (0.0%) ns 0.2 (0.0%) ns
Vitamin C < EAR 12 (24.0%) B.5 (34.1%) ns 26.2 (51.4%) *** B292.9 (52.6%) ***
Witamin C = UL 0 [0.0%) 0.0 (D.0%) ns 0.0 [0.0%) ns 0.0 [0.0%) n=s
Thiamin < EAR 11 (22.0%) 4.2 (17.0%) ns 1.7 (3.4%) * 2246.8 (14.2%) ns
Riboflavin < EAR 0 [0.0%) 0.2 (D.B%) ns 0.8 (1.6%) ns 1136.4 [7.2%) *
Miacin < EAR O (0.0%) 6.3 (25.1%) == 3.0 (5.9%) ns Z16E.1 (13.7%) *=**
Miacin = UL 28 [56.0%) 4.6 (1B.5%) ns 22.8 [44.7%) ns 2842.2 (1B.0%) ***
Vitamin B6 < EAR 2 (4a.0%) 4.8 [19.2%) * 3.0 (5.9%) ns 2E36.1 (1B.0%) **
Witamin BG = UL 0 [0.0%) 0.0 (D.0%) ns 0.0 [0.0%) ns 0.0 [0.0%) n=s
Vitamin B12 < EAR 3 (6.0%) 3.2 (12.8%) ns 2.1 (4.0%) ns 2213.9 (14.0%) ns
Choline <Al 38 (76.0%) 20.2 (BD.9%) ns 42.6 (B3.5%) * 136E9.9 (B6.B%) ***
Chaoline = UL 0 [0.0%) 0.0 (D.0%) ns 0.0 [0.0%) ns 0.0 [0.0%) n=s
Vitamin K < Al 12 (24.0%) 9.2 (36.7%) ns 36.7 (71.9%) *** 10274.3 (65.1%) ***
Folate< EAR 23 (46.0%) 4.1 (16.3%) ns 5.2 (10.3%) ** 3466.3 (22.0%) *
Folate= UL 0 [0.0%) 2.5 (10.0%) * 7.6 (14.9%) ** 1228.7 [7.B%) *

Notes: NHANES = National Health and Nutrition Examination Survey (survey weighted values). CeD = celiac disease.

EAR = Estimated Average Requirement. Al = Adequatel®DR = Acceptable Macronutrient Distribuat

Ranges. UL = Tolerable Upper Levels. TEE = Total Estimated Energy. Comparison against Study Adults. Fisher's exact

test values used for statistical significance. p < 0.05. **p < 0.01. ***p < 0.001. nssigniicant.
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Table26. Nutrients of Concern Based on U.S. Dietary Guidelines in Adults by CeD Status

Adults (18 years +)

Study Adults MHANES
CeD Diagnosis Al Subgroup A2 Subgroup A3 Subgroup
& GFD Reported CeD Mew CeD Serology Everyone Eise
Diagnosis & GFD B Mo GFD Without CeD
n=50 n=25 t-test n=51 t-test n=15777 t-test  Recommended
Mutrient, unit, goal source mean [ICR] mean [ICR] p-value mean [IGR] p-value mean [IGR] p-value [range)
Macronutrients, Fiber & Fatty Acids
Energy, keal 2082 [1653, 2432] 1653 [1412, 1870] ** 1705 [2009, 3154] *** 2093 [1543, 2519] ns (1800 -3200)
Protein, g, RDA 88 [71, 107) 76 [52,93] ns 104 [75, 129] * 82 [59, 100] ns (46 - 56)
Protein, % kcal, AMDR 17.3%[14.3%, 19.8%] 18.3% [15.9%, 22 3%] ns 15.5% [13.1%, 17.1%] * 16.1% [13.2%, 18 .2%] ns [10%-35%)
Carbohydrate, g RDA 211 [156, 259) 197 [155, 227] ns 321 [271, 343] *** 253 [1€1, 306] ** [130)
Carbohydrate, % kcal, AMDR 39.8%[31.1%, 46.0%] 47.8% [42.7%, 51.5%] *** 48.1% [40.3%, 52.1%] *** 48.7% [42.6%, 54.9%] *** [A5% - B5%)
Dietary fiber, g, Al 23.7 [17.5, 28.0) 17.7[11.3,24.1] * 21.8[14.0,28.9] ns 17.2[11.1, 21.7) *** (22.4-332.6)
Added sugars, % keal, DGA 9.5%[4.6%, 12.6%] 9.6 %[8.2%, 10.1%] ns 12.2 %[9.5%, 13.6%] * 12.7 %[6.B%, 16.8%] ** [<10%)
Total fat, % kcal, DGA 40.2%[35.9%, 44.6%] 33.4% [30.0%, 36.0%] *** 33.1% [2B.1%, 37.5%] *** 33.6% [2B.8%, 3B .4%] *** [25%-35%)
Saturated fat, % keal, DGA 12.8%[10.8%, 14.6%) 10.1% [7.9%, 12 4%] *** 11.7% [9.4%, 13.2%] * 10.9% [8.7%, 12 .9%)] *** [<10%)
Linoleic acid, g, Al 16.5 [11.7, 18.9] 12.9 [10.4, 17.9) ns 18.3 [10.4, 22.5] ns 16.2 [10.1, 20.5] ns [11-17)
Linalenic zcid, g, Al 2.0[1.1,2.0) 1.5[0.9,1.7] ns 1.9[1.1,2.1] ns 1.7[1.0,2.1] * (1.1-1.6)
Minerals
Calcium, mg, ROA 966 [701, 1206] 915 [669, 1036] ns 1380 [1009, 181E] *** 979 [626, 1227] ns (1000 - 1300)
Iron, mg, RDA 11.9[9.0, 14.2] 14.3[6.7,17.9] ns 18.9 [13.5, 23.3) ** 15.1[10.0, 18.3] ** (8-18)
Magnesium, mg, ROA 3183 [301, 437) 303 [244, 365) ** 372 [298, 436) ns 303 [215, 365) *** (210-420)
Phosphaorus, mg, RDA 1397 [1091, 1589) 1268 [958, 1494] ns 1835 [1452, 2121] *** 1391 [1004, 1676] ns (700 - 1250}
Potassium, mg, Al 3005 [2485, 3581] 2757 [1961, 3553) ns 3247 [2945, 3762) ns 2702 [1970, 3266) ns (2300 - 3400)
Sodium, mg, Al 3359 [2759, 3707) SEO0S [3953, 7140) *** 8299 [5329, 10325] *** 6667 [4655, B209) *** (1500 - 1500}
Zinc, mgz, ROA 11.5 [9.0, 12.0] 9356 12.1] * 15.1[11.9,17.8] ** 11.5[7.6, 14.0] ns g-11)
Selenium, meg, ROA 95 [69, 116] 92 [71, 114] ns 139 [95, 173] *** 11479, 140] * [55 -55)

218



Table & (continued)

Adults (18 years+)

Study Adults MHAMES
CeD Diagnosis Al Subgroup A2 Subgroup A3 Subgroup
& GFD Reported CeD Mew CeD Serclogy Everyone Else
Diagnosis & GFD B Mo GFD Without CeD
n=50 n=25 t-test n=51 t-test n=15777 t-test  Recommended
Mutrient, unit, goal source mean [ICR] mean [ICR] p-value mean [IGR] p-value mean [IGR] p-value [range)
Vitamins
Vitamin A, mcg RAE, RDA 1553 [931, 2055) 763 [515, B93) *** 813 [453, 1144] *** 651 [338, B24) *** (700 - 900)
Vitamin E, mg, ROA 13.3 [8.8, 15.3] 2.7 [0.0,0.0] *** 1.4 [0.0,0.0] *** 0.2 [0.0,0.0] *** [15-15)
Vitamin D, mcg, ROA 6.8 [2.6, 11.0] 5.4[2.3,7.2] ns 6.0 [2.6, B.8] ns 4.8([1.9,6.3] ** (15 - 20)
Vitamin €, mg, ROA 103 [51, 133] 100 [29, 131] ns 89 [31, 125] ns B4 [29,114] ns (65 -90)
Thizmin, mg, ROA 1.2[0.9,1.3] 1.5[1.0,1.5] ns 2.1[1.5,2.4] *** 1.6[1.1,2.0] *** (1.0-1.2)
Riboflavin, mg, RDA 1.9[1.5,2.2) 2.3[1.7,2.8) * 3.0[1.9,3.3) * 2.1[1.4,2.6] ns (1.0-1.3)
Niacin, mg, ROA 38.6 [30.0, 45.9] 22.5[12.7, 25.0) *** 34.5[19.6, 28.7) ns 26.0 [17.5, 31.5] *** [14-18)
Vitamin B&, mg, RDA 2.0[1.5,2.3) 2.3 [1.6,3.5] ns 2.9[1.9,3.5) *** 2.2[1.4,2.6] ns (1.2-1.7)
Vitamin B12, mcg, ROA 5.0(3.3,5.5) 5.2 (3.5, 6.8] ns E.1[4.7,10.6) ** 5.2[2.7,6.4] ns [2.4-2.4)
Chaline, mg, &l 383 [285, 417) 331 [243, 383] n: 419 [305, 485] ns 333 [220, 411] * {400 - 550)
Vitamin K, mcg, Al 246 [95, 328 178 [45, 218] ns 96 [58, 119] *** 117 [45, 131] ** (75-120)
Folate, meg DFE, ROA 370 [261, 454] 556 [330, 628] ** 724 [425, B43] *** 544 [337, 667] *** (400 - 400}

Notes: U.S.= United States. CeD = Celiac disease. NHANES = National Health and Nutrition ExammatkaoalS= kilocalorie. g = grams. mg = milligrams.
mcg = micrograms. RAE = retinol activity equivalents. DFE = dietary folate equivalents. Comastesagainst the Study Adults: *p < 0.05. **p < 0.01.

***p < 0.001. ns = not significant.
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Nutrient Resultsfor the Teens

Nutrient highlights for the Study TeeriBhere were numerous nutrients of concern for
the Study TeendMost concernseflect those of the American diet, as was evidenced in the
comparison of the NHANES subgroupkile a few arepotentially related tothe GFD

Patterns of potential nutrient deficits ithe Study TeensThere were 20 nutrients
of which at least 10% or are of the Study Teens had deficits. These included: energy,
carbohydrateg% kcal)fiber, linoleic acid, linolenic &t calcium, iron, magnesium,
phosphorus, potassium, zinc, vitamins A, E, D, C, and K, thiamin, riboflavin, choline, and folate.
Of these sixwere of particular concern as at least 50% of the Study Teens did not nigetda
including: fiber, calcium, tamin E, vitamin D, choline, and folate. Howefiare others were
not far behind as at least 40% had potential deficits, including: energy, linolenic acid,
magnesium, potassium, and vitamin K, indicating potential gfey of multiple nutrients
across he Study Teens. In addition, carbohydraf@éskcal)linoleic acid, iron, phosphorus,
zing and vitamin C were insufficient for at least ofoairth of the population Thiswas also
problematicbecausemany aspects of ¢lidhood development, like bone anataro-
developmentwhich rely on these nutrientsare still occurring in this age ran¢gsee Table 2Y.

Similar patterns, consistent with the deficits and excesses noted above, can also be
observed among the Dietary Guitdeds Recommendations mean nutriergtlues (see Tabl28).
Encouraginglyhoth Tables 27 and 28 suggest generadequacieamong the Study Teens of
several nutrients, including: protein (grams), carbohydrates (grams), selenium, riboflavin,
niacin, vitamin Bgand vitamin B12. However, it shiolbe noted that girls with low diet quality

seemed tdbe at additional risk for lowinoleic acid and magnesium intakm@yssibly due to low

220



caloric intakewhile certain boys may be more susceptible to reduced vitamin C ingaissibly
due to low produceconsumption

Patterns of potential nutrient excesses in Study Ted@hgre were ont four nutrients
for whicha significant portion of the population exceeded recommendations: otal fat,
vitamin A, niacin, and surprisingfplate (see Table 2). Although all of these nutrients may be
of potential concern, the excessive total faasvthe most troubling for its association with
adverse health outcomes. Exceeding the recommendation for niacin and vitamin A (UL) may be
less of a concern as the syntheforms are most problematic. However, those who are also
taking multiple vitamin miaral supplements may need to exercise caution. Related to
excessive total fat, mean consumption of saturated fat as a percent of energy and sodium, even
for those with thelowest quartile of intake, exceeded common guidelireese(Table28). There
were also some gender differenceBoys were particularly more likely to exceed guidelines for
added sugar. See further detailed discussion ingietion onMean Nutrient Resultfor the
Study Teengalso seelables’1-74 in Appendix Bor more genderspecificdetail).

Comparison with NHANES were generally favorable with few exceptions. Compared
with the NHANES T2 Subgroup (New CeD Serology & No GFD), the Study Teens were only
statistically more likely to exceed the recommendation for niacin (UL). Howevee gample
size comparisonkad beenarger, it is likely the higher percentage of those wptitentially
inadequate folate and possibly other comparisongould have been sttistically significant.
Compared with the&NHANES A3 Subgroup (Everyone Else WtitBeD), the Study Teens had
higher consumption of potentially excessive total fat (% kcal), vitamin A (girls), and niacin, with

lower consumption of adequate carbohydratesdcefolate. In addition, the Study Teens also had
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higher mean saturated fat (% kxabnsumption. Overalthough, compared with those in
NHANES, the Study Teens were more likely to have fewer nutrient deficiencies, along with a
higher mean consumption o&¥orable nutrientsgee Tables 2and28, as well as Tabled-74

in Appendix B fomore genderspecific detail)

Table27. Percent Below or Above Targdtitrient Recommendations Comparison of Study

Teens and NHANES by CeD Status
Teens(13-17 years)

Study Teens MHAMES
. . T1 Participant’ T2 Subgroup 13 Subgroup
CeD Diagnasis Reported CeD New CeD Serclogy Everyone else
& GFD diagnosis & GFD & No GFD Without CeD
n =30 n=1 n=7 n =2294
_ n %) n %) - n (%) o-value n %) p-walue
Macronutrients, Fiber & Fatty Acids
Energy < TEE 12 (40.0%) 1.0 [L00.0%) N 2.8 (39.5%) ns 1361.3 (59.8%) *
Frotein < EAR 0 (D.0%} 0.0 (0.0%) N/ 0.0 (0.0%} ns 449.1 (19.7%) **
Protein <% AMDR 0 (D.0%} 0.0 (0.0%) N/ 0.9(12.7%) ns 139.1 (6.1%)} ns
Frotein =% AMDR 0 (D.0%} 0.0 (0.0%) N/ 0.0 (0.0%) ns 16.6 [0.7%) ns
Carbohydrates < EAR 1(3.3%) 1.0 (0.0%) N 0.0 (0.0%) ns 40.2 (1.8%) ns
Carbohydrate <% AMDR 11 (36.7%) M 4.0(57.1%) ns 359.7 (15.7%) **
Carbohydrate =% AMDR 0 (0.0%) 1.0 [0.0%) N/ 0.0 (0.0%) ns 167.2 (7.3%) ns
Fiber < Al 24 (BO.0%) 1.0(100.0%) M/ 6.6 (94.5%) ns 22519 (98.1%) ***
Total Fat <% AMDR 0 (0.0%) 1.0 (0 M 0.0 [0.0%) ns 210.1(9.2%) ns
Total Fat =% AMDR 20 [66.7%) 1.0 [0.0%) NJ# 4.9 (69.9%) ns BB2.9(37.68%) **
Linoleic Acid < Al 9(I0.0%) 1.0(100.0%) N/ 2.7(37.9%) ns 1057.3 (#6.0%) ns
Linoleic Acid <% AMOR S{16.7%) 1.0(100.0%) N/ 3.2 (45.7%) ns 627.2(27.3%) ns
Linoleic Acid =% AMODR 0 {0.0%) 0.0 (0.0%) N/ 0.7 (9.3%) ns 223.3[9.7%) ns
Linalenic Acid < Al 6 (20.0%) 1 {100 M 2.7(37.9%) ns 1173.5(51.1%) ***
Linolenic Acid <% AMDR 12 (40.0%) 3.2 (45.7%) ns 1204.4 (52.5%) ns
Linolenic Acid =% AMDR 2 (6.7%) 0.0 [0.0%) ns 102.1 [4.4%) ns
hinerals
Calcium < EAR 17 (56.7%) 0.0 (0.0%) N/ 1.8 (25.4%) ns 14139 (61.6%) ns
Calcium = UL 0 (0.0%) 0.0 [0.0%) N/ 0.0 [0.0%) ns 10.5 (0.5%) ns
Iron < EAR 9 [30.0%) 1.0 (0 M 0.719.3%) ns 265.3 (11.6%) **
Iran = UL 0 (0.0%) 1.0 [0.0%) NJ# 0.0 (0.0%) ns 13.8(0.6%) ns
Magnesium < EAR 14 (46.7%) 1.0 (100.0%) M/ 3.7 (52.2%) ns 1668.8 (72.7%) **
Fhosphorus < EAR 9 [30.0%) 1.0 (0 M 0.9(12.7%) ns 713.3(31.1%) ns
Phosphorus= UL 0 (D.0%) 1.0 [0.0%) N2 0.0 [0.0%) ns 3.9(0.2%) ns
Fotassium < Al 14 (46.7%) 0.0 (0.0%) N/ 2.B(39.5%) ns 1558.6 (67.9%) *
Sodium =< Al 0 (0.0%) 1.0 [0.0%) N/ 0.0 [0.0%) ns 24.6 [1.1%) ns
Zinc <EAR 9 (30.0%) 0.0 (0.0%) N/ 0.9(12.7%) ns 7133 (31.1%) ns
Zinc = UL 0 (D.0%} 0.0 (0.0%) N/J 0.0 (0.0%) ns 19.6 {0.9%) ns
Selenium < EAR 2 (6.7%) 1.0 (D f 0.0 (0.0%) ns 102.2 (4.5%) ns
Selenium = UL 0 (0.0%) 0.0 (0.0%) ns 2.6(0.1%) ns
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Table Z (continued)

Teens [13-17 years)

Study Teens NHAMES
Col Denanoss Reported CeD New CeD Serclogy Everyone else

e diagnosis & GFD B No GFD Without CeD

n=30 1 n=7 n=2296

n (%) n [3%) B-walue n %) n-wrlue
Vitamins
Vitamin A< EAR S{16.7%)  0.0(0.0%) b 1.8 (25.4%) ns 1210.5 (52.7%) ***
Vitamin A= UL 3I(10.0%) 0.0 ([0.0%) N/A 0.0 (0.0%) ns 2.0(0.1%) *=**
Vitamin E < EAR 18 (60.0%) 1.0 (100.0%) ! 7.0 (100.0%) ns 2290.4 (99.8%) ***
Vitamin E = UL 0 (0.0%) 0.0 (0.0%) 0.0 (0.0%) ns 0.0 {0.0%) ns
Vitamin D <EAR 27 (90.0%) .0 (0.0 3.7(52.2%) ns 2025.0 (88.2%) ns
Vitamin D = UL 0 (0.0%) 0(0.0%) N 0.0 (0.0%) ns 0.0 (0.0%) ns
Vitamin C < EAR 8(26.7%) 1.0(100.0%) N/A 2.8(39.5%) ns 1220.7 (53.2%) **
Vitamin C = UL 0{0.0%)  0.0(0.0%) N/A 0.0 (0.0%) ns 1.0 {0.0%) ns
Thiamin < EAR 5 (16.7%) .0 (0.0%) N/A 0.7 (9.3%) ns 310.5 (13.5%) ns
Riboflavin < EAR 3(10.0%)  0.0(0.0%) N/A 0.0 (0.0%) ns 203.6 (8.9%) ns
Niacin < EAR 0(0.0%) 1.0(100.0%) b 0.7 (9.3%) ns 412.9 (18.0%) **
Niacin = UL 24 (B0.0%) .0 (0.0%) N/A 2.4(34.1%) * 720.9 (31.4%) ***
Vitamin B& < EAR 2(6.7%)  0.0(0.0%) N/A 0.7 (9.3%) ns 360.1(15.7%) ns
Vitamin B = UL 0{0.0%)  0.0(0.0%) N/A 0.0 (0.0%) ns 0.0 (0.0%) ns
Vitamin B12 <EAR 4(13.3%) 1.0 [0.0%) NJA 0.0 (0.0%) ns 2826 (12.3%) ns
Chaline <Al 25 (83.3%) 1.0 (100.0%) N/A 3.7(52.2%) ns 2086.1(90.9%) ns
Chaline = UL 0 (0.0%) 0.0 (0.0%) NJA 0.0 [0.0%) ns 0.0 (0.0%) ns
Vitamin K <Al 12 (40.0%) 1.0 (100.0%) N/A 5.7 (B1.7%) * 1637.1(71.3%) ***
Folate<EAR 15 (S0.0%) 1.0 (100.0%) N/A 0.7 (9.3%) ns 514.1(22.4%) ***
Folates UL €(20.0%)  0.0(0.0%) N/A 0.1 (1.6%) ns 470.0(20.5%) ns

Notes: NHANES = National Health and NutriiEgamination Survey (survey weighted values). CeD = celiac disease.
EAR = Estimated Average Requirement. Al = Adequate Intake. AMDR = Acceptable Macronutrient Distribution
Ranges. UL =olerable Upper Levels. TEE = Total Estimated Energy. Comparison Sgaipsteens. Fish@rexact

test values: *p < 0.05. **p < 0.01. ***p < 0.001. ns = not significant.
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Table28. Nutrient Intakes of Concern Based on U.S. Dye®uidelineERecommendations in Study Teens and NHANES by CeD Status

Teens (13-17 years)

Study Teens MHAMES
CeD Diagnosis T1 Subgroup’ 12 Subgroup 13 Subgroup
& GFD Reported CeD New CeD Serology Everyone else
diagnosis & GFD B No GFD Without CeD
n =30 n =1 n=7 totest n =2,296 et Recommended
Mutrient, unit, goal source mean [IOR] mean mean [IQR] powalue mean [I0R] paralue [range)
Macronutrients, Fiber B Fatty Acids
Energy, kcal 2110 [1532, 2586] 1,708 N/A 2,146 [1,824, 2,390]) ns 2,019 [1,491, 2,427] ns (1600 - 3200)
Protein, g, RDA 82.1[66.9, 99.1] 81.2 N/A B1.B [65.8, 107.3] ns 76.4 [52.2,94.3) ns (34 -52)
Protein, % kcal, AMDR 15.7% [12.6%, 17.9%] 19.0% MNSA 15.6% [14.4%, 1BE.0% ] ns 15.2% [12.4%, 17.3%] ns [10%e-35%)
Carbohydrate, g, RODA 247 [191, 308] 209 N/JA 253 [243, 257 ns 264 [193, 319] ns (130}
Carbohydrate, % kcal, 46.3% [41.2%, 51.1%] 49.0% NSA 47.6% [43.0%, 53.2%] ns 52.7% [47.7%, 57.6%] *** [45% - 65%)
Dietary fiber, g, Al 21.4 [13.3, 26.9) 8.2 NJA 17.0 [16.7, 18.6] ns 14.4[9.6, 17.9] *** (22-31)
Added sugars, % keal, DGA 11.2 [B.6%,13.7%] 11.4% N/A 10.5% [5.9%, 12.3%] ns  15.6% [10.2%, 19.9%] ** (<10%)
Total fat, % kcal, DGA IB.0% [34.1%, 41.9%] 32.4 MSA 37.6% [33.1%, 40.1%] ns 33.0% [29.0%, 37.1%] *** [25%-35%)
Saturated fat, % kcal, DGA 13.6% [11.3%, 16.0%] 12.5% MSA 14.6% [11.7%, 1E.3%] ns 11.2% [9.2%, 13.0%) *** [=10%)
Linoleic acid, g, Al 14.2 [10.1, 17.5) 5.3 N/A 14.6 [10.6, 13.2] ns 15.0[9.4, 19.3) ns (10 - 16)
Linolenic acid, g, Al 1.7[1.3,2.1) 1.0 NfA 1.4[1.1,1.4] ns 1.4[0.9, 1.8] ns (1.0-1.6)
Minerals
Calcium, mg, RDA 1013 [618, 1349) 1330 NJA 1610 [943, 2157] ** 1044 [673, 1311] ns (1,300)
Iran, mg, RDA 12.9[7.4, 16.3) 10.1 NjA 14.3[12.3,18.3) ns 14.9[9.6, 18.3) ns (8 - 15)
Magnesium, mg, RDA 325 [242, 388] 223 N/JA 273 [200, 354] ns 248 [178, 305] *** (240 -410)
Phosphorus, mg, RDA 1348 [1044, 1564] 1472 N/A 1710 [13322,2247] ns 1351 [963, 1626] ns (1250 - 1250)
Potassium, mg, Al 2596 [1964, 3010) 2987 NjA 2517 [1464, 3464) ns 2287 [1609, 2768) ns (2300 - 3000)
Sodium, mg, Al 3394 [2857, 4135] BE99 MNSA 7263 [6563, 739E] *** 6393 [4341, 7919] *** (1200 -1500)
Zinc, mg, RDA 12.9 [10.5, 15.1) 14.2 N/fA 13.1[11.2,15.1] ns 10.9[7.1,13.7) ns (8-11)
Selenium, mcg, RDA 85.2 [67.9, 96.6) 83.7 N/A 124.4 [103.1, 142.6] ** 106.3 [72.4,131.2] * (40 - 55)
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Table28 (continued)

Teens (13-17 years)

Study Teens MHANES
. . T1 Subgroup” T2 Subgroup T3 Subgroup
{EDE[I}E;MIS Reported CeD MNew CeD Serology Everyone else
diagnosis & GFD B No GFD Without CeD
n =30 n n=7 tes n =22196 wet Recommended
Mutrient, unit, goal source mean [IQR] nean mean [I0R] LR mean [I0R] paralue [range)
Vitamins
Vitamin A, mcg RAE, RDA 1258 [760, 1704] 7 668 [289, 873 * 575 [125, 73E] *** (600 -900)
Vitamin E, mg, RDA 11.2 [6.5, 14.8] 1.0 0.0 [0.0,0.0] *** 0.5 [0.0, 0.0] *** (11-15)
Vitamin D, mcg, RDA 5.5 [2.2, 6.7] ). 7.6[4.2,11.2] ns 5.3 [2.3,7.1] ns (15 - 15)
Vitamin C, mg, RDA 91.3[51.2,113.9] 5.9 57.3[22.4, B8.3) ns 72.6 [23.7,97.8) ns (45 -75)
Thiamin, mg, RDA 1.4[1.1,1.7] ) 1.6 [1.4,1.9) ns 1.7 [1.1,2.0] ns (0.9-1.2)
Riboflavin, mg, RDA 1.8[1.5,2.2] 5 2.4[1.6,3.0) * 2.0[1.3,2.5] ns (0.9-1.3)
Niacin, mg, RDA 37.3 [30.9, 42.0] 21.7 [17.3, 30.8] ** 24.5 [16.1, 29.8) *** (12 - 16)
Vitamin BE, mg, RDA 2.1[1.6, 2.5] 1.6 [1.7, 1.8] ns 1.9[1.2,2.3] ns (1.0-1.3)
Vitamin B12, mcg, RDA 4.5 [3.6, 5.9] 7 6.2[4.9,7.1] * 5.2 [2.9,6.5] ns (1.8-2.4)
Chaoline, mg, Al 332 [276, 394] 352 [155, 514) ns 272 [170, 341) * (375 -550)
Vitamin K, mcg, Al 109 [55, 134} 63 [39,65) ns 59 [32, BO] ** (60-75)
Folate, mcg DFE, RDA 445 [212, 692 18 467 [367, 666) ns 554 [334, 6BE] ns (200 -400)

Notes: U.S.= United States. CeD = Celiac disease. NHANES = National Health and Nutrition Examination Survey. kigalg-*iipaaisr mg = milligrams.
mcg =micrograms. RAE = retinol activity equivalents. DFE = dietary folate equivalents. 1.) Means shown, but no statistisaluentdysmall sample size

(n<5). Comparison made against the Study Teens: *p < 0.05. **p < 0.01. **p < 0.001. ns = ficagigni
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Summary of Study Adult and Study Teen Nutrient Results

The sample had numerous nutrient concerns shared with NHANES and a few that may
be related to the GFDKTS &l YL SQ&a O2yOSNYya akKINBR gAGK bl !
linoleic acid, linoleniacid, calcium, potassium, cholirendvitamins E, D, C and K. In addition,
teens from all groups had potential deficits in magnesium, phosphorus, zinc, thiamin, riboflavin,
andvitamins A and B12. Nearly all consumed high amounts of sodanerally though,the
sample had a greater level oferall nutrient sufficiency and higher mean nutrient intake.
However, a number of nutrientaere of concern specific to the sample and possibly the GFD.
These included potential deficiencies in carbohydrates (% koal folate (compared to New
CeD Serolgy & No GFD and Everyone Else Without CE) carbohydrates (% kcal) may be
less of a concern since the recommended amount in mass was being consumed. Niacin may be
less of a concern if not consumed from synthatarcesThiamin may also a concern five
Study Adults. In addition, there were some gender differences. Compared with boys and men,
girls and women had high rates of deficiency of iron. Men compared with women were also low
in magnesium. Boys had a parlarly high rate of vitamin C deficien The sample may be
consuming excessive amounts total fatKeal), niacinandvitamin A (girls). The sample also
had high mean intake of saturated fat, relative to NHANES. See Figure 19 below for a Summary

of Nutrients Concerns for Study Adults & Teens
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Figurel9. Summary of Nutrient Concerns for Study Adatis Teens

Potentially deficient nutrients Potentially excessive nutrients

High in NHANES

Low in NHANES & Sample Low in Sample Sample High in Sample
StudyAdults
Fibers<@bo) Vitamin E*<@b¢)  CHO(% kcaly*@Pe)  SFAT% kcaly==@Po)  FAT(% kcal)+@bo)
Linoleic acit® Vitamin D*<@b0  Folate*(© Linolenic acid Niacin*©
Linolenic acitP Vitamin G®:© Thiamirt® Sodium**(@b.c)
Calcium#*®) Choling**<®.0) Iron (women)® Added sugar*+0:©)
Iron Vitamin K®© Mg (men)** *®)

Magnesiun{©)
Potassiurm?©

Study Teens
Energy*© Vitamin A© CHOQ(% kcaly© SFAT% kcal)**@9-®  FAT**(% kcalj©
Fiber=© Vitamin E**© Folate***© Sodium**@b.) Niacin***(®.c)
Linoleic acid Vitamin D** Iron (girlsy© Added sugar*4-9) Vitamin A (girls)®
Linolenic acid®  Vitamin C Vitamin C (boys)
Calcium** Thiamin
Iron*© Riboflavin
Magnesium*© Vitamin B12
Phosphorus Vitamin K*©
Potassium*® Choline**
Zinc

Note. Low/High in NHANES & Sample = Nutrients listed were a concern due to the percent to being below/higher
than Target Recommendations for at least 10Bthe sample as well as at least one NHANES subgrexpept

saturated fat, sodium and added sugar represent actual amounts consumed. Low/High in Sample = Nutrients were
a concern due to being below/higher than recommendations for at least 10% of theesdmphot in NHANES.

Mg = magnesium. CHO = carbohydrates. SFAT = saturated fatty acid. FAT = total fatty acids. Kcal = kilocalories.

* =true for at least 40% of the sample population. ** = true for at least 50% of the sample population. Indicates
nutrient is ¢/+ = significantly lower/higher percent relative to NHANES subgroups, where NHANES subgroups are
labeled: (a) Reported CeD Diagnosis & GHL) = New CeD Serology & No GFD. (c) = Everyone Else Without CeD.

Nutrient Hypotheses Outcomes

Hypothesisl.2.1.Most, but not all of the hypothesized nutrients were low or deficient
in the sample, with more areas of concerns in the Study TeensttieeBtudy Adults.

There were a number of hypothesized nutrients which the majorBp%o) of Study

Adults didhave potentially deficienbr low consumption, including: carbohydrates as a percent
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of energy (not as the absolute amount), dietary fiber, vitamin E, vitamin D, and choline, as well
as for men, magnesium. With over 40% of the population being potentiafigient, both
folate andcalcium were close to encompassing the majority. Although not as widespread, there
were still some other potential nutrient concerns, where at least 10% of the StudysAwalt
potential deficits. These included iron (women andsy, and polyunsaturatethts, linoleic
acid and linolenic acid, which had been hypothesized to be low. There were also several others,
including potassium, vitamin C, vitamin K, and thiamin, which were potentially low or deficient
in at least 10% of & Study Adults that had mdeen previously considered a major concern in
populations with CeD.

The majority $50%) of the Study Teens were potentially deficient or low in the same
nutrients of concern as the Study Adults, including: carbohydrates ascarmieof energy (not
as the absolute amount), dietary fiber, vitamin E, vitamin D, and choline, along with calcium
and folate (which slightly fewer adults had shown potential deficiency). In addition, magnesium
(previously a concern) as well as potassiurd gitamin K (new concerhsvere potentially
deficient or low in at least 40%, suggesting concern. There were also a number of other
nutrients which were potentially low in at least 10% of the Study Teens, including zinc, iron, the
B-vitaming thiamin, ribdlavin, and vitamin B 13long with the polyunsaturated fat linoleic
acid, which had been previously mentionedsasoncern, but also phosphorus, vitamin A, and
vitamin C.

Hypothesis 1.2.2Total fat, saturated fgtand added sugar all as a percent okegy
were identified as bimg high in a majority of the sample, which was consistent with the

hypothesis.
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Hypothesis 2.1.3. THREHANES A1 Subgrolgeported CeD Diagnosis & GBI have
the most similarities of all of the NHANES subgroups with the StddlgsAHowever, there
were some differences. Most differences favored the sample, except for unfavorably higher
total and saturated fat (% kcal) and unfavorably lower carbohydrates (% kcal).

Hypothesis 2.2.ANith the exception of the sample having poteaity unfavorably high
total and saturated fat as a percent of energy, as well as unfavorably low carbohydrates as a
percent of energy, nearly the complete opposite of the proposed hypothesis was found. The
sample generally had a higheot lower nutrientprofile, with less potenal deficiencies.
Eating Patterns and QLAssociationsResults

This section briefly discusses the correlations between diet measures and QOL with the
sample and NHANES. The analysis divides each group into adults and teensypvigsarise
the sample used different measures for Cgecific QOL based on age. HoweueiNHANES,
certain known confounders that have been previously associated with QOL, like whether
someone was married, were primarily associated with adults. Correlai(e.2) (positive or
negative) were assumed to be weak, (>.8) (positive or negatige)rad to be strong, and
those in between assumed to be moderate. Because the sample had a smaller population size,
it would be reasonable to expect that the correlatfowould need to be in the moderate range
to see a significant association. However, hessathe NHANES group was much larger, even
weak correlations may show a significant association with more detailed statistical analysis. The
next sectiorprovidesa more comprehensive analysis of the association betw@€érand diet
based on ANOVA and omel regression, which includes significance testing of the relationship

between the variables.



The correlations, although weak (most betwe&h05-0.20), supported théypothesis
that higher diet quality and lower levels of ultprocessing would be assated with favorably
higher QOL scores for most groupsg Table29to 32). The direction of the associations and
relative differences in correlations were mostly s@tent among the groupgxcept the Study
Adults and ultrgprocessed (% grams). For NS adults, diet quality was more strongly
correlated with QOL (0.2Q.14) than ultraprocessing-0.04to -0.06) however, both were still
considered weakForthe NHANES teens, diet quality (0.08) and ulpmcessing-0.06to -0.07)
were similarly corlated with QOLbut showed weaker correlation to QOL than the adult
group. Fotthe Study Teens, diet quality and ultprocessing were similarly correlated with QOL
(<0.20) (although some trended into the moderate categefy4d3to -0.32)). Concerninglyor
the Study Teens, the correlation between ulyeocessing (% grams) and QOL had an
inconsistent directionality. For the Study Adults, somewhat different correiatiere
observed; unexpectedly, higher diet quality was weakly correlated with lessaflaleoQOL in
this group. In addition, fothe Study Adults, there was a we#d-moderate correlation (most
between-0.24and-0.33) between high ultr@rocessed (%ca) and less favorable Q@©Ilwhich
was a stronger association than found with NHANES, ilssito the Study Teens (Talié).
The differences between the ultjarocessed (% grams) and QOL correlations suggested that
there may be a complicated relationshiptiwveen ultraprocessed foods in mass consumption
and QOL.

Correlations across diet quyl and ultraprocessing measures were somewhat
correlated with one another in similar ways across the populations studied. The two diet

measures which assessed dietadjtyt HEI and AMEDwere moderately correlated with one

23C



another in all groups, but less svith the Study Adults. Similarly, the two ulpaocessing
measures, ultrgorocessed (% kcal) and ulpaocessed (% gramsyere moderately correlated
with one anottler.

The diet quality measures were also negatively correlated with the-plivaessing
measures, but not with the same strengths of associations across all populations. Generally,
AMED was more moderately correlated with ulyeocessing (%okcal) the Sudy Adults.
However, HEI (rather than AMED) and ultracessing (%kcal and %grams) evetore
moderately correlated ithe NHANES participants. HEI (rather than AMED) and ultra
processing (% grams) were more correlated whi Study Teens.

Notably, dietquality and ultraprocessing measures were only moderately and not
strongly intercorrelated, and there were different strengths of associations between diet
quality and ultraprocessing measures. This suggested that the four measures reflected
different aspects of food consumption and may interact with QOL differently.

Overall, these coriations suggested thagsmostly consistent with the initial
hypothesis, associations might be found between higher diet quality and higher QOL; scores
thiswas true or all excepthe Study Adults. Also consistent with the hypothesis were the
associatios between less ultrprocessed consumption and higher QOL for all groups. In
addition, the patterns of diet quality and QOL correlation values being higher than ultra
processing and QOL correlations suggested that the diet quality results might havedfigler
sizes relative to diet quality for adults. The fact that the values of diet quality and QOL
correlations and ultrgprocessing (% kcal) and QOL correlations serglar suggested that the

effect sizes of ultrgorocessing might be more similar faens relative to adults in NHANES. In
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addition, the results suggested that throughout, ujpeocessing (%kcal) and AMED (except for
the Study Adults) had the highesgtdlihood of showing some level of significant associations
with QOL. Because of the macte and higher correlation between HEI and ujtracessing,
there appeared to be an overlap in these diet measures.

Theunderlyingresults of the ANCOVA models fbetsample and ordered logistic
regression models for NHANESBy on these correlations, buitirther divide out these
populations by diet categorizations, sometimes indicating a higher level of associations with
QOL.

Table29. Corrdation of Celiac Disease Specific Quality of Life Scores, Total HEI Score, Total

AMED Score, UltrBrocessed Foods (% Grams), and tRi@cessed Foods (% Kcal) for the
Study Adults (r50)

CDQOL CDQOL CDQOL CDQOL CDQOL HEI AMED UFF UPF
Dys Ltd Health Inad (%grams)  (9%kcal)

CDQOL 1.0000

CDQOL Dys 0.6653 1.0000

CDQOL Ltd 0.9149 0.5086 1.0000
CDQOL Health 0.7725 0.4504 0.5339 1.0000

CDQOL Inad 0.5696 0.3402 0.4164 0.2776 1.0000
HEI -0.1615 -0.1875 -0.1068 -0.1244  -0.145 1.0000

AMED -0.0506 -0.2162 0.0869 -0.1714  -0.0450 0.4663 1.0000
UPF (%grams) -0.1973 -0.1308 -0.1958 -0.1318 -0.1035 -0.3244 -0.4235 1.0000

UPF (% kcal) -0.3342 -0.2402 -0.3384 -0.2613 -0.0653 -0.3089 -0.4928 0.7180  1.0000

Note. CDQOL =eftac Disease Specific Quality of Life Scores. Dys = Dysphoria. Ltd = Limitations. Health = Health
Concerns. Inad Inadequate Treatment. Higher CDQOL scores were favorable (rab@@)OHEI = Healthy Eating
Index, AMED = Alternate Mediterranean Diet FUPUltraProcessed Foods. Correlations (< 0.2) (positive or
negative) were assumed to be weak,0(8) (positiveor negative) assumed to be strong, and those in between,
were assumed to be moderate. Bolding indicated correlations wé0.



Table30. Correlation of Celiac Disease Specific Quality of Life, Total HEI Score, Total AMED
Score, UltraProcessed Foods (% Grams), and tRrecessed Foods (% Kcal) for the Study
Teens (n = 30)

CDQOL CDQOL CDQOL CDQOL CDQOL HEI AMED UPF UPF
Soc Unc Isol Ltd (%gram  (%kcal)
s)
CDQOL 1.0000
CDQOISoc 0.8957  1.0000
CDQOlUnc 0.5627  0.4405 1.0000
CDQOlisol 0.8465 0.6723  0.2468 1.0000
CDQOlLtd 0.7685 0.5159  0.2248 0.6774 1.0000
HEI 0.1948 0.1701  0.1333 0.1850 0.1172  1.0000
AMED 0.1180 0.1743  0.0567 0.1578 -0.0692  0.7448 1.0000

UPF (%grams) 0.0153 0.1230 -0.2341 -0.1382 0.1878 -0.1641 -0.0298 1.0000

UPF (% kcal) -0.1225 -0.1014 -0.3167 -0.0534 0.0383 -0.0178 0.0405 0.5057 1.0000

Note. CDPQOLGeliac Disease Pediatric Specific Quality of Life Scores. Soc = Social. Unc = Uncertainty. Isol =
Isolation. Ltd = Limitations. Higher CDQOL scores were favorable (rd8§¢.HEI = Healthy Eating Index,
AMED=Alternate Mediterranean DietUPF = Ultr&rocessed Foods. Correlations (< 0.2) (positive or negative)
were assumed to be weak; (.8) (positive or negative) assumed to be strong, and those in between, were
assumed to be moderate. Bolding indicated correlations veede20.
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Table31. Correlation of HealtliRelated Quality of Life, Total HEI Score, Total AMED Score,
Ultra-Processed Foods (% Grams), and tRtracessed Foods (% KcalNHANE&dults
(n=15,851)

QOL HEI AMED UPF (% grams) UPF (%cal)
HRQOL 1.0000
HEI 0.1148 1.0000
AMED 0.1352 0.6989 1.0000
UPF (%grams) -0.0639 -0.4529 -0.3261 1.0000
UPF (% kcal) -0.0449 -0.4775 -0.3060 0.6405 1.0000

Note. HRQOL = HealRelated Quality of Life. HRQOL Scores: 5 = Excellent, 4 = Very Good, 3 = Gagdl, 2 =
1 = Poor). HEI = Healthy Eating Index, AMED = Alternate Mediterranean DietlIiRHProcessed Foods.
Correlations (< 0.2) (positive or neget) were assumed to be weal, @.8) (positive or negative) assumed to be
strong, and those in betweemyere assumed to be moderate. Bolding indicated correlations wére0.

Table32. Correlation of HealtiRelated Quality of Life, Total HEI Score, Total AMED Score, Ultra
Processed Foods (% Grams), and tRftacessed Foods (%adnNHANES eens (n = 2,304)

QoL HEI AMED UPF (%grams)  UPF (% kcal)
QoL 1.0000
HEI 0.0767 1.0000
AMED 0.0777 0.6287 1.0000
UPF (%grams) -0.0618 -0.3925 -0.2433 1.0000
UPF (% kcal) -0.0730 -0.4087 -0.2037 0.6190 1.0000

Note. HRQL = HealtiRelated Quality of Life. HRQOL Scores: 5 = Excellent, 4 = Very Good, 3 = Good, 2 = Fair,
1 = Poor). HEI = Healthy Eating Index, AMED = Alternate Mediterranean DietlliRHProcessed Foods.
Correlations (< 0.2) (positive or negat) wereassumed to be weakz0.8) (positive or negative) assumed to be
strong, and those in between, were assumed to be moderate. Bolding indicated correlations Qu@fe
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Relationship of Eating Patterns and QOL in the Sample

To examine and compatbe relaionships between eating patterns and quality of life in
a sample of adults and teens with celiac disease.

This section presents the results of the analysis using sample data of the association
between QOL and diet quality, as measured by the tHEIAMD, or the NOVA food
processing categorization system. The Study Adult results are showrdlisiyed bythe
results for the Study Teenk both cases, the discussion for the two diet quality indices, HEI
and AMED, are presented against QOL, and thenré¢bults of NOVA against QOL, where ultra
processed food consumption results are divided between energy (kcal) and mass (grams). As
detailed in the methods chapter, this analysis was completed using analysis of covariance
(ANCOVA), largely due to the liation of sample sizes. The ANCOVA results show the value of
the CeDspecific scores related to moving between tertiles diet measures oategyand
whether probabilistically the differences in the mean QOL scores are significant. The diet
measures used #lowest diet quality and highest level of ulipaocessing as the referenced
groups.

Hypothesis associated with this aim:

3. Associationwill be shown between eating patterns and QOL

3.1. In the sample, Cegpecific QOL would be positively associatethiet quality
scores (HEI and AMED) and negatively associated with the intake gbhudtr@ssed foods.
These associations were expectedemain significant after controlling for age, gender,

education,BM|, years since CeD diagngsiad adherence tthe GFD.
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Study Adults Key Takeaways

No association was found between diet quality and Q@ily bwer consumption of
ultra-processed food§% kcal) had an association with higher QOL scores (the dysphoria,
limitations, and overall components). A narrow g of scores, which were primarily of
moderate to high diet quality, low levels of ultpaocessed foods, and small sample size in a
populdaion with a dietfocused disease and an association with a Celiac Disease Center may
contribute to limited findings.

Associationin Study AdultsBetween Diet Quality and QOL.

There was no discernable relationship between diet quality, as measured by HEI o
AMED, and the QOL as measured by CDQOL. In addition, although not significant, CDQOL scores
tended to decrease witincreasing diet quality scores, which was not an expected direction.
Overall,the Study Adults had a limited range of variability in trdiat quality (mostly moderate
to high) as well as their QOL (mostly good to excell@agsibly limiting the abiltto see
associations between diet quality and Q@G&e Tables 3and &).

Associationin Study AdultsBetween Ultra-Processedroods and QOL.

Prior to and after all adjustments for potential confounders, an association was seen
between lower ultraprocesgd (% kcal) consumption and three CDQOL components: Dysphoria
(T3 to T1), Limitations (T3 to T1), and Overall scores (T3 thld &Associations were observed
between ultraprocessed (% grams) consumption and QOL. As with diet quality, the narrow
range ofvariability in ultraprocessed foods consumption, QOL, as well as small sample size

possibly limited the ability to show assatms (see Tables 35 and 36).
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Table33. Relationship between Celiac Dise&gecific Quality of Lifend Healthy Eating Index Scores Among Study Adults

Index HEI - Study Adults
Hagad i Fuilly adpsted Bageliree  Fully adpsted Hawcdire Fully adpusted
1t Test Taest T-aest Bl cached o]
el Dl Dl al 1 et 1ot
Tertile T1 T2 TIus Tl TIusT1 T3 Tiuzs Tl TiuwzTl paralue paralue
n 17 17 16
Diet Score
mean (IQR) 51.8 [49.9, 54.5] 63.4 [60.4, 67.8] 76.3 [71.2, 81.1]
COQOL component
Dysphoria
mean (IQR} 96.0 [93.8, 100.0] 90.4 [87.5 100.0] ns s 89.5[81.3, 100.0] ns s s
Limitations
mean (IQR} 714639 778] 696639 806] ns s 67.9 [50.0, 90.3] ns s s
Health Concerns
mean (IQR} 729650 8000 71.2[00.0 900] ns s gd.4 [52.5 775] ns s s
Inadequate Treatment
mean (IQR} 74.3 [50.0, 87.5) 684625 875 ns s 6d.1[43.8,93.8] ns s s
Overall
mean (IQR} TrFO[72.5,81.3) 74.0([73.8,850] ns s 709 [58.1,86.3] ns s s

Note. CDQOL = Celiseasespecific Quality of Life Survey Tool. IQR = interquartile range. HEI = Healthy Eating Index.AtdEiate Mediterranean Diet Index. Used analysis of
covariance (ANCOVAyhich either only compared the relationship between CDQOL and HEI or AMé&bles controlling for gender, age, years since diagnosis, BMI, and adherence
to GFD, using the Celiac Diet Adherence Test. Significance values were: *p < 0.05. **p < 0.€10.601.
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Table34. Relationship between CeliacsBaseSpecific Quality of Life and Healthy Eating Index Scores Among Study Adults

Index AMED - Study Adults
Bazelire  Fully adpsted Bazeline  Fully adusted A Fully adpsted
Test Tt Taest Test Lt Bl o
Ot i ol O lies: Ot i ftest ftest
Tertile Tl T2 Tiws Tl Tiws Tl T3 T3ws Tl T3ws Tl palue palue
n 18 20 12
Diet Score 4.5 [4.0, 5.0] 6.5 [6.0, 7.0] 8.2 [8.0, 8.0]
COQOL component
Dysphoria
mezn (ICR) 95.8[93.8, 100.0] 91.3 [B4.4, 100.0] s ns 87.5([78.1, 100.0] ns s j LI
Limitations
mezan (ICR) 69.6 [63.9, 80.6] 70.8 [B2.5, 84.7] ns ns 67.8 [50.0, 84.7] ns ns s e

Health Concerns

mean (IOR) 75.8 [65.0, 90.0]) 66.8[52.5 800] ns ns 65.0 [57.5, 775] ns ns ns =
Inadequate Treatment

mean (10R) 73.6 [50.0, 100.0] 656 [37.5 875 ns ns 67.7 [50.0, 75.0] ns ns s s
Overall

mean (IQR) 76.8 [76.3, 85.0) 734[61.3,831] ns ns 71.0 [60.0, 825] ns ns ns L]

Note. CDQOL = Celiac Diseapecific Quality of Life Survey Tool. IQR = interquartile rang&D¥WAlternate Mediterranean Diet Index. Used analysis of covariance (ANCOVA) which
either only compared the relationship between CDQOL and HEI or AMED in tertiles controlling for gender, age, yearsrsisie Bied, and adherence to GFD, using th@€elet
Adherence Test. (a) = Baselingglue of T2 vs T1. (b) Fully adjusted modehfue of T2 vs T1. (c) Baselinegtue of T3 vs T1. (d) Fully adjustedgbue of T3 vs T1. (e) Baseline Model
p-value. (f) Fully adjusted-palue. Significance vaawere: *p < 0.05. **p < 0.01. ***p < 0.001.
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Table35. Relationship between Celiac Dise&qgecific Quality of Life and Percentage of Dietary tacessing in Energy

Among Study Adults

Index Ultra-processed (% kcal) - Study Adults
Bazeline Full acjusted Raseling Fuilly acdpsted Bz ine Fully sdjusted
Test Test tebest tebest Mads Mads
paralue paralue pealue palue F-test F-test
Tertile T1 T2wsT1 TIuwsTl T2 Tiws T2 Tiws T2 T3 p-walua p-walua
n 17 17 16
Percent of Foods
mean (IOR} 12.4% [B.9%, 17.8%] 27.4% [24.3%, 31.6%]) 50.1% [41.1%, 56.8%]
CDQOL component
Dysphoria
mean (IGR) 96.7 [93.8, 100.0] . . 91.2 [81.3, 100.0] ns ns 87.9 [81.3, 100.0] ns i
Limitations
mean (IGR) 77.3 [66.7, 91.7] L L0 70.4 [63.9, 80.6] ns () 60.8 [50.0, 72.2] o WL
Health Concerns
mean (IOR}) 76.2 [60.0, 90.0] ns ns 67.6 [55.0, 80.0] ns ns 64.7 [47 .5, B2.5] ns W
Inadequate Treatment
mean (IOR} &67.6 [50.0, 87.5] ns ns 74.3 [B2.5, 87.5] ns ns 64.8 [43.8, 93.8] ns pt
Overall
mean (IOR) 79.9 [73.8, 90.0] 0 0 74.3 [65.0, 85.0] ns ns 67.6 [57.5, 78.8] Y WL

Note. CDQOL = CeliaseasespecificQuality of Life Survey Tool. IQR = interquartile range. Used analysis of covariance (ANCOVA) which either only
compared the relationship between CDQOL and tfitiecessed foods in tertiles controlling for gender, age, years since diagBb#isand
adherence to GFD, using the Celiac Diet Adherence Test. Significance values were: *p < 0.05. **p < 0.01. ***p < 0.001.
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Table36. Relationship between Celiac Dise&ecific Quality of Life and Percentage of Dietary tRt@cessing in Mss
Among Study Adults

Index Ultra-processed (% grams) - Study Adults
Baseline Full adpusted Baseling Fully adjusted Baseline Fully adjusted
tdest thest test thest Made Made
paalue paalue pvalue paalue F-test Ftest
Tertile Ti TauwzTl Tiuwz Tl T2 T2yz T2 Tiwz T2 T3 p-walus p-walus
n 17 17 16
Percent of Foods 4.5% [2.1%, 6.6%] 12.4% [9.8%, 15.7%] 27.0% [19.6%, 26.7%]
COOOL component
Dysphoria
mean (I0R) 93.8 [93.8, 100.0] ns ns 92.3 [87.5, 100.0] s s 89.8 [84.4, 100.0] s WL
Limitations
mean (IOR) 74.2[63.9,917] ns s 68.8 [63.9, 80.6] ns s 65.8 [59.7, 73.6]  ns L1
Health Concerns
mean (ICR) 76.5 [65.0,90.0]  ns s §5.9 [50.0, 80.0] ns s 56.3 [50.0, 82.5]  ns *
Inadequate Treatment
mean {I0R) 75.0 [62.5, 100.0] ns ns 66.9 [50.0, 87.5] ns ns 64.8 [43.8, 87.5] ns L
Owerall
mean (I0R) 78.8 (725 863] ns ns 72.6 [60.0, 81.3] ns ns 70.6 [61.3, 78.8]  ns Ll

Note. CDQOL = Celiac Disesgecific Quality of Life Survey Tool. IQR = interquartile range. Used analysis of covariance (ANCOVA) which either only
compared the relationship between CDQOL alita-processed foods in tertiles cantling for gender, age, years since diagnosis, BMI, and
adherence to GFD, using the Celiac Diet Adherence Test. Significance values were: *p < 0.05. **p < 0.01. ***p < 0.001.

240



Study Teens Key Takeaways

Higher diet quality as measured by AMED, but not kifl,some association with higher
some CDPQOL components. Lower giracessed foods consumption was also found to have
a limited association with some componeriif CDPQOL having higher scores. A narrow range
of ultra-processed product percentages anetdguality scores, along witthe small sample
size may limit findings.

Associationin Study Teens &ween Diet Quality andQOL

There was nassociation between HEI and QOL. Higher AMED scores, however, were
associated with higher QOL (social, isolateomd overall scores) after controlling for all
confounders. The narrow range of scores and sample size may have limited the ability to show
results (see Tables Band 38).

Associationin Study Teens &ween Ultra-Processed~oods and QOL.

Lower consumptio of ultraprocessed foods (energy) was associated with higher
isolation QOL scores (after controlling for confounders) (see Table@®%r consumption of
ultra-processed foods (mass) was also associated with lower uncertainty QOL scores (T3 to T2),
where this may be due to chance, as the relationship did not hold throughout all tertiles (or at
the extreme tertiles) (see Table 40). A garthat trended towards higher overall QOL scoring,
with relatively low levels of ultrprocessed food consumption, magve limited the ability to

find associations (see Tables 39 and 40).
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Table37. Relationship between Celiac Disease Pedi&pecific Quality of Life and Healthy Eating Index Scores Among

Study Teens

Index HEI - Study Teens
Sazelire Fully adpeted Bazelime:  Fully adusted Sazcline Fully adpeted
e e et Bl Bl
paralue paralue posalue pwalue st st

Tertile T1 T2 T2 ws Tl T2 ws T1 T3 T2wzT1 T2wzT1 paliue Pl

n 17 17 16

Diet Score

mean {|QR) 51.8 [49.9, 54.5] 63.4[60.4, &67.8] 76.3 [71.2, 81.1]

COPQOL component

Social

mean {IGR) 70.7 [60.7, 78.6] 65.7 [50.0, 78.6] ns 73.6 [60.7, 85.7] ns ns hs

Uncertainty

mean {ICR) 70,0 [50.0, 83.3] 68.3[50.0,83.3] ns 69.2 [50.0, 83.3] ns fis s

Isolation

mean (IGR) 76.3 [68.8, 81.3] 63.8([50.0,81.3] ns B2.5[68.8, 93.8] ns ns ns

Limitations

mean {ICR) 67.5 [50.0,91.7] 58.3[33.3,75.0] ns 72.5 [66.7, 83.3] ns s s

Owerall

mean (IGR) 713 [63.2, 72.1] 64.4 [58.8, 73.5] ns 74.7 [63.2, 86.8] ns ns s

Note. CDPQOL = Celiac BsePediatricspecific Quality of Life Survey Tool. IQR = interquartile rdtige= Healthy Eating Index. Used analysis of
covariance (ANCOVA) which either only compared the relationship between CDPQOL and HEI or AMED in tertiles controtlieny foe geears
since diagnosis, BMI, and adherence to GFD, using the Celiac Dée¢athTest. Significance values were: *p < 0.05. **p < 0.01. ***p < 0.001.
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Table38. Relationship between Celiac Disease Pedi&pecific Quality ofife and Alternate Mediterranean Diet Scores
Among Study Teens

Index AMED - Study Teens
Hascdire Fully adpsted Hazchine  Fully adpeted B i Fully adpsted
st ttest st st f cacked ol cacked
pravaluee paalue pacalee pia e fitest fitest

Tertile T1 T2 T2wsiTl T2ws Tl T3 T2wzTl T2wsT1 palue paealue

n 19 7 4

Diet Score

rmean (I0R) 4.0 [4.0, 5.0] 6.0 [6.0, 6.0] 7.5 [7.0, 8.0]

COPQOL component

Social

mean (IR} 68.0 [53.6, 78.6] 71.4[53.6,96.4] ns wes 76.8 [69.6, 83.9] ns see o see

Uncertainty

mean (I0R) 68.9 [50.0, 83.3] 69.0 [41.7,83.3] ns ns 70.8 [54.2, 87.5] ns ne  ns s

Isolation

rmean (I0R) 69.4 [56.3, 81.3] 78.6[62.5,93.8] ns < 89.1[B4.4,93.8] ns J s J

Limitations

mean (IGR) 64.5[41.7,91.7] 65.5[58.3,83.3] ns s 75.0 [62.5, 87.5] ns ns ons ns

Overall

mean (IOR) 67.9 [61.8,73.5] 71.6([57.4,89.7] ns L 78.3 [72.1, 84.6] ns ** s .

Note. CDPQOLGeliac Disease Pediatspecific Quality of Life Survey Tool. IQR = interquartile range. AMfiBrnate Mediterranean Diet. Used analysis of
covariance (ANCOVA) which eitlomty compared the relationship between CDPQOL and HEI or AMED in tertilesliognfor gender, age, years since diagnosis,
BMI, and adherence to GFD, using the Celiac Diet Adherence Test. Significance values were: *p < 0.05. **p < 0.01. ¥**p < 0.00

243



Table39. Relationship Between Celiac Disease Pedi&pcific Quality of Life and Percentage of Dietary WRt@essing in
Energy Among Study Teens

Index Ultra-processed (% kcal) - Study Teens
Basaline Full adpusted Basedine Fully adpsted Baiefine Fully adjusted
test thest st thest Made Made
palue palue pvalue palue Ftest Ftest

Tertile Ti Tiuz Tl Tiuz Tl T2 T3y T2 TIus T2 T3 p-walue p-walue

n 10 10 10

Percent of Foods

mean (I0R) 23.5% [18.2%, 28.4%] 37.0% [34.4%, 39.4%] 52.7% [48.2%, 59.0%]

COPOQOL component

Social

mean (IQR) 739 [64.3, 78.6] ns ns 70.4 [53.6, 85.7] s s 65.7 [60.7, 75.0] ns ns

Uncertainty

mean {IQR) 76.7 [75.0, 83.3] s ] 70.8 [50.0, 91.7] ] ] 60.0 [50.0, 75.0] s s

Isolation

mean (IGR) 73.8[68.8,93.8] ns . 81.5 [68.8, 93.8] ns . 66.3 [56.3,813]  ns .

Limitations

mean (IQR) 64.2 [417,833] ns ns 76.7 [66.7, 91.7] ns ns 57.5[50.0,750] ns ns

Overall

mean (IOR) 726632, 86.8] ns ns 74.4 [66.2, 86.8] ns ns 63.4[58.8,72.1]  ns .

Note. CDPQOL = Celiac Disease Pedsgecific Quality of Life Survey TdQR = interquartile range. Used analysis of covariance (ANCOVA) which either only
compared the relationship between CDPQOL and Yiteeessed foods in tertiles controlling faerider, age, years since diagnosis, BMI, and adherence to GFD, using
the Celiadiet Adherence Test. Significance values were: *p < 0.05. **p < 0.01. ***p < 0.001.
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Table40. Relationship Between Celiac Disease Pedi&pcific Quality of Life and Percentage of Dietary tRt@cessing
in Mass Among Studye@&ns

Index Ultra-processed (% grams) - Study Teens
Baseline Full adpusted Baseline Fully adpusted Baseline Fully adjusted
tetest et st tetest Made Made
praalue palue paalue praalue Ftest Ftest

Tertile T1 T2wsT1 T2usT1 T2 Taws T2 Tius T2 T3 p-walue p-walue

n 10 10 10

Percent of Foods

mean (1CR) B.4% [8.0%, 9.9%] 15.9% [14.1%, 16.9%] 30.4% [25.0%, 32.7%]

COPOQOL component

Social

mean (I0R) 59.6 [50.0, 67.9] s ns 80.7 [78.6, 96.4] ns ns 69.6 [64.3, 78.6] * W

Uncertainty

mean [I0R) 63.3 [50.0, 75.0] ns ns B5.0 [75.0, 100.0] 2 L 59.2 [50.0, 75.0] ns LI

Isolation

mean [IQR) 72.5 [68.8, B1.3] ns ns 82.5[68.8, 93.8] ns s 67.5 [56.3, B1.3] ns ns

Limitations

mean [10R) 62.5 [50.0, 75.0] ns ns 70.0 [58.3, B3.3] ns ns 65.8 [50.0, 91.7] ns ns

Overall

mean (1CR) 63.8 [61.8, 69.1] ns ns 80.0 [66.2, B9.7] - s B&.6 [B3.2, 73.5] - ns

Note. CDPQOL = Celiac Disease Pedsgecific Quaty of Life Survey Tool. IQR = interquartile range. Used analysis of covariance (ANCOVA) which either only
compared the relationship between CDPQOL and {piteeessed foods in tertiles contrally for gender, age, years since diagnosis, BMI, and adhet@®@&€D, using
the Celiac Diet Adherence Test. Significance values were: *p < 0.05. **p < 0.01. ***dl< 0.00
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Relationship of Eating Patterns and QOL in NHANES

Aim 3.2.To examine and compare thielationships between eating patterns and QOL
within NHANES.

This section presents the results of the analysis using NHANES data of the association
betweenhealthy-related QOL and diet quality, as measured by the HEI, the AliEDe NOVA
food processingategorization system. The results for adults in NHANES are shown first,
followed by theresults for the teens in NHANES. In both cases, the discussion for the two diet
quality indices, HEI and AMED, against QOL are presdatiedyed by theresults ofNOVA
against QOL, where ultarocessed food consumption results are divided between enéxgy (
kcal) and masg4grams).When an odds ratio was reported for a component, the assumption
was that all other components were held caaust.

As detailed in the mihods section, this analysis was completed using logistic ordinal
regression, largely due to the QOL variable being an ordered category. Because the NHANES
dataset had a large sample size, an additional analysis was done tonexidm@irelationship
betweenQOL, level of ultrprocessingand diet quality in the same modé\though it would
have been ideal to consider whether ukpaocessing impacts may have been mitigated when
accounting for diet quality in the study sample, gmall size prohibited thanalysis.

To eliminate confounding of results between diet quality and level of ydtcessing,
diet quality was divided into categories known to be associated with health outcomes (HEI:
low = scores < 60%, midnge = score60-79%, high = scores 80%AMED: low =@, mid
range = 46, high = 7). Ultraprocessing levels were divided into quintiles. Heatttated QOL

was also condensed to three categories from five (High = Excellent or very good, Good, Low =
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Fair or poor) to allow for adequate numisefor comparison in each subcategoigr (exanple,
teens with high AMED scores and high levels of ydtcessed foods).

Hypothesis associated with this aim:

Associations will be shown between eating patterns and Q©Othe NHANES
subgroups, the researein expected overall QOL would pesitively associated with diet
quality scores (HEI, AMED) and negatively associated with the intake gbrdtressed foods.
These associations were expected to remain significant after controlling for agegageed,
gender, education (adults), perceaf income to povertyBMI, ethnicity/race, marital status,
where confounders would be removed from the model if not shown to be significant.
NHANES Adults Key Takeaways

Participants who hadigher diet quality(HEI and AMD, as well agower ultra-
processed foodconsumption weremore likely to havanigher QOLWhen both diet quality and
level of ultraprocessing were placed in the model togethdrpse who had igher diet quality
and lower ultra-processingcontinued to bemore likely to havéiigher QOIcwhere ultra
processing contribwgd less, but still added to the model beyond diet quallowever, only the
relationships with AMED and QOL, along witihadprocessed (%cal) and QOlLwere
consistentlysignificant in almodels There appeared to ban overlap between HEI and ultra
processed foods (% grams), where HEI appeardédlioexplain the variance in the model when
both were included. HEI also had wide confidence intersafspared with AMEDThis
suggested thahigher AMEDscoringandlower levels ofultra-processed (% kcal) were more

reliably associated withigherQOL scores.



Associationin NHANES AdultBetween Diet Qualityand QOL

Participants with lgherdiet quality for both diet indices (HEI and AMEDSfdlbe and
after all adystments)were more likely to haveigherHRQOIlscores(see Tabletl). After all
adjustments for the HEImodel (Model#2), compared with participants with the lowest diet
quality (HEI: < 60jhose with the highest diet quality (HE 80) were significantly more likely
to bein a higher HRQOL categ¢Adjusted OR2.113 (95% CI: 1.519, 2.939< 0.001].In
addition, compared with the lowest diet qualjtthose having moderate HEI diet gixalere
more likely to be in a higher KFOL categorybut with reduced proportional odds ratios
[Adjusted OR: 1.466 (95% CI: 1.290, 1.665)0.001].Similar results were found in the AMED
model. After all adjustmentgpr the AMED modelModel #4), compared with participants who
hadthe lowed diet quality (AMED: < 3), those with the highest diet quality (AMED: > 6) were
significantly more likely to b a higher HRQOL categdAdjusted OR: 1.996 (95% CI: 1.665,
2.407),p < 0.001] In addition, compared with the lowest diet quality, thoseviray moderate
AMED diet qualityvere stillmore likely to be in a higher HRQOL categbunit with lower
proportional odds ratiogAdjusted OR: 1.286 (95% CI: 1.290, 1.665)0.001].Confidence
intervals for AMED were tighter for AMED diet qualityd $andard errors were lower, relative
to HEl suggesting greater reliabilitythe fully adjusted model explained astimated 10.3%
(Model #3)and 10.4%Model #4)of the respective variance in the HElI and AMED models per
the calculated pseude?. Overall,when compared tdhose withlow diet quality,participants
with high diet quality under either HEI and AMED were roughly twice as likelyitoebkigher
HRQOL categoryrhe oddsvere reduced tabout 1.5timesand 1.3timeshigher for moderate

HEI and AMEscoresrespectively.
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Table41. NHANES Relationship of HeaRklated QOL to Diet Quality Indices Among Adults
Using Ordinal Logistic Regression

t-test Model Psusedo
OR SE  pwalue 95% Cl p-value ¢

HEI
Model 1 Diet only model [reference: koawest diet score < &0), n= 15,851 (represents n = 224 873,737

Moderate (diet soore: &80 - 74| 1.687 0.091 ==* 1.514 1.8B0 *** 0.011
High {diet score: S0+ 3.025 0.465 *=¢ 2.220 4.121

Model 2: Full model [reference: lowest diet soore < 80), n= 13,673 (represents n= 201,103 &&1]

Maoderate (diet score: &0 - 749 1.466 D.093 *** 1.290 1.665 *** 0.103
High [diet scone: B0+ 2.113 0.347 *=* 1.519 Z2.939

AMED

Model 3: Diet only maodel [reference: lowest diet score < 3], n= 15,851 [represents n = 224 873, 737]
Maoderate (diet score: 3 - 5.9] 1.455 0.0Bg *=* 1.292 1.638 *** 0.016
High [diet score: &+] 2.BE3 0.231 *=* 2.454 3.3E7

Modeal 4: Fullmodel (reference: lowest diet score < 3], n= 13,673 [represents n= 201,103 661]

Maoderate (diet score: 3 - 5.9] 1.2B6 0.076 *** 1.143 1.447 **F i0.104
High [diet score: &+] 1.995 0.186 *** 1.655 Z.407

Note: Health Related Quality of Life condensed to Excellent/Very Good, GoodhidReér. Proportional odds

ratios (OR) show thprobability of moving from higher to lower categories of HRQOL based on diet score. NHANES
= National Health and Nutrition Examination Survey. HEI = Healthy Eating Index. AMED = Alternate Mediterranean
Score2010. HEI High = HEI scores > 80. HEI Modetdig scores 6@9. HEI Low = HEI scores < 60. AMED High =
AMED scores > 6. AMED Moderate = AMED sce6e% 2MED Low = AMED scores < 3. SE = standard error. 95%

Cl = 95% confidence interval. Full modeliatjd for age, age squared, household incomedwgpty ratio,

ethnicity/race, body mass index, level of education, and marital status, which were confounders that remained
significant in the models. Level of significance for componetests or model Fests pvalues: *p < 0.05.

**p <0.01. **p < 0.M1. ns = not significant.



Associationin NHANES AdultBetween Ultra-Processed~oods andQOL

Participants withdwer ultra-processed food consumptio®dkcal and®grams) (before
and after all adjustmers)were more likely to havligherHRQOLsge Talte 42). After all
adjustments(Model #6), compared with those in the highest quintile of ulpaocessed foods
(Q5% kcal: 70%+participants in thdowestquintile (Q1)of ultra-processed food%kcal:
0-38%9 were significantlymore likely to be in a higher HRQOL category [Adjusted.@R8
95% CI(1.229, 1635),p <0.001] In addition,compared withthose inQ5,thosein Q2 or Q3
were significantly more likelgavehigher HRQQlbut with reducedodds[Adjusted OR: 1.291,
95%Cl:(1.222, 1.486)p <0.001), and Adjusted OR: 1.171, 95% 030, 1.331)p <0.05),
respectively]. Howevethose inQ4did not have asignificantly differentikelihoodthan Q5 of
being in a higher HRQOL categ@imilarresults were found in theltra-processed foods
(% grams)After all adjustment¢Model #8), compared with those in the highest quintile of G4
consumption (grams: 46%-+), thoisethe lowestquintile (Q1) (massonsumption) (grams:
0-13%) were significatyt more likely to be in a higher HRQOL category [Adjusted OR: 1.383,
95% CI(1.158, 1.651)p <0.001] In addition, being in Q2, Q3 or Q4 were aisore likely to
havehigher HRQO({with odds ratios from 1.37to 1.160 and gvalues all less than 0.5
Gonfidence intervals for the ultrprocessed (% kcal) were slightly tighter than those for ultra
processed (% gramg)ossibly suggesting greater reliabilifyjhe fully adjusted model explained
an estimated 10.%(Models #6and#8) of the respective variamcin both models per the
calculated pseuda?. Overallwhen compared to being in the highest quinti@5, thosein the
lowest quintile of ultraprocessed foods consumptio@l, were about1.4timesmore likely to

be in a higher HRQOL egergy(% kcalpr mass(% grams)The oddslecreagd with each
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higherquintile, moving closer to equal likelihood, with no significant difference with Q4 by
(Yokcal)

Table42. NHANES RelationstopHealthRelated QOL to Level of UKRPA0oCcesseddods Among
Adults Using Ordinal Logistic Regression

t-test Model Psuedo
OR SE  povalue 95% Cl p-value ¢
UPF (3% kcal)
Model 5: Diet only model [reference: 05 — %kcal: T0%+), n= 15,851 [represents n= 224 873,737
01 % keal: = 38%)| 1.455 0.112 *** 1.247 1.698 *** 0.003
Q2 (% kcal: 38 - 50%) 1.373 0.0Bg *** 1.207 1.562
03 (% keal: 50 - 60%] 1.277 0.0B5 *** 1.116 1.461
Q4 (% kcal: 60 - T0%) 1141 0071 * 1.007 1.293
Model & Full modsal [referemca: 05 —%keal: T0%4+], n= 13,673 [reprasants m= 201,103 661]
Q1 (% keal: < 38%] 1418 0.101 *** 1.2219 1.635 **¢ 0.100
02 % keal: 38 - 50%) 1.291 0.090 *** 1122 1.486
Q3 (% kcal: 50 - 60%) 1171 0075 * 1.030 1.331
04 (% keal: &0 - T0%] 1.1 0.076 ns 0.983 1.289
UPF (3 grams)
Model ¥ Diet only model [reference: 05 — % grams: 48%+]), m= 15,851 [represents n = 224,873, 737
Ol % grams: < 13%| 1.622 0.119 *** 1.400 1879 *** 0.005%
02 (% grams: 13- 21%) 1636 0.111 *** 1.427 1.875
O3 (% grams: 21 - 31%) 1.390 0.08g *** 1,222 1.581
04 (% grams: 31 - 16%) 1.198 D.069 ** 1.066 1.346
Maodel 8: Full model [referemce: O5 — % grams: 46%+], m= 13,673 [represents n= 201,103 661]
Ol % grams: < 13%| 1.383 0.12F *** 1.158 1.651 *** 0.100
02 (% grams: 13 - 21%| 1.377 0.103 *** 1.185 1.600
Q3 (% grams: 21 - 31%) 1.130 0.084 * 1.032 1372
04 (% grams: 31 - 6% 1.160 0.078 * 1.014 1.327

Note: Health Related Quality of Life condensed to Excellent/Very Good, Good, and Fair/Poor. Proportional odds
ratios (OR) show the probability of mogifrom higher to lower categories of HRQOL basedienscore.

NHANES = National Health and Nutrition Examination Survey. UPHrattesssed foods and drinks consumed as

a percent of total consumption. SE = standard error. 95% CI = 95% confidemealiriell model adjusted for age,
age squared, haehold income to poverty ratio, ethnicity/race, body mass index, level of education, and marital
status. Level of significance for componentssts or model Fests pvalues: * p < 0.05. ** p < 0.01**p <

0.001. ns = not significant.
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Associatiorsin NHANES AdultseBveen Diet Quality, Ultra-Processingand QOL

When both diet quality and level of ultyarocessing were both included in the model,
generally, participants with higher diet quality and lower level of dftracessing were more
likely to rave higher HRQOL. The impact of #eel of diet quality remaired nearly as
important as before adjusting for level of ultmocessing in determining the od@see Tables
43-47). Using both HEI and AMED, aaxctounting for all potential confounders inding ultra
processingthose having d&igherdiet qualitywere nore likely to havehigher HRQQLby similar
oddsto the original modelshut somewhatreduced However the effects orthe ultra-
processing componenisere to more greatlyreducethe odds of igher QOL at a given quintil
of ultra-processingn the new models both as apercent of energy (% kcal) and mass
(% grams). In additiomstead of seeing a significant difference between most quintiles and the
highest quintiles, fewer quintiles showedjsificant differences withite highest quintiles of
consumption. This was more likely to happen wjtms, especially when using HEI in the
model, suggesting that HEI explains more of the variafitreor correlations had also suggested
that HEI and ultrgprocessindhad a greater dgree of overlaghan AMED had with ultra
processing Table47 providessummaryof the changes in odds rangesall of the fully
adjusted models

Diet qualityalsoappeared to have the greatest impact on explaining the variamtiee
model @mpared to ulra-processing. After accounting for athnfounders andncluding both
diet quality and level of ultr@rocessing,lie modes explained ~10% of the variancevith
AMEDhaving slightly higher pseudesguared values thaREI andiltra-processing. When both

diet quality and ultrgprocessingvereincluded in the model, only the model with AMED
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showed an increase in the pseudo estimated variance (beyond the models which only included
diet quality or level of ultrgprocessing} suggeting AMED had the greatest impact of all eating
pattern measuresAMED also continued to have tighter confidence intervalst quality, level
of processingand reporting of HRQOL all varied based on the confounding variables (not
shown). For iatance, @rticipants who identified as Hispanic generally reported less favorable
HRQOL scoring compared to reference group of-NmpanidVhite, yet tended to have higher
diet quality scoregnot shown) This implied that diet quality, level of ult@rocessingand
HRQOL are intaelated with the cofounding factors, which included age, marital status,
education, gender, race/ethnicity, ar&MI (see Tables 347).
NHANES Teens Key Takeaways

Participants having higher diet quality (HEI and AMED) as well aslexeés of ultra
processed food (%cal) were more likely to have higher QOL. When both diet quality and level
of processing were in the models together, participants with higher dielity and lower ultra
processing (%kcal) continued to be more likelhawe higher QQlLwhere ultraprocessing
contributed in almost equal portion to diet quality (with the AMED model). Only-ultra
processed (% kcal) and AMED were inconsistently associgtte @QOL. There appeared to be
an overlap between HEI and ultpioces®d foods (% grams), and wide confidence intervals for
HEI, suggesting that AMED and uracessed (% kcal) were more reliably associated with QOL

scores.
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Table43. NHANES Relationship of HedRblated Quality of Life to Levdi Qltra-Processed
Foods in EnerggndHEIDiet Quality Among Adults Using Ordinal Logistic Regression

t-tast Maodal Psuedo
OR SE  povabue 95% Cl p-value ¢

UPF (3 kcal) B HEI
Model 9: Diet onby model, m= 15,851 {represents n= 224,873,737
UPF % kcal (reference: Q5 — keal: F0%+]

Q1 (% keal: < 38%) 1.106 0.092 ns 0935 1.308 ¥ 0.008
02 [% kecal: 38 - 50%) 1.132 0.068 * 1.003 1.278
03 (% kecal: 50 - 60%) 1.114 0.073 ns 0.977 1.271
04 [% keal: &0 - 73 1.067 0.064 ns 0.946 1,204

HEI {referenca: lowest dist soone < &)

Maderate (diet soore: &0 - 749 1.639 0.099 *w* 1.452 1.B50
High [diet score: 80+ 2.91%9 0.439 *** 2.158 3.94%9

Model 10: Full model, n = 13,673 (represents n= 201,103 661)
UPF % kcal [reference: 05 — %keal: F0%+]

Q1 (% kcal: < 38%) 1.208  0.097 * 1.029 1418 *** i0.104
02 (% kcal: 38 - 50%) 1.158 0.078 * 1.012 1.325
03 (% kcal: 50 - 60 1.08BE 0.069 ns 0.959 1.235
04 (% kcal: &0 - F) 1.086 0.074 ns 0.947 1.245

HEI {reference: lowest diet scone < &0)

Maoderate (diet soore: &0 - T4 1.411 0.096 *** 1.231 1.618
High [diet score: 80+ 1999  0.331 ** 1.433 2.78B

Note: Health Related Quality of Life condensed to Excellemg\&ood, Good, and Fair/Poor. Proportional odds ratios (OR)

show the probability of movig from higher to lower categories of HRQOL based on diet score. NHANES = National Health and
Nutrition Examination Survey. UPF: ulpbcessed foods and drinks comsed as a percent of total consumption. HEI =

Healthy Eating Index. HEI High = HEI sc@@sHEIl Moderate = HEI scores®@D HEI Low = HEI scores <60. SE = standard

error. 95% Cl = 95% confidence interval. Full model adjusted for age, age squaredphibumeime to poverty ratio,
ethnicity/race,BM|, level of education, and marital statusevel of significance for componenttests or model Fests

p-values: *p < 0.05. **p < 0.01. ***p < 0.001. ns = not significant
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Table44. NHANES Relationship of HeaRklated Quality of Life to Level of UHPaocessed
Foods irEnergyand AMED Diet Quality Among Adults Using Ordinal Logistic Regression

t-test Wodal Psuado
OR SE  pvalue 95% Cl p-value ¢

UPF (3 kcal) & AMED

Model 11: Diet only model, n= 15851 {represents n= 224,873,737
UPF % kecal [reference: 05 — %kcal: T0%+]

1 (% keal: < 38%) 1.131  0.0BG6 ns 0.970 1.319 *** 0.016
02 (% kcal: 38 - 50r%) 1.093 0.066 n= 0.968 1.234
03 (% keal: 50 - 80%) 1.067 0.068 ns 0.939 1.213
04 (% keal: 60 - 70%) 1.013 0.061 ns 0.897 1.143

AMED [reference: lowest diet soore < 3)
Maoderate (diet soore: 3 - 5.9 1.430 0.083 *** 1.272 1.606
High [diet soore: &+] 2777 0.225 *** 2.360 31.268

Model 12: Full model, n= 13,673 [represents n= 201,103 661]
UPF % kecal [referance: 05 — %keal: T0%+]

01 (% keal: < 38%) 1.259 Q.09 ** 1.092 1.452 % 0.105
02 (% kcal: 38 - 50r%) 1.157 0.078 * 1.011 1.324
03 (% keal: 50 - 80%) 1.071 0.067 ns 0.945 1.215
04 (% keal: 60 - 70%) 1.063 0.070 ns 0.4931 1.213

AMED (referemoe: lowest dist soone < 3)
Maoderate (diet soore: 3 - 5.9 1.261 0.074 *** 1.121 1.418
High [diet soore: &+] 1.906 0.176 *** 1.583 1.296

Note: Health Related Quality of Life condensed to Excellent/VVery Good, Goolaiafitbor. Proportional odds ratios (OR)

show the probability of moving from higher to lowertegories of HRQOL based on diet score. NHANES = National Health and
Nutrition Examination Survey. UPF: ulpocessed foods and drinks consumed as a percetataf consumption. AMED =
Alternate Mediterranean Score 2010. AMED High = AMED scores >6.MddEiate = AMED scores539. AMED Low = AMED
scores <3. SE = standard error. 95% Cl = 95% confidence interval. Full model adjusted for age, age squarddjizaumseho

to poverty ratio, ethnicity/raceBM|, level of education, and marital status. Lesksignificance for componentstésts or

model Ftests pvalues: *p < 0.05. *p < 0.01. ***p < 0.001. ns = not significant.
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Table45. NHANES Relationship of HeaRelated Quality of Life to Level of UHPaocessed
Foods in Masand HEIDiet Quality Among Adults Using Ordinal Logistic Regression

t-test Maodal Psuado
OR SE  povahue 95% Cl p-value ¢

UPF (% grams) & HEI

Maodal 13: Diet only model, n= 15,851 [represents n= 224 873 ¥37)
UPF [reference: 05 — % grams: 46%+]

Q1 (% grams: < 13%] 1.268 0.090 ** 1.100 1462 *** 0.020
02 (% grams: 13- 21%) 1.365  0.092 *** 1.192 1.564
Q3 (% grams: 21 - 31%) 1.256 0.07E *** 1.108 1.423
04 (% grams: 31 - 46%) 1.125 0.064 * 1.004 1262

HEI [referemce: lowest dist soone < &0)

Maderate (diet score: &0 - 79 1.578 0.083 v 1.420 1.755
High [diet score: B0+] 2.753 0.416 *** 2.032 3.729

Maodel 14: Full model, m= 13,673 {represents n= 201,103 661)
UPF [reference: 05 — % grams: 46%+]

Q1 (% grams: < 13%] 1.1E8 0.106 ns 0.994 1421 *** 0.104
Q2 (% grams: 13 - 21%) 1.239 0.0a5 ** 1.062 1.446
Q3 (% grams: 21 - 31%) 1.1289 0.0BD ns 0.980 1.302
04 (% grams: 31 - 46%) 1.122 0.075 ns 0.980 1.2E4

HEI [referemce: lowest dist soone < &0)

Maoderate (diet score: &0 - 79} 1.412 0.090 *** 1.243 1.605
High [diet score: B0+] 2.007 0.323 " 1.453 2773

Note: Health Related Quality of Life condensed to Excellent/Very Good, Good, and FaRf@portional odds ratios (OR)

show the probability of moving from higher to lower categori€$sl®QOL based on diet score. NHANES = National Health and
Nutrition Examination Survey. UPF: lpocessed foods and drinks consumed as a percent of totaliogpison. HEI =

Healthy Eating Index. HEI High = HEI scores >80. HEI Moderate = HEI st@reE60Qow = HEI scores <60. SE = standard
error. 95% Cl = 95% confidence interval. Full model adjusted for age, age squared, household income to poverty ratio,
ethnicity/race,BM|, level of education, and marital status. Level of significance for compstégrts or model Fests

p-values: *p < 0.05. **p < 0.01. ***p < 0.001. ns = not significant
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Table46. NHANES Relationship of HedRalated Quality of Life to Level of UHPaocessed
Foods in Masand AMED Diet Quality AmonglAlts Using Ordinal Logistic Regression

t-tast Maodal Pruado
OR SE  pvalue 95% C| p-value ¢

UPF (% grams) & AMED

Model 15: Diet onby model, n= 15,851 (represents m= 224 873,737
UPF [reference: 05 — % grams: 46%:+|

Q1 (% grams: < 13%) 1.254  0.08E ** 1.089 1.444 ** i0.017
02 (% grams: 13- 21%) 1.322 0.0B1 *** 1.168 1.496

Q3 (% grams: 21 - 31%) 1.175  0.069 ** 1.044 1.322

Q4 (% grams: 31 - 6% 1.066 0.059 ns 0.953 1.192

AMED [reference: lowest diet score < 3]

Moderate (diet score: 3 - 5.9) 1391 0.079 *** 1.241 1.559

High [diet score: &+ 2642  0.203 **F 2.264 3.083

Model 16: Fullmodel, n = 13,673 {represents n = 201,103 661]

UPF [reference: 05 —% grams: 46%+]

01 (% grams: < 13%]) 1.216 0.108 * 1.017 1454 **F 0.105
02 (% grams: 13- 21%) 1.243  0.091 ** 1.072 1.441

03 (% grams: 21 - 31%) 1.101 0.078 ns 0.954 1.270

Q4 (% grams: 31 - 6% 1.085  0.074 ns 0.956 1.253

AMED (reference: lowest dist score < 3

Moderate (diet score: 3 - 5.9) 1.250 0.074 *** 1.110 1.408

High [diet score: B+ 1.893 0.171 *** 1578 2.271

Note: Health Related Quality of Life condensed to Excellent/Very Good, Good, af&iaiFroportional odds ratios (OR)

show the probability of moving from higher to lower categories of HRQOL based on dietdE@NES = National Health and
Nutrition Examination Survey. UPF: ulpocessed foods and drinks consumed as a percent of ¢otsumption. AMED =
Alternate Mediterranean Score 2010. AMED High = AMED scores >6. AMED Moderate = AMEE ScoA&4ED e = AMED
scores <3. SE = standard error. 95% Cl = 95% confidence interval. Full model adjusted for age, age squared, lwonsehold in
to poverty ratio, ethnicity/raceBM|, level of education, and marital status. Level of significance for componéesistor

model Ftests pvalues: *p < 0.05. **p < 0.01. ***p < 0.001. ns = not significant



Table47. Summaryof All Changes of Odds RatiosRwior Fully Adjusted Models in NHANES
Adults to Diet Quality and Level of UlRxocessing

Odds Ratios, Cl and Percent Change in Increase/Decrease Across Models

Wodel 2 Model 10 Percent change Madel 14 Percent change
f initial model f initial
Diet Quality Diet Quality rom inftiEmads Diet Quality rem ';”I'a
Only & LUPF [% keal) & UPF 3% grams) made
HEI [reference: lowest diet score < 60) OR [95% CI) p-value OR (95% CI) p-value OR [95% Cl} p-value
Moderate (diet score: &0 - 79) 1.466(1.290, 1.665) *** 1.411(1.231, 1.61E) *** 5.43% 1.412(1.243, 1.605) *** -5.33%
High [diet score: BD+] 2.113 (1.519, 2.939) *** 1.999 (1.433, 2.7BE) *** -11.43% 2.007 (1.453, 2.773) *** -10.56%

hodel 4 MModel 12 hodel 16
Percent change
. ) . . Percent change . . R
Diet Quality Diet Quality o Diet Quality from initial
from initial madel
Only B UPF (% kcal) B UPFF % grams) madel
AMED (reference: lowest diet score < 3) OR [95% CI) p-value OR (95% CI) p-value OR [95% Cl} p-value
Moderate [diet score: 3 - 5.9) 1.286(1.143, 1.447) *** 1.261(1.121, 1.418) *** -2.55% 1.250(1.110, 1.408) *** -3.59%
High (diet score: 6+ 1.996 (1.655, 2.407) *** 1.906 [1.583, 2.296) *** -B.94% 1.B93(1.578, 2.271) *** -10.29%
hodel & lModel 9 hodel 12
UPF [% keal) UPF (3 keal) Percent change UPF (% keal) PT“”‘_‘T"_‘”Ige
anly & HEl from initial madel & AMED ram initia
maodel
UPF (referemce: 05 — %kcal: T0%+) OR [95% CI) p-value OR (95% CI) p-value OR [95% Cl} p-value
Q1 (% keal: < 38%) 1.41E8(1.229, 1.635) *** 1.208 (1.029, 1.418) * -21.00% 1.259(1.092, 1.452) ** -15.87%
02 {% keal: 38 - 50%) 1.291(1.122, 1.486) *** 1.158(1.012, 1.325) * -13.31% 1.157(1.011, 1.324) * -13.40%
O3 [% keal: 50- 60%) 1.171(1.030, 1.331) * 1.08E [0.959, 1.235) ns M/A 1.071(0.945, 1.215) ns M/A
Q4 {3 keal: 60~ 70%) 1.126 (0,983, 1.283) ns 1,086 [0.947, 1.245) ns NfA 1.063 (0931, 1.213) ns A
Model B Model 14 Model 16
P tch
UPF (% grams) UPF % grams) Percent change UPF % grams) T{EH _:. ,?nlge
only & HEI from initial model & AMED rom initia
madel
UPF (reference: Q5 — % grams: 46%+) OR [95% Cl) p-value OR (95% Cl) p-value OR [95% Cl} p-value
Q1% grams: < 13%) 1,383 (1.158, 1.651) *** 1.18E (0,994, 1.421) ns N/ 1.216(1.017, 1.454) * -16.65%
Q2 (% grams: 13 - 21%) 1.377 (1.185, 1.600) *** 1.239(1.062, 1.448) ** -13.79% 1.243(1.072, 1.441) ** -13.44%
Q3 (% grams: 21 - 31%) 1.190(1.032, 1.372) * 1.129(0.980, 1.302) ns N/A 1,101 (0.954, 1.270) ns MN/A
Q4 (% grams: 31 - 46%) 1.160(1.014, 1.327) * 1.122[0.980, 1.2E4) ns N4 1.095(0.956, 1.253) ns N/A

Note: HEI = Healthy Eating Index. AMED = Alternated Mediterranean Diet score. UPfprocdaing as a percent of energy

in calories (%kcal) or in mass (% grafijs table summarizes all of the previously presented fully adjusted models (HEI, AMED,
UPF % kcal and UPF % grams), plus the same models but including both diet quality with level of UPF to show demonstrate the
difference between the model combinatiori-value < 0.05. **pvalue < 0.01. **pvalue < 0.001.
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Associationin NHANES TeengBveen Diet Quality andQOL

Participants with lghdiet quality for both diet indices (HEI and AMED) (before and after
all adjustmentsyvere more likely to havlighHRQOL. After all adjustments, for the HEI model
(Model 18),compared with participants wittow diet quality (HEI: <60hosewith the high
diet quality (HEI: > 8@yere significantly more likely tbavehigher HRQOL [Adjusted OR: 3.863,
95% CI(1.274, 11.717) <0.05]. Similar results were found in the AMED model. After all
adjustments for he AMED model (Model 2@pmpared with participants who had low diet
quality (AMED: <3), those wittighdiet quality (AMED: >6) were significantly more likely to
havehigher HRQOL [Adjusted OR: 1.957, 95%1. (W4, 3.346)p <0.05].Confidence intervis
for AMED were much tighter for AMED diet quality, and standard error numbers were also
lower relative to HEkuggesting greater reliability. The fully adjusted model explained an
estimated 8.0% (Model 18) and 8.1% (Model 20) of the respective vaiiatioe HEI and
AMED models per the calculated pseudoOverallwhen compared to having low diet quality,
those with high diet quality with either HEI and AMED were roughly four times or twice as likely
to havehigher HRQO(see Tablet8).
Associationin NHANES TeerBetween Ultra-Processing andQOL

Participants with lower ultrgorocessed food consumption (% Kcgbefore and after all
adjustments) compared with those with higher ulpaocessing (% kcal) were more likely to
have higher HRQOL. Howewvasjng ultraprocessing (% grams) as a measure of consumption
had an inconsistent relationship with HRQOL (sd#€T49). After all adjustments (Model 22),
compared with those in the highest quintile of ukpaocessed foods (kcal: 80%+), those in the

lowed quintile (Q1) of ultrgprocessed foods (kcal: < 51%), were significantly more likely to

256



Table48. NHANES Relationship of HeaRblated Quality of Life to Diet Quality Indices Among
Teens Using Ordinal Logistic Regression

t-tast Modal Psuedo
OR SE p-wahue 95% Cl p-value ¢

HEI
Model 17 Diet anly modal [reference: lowest diet score < &0), m = 2,304 [reprasents n= 20086 538 5]

Maderate (diet soore: &0 - 79) 1.278 0.221 NfA 0.903 1.B10 ns 0.002
High {diet soore: Bl 3.5E6 2.243 NSA 1.020 12.609

Model 18: Full model [reference: lowest diet score =< &0), n= 2,006 (represents n= 18,631,045.1)

Moderate [diet score: 80 - 74 1.377 0.234 ns 0.979 1937 == 0.080
High {diet soore: B4 3.BB3 2.132 ¢ 1.274 11.717

AMED

Maodel 19: Diet only model [reference: lowest diet soore < 3], n= 2,304 [represents m = 20,086 538 5]

Maoderate |diet soore: 3 - 5.9] 1.375 0.181 * 1.055 1791 ** 0.007
High {diet score: &+} 2.405 0.647 ** 1.401 4.130

MW odel 20: Full model (reference: lowest dist soore < 3], n = 2 086 (represents n= 18,631 045.1)
Maoderate [diet soore: 3 - 5.9] 1.253 0.176 ns 0.945 1.662 *** 0.081
High [diet soore: &+] 1.957 0.522 ¢ 1.144 3.346

Note: Health Related Quality of Life condensed to Excellent/Very Good, Good, and Fair/Poor. mapodds ratios (OR)

show the probability of moving from higher to lower categories of HRQOL based on diet score. NHANES = National Health and
Nutrition Exanmation Survey. HEI = Healthy Eating Index. AMED = Alternate Mediterranean Score 2010. HEEHsgbres

>80. HEI Moderate = HEI scores/@HEI Low = HEI scores <60. AMED High = AMED scores >6. AMED Moderate = AMED
scores 36.9. AMED Low = AMED ee9<3. SE = standard error. 95% CIl = 95% confidence interval. Full model adjusted for
gender, hosehold income to poverty ratio, ethnicity/race, aBil. Level of significance for componentests or model

Ftests pvalues: *p < 0.05. *p<0.01. ***p < 0.001. ns = not significant.
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have higher HRQOL [Adjusted OR: 1.731, 95% CI: (1.184, p.530)1]. In addition,
compared with those in Q5, participants in Q2 were significantly more likely to have higher
HRQOL [Adjusted OR: 1.792, 95% CI: (1.23262p < 0.01].

Different andunexpectedresults werefound usingthe ultra-processed foods (grams).
Prior to adjustmentsgcompared withparticipants inQ5,those inQ1 and Q2 werenore likely to
havehigher HRQOL. Howevefiex all adjustmentsTabk 49, Model 24), compared with
participantsin the highest quintileQ5 (% grams: 60%-+), only those in the tljughtile (Q3)
(mass consumption) (grams:-36%) were more likely to be in a different, and in this case,
lower HRQOL category [Adjusted OR23, 95% C[0.526, 0.992)p <0.05](opposite of
hypothesis)However, the most unusual thing about these findings was tleadther quintiles
were associated with HRQOL in the fully adjusted maoidek inconsistent relationship between
the quintiles siggesedthat other variables may benpacting the relationship to HRQOL more
than maybe fully accounted for in the modalith ultra-processed (% grants)r possibly, the
relationship with grams and HRQOL was more complicated than this model could €mplain
there was no definitive relationsp).

The fully adjusted modskxplained an estimatel.3%and 8.5%{Models22 and 24) of
the respective variance itle ultra-processed (% kcal and % gramgjdels per the calculated
pseudor?. Overallcompared withparticipants in the Q5, those in @t Q2 ofultra-processed
food (% kcalronsumptionmore likely to have higher QOL by 1.7 and 1.8 timespectively

but no other consistent associations were foundh ultra-processinggmong NHANES Teens
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Table49. NHANES Relatiship of HealtFRelated Quality of Life to Level of UHPaocessed
Foods Among Adults Using Ordinal Logistic Regression

t-test Waodal Psuado
OR SE a-value 95% Cl p-value ¢

UPF (% kcal)
Model 21: Diet anly model [reference: 05 — %keal: BO%+], n= 2,304 [represents n = 20,086 5348 5)

01 (% keal: = 51%) 1.748 0.374 ¢ 1.138 2.687 ¥ 0.007
Q2 (% kcal: 51 - 62%) 1.796 0.319 ** 1.257  2.567

03 (% keal: 62 - T1%) 1.410 0.278 ns 0.948 2.097

Q4 (% keal: 71 - B 1.208 0.204 ns 0.860 1.696

Maodel 22: Full model {reference: 05 — %kecal: B0%+], n= 2,086 (represents n= 18,631,045 1)

01 (% keal: = 51%) 1.731 0.327 ** 1.184 2.530 ¥ 0.083
Q2 (% keal: 51 - 62%) 1.792 0.327 ** 1.242 2.586

03 (% keal: 82 - T1%) 1.317 0.314 ns 0.B16 2.126

04 (% keal: 71 - B0 1.232 0.274 ns 0.788 1925

UPF (% grams)

Model 23: Diet only model [reference: 05 — % grams: &0f%+], n= 2,304 [represents n = 20,086 538.5]

Q1% grams: < 24%] 1.689 0.441 * 0.9949 Z.B56 ¥ 0.011
02 (% grams: 24 - 35%) 1.441 0.238 ¢ 1.033 2.010

Q3 (% grams: 35 - 46%] 0.748 0.112 ns 0.554 1.010

Q4 (% grams: 46 - B0%) 1.135 0.247 ns 0.733 1.75E

Maodel 24: Full model {reference: Q5 — % grams: 60+, m= 2,086 (represents n= 18,631 045.1)

QL (% grams: < 24%) 1.501 0.37E8 ns 0.905 2489 ¥ 0.085
Q2 (% grams: 24 - 35%] 1.300 0.239 ns 0.899 1.EBD

Q3 (% grams: 35 - 46%)] 0.723 0.114 * 0.526 0.992

Q4 [% grams: 46 - B0%) 1.115 0.226 ns 0.742 1.675

Note: Health Related Quality of Life condensed to Excellent/Very Good, Good, and Fair/Ppattidtral odds ratios (OR)

show the probability of moving from higher to lower categories of HRQOL based on diet score. NHANES = National Health and
Nutrition Examination Survey. UPF: ulfmocessed foods and drinks consumed as a percent of total consum®E =

standard error. 95% Cl = 95% confidence interval. Full model adjusted for gender, household income to poverty ratio,
ethnicity/race, andBMI. Level okignificance for componentstésts or model fests pvalues: *p < 0.05. **p<0.01.

***n < 0.001. ns = not significant.



Associationin NHANES Teen®Bveen Diet Quality, Ultra-Processingand QOL

When including both diet quality and ult@ocessingn the models, both remained
predictive of QOLWhen including ultrgprocessing foods (¥cal)in the models the effect on
the odds ratios for the diet quality componeniSlElI and AME@ere similarcomparedto the
original modelsMore strikingly, when including ultrgorocessed food
(% grams), there was no longer a significant difference assokdiathe odds ratios foHEI diet
quality; that is,the level of ultraprocessing (% grams) explained all of the variance in the
model, suggetng a great deal of overlap between the two diet measunhen including diet
qualityin the modelsthe effecton the odds ratios foultra-processing (both % kcal and %
grams)only changed slightlyHowever, this was really only relevant to uHpeocessed (%kcal)
since it was the only one that remained consistently significant when including confounders.
More specifically, this meant onlg higher diet qualitf AMED onlyanda lower level of ultra
processing% kcal) wereonsistentlyassociated witthigher HRQOIThe two diet measures
also had the highest pseudévalueg which explained the most variance ofetimodels
while having the tightest confident interval§able54 provides an overview d@ll changes in
odds rangedor the fully adjusted modis (see Tables 6-54).

As with the adults, diet quality, level of processiagd reporting of HRQOL all varied
based on the confounding variables (not shown). For instance, participants who identified as
boysgenerally reportednore favorable HRQOL scoring compaveith girls yet tended to have
lower diet quality scoresTogether this implied thator NHANES teendiet quality, level of
ultra-processingand HRQOL are inteelated with the cofounding factors, which included age

education, gender, race/ethnicitpercent of income to poverty rati@and BMI.
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Table50. NHANES RelationshiptealthRelated QOL to Levels of UHPaocessed Foods in

EnergyandHEIDiet Quality Among NHANES Teens

t-tast Maodel Pouedn
OR SE value 5% Cl p-value i
UPF (3% kcal) 8& HEI
Model 25: Diet only model, n= 2,304 [represents n= 20086 5348 5]
UPF % kcal [reference: 05 — %6kcal: B0%+)
Q1 (% kecal: = 51%) 1.686 0.358 * 1.101 2.583 * 0.008
02 [% kcal: 51 - 62%) 1,725 0.313 ** 1.198 2485
03 [% kcal: 62 - T1%) 1.394 0.275 ns 0.937 2.074
04 % kcal: 71 - B3] 1.203 0.204 ns 0.855 1.692
HEI [reference: lowest diet soone «< &0)
Moderate (diet soore: &80 - T4
1.127 0.205 ns 0.783 1.624
High [diet score: 80+ 1.856 1.767 ns 0.823 9.905
odel 26: Full model, m= 2,066 (represents n= 18,631,045, 1)
UPF % kcal (referemnce: 05 — %ekeal: RO+
01 (% kcal: = 51%) 1.635 0.315 * 1.110 2.410 **F 0.085
02 [% kcal: 51 - 62%) 1.703 0.315 ** 1.174 2.470
03 [% kcal: &2 - T1%) 1.291 0.311 ns 0.745 2.0946
04 (% keal: 71 - 8084 1.221 0.271 ns 0.782 1.907
HEI [reference: lowest diet soone < 80|
Moderate (diet score: &0 - 74
1.230 0.228 ns 0.B48 1.784
High [diet soore: Bi+) 3.149 1.669 * 1.085 9.139

Note: Health Related Quality of Life condensed to Excellent/Very Good, Good, and FaRf@portional odds ratios (OR)

show the probability ofmoving from higher to lower categories of HRQOL based on diet score. NHANES = National Health and
Nutrition Examination Survey. UPF: ulpibcessed foods and drinks consumed as a percent of total agptsen. HEI =

Healthy Eating Index. HEI High = HElesce80. HEI Moderate = HEI score§80HEI Low = HEI scores <60. SE = standard

error. 95% Cl = 95% confidence interval. Full model adjusted for gender, household income to poverty ratio, etopjciy(ta

BMI. Level of significance for componentgests or model Fests pvalues: *p < 0.05. **p < 0.01. ***p < 0.001. ns = not

significant

264



Table51. NHANES Relationship of HedRelated QOL to Levels of UHPaocessed Foods in

Energyand AMED Diet Quality Among NHANES Teens

t-test Maodal Psuedo
OR SE p-vaue 95% C| p-value ¢
UPF (3% kcal ) B AMED
Model 27 Diet only modal, n= 2,304 [represents m= 20,0886 538_5]
UPF % kcal [reference: 05 — %kcal: B3+
01 (% keal: = 51%) 1.635 0.347 1.067 2.504 * 0.012
Q2 [% kecal: 51 - B2%) 1.645 0.278 = 1.171 2.310
03 (% kcal: 62 - T1%) 1.331 0.254 ns 0.907 1.953
Q4 [% kecal: 71 - BO%) 1.191 0.201 ns 0.B48 1.671
AMED [reference: lowest dist soone < 3]
Maoderate [diet score: 3 - 5.9) 1,312 0.167 * 1.016 1.694
High [diat score: &+] 2.123 0.545 *=* 1.267 3.556
Model 28: Full model, n = 2,066 (represents n= 18,631 045 1)
UPF % kcal [reference: 05 — %kcal: B3+
01 (% keal: = 51%) 1.636 0312 ¢ 1.115 2.402 *¢ 0.0B5
Q2 [% kecal: 51 - B2%) 1682 0.30z2 = 1.172 2.413
03 (% kcal: 62 - T1%) 1.261 0.295 ns 0.78B 2.019
Q4 [% kecal: 71 - BO%) 1.211 0.269 ns 0.775 1.892
AMED [reference: lowest dist soone < 3]
Moderate (diet score: 3 - 5.9) 1.196 0.161 ns 0.913 1.568
High [diat score: &+] 1.706 0.443 * 1.012 2.B77

Note: Health Related Quality of Life condensed to Excellent/Very Good, Good, and Fair/Poor. Proportional odds ratios (OR)
show the probability of moving from higher to lower categories of HRQOL based on diet score. NHANES = National Health and
Nutrition Examination Survey. UPF: uipeocessed foods and drinks consumed as a percent of total consumption. AMED =
Alternate Medierranean Score 2010. AMED High = AMED scores >6. AMED Moderate = AMERSs@oAEBD Low = AMED
scores <3. SE = standard er@5% Cl = 95% confidence interval. Full model adjusted for gender, household income to poverty
ratio, ethnicity/race, andBMI. Level of significance for componentests or model Fests pvalues: *p < 0.05. **p < 0.01.

***pn < 0.001. ns = not significant.
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Table52. NHANES Relationship of HedRélated QOL to Levels of UHPaocessed Foods in

MassandHEIDiet Quality Among NHANES Teens

t-test Maodal Pauedo
OR SE o-value 95% Cl p-value .
UPF (3% grams) & HEI
Model 29: Diet onby model, n= 2 304 (represents n= 20,086 538 5]
UPF (reference: O5 — % grams: &0%:+)
01 % grams: < 24%)| 1.603 0.443 ns 0.920 2.796 ¢ 0.012
Q2 (% grams: 24 - 35%] 1.420 0.244 * 1.004 2.007
QO3 (% grams: 35 - 6% 0.744 0.113 ns 0.549 1.0049
Q4 (% grams: 46 - 60%) 1.134 0.246 ns 0.734 1.753
HEI {reference: lowest diet soone < 80|
Moderate (diet socore: 80 - F4) 1.110 0.197 ns 0.776 1587
High [diet score: BO+| 2.528 1.690 ns 0.659 9.699
Maodel 30: Full model, n = 2 086 (represents n = 18,631 045 1)
UFF (reference: 05 — % grams: &0+
Q1 [% grams: < 24% 1.376 0.376 ns 0.795 2.382 **F 0.087
Q2 (% grams: 24 - 35%] 1.261 0.230 ns 0.873 1.820
Q3 (% grams: 35 - 46%) 0.714 0.115 * 0.517 0.987
04 (% grams: 46 - 80%) 1.114 0.223 ns 0.745 1.666
HEI {reference: lowest diet soone < 80|
Moderate (diet socore: 80 - F4) 1.246 0.226 ns 0.865 1.785
High [diet score: BO+| Z2.9R3 1752 ns 0.916 9.7118

Note: Health Related Quality of Life condensed to Excellent/Very Good, Good, and FaRf@portional odds ratios (OR)
show the probability of moving from higher to lower categories of HRQOL based on dietd$E@NES = National Health and
Nutrition Examination Survey. UPF: ulpocessed foods and drinks consumed as a percent of totaliogoison. HEI =
Healthy Eating Index. HEI High = HEI scores >80. HEI Moderate = HEI st@rétEbQ ow = HEI scores <&B.= standard
error. 95% Cl = 95% confidence interval. Full model adjusted for gender, household income to poverty ratio, ettveiciybt
BMI. Level of significance for componenttests or model Kests pvalues: *p < 0.05. **p < 0.01. ***p < 0.00ds = not

significant
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Table53. NHANES Relationship of HedRélated QOL to Levels of UHPaocessed Foadin

Massand AMED Diet Quality Among NHANES Teens

t-test Maodal Pauedo
OR SE p-valus 95% C| p-value ¢
UPF (% grams) & AMED
Model 31 Diet only model, m= 2,304 {represents n = 20,086,538_5]
UFF [reference: 05 — % grams: &0%+]
Ol (% grams: < 24%] 1.505 0.405 ns 0.876 2586 *¢T 0.017
Q2 (% grams: 24 - 35%) 1.311 0.233 ns 0.917 1.E74
Q3 (% grams: 35 - 46%] 0.691 0.109 * 0.503 0.949
Q4 (% grams: 46 - 604 1.080 0.238 ns 0.694 1.683
AMED [reference: lowest dist soone < 3)
Moderate {diet score: 3 - 5.9} 1.346 0.185 * 1.022 1.774
High [diet score: &+ 2.197 0.575 ** 1.298 3.717
Model 32: Full model, n = 2 0% [represents n= 18,631 035 1)
UFF [reference: 05 — % grams: &0%+]
Ol (% grams: < 24%] 1.374 0.365 ns 0.805 2.343 *v* 0.088
Q2 [%grams: 24 - 35%] 1.213 0.230 ns 0.829 1.776
Q3 (% grams: 35 - 46%] 0.6739 0.117 * 0.481 0.959
Q4 (% grams: 46 - 604 1.07E8 0.222 ns 0.712 1.632
AMED [reference: lowest dist soone < 3)
Moderate {diet score: 3 - 5.9) 1.251 0.181 ns 0.936 1.673
High [diet scone: &+] 1.841 0.496 * 1.071 3.165

Note: Health Related Quality of Life condense&eellent/Very Good, Good, and Fair/Poor. Proportional odds ratios (OR)
show the probability of moving from higher to lower categories of HRQOL basdidtstore. NHANES = National Health and
Nutrition Examination Survey. UPF: ulpiocessed foods andidks consumed as a percent of total consumption. AMED =
Alternate Mediterranean Score 2010. AMED High = AMED scores >6. AMED Moderate = AMEEBScakBtED Low = AMED
scores <3. SE = standard error. 95% Cl = 95% confidence interval. Full model &ljggieder, household income to poverty
ratio, ethnicity/race, andBMI. Level of significance for componentests or model Fests pvalues: *p < M5. **p < 0.01.

***p < 0.001. ns = not significant.



Table54. All Changes ofdds Ratios of Fully Adjusted Models in NHANES Teens to Diet Quality

and Level of UltrdProcessing

Odds Ratios, Cl and Percent Change in Increase /Decrease Across Models

hodel 18 Model 26 Percent change Percent change from
Diet Quality Diet Quality from initizl model initial model
Only B UPF (% kcal)
HEI [reference: lowest diet score < 60) OR (95% Cl) p-value OR (95% Cl) p-value p-value
Maoderate [diet score: 60 - 79) 1.377(0.979, 1.937) ns 1.230(0.8B48, 1.784) ns M/A 1.246(0.865, 1.795) ns /A
High {diet score: 80+ 3.B63(1.274, 11.717) * 3.149 (1085, 9.139) * -71.40% 2983(0.916, 9.719) ns NfA

Model 20 Model 28 Percent change
initi P tch f
Diet Quality Diet Quality trom initial model EH:.EI'.I .f Engefrom
initial model
Only B UPF (% keal)
AMED [reference: lowest diet score < 3) OR (95% CI) p-value OR(95% CI) p-value p-value
Woderate (diet score: 3 - 5.9) 1.253 (0945, 1.662) ns 1.196 (0913, 1.568) ns M/A 1.251(0.936, 1.673) ns /A
High {diet score: &+) 1.957 (1.144, 3.346) * 1.706(1.012, 2.877) * -25.06% 1.841(1.071, 3.165) * -11.54%
Model 22 Model 25
Percent change Percent change from
UPF % kecal) UPF % kecal) o s
from initizl model initial model
anly E HEI
UPF % keal (reference: Q5 —%kcal: 80%+) OR (95% Cl) p-value OR (95% Cl) pvalue pvalue
Q1 (% keal: = 51%) 1.731(1.184, 2.530) ** 1.635(1.110, z.410) * 9.56% 1.636(1.115, 2.402) * -9.44%
02 {takeal: 51 - 62%) 1.792(1.242, 2.586) ** 1.703 (1.174, 2.470) ** B.96% 1.682(1.172, 2.413) ** -11.03%
Q3 (% keal: 62 - T1%) 1.317 (D.B16, 2.126) ns 1.291(0.795, 2.096) ns N/A 1.261 (0788, 2.019) ns /A
Q4 (% keal: 71 - B0%) 1.232(D.788, 1.925) ns 1.221(D.782, 1.907) ns N/A 1.211(0.775, 1.892) ns A

Model 24 Model 20 Model 32

Percent change Percent change from
URF (% grams) UPF % grams) from initial model UPF {3 grams) initial model
anly B HEI B AMED
UPF [reference: Q5 — % grams: 60%+) OR (95% CI) p-value OR (95% CI) p-value OR [95% C1) p-value

Q1 (% grams: < 24%) 1.501(D.905, 2.489) ns 1.376(0.795, 2.382) ns M/A 1.374(0.805, 2.343) ns NSA
02 (% grams: 24 - 35%) 1.300(0.899, 1.880) ns 1.261(0.873, 1.820) ns M/A 1213 (0.829, 1.776) ns N/A
03 (¥ grams: 35 - 46%) 0.723(0.526, 0.992) * 0.714 (0.517, D.987) * 0.81% 0.679(0.481, 0.959) * -1.35%
04 (% grams: 46- B0 1.115(0.742, 1.675) ns 1.114(0.745, 1.666) ns MN/A 1.078(0.712, 1.632) ns NJA

Note: HEI = Healthy Eating Index. AMED = Alterndtediterranean Diet score. UPF = ulppeocessing as a percent of energy
in calories (%cal) or in mas&o grams). This table summarizes all of the previously presented fully adjusted models (HEI,

AMED, UPF % kcal and UPF % grams), plus the same madettuing both diet quality with level of UPF to show
demonstrate the difference between the model cbmations. *pvalue < 0.05. *pvalue < 0.01. ***pvalue < 0.001.
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Hypothesis 3.2. Thieypothesis that increased diet quality and decreased level of
processing (% kcal) was generally supported in NHANES after controlling for potential
confounders.

Summary of theAssociationBetween Eating Patternand QOL

In the generaNHANE®opulation, there was a relationship with both diet quality and
ultra-procesed foods and QOL. Similar but less robust trends were found with the sample. The
resultsindicated thatthe relationshipbetween diet measureand QOlwere most consistent
with the NHANES adults. Having the highest versus lowest diet quality for the ISHANIES
was associated with beirgpproximately2 timesmore likely to have better QOL for boHEI
and AMED, while those who consumed the lowest versus highest quintile oputicessed
foods as percent of energy weapproximatelyl.6timesmore likely to have better QOL. For
the NHANES teens, similar results were found in that both higher digitg and lower levels
of ultra-processed foods as a percent of energy were consistently found todnlaigger
likelihood of having better QOL. The oddsaatfor AMED and ultrarocessed foods were
similar to those of the adults, but HEI had higher ®dathich had wider confidence intervals,
suggesting less reliability. When both diet quality and gitracessing were controlled for
together in the NHANES mels,only AMED and ultrprocessing as a percent of energy
remained significantbut the odds réos were reduced. Ultrprocessing as a percent of mass
along with HEIlfailed to have a consistent association with QOL in NHANES.

There was a similar bue$s robust trend for the study sample. For the Study Adults,
there was a significant associatianth lower levels of ultrgprocessed foods and higher scoring

on several QOL components, including overall Q®here QOL scoring for the highest
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compared to tle lowest amounts of ultrgprocessed foods went from 67.6 to 79.9, which was
clinically significain For the Study Teens, there was an association with higher AMED diet
quality and higher scoring on several QOL components, including overall\@@ke QOL

saring for the lowest to the highest AMED diet quality went from 67.9 to 78.3, which was
approachng clinical significance. For the Study Teens, there was also an association with ultra
processing as a percent of energy and one component of QQOL, but $ohseather

components appeared to be approaching significance, suggesting a larger samplaysizaven
been more definitive.

Relationships appeared to be stronger whéere were dda with a large degree of
variation in the underlying diet measures. Thiastruer for the NHANES adults who had a large
sample size and the range of scores, k#d, tended to be normalized, and less true for the
sample which had less variatiormuch smaller sample sizes that tended to be skewed.

Eating Patterns and QOL Takeay.In NHANES, both higher (AMED) diet quality and
lower ultraprocessed foods (% kcal) reeconsistently associated with higher QOL. The

al YL SQa FTAYRAY3IA ogSNBE Y2NB fAYAGSRT odzi 3
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Overall takeawaysln terms of diet qualif and level of ultrgprocessed foods,
improvements could be made, particularly among the béjyswever, he study sample did
better than the general U.S. population. Eating more vegetables-finea), legumesand
seafood with lessred and processed meatould improve the diet qualitand nutrient status
the most. In additionlower levelsof ultra-processingas a percent of energgnd better diet

quality, particularly using AMEDay be associated with increased QOL
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Chapter VDiscussion

This chapteprovides a comprehensive discussion of the findings of this study, laying
out its purpose and main findings; reviewing the results of its three main aims with
comparisons to existing literaturexploring the implications of its results; and briefly
discda aAy 3 GKS TFAYRAY JFa@dipoténtiaNidy §Gt8ré désedich.tf A YA G G A 2y a

Purpose

The purpose of this study was to examine eating patternsthent relationship to
quality of life (QOL), dny existed, in a sample with celiac disease (CeD). The phir@ary
aims were to:

I. Describe the eating patterns of a sample of 80 participants withtC#adults and

30 teenswho were adherindo a GFD in terms of diet quality, level of processing,
and rutrients;

[I. Compare those results with a nationally represaite samplgNHANES)hich

included three subgroup$a) Reported CeD Diagnosis & GFD (adilis)New CeD
Serology & No GFD, afa) Everyone Else Without CeD; and
[ll. Determine if a relationshipxisied between diet quality or level of processing and
QOLwithin the sample, and also within the NHANES participants.
Four Key Findings
Finding 1: Diet Quality Concerns

The sample had room for improvement in their diet quality and levels of-ultra

processing buperformed favorably compared with NHANES. Only baysconsistently poor

scores. Using theEH the majority had scores considered suboptimal (mostly moderate
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scoring). However, using theMADscore, fewer had suboptimal scores (mostly made to
KATIK A02NAYy3IOP 5AFFSNBY O Jesttedqdbviarimtosyn G KS Y S| a dzN.
measurement criteria, an(b) separate weights applied to those criteria.
Finding 2: UltraProcessed~oodsConcerns
Troublingly, he sample had ultrgrocessed food consumption within the range
associated with adverse health outoes in some studiestudy adults consumed 30% of their
energy from ultraprocessed foods, while teens consumed nearly 40%, but this was far less than
the average formost INNHANES (>56%)he highest caloric sources of uHpaocessed foods
were foods that have a gluterrcontaining equivalent, like graipased productssuch asreads,
cookies and snacks.
Finding 3: NutrientConcerns
With the exceptionof 2 ¢ T2t S YR KAIK fALARaZ Yz2al
reflected those in NHANES.
Finding 4 EatingPatterns and Quality of Life Associations
In the general population, there was a consistent relationship with both higMED
scoling and lowerlevels of ultraprocessed food consumption as a percent of energy to better
QOL Similar but lessobust trends were found with the sample. Overall, results suggested that
both higher adherence to healthier diet patterrfer{example more produce, legumes, nuts,
whole grainsand less saturated fatandlower levels of ultrgprocessingvere associatedvith

higherQOL



Diet Quality

Although the study sample had diet quality which could be improved, tiagihigher
diet quality than matin NHANESSurprisingly, many in the sample scored moderate to high in
diet qualitywherefew (except boyshad poor det quality scores. Howevethey still had room
for improvement when compared with optimal levels. This was less truethstudy Alults
and more so withthe Study Teens. Although the diet quality scorestifier Study Adults fell
mostly in the moderateange (considered suboptimal) in HEI, they generally had high diet
guality scores in AME(2onsidered optimal)FewStudyAdults had or scores ireither
measures. Meanwhiléthe Study Teens mostly had moderate (suboptimal) scores using both
HEI and AME, and more had poor scores for both measurésspecially boysfCompared with
NHANES]I K S & Isootel vi@rinst similar to those wo Reported CeD Diagnosis & GFD
(adults) and least similar to (and significantly better than) the group Everyone ElseudVit
CeD Notably, these are new and interesting findings for a population in the U.S. with CeD. In
addition, very little literature eists on diet pattern studies for adults and older teens with CeD.

The difference in scoring between HEI and AMED waalipniinexpected but
explainable Forthe Study Alults, HEI scoring was mostly suboptimal but optimah AMED,
suggestinghat there may have been a conflict between what the two scores measilitesl.
Study Adults ate high amounts of foods present in alting diet pattern; in both indiceghey
mostlyhad moderate to high scoring in consumption of fruits, vegetables, prateihele
grains,andlimitedrefined graing with somecomplementary components in both indices, but
weights weredifferent between tle indices TheStudy Teens did well in fewer componeatyd

had moderate scoring (suboptimal) under both indicéseStudyTeensdid moderate towell
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with only few components whole grains, protein, and fruit (girlapd inlimiting refined grains.
Whole fuit and grains (two components presentAMED) worked to increase the AMED score.
However, sincéhe vegetable componentags not include potatoesy AMED and the Study
Teens ate few vegetables other than potatoes, after discarding fried potatoesds t¢hey
had a lower AMED vegetable component score than the equivalent components in HEI. In
addition,the legumes, nuts, and fistomponents in AMEBad more weight over the total
score than in HETheStudy Teens consumed a negligible amount of tHesds,collectively
resulting in moderate but suboptimal AMED scori8gnilarly, even though the Study Teens did
well in few components, some of the othElEl components not included in AMED, like milk
anddairy, refined grainsand added sugar componenisere moderate scoring, and
contributed towardsproducinga moderate HEI score (also suboptijndhus, although they
emphasized different components, tloerallscoring categorizatioresults for HEl and AMED
were similar irthe StudyTeens yeyieldedbetter AMED versus HEI results floe Study Adults
The othermajor differencein the indicesvasthe treatment of lipids, whiclpointed to
high saturatedat consumptionand concerninglynay be related to adverse outcomdsEl
suggested unhealthy lipiconsumption, while AMED suggested a healtpigd consumption.
Twopointsappeared to mainly account for these differences: (a) the HEI fatty acid ratio
includedunfavorable lowpolyunsaturated and monounsaturated fatty acidssaturated fat
while AMED gggested that the sample may be consumirfgwsorablyhigh amount of
monounsaturated fatgelative to saturated fgtand (b) because scores for red, organ, and
processed meat (whas typically considexd a primary source of saturated fat) were not

signifcantly different from others in NHANES, it was likely that they werewumg) significant
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amount of saturated fat from other sourceEhesampleappeared to haveonsumed high

levelsof saturated fats§rom sourceseyond the red meats which aretypicallythe chief
sourceassociated with saturated faln addition, nost polyunsiturated fats in the American

diet come from oils, most commonly corn oil (DGA, 2015). These are expected to be found in
fried foods, condimentsand ultraprocessed foods like bakepbods, of which the sample
appeaedto have consumed less (as suggested by the gltowessing results). This suggsbt

that the sample had lower overall intake of polyunsaturatbdt higher saturatediatty acids as

a percent of calories than the typicAmerican Compared with NHANES, élsample generally
had significantly higher vegetables (no potatoes), whole grains, legumesandtfisit which
would all be potential sources of monand polyunsaturated fatty acids, and, depending on
preparation metlods, could be saturated fatty acgburces as well. Notably, the sample
O2yadzYSR F¥22Ra tA{1S LISIFydzi o0dzid SN GKFG YAIKDE
sometimes contained addedopical oils, likecoconut or palm ojlwhich could be sources of
saturated fat. Itwasalso possible thatite samplegot a portion of ther saturated fat from GF
products (high saturated fat intake in populations adhetiog GFD has been previously noted
as a concern and is discussed more later). Although a thorough exaonimdthe food sources

of nutrients was beyond the scope of thigssertation the nutrient section results also

supported that the sample (especially the Study Adults) had high consumptiigrdst
particularlyhightotal andsaturated fat. Therefordt was likely that a higher consurtipn of
theselipidswasdue to a variety of factordt is possible that this result is related to reports of

high incidence of dyslipidemia in individuals with Cilore study is warranted.
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These findings were consistianith findings from several studsethat explored the diet
quality of individuals with CeD, though with a few differences. Several studies noted that their
eating patterns were imbalanced or lacking in ways similar to the general population and likely
reflected geographic and/or culturateénds (Churruca et al., 2015; Gonzalez et al., 2018; Nikniaz
et al., 2020; Morreale et al., 2018). Two adult studies (Churruca et al., Nikniaz et al.) and one
pediatric study (Mager et al., 2019) recruited participanfdiated with CeBtreatment centers
and found that diet quality among participants with CeD adhering to a GFD was higher. This
may suggest that participants affiliated with GeBatment centers aswas the case for
participants in this study mayhave a helih-promoting understanding of diary patterns
when adhering to the GFI@eD is also a gastroenterological disease, where the treatment is
the diett suggesting thatthe diet would be foremostor many individuals with CeBlowever,
several studies, all péatric, found no differences in diguality scores or adherence to
recommendations (Alzaben et al., 2015; Fernandez et al., 2019; Lionetti et al., 2020; Liu et al.,
2018) this was often true for boys in this study. In contrast to these results, one atluly
found diet quality to be lowr against comparison groups (Morreale et al.), while a pediatric
study found that those adhering to GFD were slightly more imbalanced in adhering to national
recommendations (Babio et al., 2017). However, as was thewifis¢hese results, Gonzalez
et a., who reported on Spanish men, observed that men had lower adherence to the
Mediterranean diet than women. This may mean that males have certain societal pressures
that lend to eating poorly. High saturated fat consumsptamong individuals with CeD
adheaing to a GFD has been reported in both nutrient and eating pattern studies (Mager et al.,

2019; Nikniaz et al., 2020; Penagini et al., 2013; Theethiaa,2014; Vici et al., 2016), as has
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the imbalance of fatty acidd/ici et al.). Higkonsumption of animal products has also been
previously reportedaswastruer of the Study Teens.

People eat whais made available to them, which is determined by the food
environment and policy surrounding it. Food availabilityad@dvesuggeseéd that the American
food system generally does a poor job of providing adequate whole grains, giedbgans,
dairy, total fruit, whole fruit, total vegetables, and, to a lesser extent, seafood and plant
proteins, but contains excessivelisifats (meaning satrated fats), refined grains, and added
sugars (Milleet al.,2015).This suggests that U.S. agricultural policy should be revamped so
that the output aligns more closely with the U.S. Dietary Guidelines and health
recommendationsln addition, the Dietay Guidelines, reporting on American eating trends,
concurred with the previous authors that the actual consumption trends are poor and noted
that saturated fat consumption derives from every food group except for fruit (DGA, 2IMS).
may suggest that # governmentouldprovide regulations that limit the amount of added
saturated fats in productdkecently, policy was implemented éiminateadditions of trans
fatty acidsin the U.S. food systelfWayland, 2018)n the general Amécan population, the
amount of label reading was associated with successful moderation of fat consumption
(Ollberding, Waolf, & Contento, 2011). Low consumption of food groups associated with health
and highsaturatedfat consumption were key concerns fdre sample (and NHANEShis
suggess that policyto increa® availabilityof food groups]jike produce and whole grainas
well asredesigning labels to make amounts of saturated fats, added sagdrsodium more
prominent(possibly on the front of théabel)may improve eting patterns.In addition,newly

diagnosedndividualswith CeDmay beencouraged to visia dietitianonly a few timego learn
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how to safely navigate living with a GFDowingindividuals with CeD to havepeated visits
to regisereddietitiansthat arecovered withinsurance reimbursemernt orderto improve diet
quality could improve QOIn the general population, policy directing funding towards nutrition
education from elementary school through coléegall medical doctors ahfuture educators
should be required to have basic nutrition education) would likely improve eating pattern
behaviors and possibly save money in treating chronic diseases as well.

Cumulatively, hese results suggesti that both indices added value fdhe purposes of
this analysis both together and separatelgnd also suggestdthat perhaps a combination of
the two might improve estimates of health in future studi@$he Study Adults did well in
multiple categories involving prodaand plant proteins. Legnes and fish could be improved,
but they still had higher consumption of these categories than the typical American. The Study
Teens should be encouraged to consume less red meat (especially boys), and consume more
vegetables, legmes, nutsand seafoodTheHElresultssuggesedthat sodium intake needs to
be reduced in the entire sample. Additionally, AMieBultssuggested that the ratio of mono
unsaturated fat to saturated fats may matter (as much or more than the incorporafion
polyunsaturated) thus suggestin@pigher incorporation of legumes, nytand produce On the
other hand, the points allocation of the fatty acid ratio of HEI suggested the sample may be
consuming an excessive amount of saturated fat and total lijhiklsly,individualswho used
more solid fatsinstead ofbutter, ateleaner meats or plant proteimstead of fatter meatsand
usedlabels tominimize unexpectedonsumption of saturated fatdike in peanut butterhad

better diet quality results
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Because foodonsumed the processing they undergoand socieconomicfactors
appear to banterrelated to diet quality, including elements of all threeassessing diet quality
might beuseful. Therefore,it would bepossibleto createa diet index whicltombines some
aspects oAMED ot recognizes more the realities and potential harms of certain foods and
behaviors in the current food environmerdanextreme modification of HEVith thought for
the level of processing and the supports needed to maintaalthy habitscould be benefial.
The indexwould workby assigning a point if people exceed the median intaksewénfood
groups to encouragéa)whole fruit, (b) vegetables (not friear potatoes, (c)lightly processed
whole grains(d) high fat fish,(e)legumes and soyf) nuts,and(g) ratio of omega 3 to omega 6
fatty acids, or consuntless than the median of foods to minimi¢@ commercially sweetened
high calorie drinks, including soda, sports drinks, teas and cdti¢eefined grains (¢ added
sugar (d) sodium (e) saturated fat; (f) fried foodsfrequency and (g) frequency ofother
processedpackaged/prepareditems]. Individualsthen would receiveup to anadditional3
pointsfor reporting preparing/eating at least fealspreparedfrom scratch at home during
the typicalweek, reporting they feel socially supported in eating healthy, and reporting they
feel they live in an environment that supports healthy liviAfhough not all of these
components are strictly relatl to diet, NHANES data seedto suggest that tbre were
sociocultual factors that impacted diet quality and QOL. Therefore, including comporteats
serve as proxies for some thfesefactors that may create a diet index that would be more
predictive d health outcomesMore researctwould be neededo clarify the value of creating
a new dietindex whileconsidering additional diet index modifications may be needed in the

new food environment to reflect more than just food groups
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Implications of DietQuality Findings

Overall, these patterns suggest that there is a critical role for dietetic counseling of
individuals with CeD beyond the basic mantra of safely navigating life with a GFD. Policy
changes that allow dietitian visits to laeitomatically covered by insurance payments for a
series of viss would likely be beneficial. In addition, allocating federal and state funding
towards comprehensive nutrition education could help improve national treBeseloping
new tools to assess el quality may be useful.

Level ofUltra-Processing

The amount bultra-processed food consumption was concerning, but significantly
lower than those in NHANESItra-processed food consumption, both as a percentage of
calories (and weight), in our studgraple was 30% kcal (14% grams) in adults, 38% kcal (18%
grams) m teens. Givemhat 22% kcal (10% grams) was the amount associated with adverse
health effects based on a limited number of prior studies (Schnabel et al., 2019; Srour et al.,
2019) in other ppulations, it was concerning that the majority exceeded thiel€66% adults,
86% teensn terms of energy Still, those in the NHANES A1l Subgroup (Reported CeD Diagnosis
& GFD) consumed significantly more, at 44% of energy frompittreessed foodd-dowever,
compaing the sampleéo others INNHANESheir amountswere modest asthey generally
consumed much higheamounts ~60% (adults)>-70% (teensdf energy from ultrgprocessed
foods. In the study sample, womeaveraged the least-30% of energy in ltra-processed
foods, while girls,men, and boysall averaged ~@%o of energy in ultrprocessed foodsThis

mirrored smilar patternswith dietary patterns where women hadhigher adherence to

28C



healthier patterns Notably, ro comprehensive reporting on level of ultprocessing has been
done in any CeD population conparison to a representative sampbeior to this study.

One especially surprising result was that the range in UPF consumption in the study
sample was not asifjh as has been previously reported for populations in the U.S. (Ma#tinez
Steele et al., 2016)nteresting too, was that the sample consumed significantly and clinically
lessultra-processed foods than those in NHANES in nearly every comparison. (Hpwever
comparisons of theumberof ultra-processed foods in mass between the sample and adults
NHANE®&1 Subgroup, Reported CeD Diagnosis & GFD, as well as between boys and the
NHANES T3 Subgroup, Everyone Else Without CeD showed no diffstggmsting some
similarities in consumption in those groups.)

That the sample had a lower consumption of Umecessed foods compared to others
in NHANES contradicted the hypothesis; it had previously been assumed that because
individuals with CeD consumed many GFdpieis, which are often ultrprocessed, they would
consume higher amounts of ultigrocessed foosd in general. There were likely a few reasons
this hypothesis was contradicted.

Foremost among the speculated reasons for differences in-plivaessed food
consumption with NHANES were demographic and socioeconomic differences. In the U.S., it
has geneally been found that ultrgprocessed food consumption was higher in certain
groups males, younger, noiispanidNVhites and norHispanic Blacks with lower incem
consumed more of these foodwhile Hispanics appeared to consume I@araldi, Martinez
Steek, Canella, & Monteiro, 2018). This may be duth&food environment andavailability,

though further research is needed. From the summary statistics, s@modraphic and
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socioeconomic differences were observed between our sample and NHANES. Thevgasnple
generally femaleWhite, highly educatedor living in areas associated with high socioeconomic
status thismay have meant reduced availability to ulpeocessed productdt was also
possible that the affiliation witlthe Celiac Center could have am# that these individuals tth
higher awareness of healpromoting eating behaviors. In NHANES, the group that Reported
CeD Diagnosis & GFD (adults), whick mast similar in demographics to the sample, was also
the most similar with their (lower) levelf ultra-processed foods. Therefore, the differences in
ultra-processed food consumption observed within the sample and compared with NHANES
appeared to alignvith previously reported demographic and socioeconomic patterns in-ultra
processed food consumatin. However, despite differences based on demographics or other
factors, because this population resttlim the U.S., it appears likely that ultprocessed fod
consumption was high due primarily to cultumadthe ubiquity of its availability

A decreasd relative consumption of ultrprocessed foods among study participants
might also be due to an avoidance of gluten free substitutes, lack of availabilidaffilityt
in a food systenthatdoes not cater specifically to the GFD, as weléas confidene in
consuming GF products. Among the sample, the top sources ofprtiessed foods were
from processed grains, like breads and baked goods, and related products like snacks, pastas
and cereals (>40%). Other researchers have also fdwatidhtlarge paron (~30%) of ultra
processed foods in the U.S. included refined grain prodlikesbreads, cakes, cookiemd pies
(MartinezSteele et al., 2016). It is possible that individuals who have CeD may not readily
replace everything gluteeaters consume wth GF equivalents due to hurdles involved in

procuring these itemand the lack of confidence in being certain that products are trulyF6F
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instance, out of the 80 participants, only a few (3 teens and 1 adult) reported eating pizza at a
restaurant. Oubf over 700 recorded eating occasions, only 16 of them involved pizza (most

with teens), and nearly all of these instances were at hofMER ¥ (G KS NB &SI NDKSNDa
experiencethe fact that only a few people in the sample ate piazar from a restawvant

would be considered a rarity for mogwithout CeD)who live in the New York Metropolitan

area, especially teeng hissuggestd discomfort in consuming these foods in restaurants.

However, this is understandable given the impact of l@wregulationsvere adopted within

the country. Participants often reported skipping GF equivaletitse foregoing hot dog and
hamburgers buns possibly to make it more practical to eat out and maintain a Gfd@vever,

the exact reasons for less ultpocessed consumpbin remain speculative because they were

not probed at the time. This avoidance magorelate to how GF products are perceived
includingbeing perceived as expensive, having limited accessibility, and poor hedonicappeal
thus resultingn those adheringd a GFD having lower consumption of wpracessed foods.
Therefore, the sample may have inadvertently been eating less-pittreessed foods without

making an intentional effort to avoid therNHANES represented nearly 300,000,000

Americarst the vast majaity of the nation. The fact that most of NHANES was consuming
~60-70% of their energy in ultrprocessed foods indicatetiat the American food system

relies heavily on these products to feed the natisnggesting that agriculture polishould be
evaluated, particularly since higher consumption of these products continues to be associated
with adverse health outcomes. Meanwhile, the NHANES Al Subgroup (Reported CeD Diagnosis
g DC50 W2yfeQ O2yadzyS RprétesseddodTanamiudttioser Hy SNA & A

what our sample consumedhis sizable difference in ultpgaocessed food consumption again
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suggestedndividuals with Celadhering to a GFD have different behavi@asd likely reasons
for those behaviors) compared withe genera population.Sncethis study was conducted in
2016 the availability of GF productsas onlyincreasel. For instance, in 2021, GF Oreo cookies
are expected to make a debuks more welknown food manufacturers enter the GF market,
this may mean that ingliduals with @D are likely to have increased confidence in eating ultra
processed products and consumption will increddewever, he researchebelievesthat until
regulations are put in place that ensure a greater degree of confidence in praomuigtbeing
GF, eva if made more availablendividualswho are adhering to a strict Gl always
consume less than the general populatidume to crosscontact cormerns. Howeverthe market
may continue toincrease becausthe vastness of the market appears to be catgrimore to
thoseare eating these products who do not have CeD and may not have the same level of
crosscontact concerns

Finally, differences in consumption of ulpaocessed foods relative to the general
population may be explained by other behaviorke being more dieffocused, due to the
restrictive nature of the disease, and as well as many (in this sacgisumingmeals cooked
from scratch, an ability to eat at highend restaurants which tend to cook from scratch, or
attitudes towards healtipromoting foods. The sample consumed more of their foods as
minimally processed and processed versus yittacessed, compad with the NHANES
4dz0 ANRdzLJA® ¢CKAA &AdzZ33SadSR KIG GKSARRSL GRWN3I
meals. Many were, in t, prepared from scratch at home using recipes, often elaborate, or
from restaurants that were not the typical chain/fafstod establishments, which were known

to prepare foods from scratch. These behaviors indicated that participants had the time and
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dedication to cooking, which suggested a certain food awareness and willingness to prioritize
cooking possibly due to the fod-related nature of CeD or to an increased ability to-self

regulate activities to promote health. A few participants also regulamhsumed items known

to be expensive but minimally processed, such as caviar and certain unusual (and known to be
expensiveproduce or shopped at higheend delis which they regularly visited and had

assured them of their food being free of gluten cr@satact. Numerous participants visited
high-endrestaurants, which required an ability to pay and an inclination to frequBnoth

suggested a higher level of income and/or wealth, which would be consistent with the higher
educational attainment of the samgl(often associated with higher income and wealth
attainment in the U.S.)t also may suggest that markets neartheparli LI y 1 8 Q K2 Y S &
provide greater opportunity for healthier options and lower levels of ufiracessingThe

coding for ultraprocesing was designed to align with prior NHANES results (provided by Dr.
MartinezSteele), which she coded assuming the lowesgel of processing occurred in food
preparation.Therefore while it is possible that there could have been inconsistencies imgodi
that unintendedly produced a lower level of ultpocessingn the sample than NHANES,

which would be considered a litation due to different researchers assigning group level

coding, the researcher feels this was less likely, especially given tlefeguidance from Dr.
MartinezSteele Ratherit is likely that the significantly consumed lower amounts of ukra
processed foods. Overall, lower consumption of Wr@cessed foods in this group appears to

be related to more scratchooking, possibliigher awareness of a healffromoting diet and

access to capital and bettguality foods.
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Universally labelling foods as GF and describing ingredigrmaisiding cereal grains and
legumes (which are minimally processgztuld potentially reduce theelvels of ultra
processingecause itvould increase the ability to choose more footisat would enable
individuals with CeD to have increased availability to healthy, affordahbpalatable grain
products and snacks that are less processed. Howeweult also, incidentally, possibly
increase he numberof ultra-processed GF products because manufacturers would more easily
identify aGF food supply inventoty turn it into shelfstable ultraprocessed productdue to
mandatory processes not currenily place. Thoughtful consideration shouldigto any push
for policy changeslhe solution does not necessarily have to be functional foods, nor are they
wanted. Gluterfree product formulations have already been reported to reduce the bio
availability d certain nutrients(Laseet al.,2017) andprocessed dietary fibers common in
these products may have adverse health risks also with their interactions with the microbiome
(Singh & Vijaumar, 2020), so there is no guarantee that more yttracessed fods would
address the underlying nutrient coarns without causing more harm to those adhering to a
GFDTo limit reliance on ultrgorocessed foods, practitioners should emphasize nutrition
education for individuals with CaDencouraging individuals to copkspecially from scratch,
with whole grainslimit prepackaged baked goods and prudently choose snéakexXample,
instead of eating packaged granpleave unsalted seeds and fruit or make their own)
combined with the ability to use food labels and betwe competent in identifying ultra
processedroducts while shoppingds previously mentioned, this would require adjustments
to insurance reimbursement policy. Comprehensive nutrition education could also help

increase sefefficacy in scratclwtooking.In addition, U.S. agricultural policy needshe
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reassessed to determine how farm subsidies support tgi@cessed food production and its
role in health and welbeing and how those subsidies may further impact others more globally.
Implications of Ultra-Processing Findings

There wereseveralpotential implications from these findings: @) drivers of ultra
processed foods are interrelated and inclustecioeconomic factors, demographics, cultural
norms and theubiquitous amount of ultrgprocessed foodhn the U.S. food environment
drivenby agricultural policyandthey need to be considered together to hope to impact
consumption levels(b)ultra-processed foods may be unintentionally limited when maintaining
a GFD as a result of GF food policy in tHe, Which makes it difficult to eataturally GF
minimally processed foods as welltaseatout at many places and limits product availability,
affordability, and hedonic appeal; (c) more foods consumed in the sample were minimally
processed or processedather than ultraprocessedwhich siggests more home cookirtgat
may also be related to socioeconomic status, but also possibly to increased dedication to eating
healthier, or even affiliahgwith a CeRtreatment center and(d) as previously mentiorain
the diet quality section, this gigests that a treatment paradigm needs to shift from simply
providing basic dietary advice to learn to avoid gluten and ecossact concerns, but also
havinggreater access to dietitians to help individuals with @aprove diet patterns through a
reduction of ultraprocessed food<Comprehensivautrition educationcouldenable
individuals to have basic culinary skiiat would benefit the whole country.

Nutrient Consumption
There were many concerns around nutrieansumption in this sample. Most nutrient

concerns, however, were not solely attributable to the GFD; rather, they appeared to be
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attributable to the overall poor diet of the typical American. Among the few potéuigdicits
that appeared to be relatedotthe GFD, or the sample, were folat®n (girlsand womer),
magnesium (menxand lower carbohydrate consumption (as percent of energy). The few
nutrients that were potentially consumed excessively may have beeae mnetated to the
particulars of the sample. These included total and saturated fat as a percent of energy, niacin
and vitamin A (girls). It should be noted that the recommendations with which values were
compared were based on levels appropriate for ti@aindividuals. Individuals with CeD yna
have had prior nutrient deficitandpossibly have additional nutrient requirementerological
values for some nutrients may have been instructimeaddition, foods consumed by the
participants were not analyzkfor nutrient bioavailabilitywhich ma vary due to a number of
factors from seasonality, transport and storage time, growing condition, as well as product
formulations.Due to inconsistencies in participant reporting, multivitamin mineral and other
supdement use were not assessedcausehe primary aim of this study was to evaluate diet
patterns.Those aspects of nutrient status were not assessed in this stlmyever, this is the
first study in over 15 years to report ahetary assessment afutrientsin an American
populationwith CeDand with as much detail on individual nutrients in this population.

The bulk of nutrient concernsagshared with NHANES, though the sample had fewer
potential deficits or excesses (except for fats) than those in NISANIEese included potentially
low consunption of dietary fiber, linoleic acid, linolenic acid, calcium, iron, magnesium,
potassium, vitamin E, vitamin D, vitamin C, vitamiarl choline for the overall sample. Of
these, dietary fiber, calcium, magnesiftaens), potassium (teens), vitamin Eawmin D, and

choline were potentially deficient in the majority (or near majority) of the sample. In addition to
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the nutrients mentioned abovehe Study Teens had potential deficits in energy, phosphorus,
zinc, viamin A, vitamin B2, thiamin, and ribdavin. As an example, in the study sample, nearly
40% of girls, 10% of womeand 12% of men potentially consumed inadequate amounts of
iron. This suggested that practitioners should be monitoring for multiple paaédeficiencies.
Most of the sample (adts and teens) also had unfavorably high consumption of added sugar,
sodium, and saturated fat as a percent of enenghich were all nutrients of concern for those
in NHANES as well

Differences in nutrient consuption seemed to be influenced by age agehder.
Nutrient consumption paralleled the diet quality differences somewhat; teens, who generally
had a poorer diet quality than adults, had many more nutrient deficienicigsich aligned with
the hypothesized nutents of concerm than adults. Both aduk and teens were likely to be
deficient in vitamin E, which had not generally been discussed in prior CeD literature. This is
likely due to the broader culture in the U.S., where few Americans consume nuts, leafggre
or whole grains, which are good goas of vitamin E (National Institutes of Health, 202)
as shown inheseAMED results. Men generally had a poorer diet quality than women, though
nutrient differences with potential deficits or excesses weres lesticeable for men as they had
been wih overall diet quality, possibly because in consuming more energy, men have more
opportunities for increased nutrient consumptiorasmicronutrient recommendations, which
are used in the scoring, are based only or agd gender, not on activity requiremisnas
macronutrients are.

Compared directly with NHANES, there was a lower proportion of those in the study

sample with potential nutrient deficiencigexcept for boys (where there were not a lot of
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significant differences). This suggested that thereyrha a need to study boys more closely to
understand the impact of societal norms on their eating behaviors. There has been little study
examining the impet of the GFD on older teenage boys with Cafcompared with older or
younger cohorts and againgpresentative populations. On the whole, teens were more likely
to have concerns around nutrients than adults. This may be especially problematic given tha
teens are stilgrowing,and nutrients are crucial to healthy developme@mne limitation of the
comparison with the NHANES Al Subgroup (Reported CeD Diagnosis & GFD) was that NHANES
participants were asked after their 2ebur diet recall if they were duering to a GFD. This

meant that some items, like bread or pasta, may have been recorded as refyuar-g

containing items. These items are known to have different nutritional profiles tihase which

are GF, like having folate fortification or lower anmés of lipids. In addition, the nutrient
database may have been limited in its nutritional analg$iSF products.

This research aligned with many of the concerns of prior literature. Prior reviews have
suggested that the GFD among those with CeD cdavwén a number of nutrients. These
include carbohydrates, fiber, certainBamins for example folate, riboflavin and B12),
calcium, magnesium, zinc, iron, selenitand polyunsaturated fat (Mager et al., 2019; Melini &
Melini, 2019; Penagini et aR013; Taetzsch et.ak018; Theethirat al.,2014; Vici et al., 2016).
Iron was noted as a concemma U.S. population with CeD adhering to a GFD (Thongisain
2015) and in some reviews (Penagini et al., 2013; Theethira et al.,2014; Vici et@)., 201

Many of those same reviews found similar concerns for potential excesses. A high
portion of the sudy sample had a diet high in total lipids, saturated fat, and added sugars. In

some ways, these findings may seem contrary to the diet indices, particthe AMED fatty
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acid index and the HEI added sugar components. It should be kept in mind, hothevé¢ne
diet indices only reflecaspects ohutrient consumption but are not actually a measurement of
nutrient amounts versus recommendations. AMER representation of how well individuals
are doing relative to the mean. There would be no guaratited the mean intake of a food
contains ideal amounts of nutrients. Similarly, HEI reflects what has been accepted as the
current state of food pattern caumption, which has been recognized as poor and encourages
slight behavior changes.

Inadequate foliacid was especially a concern for this population. It has been previously
reported as a concern about the GFD in other countries (Mager et al., 2019;j BiéHalini,
2019; Penagini et al., 2013; Taetzsch et al., 2018; Theethaia, 2014; Vici et al2016). In the
U.S., however, dietary folate was not measured in the last significant survey with CeD using
24-hour recalls due to a lack of informatiorofn manufacturers (Thompsaat al.,2005).More
information on GF products has been made availabtaennterim period.Low folate has been
linked to increased risk for increased plasma homocysteine, which has been associated with
increased risk for cardvascular disease but may be mitigated by low consumption of refined
carbohydrates in a population thi CeD (Reybak et al., 2020). In the general population, folic
acid is known to be crucial for pregnant women and their children, primarily due to its
assaiation with preventing neural tube and other defects in the early days of pregnaoyr
to when many women may be awarthat they are pregnant. This is one of the reasons why
folic acid is fortified in grain products in the U.S. (noting that natural consumption of foods like

legumes and produce that are naturally high in folate is low in the U.S.), @&B8). As
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previously disassed, however, in the U.S., folic acid is not required to be fortified in GF
products.

Although not always the case, some studies show that pregnant women with CeD and
their offspring have had poorer health outcomes in some s where it is unclear whter
folate status played a rotekeeping in mind folic acid fortification varies by country (Abdul
Sultan et al., 2014; Elliott, Czu&Hulman, Spence, Mishki& Abenhaim, 2019; Greco et al.,
2004; Ludvigsson, Montgomer& Eklom, 2005; Ngrgard, Fonag&grensen, & Olsen, 1999;
Sheiner, Peleg, & Levy, 2006). Studies in the U.S. are needed to better understand these
relationships. Routine measurement of serum folate levels has been advised for practitioners
caring for patients wh CeD (Rondanelli et a019). In the U.S., these results suggest
monitoring folate levels may be critically important.

It was unclear that the low amount of carbohydrate intake as a percent of energy was
problematic given that the amount measured grams of carbohydrates met
NEO2YYSYRIUOAZ2Yyad ¢KSSGKANI |yR O2fftSIF3dz2SaQ NB
consumed inadequate amounts of carbohydrates as a percent of total energy. Still, the
importance of the percentage of carbohydrates makirp total energy remainsnglear. It is
possible that the low consumption of carbohydrates as a percentage of energy (especially those
that are refined) may lower the risk of adverse cardiovascular disease, as Reybak et al.
suggested. More study is needamdetermine the impact ofow carbohydrate intake as a
percent of energy, giveanadequate amount in terms of mass.

There were concerns about the consumption of total and saturated fat in the sample.

Although all potential excess nutrients may be ofguttal concern, total andaturated fat
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have associations with specific adverse health effectsdisipidemia anatardiovascular
disease. Current advisement for total fat is for 28%86 and saturated fat <10%, where both
the total amount and ratio ofdtty acids are considerechportant (DGA, 2015). While many
Americans may come close to these limits, nearly all of the sample exceeded both limits,
LRGSYaGArtfe LdziGAy3d GKA& 3ANRBAzLI G NRa|l 2F OF N
adherence to tle Mediterranean diet, witta high monounsaturated fatty acid intake relative to
saturated fatty acids, may be more protective in cardiovascular health as has been speculated
in the general population (Gillingham, Hardignz, & Jones, 2011). Prospectivd eandomized
study would benecessary to further understand the impact of this pattern.

Although niacin consumption was surprisingly high, it was consumed through the diet.
This may be less of a concern than niacin consumed through supplements or syntheti
fortification. However, gcess consumption of niacin has been associated with a number of
adverse health effects, which, although it has not been studied in a population, include
symptoms that may mimic the effects of gluten exposure for individuals @&, such as
headaches, atominal pain, nausea, fatigue, and anorexia. However, if individuals consuming
foods supplemented with niacin also consume niamntaining supplements, this could be a
concern for this populatiorindeed, the incorporation afultivitamin mineral supplerantation
may make the nutritional profiles of the participants look very differdiie correlation
between nutrients and specific foods was beyond the scope oftibsertation Thus further
analysis could be made to determitiee impact of niacin consuaption.

As previously mentioned in the diet pattern discussion, careful label reading should be
FROAEASR F2N) ydziNASyda (1yz2ey (2 0S KAIK Ay (GKS
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instance, coconut oil added to impre mouthfeel to vegetariaburgers can unwittingly add to
high saturated fat consumption. Idealthough, policy would encourage different labeling,
perhaps on the front of the packaging, whisould helpconsumers to better understand risks.
These resuft suggested that many coulde assistance with food choice and
availability. Culturally, it may be easier for females and adults to eat more healthily. Both policy
and nutrition educatiom like changes to product formulations to more closely align nutsent
with those of glutercontaining products, easef label reading to make saturated fat content
clearer, or allocation of subsidies to increase produce and whole grains (with better procedures
to ensure these products are GRyould increase affordabilitygvailability and acceptane to
more minimally processed and healthier foods.
Implications of Nutrient Findings
Most nutrient concerns could be addressed by improving diet quality. Insufficient folate
consumption as a result of dietary policy may be impearthis population and marequire
supplementation. Similar concerns apply to vitamin D (and possibly irdarfaleg. Itwas
unclear whether excessaturatedfat or niacinin this population was harmful, but it was a
concern. Customized recommendatsshould be encouragedrecagnizing that a general
multivitamin mineral supplement could be harmfully due to excessive nutrient consumption or
eveninappropriateto meetindividual nutrient needsTeens, particularly boys, may be at high
risk for concernsiace there were multiple concerns and it is a crucial period in human
development.As with the recommendations for diet quality and ulpeocessing, having
insurance provide access to registérdietitians for consultation on a more regular basis to

helpindividuals with their diet beyond avoiding gluten could improve kemgn outcomes.
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Associatiors of EatingPatternsand QOL

There were significant associations between higher gietlity, lower ultraprocessing
and higher QOL in NHANES and the studypsammost consistently with ultrgprocessing as a
percent of energy and AMED. There was a consistently reliable association with higher AMED
scoring and lowelevels of ultraprocessng percent of energywhen modeled separately and
together, for NHANES=a the Study Adults, there was no association between diet quality and
QOL However, for the Study Teens, there was an association between high diet quality (as
assessed by AMED) ahigiher QOL. Fdroth Study Adultsand Study Teenshere was an
associatio between low ultraprocessings a percent of energgnd higheiQOL Notably, this
is the first reporting on the relationship of diet measures and QOL in a population with @eD. It
also the first reporting of ultrgorocessed foods in a general populatio

Other than lack of variation in the underlying datae to small sample sizéherewere
a few potential reasons why theraight have been less robusglationships between diet
quality and QOL fahe Study Adultsaand ultraprocessing and QOL fthre Study TeensAs
discussed in the literature review chapter, the hypothesis that higher diet quatityd be
associated with higher QQtaspartially based on the assution that higher diet quality
contributes to higher bodily function and increased hbdlbwer morbidity and mortality) in
the general population. However, becaube Study Adultavere already experiencing
morbidity (with lower QOL perhaps this assuntion did not fully applyin part because the
demographics revealed more with poor Q@brng Alternatively, the lack of association
between diet quality and QOL the Study Adults might suggest thatany, includinghose

with lower QOlLwere intentionally seeking higher quality dietagain suggesting lack of
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variation in underlying datajrpossibly due to socioeconomic statasthey may havehad
greater access to highguality diets (which harkens to variability in data collection again). It
was dso possible that the NHANES heakated QOL measure reflected different components
of QOL than tbsemeasured irthe CeDspecific QOL measure; validation studies for the-CeD
specific QOL survey tools were designed to only be moderately correlategentral health
related QOLAIlternately,these results could suggest there was trulyralationship between

diet quality and QOL to be founiflore research with larger sample sizes may help to clarify
this relationship.

Meanwhile,the associatios found between QOL andertaindiet measures could have
particularcausesThey could have higihéncomes or education, which can potentially lead to
both higher diet quality, less ultrarocessed food intakeand higher QOL. It may reflect
prioritizing healthpromoting behaviors like eating a healthier diet and cooking with fewer
ultra-processed itens, whichmay reflect an increased ability to sedfgulateandcan translate
to higher general QOL scores. Thegees of behaviors have been associated in research in the
general population with better health outcomes, including heaktated QOL (Crac® Crace,
2019). It is also possible that those who feel CeD was most burdensome consumed larger
amounts of ultraprocessed foods (kcal), which may have been perceived as easier/less
challenging to prepareor they gravitated towards more of these typesfoiods because they
felt limited. It also might have been that the association found between lower-pitbaesse
foods and higher overall QOL (particularly with better scores in the dysphoria and limitation

components) was related to some type of fibemical reaction. Still, ivasalso possible that
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these results were found by chance. Due to the cissstional mture of the study, ivas
impossible to know.

The eating choices of teens may be less motivated by health concerns than the adults.
While aduts likely take a more direct role in choosing their foo®n eating patterns may be
more impacted by parentqeers, and availability. Adolescence is a stage with lower incidence
of overt chronic diseasassociated wittdiet, but it is still a period asociated with rapid growth
which relies on adequate nutrition. Thus, the association between increased AM Eibpysaoi
better (social, isolationand overal) QOLcomponent scorefor the Sudy Teensafter
controlling for confounders may be reflectivegrieater nutrient intakeover a significant period
GAYS O0NBft I A O SinciegsednétrniniakeSnddrasultiningr&sed resilience
and improved QOL among Study Teens. Teens with better diet quality may also be more likely
to have other fators that might result in a higher QOL, such as more attentive pamrgsen
wealthier/more highly edudzd families It is also possible that this relationship was observed
by chance.

Similarly, theassociatiorbetween reduced ultrgprocessed foods (Kcal) and increased
QOL scorinfpr the Study Teengay be related to increased nutrient intake, otheothemical
factors, or environmental factorélowever that relationship was not as consistent as it was
with AMED diet quality. This suggested thattdjuality had a stronger association with QOL
than ultra-processingor the Study Teendn NHANES, thelationship with ultraprocessed
foods was found to be consistent, but less of a factor than diet quality also.

Even though a number of studies in theneral population have also found higher diet

quality to be associated with higher QOL in adults (Baoaetcal., 2013Darviri et al., 2012,
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Ford et al., 2014; Germain et al., Z)Gopinath et al., 201£laisted et al., 199%Banchez et
al., 2012) ad teens (Bolton et al., 2@] Costarelli et al., 2@} EsebanGonzalo et al., 2(
Muros et al., 2017; Ghnettler et al., 2017; Zervaki et al., 2017), none specifically examined the
impact of diet quality on QOL in individuals with Cabr the did theyexamine the relationship
of ultra-processing to QOILarger observational studies, cohort, and perhapshayedly
randomized trials following individuals with CeD adhering to GFD would be helpful to better
understand this relationship.

Prior research nongeific to CeD has also associated different demographic
characteristics such as gender, race/ethnicity, echtion, socioeconomic status, rural. vs
urban environment, family diet patterns (children), maternal education (childig,
smoking status, andhysical fitness with differences in both diet quality and QOL for adults
(Bonaccio et al., 2013; Darvitia., 2012; Ford et al., 2014; Germain et al.,20@opinath et
al., 2014 pPlaisted et al., 199Banchez et al., 2012) and children (Bolton et2f11,6; Costarelli
et al., 20B; EstebarGonzalo et al., 2@ Muros et al., 2017; Schnettler et al., 20Z&rvaki et
al., 2017). This is consistent with other research that has suggested that some individuals with
CeD may be impacted by the GFD differgathd QOL may vary as a resthismay partiallybe
related to demographics or environmental circumstances (Barratt et al., 2011; Biagetti et al.,
2015; Caslhos et al., 2015). That there was an association between ydtocessing and QOL
independent @ diet quality could indicate thatertainaspects ofhese products could cause
metabolic perturbations. Prior research has shown that food additives in-pftveessed
products, like particular enzymes, may be particularly problematic for individuahsGabD

(Matthiaset al.,2016). Among the general pomition, researchers have found ult@ocessing
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to be associated with perturbation of biochemical pathways with a wide array of impacts,
including being shown to promote weight gain in one randomizedystaven after controlling
for macronutrient consumptin (Hall et al., 2019), having reduced telomere length in eross
sectional studies (AlonsBedrero et al., 2020; Rafet al.,2017), and increased risk of
numerous morbidities and early mortality in amth studies (Fiolet et al., 2018; Kieh al.,2019;
Mendonca et al; 2016; RieGampa et al., 2019; Schnabel et al., 2019, Srour et al., ZIH1O).
fact that ultraprocessing remained significantly predictive even after accounting for diet
qualityt which acounts for things like sodium, added sugars, and sdéatdatst suggestghat
some aspect afiltra-processing itself may adversely impact healths possible that the results
here reflect metabolic processes, butcause the study wagosssectional further research
would be needed to confirm those effexct
Implicationsof EatingPatternsand QOL Associatiorfsindings

More researchwill be needed to understand thgotential impact of dietpatternson
QOL for individuals with CeD. Hegesults suggestethat adults and teens face differing
factors that influence eating patterns and Q@He results in the general population models
suggested that individuals may impacted differently based on their life circumstégeeder,
age, ethnidy/race, educationincome and marital statuswhich appear to interact with
challenges to QOL, diet quality, and uimacessed food intake differentlirhis may be the
result of many factorancluding policy directing food availability as well agwral normsthat
encourage specific behaviddltra-processing particularly products that are high in enemgy
contributed to the modek beyond diet quality. This magdicatethat ultra-processing

represents something other than diet quality or nutrientsialihcan impact QQlbut due to the
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crosssectional nature of the stugynore researchwould be needed to make that
determination As the food system becomes increasingly industrialized and global, more
research will be needed tonderstandthe impact of boh diet quality aml ultra-processingn
health outcomegparticularly as the prevalence of CeD continues to increase.
Limitations

One limitation was thamany items were selfeported, including thaparticipantshad
biopsyconfirmed CeD. Participants mhgve been subjedb desirability bias in their
recollection of their diets. Not all GF products were available in the database and substitutions
were made which nay have differed from actual individual intakdultivitamin minerals and
other supplements were not assesse&djich may result in a different set of conceriiie
sample size was limited. Male participation was limited. The population was drawn from an
urban center affiliated with a CeD treatment cente’hich may have resulted in a population
that was socioeconmically more advantaged as well as more knowledgeable about health and
diet issues. Income/wealth was not directly measured, wasphysical activity. Comparisons
with NHANES suggest a levetapresentativenedshowever, the NHANES sampling was not
desined to representatively sample individuals with Cleilt,only noninstitutionalized people
living in the U.S. of a variety of ages, genders and ethnicities/races. Only three cycles, not the
four advised, were used due to limitations in the data colleatadCeD status. In addition,
NHANES samples much greater numbers of adults than teens. This became particularly
problematic when comparing results for the teens wieported CeD Diagnosis & GRB there
was only one participant in the teen range with aa$¢ one dietecall anahis limited the size

of other groups as well. The coding of foods and their GF product equivalents for participants in
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NHANES may have been limitddpending on whethethe interviewer noted that the product
was GF and an equivatieproduct was available in the database. Thenas some indication
that the results may impact the nutrient profiles (fortified nutrients such as folate and lipid
profile) as well as the HEI&@AMED results (where saturated fats were included) determined
for these individuals. The crosgctional nature of the studyidinot allow for causality. It is
possible that results showing significance were by chance due to the number of models
created.
Strengths

There were numerous strengths to this study. Althoutiagnosis of CeD was self
reported, most of the participants were active or former patients in the Celiac Centeverel
known to have had a confirmed diagnosis of CeD. Threecnaosecutivedays of diet recalls
have been deemed sufficient to determine@trient status for a population this may have
helped to overcome differences in individual variabil¥alidated toolsvere used tcassess
diet, including the multiple pass method, QOL, adimereto the GFD, and adherence to the
U.S. Dietary Guidelineahich likely increased reliability for estimating diet qualithe HEI and
AMED scores, as well as the NOVA syskave been recognized for their associations with
chronic diseases. The dataaused to determine nutrient values of the products was
consdered the gold standard in nutrient analysis, which has an extensive database of nutrient
values for products which are updated regularly and include values for gltgerfoods. A
large seledbn of over 8,000 entries (including food components) were enft over 700
eating occasions. When substitutions were made, the vast majority had either nutrient fact

labels or reliable recipes or equivalents in the NDSR datapasadingnutrient information
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on a wide variety of foods. Random verification basadl6% of the participanfxhoices made
of diet recalls that were input into the NDSR system and the NOVA categorization was
conducted independently. Although the sample size was dioradl did study, for studies with
a population of CeD involving detail analysis of diet, iwas among the largestith adults and
older teens providing a detailed food analysis using multipka@4r recalls For additional
validity, results were compared withreationally representative sample. Although the sample
population was mostlyWhite, female and likely from a higher socioeconomic status, the results
from NHANES from participants wheported CeD Diagnosis & GFD closely matched the
sample suggesting that differences were likely due to regionality and affiliatioh avCeD
center. NHANES did use a different measure of,Q@Akever, the CeBpecific measures of
QOL were validated against general QOL measures and found to have moderaiaiomsel
which may have increased the validity of the results. Althoughgelaumber of models were
used in this analysis, the variables were defined a paiotiQOL has been associated in
numerous studies with diet quality.
Implications and Applicatios

Increased diet quality and decreased ulpieocessed foods may positivetppact
quality of life in a population with CeD adhering to a GFD. More study is needed on how diet
quality and level of food processing may impact individuals withf@eba varety of
socioeconomic backgrounds understandwhether the associationsould becausal.
Individuals with CeD may currently be inadvertently consuming lower levels ofputiceessed
foods due to lack of access to affordable and appealing products. Ryaets should take care

to examine lipid profiles and nutritional status,tivreferrals to dietitians to ensure food group
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balance and encouragscratchcooking. Special efforts might be made to improve dietary
choices among males, especially teenage bBydicy thaencourages agricultural production
that aligns with U.S. Dieta Guidelines as well asakes clearefoods that contain gluten over
a wider range of circumstanceghat improve access to naturally GF foods like whole cereal
grains and legumasmayimprovehealthiereating choices in a population adhering to a GFD.
Relaedly, advocating for polieswhich impacthe global food supply in similar ways should be
encouraged. In additigrpolicy changes that enable food labeling of nutrients of excidse
added sugar, saturated fatand sodiumthat changes behavior shalibe studied.
Future Research

The findings of this research suggested the benefit of numerous future studies, many of
them nutrient and foodfocused, including more diet patteresearch. Data from the current
study could be used to better understand theurce of saturated fats and other nutrients in
foods. Teesappear tohavepoor dietary patterns.Teenage boywith CeD appear to be in dire
needof dietary pattern improvements and perhapsa better understanding of the social
pressures which they feel atnl be studiedNumerous other dietrelated research topicsould
be explored among individuals with CeDgreaterexamiration of the sources of different
types of fat in theGFD; better understandg ofthe impact of folate consumption in woment
child-bearing age adhering to a GRigtter understandng ofthe consumption of folate in a
population with low refined carbohydrate consumptidrgtter understandng ofthe impact d
multivitamin mineral usage on serum levels or potential excess nutrient inkbakteer
understandng ofwhether niacin, including from supplements, may be problematic for a

population adhering to a GFDetter understandng andenumeraing ofiron deficent anemia
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in multiple ages and genders among individuals with CeD who areiadhera GFDor even
more thoroughly probing the reasons why individuals with CeD are consuming less ultra
processed fooddMeta-analysis of prior work could always prove Halgas well In the general
population, a better understanding of how differedémographic characteristics interact with
policy to determine the food environment and health outcomes would be worth pursuing.

One line ofesearch which the researcher is particularly interested in pursuing involves
the interaction between dietary patt@rs, the gut microbiomgand gut integrity. Individuals
with CeD may need additional focus on their eating pattdracause of the need to pair
damage to intestinal cells. In the general population, people who eat a diet with a variety of
minimally procesed produce, particularly vegetables and hfdier foods, have more
beneficial bacteria, suggesting differentiated increases of microosgasbased on human diet,
which has been associated with better gut integrity (De Filippis et al., 2016; De Filigpo e
2010; Gibson & Roberfroid, 1995). Damaged intestinal epithelial cells, poor tight junction
function, microbial dysbiosis, and pooetlihave been related to a number of chronic diseases
beyond CeD (Costantini, Molinari, Farinon, & Merendino, 20&€%alet al., 2016; Holscher et
al., 2018; Leone et al., 2015; Maynard, Elson, Hatton, & Weaver, 2012; Zhao et al., 2018).
Individuals withmtestinal epithelial dysfunction and specific microbial dysbiosis with low
microbial diversity, not unlike profilesbserved in CeD, have been associated with low QOL and
depression, even impacting physical subcomponents of QOL (\allemer et al., 2019 0One
recent study suggested that individuals with CeD may have intestinal functionality impacted by
diet quality hat alters and interacts with the gut microbiome (Zafeiropoulou et al., 2020). More

research should further address this question.
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AppendixA: Sample Data Collection Documents

Thisappendixcontains all forms related to data collection for the sample
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Figure20: Eligibility Checklist

**EATING PATTERNS STUDY IN TEEMAGERS AND ADULTS WITH CELIAC DISEASE **

Eligibility Checklist

Interviewer infials: __

Date: a0 Doy of week [ofrcke);  1=2un  2=Mon  3=Tues 4=Wed 5=Thws &= =2at
Time call started: = [00:060 o 2400; 9 pm=21:00)

Hello. My name is . I'm calling on behalf of the Celiac Center of Codumbda Undeersity. May | please speak
with 7

If NOT AVANARLE. When would be a good time to call back?

Hi! Thank you ss much For condacting us and Ffor your interest in the eating pofterns study. The Celine Cender
ol Colunshia University is working together with Teschers College to promate healthy eating paberns in
feenagers and ndults with celine discase.

I'm goimg fo ask vou n few brief questions to sec if you are cligible. If you are eligible, 1% ask yon to come into
the Celine Center For am appoimtment 1o lalk with yoa aboat your eating patierns and complete a brief survey on
pdberence and guality of life. We woubd ihen follow-ap with twe unannounced telephane calls to inlk with vou
farther about your eating patterns. Your tofal participation time would be nbowt 2.5 howars for the ins=persan
visit and two follow-up calls.

If you are eligible to partiopate, you would complete the research study consent farms at your baseline vist at the
Cedias Center which we will schedule for a dawtime that is coreenient for you. Canwe begin wath the eligibility
guestions? The consent will go nto details about the purpose of the project, what yow' be asked to do, and any

possible risks or benefits you may get from parbcipating. At that time, we'll give you infosmation on whom to contact if
you hiave cancerns ar questions.

l Colurmbia Unisersety IRB
Nl A Dl o
E:I;; 5, L1 S—= L
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Figure20 (continued)

ELIGIBILITY
INELAGMLE ¥
ANTitem in
dink px mpch of ety sechion ns posnble, even i perron = inelmble il W oakama
ehhnd
1 Are you currently a patient at the Celiac Disease Center at Columbia University? 1=vE% =Ko
1x Wi e prar dacior ?
I Haree you been diagnosed with celiac diseaze? 1=YL% (= o
% Hiw sl pludagrosed? Bapsy, bleod 1850 o 1= WES i 2= Mo if blood
binpsy only or Sef
di agnosad
4 When were you first diagnaosed? {month] {wear]) I=¥es =1w | G=<lyr
= How old are you? Le¥as it = 13 O=Mo if < 13
wars old wean ol
& Can you be reached by telephone over the next month? Le¥es O=Mo

if ELIGMILE: Great! YOL'RE ELISEELE for our research study. Thank wau for your ime in answernng these questions. Let's
schedule your baseline appoirtment at the Celiac Certer.

if IWELAGIBLE: Thank you for your time today. Your [inelmbdiity criterian) makes you inebgible for ow research study.
I'm sonry wou won't be partiopating in our project. As you know, you are currently on the Celisc Center email bst and
will continue ta send information about events and research projects going an at the Center in the future.

o o i BT

l i Cobumbia Unisersity IBB
L ESFRITE
WIE kppeweal Gun 1L
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Figure21. Adult Consent Form

Columbia University Medical Center Consent Form

Attached to Protocol: IRB-AAACMGSIY

Principal Investigator: Benjamin Lebwaohl

(h1114)

IRE Protocol Title:  Dietary Patterns in Teenagers and Adulis with Celiac Disease

Consent Mumber: CF-AAASWILE
Participation Duration: | maonth
Amnticipated Number of Subjects: 30

Contact

Contact Title Contact Type MNumbers

Randi Wolf Associate Professor Co-Investigator Telephone: 212-678-3912
Cell: (917 MHI-D6UE

Benjamin Lebwohl Assistant Professor Principal Telephone: 212-35-53590

Investigator
Peter H Green Professor of Clinical Co-Investigator Telephone: 212-305-5590
Medicine
Maria Minaya Study Coordinator Study Coordinator  Telephone: 212-305-5422
Research Purpose

The purpose of this rescarch study is to better understand the dietary patterns and quality of life in
adults with celiac disease.

Information on Research

WHY 15 THIS STUDY BEING DONE?

This research project is being done to better understand dietary patierns in adults with celiac disease
and how a gluten-tree diet may impact guality of life.

WHAT [5 INVOLVED 1IN THE STUDY?
We will recruit patients affiliated with the Celiac Disease Center at Columbia University.

We will recruit 30 adults (18 years and older) with biopsy-proven celiac disease for at least | year.

You will be asked to complete three 24 hour diet recalls. This means we will ask you to tell us abont

evervihing you ate or drank over a 24 hour period. The first 24 hr diet recall will be conducted in-
person at the Celizc Center. The other two 24 hr diet recalls will be unannounced and conducted over

the telephone within one month of your initial visit, 'We will also ask you toe complete a brief survey
ghout your adherence to a gluten free diet and a survey related to celiac-disease quality of life.

The duration of the study is | month. You todal participation time will be approximately 2 1/2 hours,

madicall Ceaber IRskbbdt 1n Brapd: 2LE=205<848 umbia Unlwmil‘y IRB
adacal Antel Aastiltatilona L Jardi - 4= -

Conmant Form Humbars CF-BAASAD1A IS Appeoral Dale: 01/21/2018
Frivted ORr B250472016 ae 13e0k page 1 af 3  — e e wnill 01/20/2017
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Figure21 (continued)

UESTIONNAIRES:
1} 24 howr diet recall: This will measure everything you cat and drink over a 24 hour period. This
will be administered once by rescarch staft at your initial visit and twice over the telephone.

2y Celiac Dietary Adherence Test (CDADY: This is a briet 7-item survey to measure adherence to a
gluten free diet. This will be administered three imes, once for each 24 hr recall.

3y Celiac Disease Quality of Life Survey (CD-CHILY: This is a briet’ 20-item survey to measure celiac-
disease related quality of life. This will be administered once during the initial visit.

Risks
Omee postential risk in this research project is that you may feel uncomfortable answering questions
about your diet or lifestyle. You may choose to skip any questions that make you uncomforable.
Another potential risk, while very minimal, is loss of confidentiality.

Benefits
There are no direct benefits of this study. However, the information collected from this research may
help others in the future.

Altermative Procedures

There is no obligation to participate in this study, and pamticipants may withdraw from this study at
amy time. Participation in this study will not alter your standard medical care or status at Columbia
University Medical Center in any way.

Confidentiality

Drata will be maintained on a password-protected computer in a locked arca. Only the investigators
will have access to the computer. Data will be de-identified by assigning all participants random
alphanumeric identifiers and rounding age to the nearest year. A key linking participants’ medical
record numbers to their random identifiers will be stored on a separate password-protected computer
also in g secure location. Only the investigators will have aceess to this second computer.

The following individuals andfor agencies will be able to look at and copy vour research recodrs:
- The investigators, study stafl’ and other medical professionals who may be evaluating the study

- Authorities from Teachers College Columbia University or Columbia University and New York
Presbyterian Hospital, including the Institutional Review Boards (IRB)

- The Ofhce of Human Besearch Protections (OHRFP)

. ) ) Columbia University IRB
madical Ceater Iastledticasl Mevles Beapd) 213-305-L8ak

Consant Form Hunbars CF-BARSADIA B Appeorval Dale: 93/21/2018
Fristed Der §2/1652916 ab 13r0k page & af 1 — ool el il 012002017
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Figure21 (continued)

Compensation

There is no compensation for participation.

Voluntary Participation

Taking part in this study is your choice. As a patient, your choice will not affect the treatment you
receive from doctors and statf at Columbia University Medical Center and MNew York Presbyterian
Hospital.

You may refuse to take part in the study or withdraw from the study at any time without jeopardizing
vour employment, student status, or any other rights.

Additional Information

If you have any guestions or concerns about the study, you may contact the principal investigator, D
Blandi Wolf at (212) 6TE-3912 ar (917) D6E-969E

If you have any questions about your rights as a subject, you may contact
Institutional Review Board

Columbia University Medical Center

154 Haven Ave, 1st Floor

Mew York, NY 10032

Telephone: (212) 305-5885

An Institutional Review Board is a committee organized to protect the rights and welfare of human
subjects involved in rescarch.

I have read the consent form and talked about this research study, including the purpose, procedures,
risk, benefits and alternatives with the researcher. Any questions [ had were answered o my
satisfaction. | am aware that by signing below, 1 am agreeing to take part in this research study and
that [ can stop being in the study at any tme. [ am not waiving {giving up) any of my legal rights by
signing this consent form. [ will be given a copy of this consent form to keep for my records.

Signature

Sty Participant
Print Mame Algnature Crate

Person CNraining Consent
Print Mame__ Signature Crate

. ) ) Columbia University IRB
madical Ceater Iastledticasl Mevles Beapd) 213-305-L8ak

Consant Form Hunbars CF-BARSADIA B Appeorval Dale: 93/21/2018
Fristed Der §2/1652916 ab 13r0k page & af 1 — ool el il 012002017
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Figure22. Teen Assent Form

Columbia University Medical Center Assent Form

Attached to Protocol: IRB-AAACMGSIY

Principal Investigator: Benjamin Lebwaohl

(h1114)

IRE Protocol Title:  Dietary Patterns in Teenagers and Adulis with Celiac Disease

Consent Mumber: CF-AAASHIED
Participation Duration: | maonth
Amnticipated Number of Subjects: 30

Contact

Contact Title Contact Type MNumbers

Randi Wolf Associate Professor Co-Investigator Telephone: 212-678-3912
Cell: (917 MHI-D6UE

Benjamin Lebwohl Assistant Professor Principal Telephone: 212-35-53590

Investigator
Peter H Green Professor of Clinical Co-Investigator Telephone: 212-305-5590
Medicine
Maria Minaya Study Coordinator Study Coordinator  Telephone: 212-305-5422
Research Purpose

The purpose of this rescarch study is to better understand the dietary patterns and quality of life in
teenagers with celiac discase.

Information on Research

WHY 15 THIS STUDY BEING DONE?

This rescarch project is being done to better understand dictary patterns in teenagers with celiac
disease and how a gluten-free diet may impact quality of life,

WHAT [5 INVOLVED 1IN THE STUDY?
We will recruit patients affiliated with the Celiac Disease Center at Columbia University.

We will recruit 30 teenagers (13 - 17 years old) with biopsy-proven celiace disease for at least 1 year.

You will be asked to complete three 24 hour diet recalls. This means we will ask you to tell us about
evervihing you ate or drank over a 24 hour period. The Arst 24 hr diet recall will be conducted in-
persan at the Celize Center. The other two 24 hr diet recalls will be unannounced and conducted over
the telephone within one month of your initial visit. We will also ask yvou to complete a briet survey
ghout your adherence to a gluten free diet and a survey related to celiac-disease quality of life.

The duration of the study is | month. You todal participation time will be approximately 2 1/2 hours,

madicall Ceaber IRskbbdt 1n Brapd: 2LE=205<848 umbia Unlwmil‘y IRB
adacal Antel Aastiltatilona L Jardi - 4= -

Consant Form Humbar: CF-BRAASADE IS Appeoral Dale: 01/21/2018
Frivted ORr B250472016 ae 13003 page 1 af 3  — e e wnill 01/20/2017
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Figure22 (continued)

UESTIONNAIRES:
1} 24 howr diet recall: This will measure everything you cat and drink over a 24 hour period. This will
be administered once by research stafl ab your initial visit and twice over the telephone.

2} Celiac Dietary Adherence Test (CDADY: This 15 a brief 7-itemn survey to measure adherence to a
gluten free diet. This will be administered three times, once for each 24 hr recall.

3y Celiae Disease Quality of Life Survey (CD-CHILY: This is a briet’ 20-item survey to measure celiac
disease related quality of life. This will be administered once during the initial visit.

Risks

Omee potential risk in this research project is that you may feel uncomfortable answering questions
about your diet or lifestyle. You may choose to skip any questions that make you uncomfortable.
Another potential risk, while very minimal, is loss of confidentiality.

Benefits
There are no direct benefits of this study. However, the information collected from this research may

help others in the fubure.

Altermative Procedures

There is no obligation to paticipate in this study, and participants may withdraw from this study at
amy time. Participation in this study will not alter your standard medical care or status at Columbia
University Medical Center in any way.

Confidentiality

[Drata will be maintained on a password-protected computer in a locked area. Only the investigators
will have access to the computer. Data will be de-identified by assigning all participants random
alphanumeric identifiers and rounding age o the nearest year. A key linking participants’ medical
record numbers te their random identifiers will be stored on a separate password-protected computer
also in a secure location. Coly the investigators will have access o this second computer.

The following individuals andior agencies will be able to look at and copy vour rescarch records: -
The investigators, study stafl and other medical professionals who may be evaluating the study -
Authonties from Teachers College Columbia University or Columbia University and Mew York
Presbyterian Hospital, including the Institutional Review Boards (IRB} - The (Mfice of Human
Bescarch Protections ((OHBEF)

Compensation

There is no compensation for participation.

Voluntary Farticipation

medical Ceaker Iastitetioaal Mevies Beapd: 21E-305-584% umbia University IRB
avad n I IAF atlona L Jardi - -
Consant Form Hunbars CF-BARSIDE B Appeorval Dale: 93/21/2018

Fristed Der E2F16S0016 ak 1303 page ¥ ool 1 [ — oo i il 0] /2002017




Figure22 (continued)

Taking part in this study is yvour choice. As a patient, your choice will not affect the treatment you
receive from doctors and statf at Columbia University Medical Center and Mew York Presbyterian
Hospital.

You may refuse to take part in the study or withdraw from the study at any time without jeopardizing
your cmployment, student status, or any other rights.

Additional Information
If you have any questions or concerns about the study, you may contact the principal investigator, D
Fandi Wolt at (212) 67TE-3912 ar (917) D6E-D69H,

If you have any questions about your rights as a subject, you may contact Institutional Review Board
Columbia University Medical Center

154 Haven Ave, 1st Floor

Mew York, NY 10032

Telephone: (212) 305-5885

An Institutional Review Board is a committee organized to protect the rights and welfare of human
subjects invilved in research

I have read the consent form and talked about this research siudy, including the purpoese. procedures,
risks, benefits and alternatives with the researcher. Any questions [ had were answered o my
satisfaction. | am aware that by signing below, 1 am agreeing to take part in this research study and
that [ can stop being in the study at any time. | am not waiving {giving up) any of my legal rights by
signing this consent form. [ will be given a copy of this consent form to keep for my records.

Signature

Sty Swbject
Print Mame Slgnature Crate

Person (Nuaining Assend
Frint Mame Signature Crate

. ) ) Columbia University IRB
madical Ceater Iastledticasl Mevles Beapd) 213-305-L8ak

Consant Form Hunbars CF-BARSIDE B Appeorval Dale: 93/21/2018
Fristed Dar 271652916 ab 13p03 page & af 1 — ool el il 012002017
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Figure23. ParentConsent for Teen Participation

Columbia University Medical Center Consent Form

Attached to Protocol: IRB-AAAMGSIY

Principal Investigator: Benjamin Lebwaohl

(b1114)

IRB Protocel Title:  Dietary Patterns in Teenagers and Adulis with Celiac Disease

Uonsent Mumber: CF-AAASMIES
Participation Duration: | month
Anticipated Mumber of Subjects: 30

Contact

Contact Title Contact Type Numbers

Randi Wolf Associate Professor Co-Investigator ~ Telephone: 212-678-3912

Benjamin Lebowohl Assistant Professor Principal Telephone: 212-305-5590)

Investigator

Peter H Green Professor of Clinical ~ Co-Investigator ~ Telephone: 212-305-5590
Medicine

IMaria Minaya Study Coordinator Study Coordinator  Telephone: 212-305-3422

Research Purpose

The purpose of this research study is o better understand dietary patterns and quality of life in
tecnagers with celiac discase

Information on Hesearch

WHY 15 THIS STUDY BEING DONE?

This research project is being done to better understand dietary patterns in teenagers with celiac
disease and how a gluten-free diet may impact quality of life.

WHAT 15 INVOLYED IN THE STUDY™?
We will recruit patients affiliated with the Celiac Disease Center at Columbia University. We will
recruit 3 teenagers (13 - 17 years old) with biopsy-proven celiac disease for at least | year.

Your child will be asked to complete three 24 hour diet recalls. This means we will ask vour child to
tell us about evervihing hefshe ate or drank over a 24 hour period. The first 24 hr diet recall will be
condwcted in-person at the Celiae Center. The other tao 24 hr diet recalls will be unannounced and
condwcted over the telephone within one month of your initial visit.

We will also ask your child to complete a brief survey about their adherence to a gluten free diet and a
survey related to celine-disease guality of lite.

The duration of the study is | month. Your child's total participation time will be approximately 2 12

il Ceabes Tastlietioan] B pnrd s 310 0s.Ea Columbia University IRB
adacal Amtel Jastiltatlioma Lo FE g Jacdi - 4= X

Conmant Form Humbar: CF-RAASHDES RIS Appeoral Lale: 1 /2172018
Fricted Onr 30653016 ar Licod page 1 of 1  — lewl el il 01 /20/2017
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Figure23 (continued)

hours.

QUESTIONNAIRES:
I} 24 howr diet recall: This will measure everything your child had to eat and dnnk over a 24 hour
pericd. This will be administered once by rescarch staff at your initial visit and twice over the

telephione.

2} Celiac Dictary Adherence Test (CDAD): This is a brief 7-item survey to measure adherence to a
gluten free diet. This will be administered to your child three times, once for each 24 hr diet recall.

3y Celiae Discase Quality of Life Survey (CD-CHIL): This is a briet 20-item survey to measure celiac
disease related quality of life. This will be administered once during the initial visit.

Risks

Omee potential risk in this research project is that your child may feel uncomiforiable answering
questions about their diet or lifestyle. They may choose to skip any questions that make them feel
uncomiorable. Another potential risk, while very minimal, is loss of confidentiality,

Benefits
There are no direct benefits of this study. However, the information collected from this research may
help others in the future.

Altermative Procedures

There is no obligation to participate in this study, and your child may withdraw from this study at any
timee . Participation in this study will not alter your child’s standard medical care or status at Columbia
University Medical Center in any way.

Confidentiality

Drata will be maintained on a password-protected computer in a locked arca. Onoly the investigators
will have access to the computer. Data will be de-identified by assigning all participants random
alphanumeric identifiers and rounding age o the nearest vear. A key linking participants' medical
record numbers to their random identifiers will be stored on a separate password-protected computer
also ina secure location. Only the investigators will have access (o this second computer.

The following individuals and’or agencies will be able to look at and copy vour child’s research
records: - The investigators, study stalf and other medical professionals who may be evaluating the
study - Authorities from Teachers College Columbia University or Columbia University and Mew
York Presbyterian Hospital, including the Institutional Feview Boards (IRB) - The Office of Human
Besearch Prodections {OHEP).

Compensation

. ) ) Columbia University IRB
madical Ceater Iastleaticaal Mevles Bratd) 2L3-305-23ak

Consant Ferm Hunbars CF-AARSIDES B Appeoal Dale: 91 /21/2014
Fristed Onr B2/16/2016 ab 13e0d page & of 1 — ool ol il 01/ 2002017
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Figure23 (continued)

There is no compensation for participation.

Voluntary Farticipation
Taking part in this study is your choice. As a patient, your choice will not affect the treatment vou
receive from doctors and statf at Columbia University Medical Center and Mew York Presbyterian
Hospital.

You may refuse to take part in the study or withdraw from the study at any time without jeopardizing
vour employment, student status, or any other rights.

Additional Information
Information If you have any guestions or concerns about the study, you may contact the principal
imvestigator, Dir, Bandi Waolf at (212) 678-3912 or (21 T) DaE-960HE,

If you have any questions about your rights as a subject, you may contact Institutional Review Board
Columbia University Medical Center

154 Haven Ave, 1st Floor

Mew York, NY 10032

Telephone: (212) 305-5885

An Institutional Review Board is a committee organized to protect the rights and welfare of human
subjects invilved in research

I have read the consent form and talked about this research study, including the purpoese. procedures,
risk benefits and alternatives with the researchers. Any questions I had were answered o my
satisfaction. | am aware that by signing below, | am agreeing to take part in this research study and
that [ can stop being in the study at any time. [ an not waiving (giving up) any of ny legal rights by
signing this consent form. I will be given a copy of this consent form o keep for my records.

Signature

FParemiGuardion
Frint Mame__ Signature DCrate

Person Craining Consent
Print Mame Slgnature Crate

Child
Frint Mame__

medical Ceaker Iastitetioaal Mevies Beapd: 21E-305-584% umbia University IRB
avad n I IAF atlona L Jardi - -
Consant Form Humbars CF-MARSIDES B Appeorval Dale: 93/21/2018

Fristed Der E2F1SS0016 ak 1304 page 3 ol 1 [ — oo i il 0] /2002017
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Figure24. HIPAA Authorization

HIPAA Form A

HIPA A Clinical Research Aunthorization for Non-Sponsored Research

Frotocol Bumber: ITRE-AAAGSIY
Mame of Siudy: Dielary Pallerns in Teenagers and Adulis with Celiac
Drisease
Frincipal Investigator: Benjamin Lebawohd

For the purpose of the conduct of the above name study, | agree to permit Columbia
University Medical Center, my doctors, and my other health care providers (together
“Providera”), and Banjamin Labwohl and hiz'her staff (together "Researchers"), to use
and disclose health information about me as described below.

1. The health infermatien that may be used and disclosed includes:
« all ivformation collacted during the research described in the Informed Consent
Form for the above-named stedy (*the Research®); and
« health informeation in my meadical records that is ralavant 1o the Research.
- This may imclude medical history information that may be considered sansitive,
incheding:

Health information in my medical records that is relevant to the Research. This
may nclude medical history information that may be considered sanaitve,
incheding:

Complete medical record by person or entity releasing information, biling
statements, pathology reports, laboratory reports, dental records, operative
reports, rediology reports, radiclogic and MR scans, discharge summary,
Emergency Medicine Center Reporis, history and physical exam, diagnosatic
imaging reports. cutpatiant clinical records, peychological tests, infarmation
pertaining to dreg and alcohol abuse diagnosis, infarmation pertaining to mental
health diagnosss or freatment, release of HWAIDS testing nformation as weall as
release of genetic testing nformation.

2. The providers may disclose health information in my medical records to:
« the Researchers; and
- representatives of government agencies, review boands, and ather persons who
wiatch over the sately, eflectivenesa, and conduct of research.

3. The researchers may use and share my health information:
- amang themsetvas and with other participating researchers to conduct the
Reszearch;
- representatives of government agencies, review boands, and ather persons who
wiaich over the salely, effectivenesa, and conduct of research; and
« Bs parmitted by the Informed Consent Form.
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Figure24 (continued)

4. Please note that:

. Wou do not have 1o sign this Authorization, but if you do not, you may nod
participate in the Ressarch.

« %ou may change your mind and revolke [take back) this Authorization at any tims
and for any reason. To revoke this Suthorization, you must write to Privacy
Officer, Columbia Univarsity, 630 Weast 168th Streat, Boo 158, Mew York, MY
10032 Howsewver, if you revoke this Authorization, you will not be allowed 1o
continue taking part in the Research. Also, even if you revoke this Authorization,
the Researchers may continue 1o use and disclose the information they have
glready collacted as permitted by the Informed Consent Form,

« While the Research is in progress, you may not be allowed to see your health
infarmation that is created or collected by Columnbia Univarsity in the course of
the Ressarch. After the Research ks finished, however, you meay be allowead to
s this information.

5. This Authorization does not have an expiration (ending) date.

6. Wou will be given a copy of this Authorization after you hawve signed it.

Frinted Mame of Subject

Zigrature of Subject or Legal Fepraseniatee: Dasa:

Felationship of Legal Represenlative to Subject (8 applicable):

EETAR. FoCR MIRELT EIP-ARES|RER
Fricted Cur BOCI6SI00E =& LTo0E page 1 @i 3
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Figure25. Baseline Visit Forms

** EATING PATTERMNS STUDY IN TEENAGERS AND ADULTS WITH CELIAC DISEASE **

BASELINE \ISIT
ib:
Interviewer initials: .
Dabe: b Day of week: 1=%un  2=fan  3=Tues d=Wed G&5=Thws G&=Fn T=5at
Tome call started: {00000 to 24:00; 9 pm=21:00]
Hello, By name is and I'mowith the research tearn far the Eating

Patterns Study being conducted at the Celiae Center. Thank you Sa rmuch for your interest in
thiss stisdy and for taking the tirme o come for your visit today.  1°d like to begin by gaing
through the consent form with you. The condent will go into details about the purpase of the
prapect, what ypou’ll be asked to do, and any possible risks or benefits you may get from
participating. Il give yau infermation an wharm to contact if you have queitians,

[PROCEED TO COMPLETE CONSENT AND HIPAA FORMS).

Your participation in this research study is really important in helping us ta learm more about
aaling patterns in people with celiac disease. As yow know, there are so many knew gluten-free
praducts an the market and we're trying to better understand what foods peaple with celiac
diseaie are chooting to eat. Please knaw it doesn’t matter to me what you eat {“healthy” or
natl), t's just imgartant you try o be as accurate as possible when telling me about your eating
patterns —and | have a bunch of teals ta helg assist ws an doing that taday.

I'd like to start by asking youw to think abouwt the tirme pou wolke up yesterday wntil the time you
work up this morning. Please tell me everything you ate or drank in the past 24 haurs.

[PROCEED TO COMPLETE 24 HOWR RECALL]

MWow I'm gaing to ask you to fill our twa briel surveys, One is related to adherence to a gluten-
free diet and the other is related to quality of life (e, your thaughts and feelings about haw
aating a gluten-free dist may influencse variows avents in yaur life).

[PROCEED TO COMPLETE CDAT AND COPOOL (for teenagers) or COAT AND CD-Q0L (for
adults)).

Iz umn i B

Columibeis Unndgrsaty IRB
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Figure25 (continued)

Lasthy, I"dl like to get the best phons number bo resch you aver the next manth. Ceer the nest
rmanth | will be calling you two mone times so that we have & chance ta talk abaut your @ating
patterns bwice on weskdays and once an a weskend. Dering those calls, Fll ask you 1o talk
further abaut yaur eating patterns and answer any guestions you may have at that time, Please
keep this baoklet [Giee booklet with photos of food models] at hame as it rmay be helpful next
time we talk abowt your diet

Best nurmbers to be reached: b e eellfaffice
homefoallfoffice
homefoallfoffice

Best time of day to be reached: H ARASPIA

MNotes:

Thank you se much for your time today. 1l look forward to talking with you again in the next
month.

Codumibes Universsty IRB
} i Aok E4d0S
WIE dppanvel Guiw 505
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Figure26. Celiac Dietary Adherence Test (CDAT)

DaTE-___ f__f

o

Celiac Dietary Adherence Test (CDAT)

Ouestion 1 ] 3 4 5
1.Hawe you bewn bathered by Mone of A little of Samie of the most of all of the
low eriergy bewed during the past | thetime | the time tme the tme time

4 weeks?

2. Have you been bathered by Mone of A little of Lame of the most of &ll of the
headaches during the past 4 the time the time tme thie teme time
weeks?

3.1 am able to follow 2 ghuten Strongly | Somewhat | Meither gree | Somewhat | Strongly
free diet when diring outside Apree ARree nor Disagree Disagree | Disagres
myy home

4, Befare | do something | Stronghy | Somewhat | Meither Agree | Zomewhat | Strongly
arefully cansider the Agree Agres nor Disagree Disagree | Disagres
CONSEOUENCes

5.1 da not consider myself a Stronghy | Somewhat | Meither Agree | Somewhat | Strongly
failure Agree Agres nor Disagree Disagree | Disagres
&. How important to your health Very Somewhat | Heutralf/Ursure | A Little Hotatall
are accidental guten Important | Important Important | important
EEpoSUres?’

1. Ower the past 4 weeks how O | Meswer] 1-2 3 -5 Times &—10 Mare
may times have you eaten Timies Times than 10
foods containing guten on Timees
purpose?

Ciairmib s Uﬂ-vl-l"'I.-‘I"r IR
B bopaweaii _.-J: WA
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Figure27. Celiac Diseas®pecific Quality of Life (CDQOL)

DATE: [ [

o
Celiac Dizease Specific Quality of Life Scale (CO-0:0L) for Adults

Please think abowt your life ower the past ONE maonth {30 days| and look at the statements belows.
Each statemnent has five possible responses. For each statement, please choose one that best

describes your feelings.
Mot at | Slightly Moderately | Ouitea | A Great
all Bit Deal

1. | feel liméted by this dsease. 1 2 3 4 g
2. | feel worried | will suffer from this disease. 1 2 | 4 &
3. Ifeel concerned that this dsease will cause 1 s E| 4 &
other Realth prablems.
4. | feel wormied about my increased risk of 1 2 i 4 £
cancer from this disease.
5.1 feel socially stigmatized for having thes 1 4 i 4 &
discase.
. | feel like I'm Brited in eating meals with 1 2 i 4 &
coworkers.
1.1 feel like | am not able to have spedal foods 1 4 i 4 &
liwe birthday cake and pizza.
8. | feel that the diet i sufficient treatment far 1 2 i 4 &
my disease.
4. | feel that there are not enough chaioes far 1 4 i 4 &
treabment.
10. 1 feel depressed because of my disease. 1 A | 4 &
11. 1 feel frightened by having this disease. 1 s E| 4 &
121 feel like | don't know enough about the 1 2 i 4 5
dissase.
13,1 feel owerahelmed about having this 1 s E| 4 &
disease.
14_ 1 hawe trauble socializing because of my 1 2 i 4 5
dissase.
15. 1 find it difficult to travel or take long trps 1 s E| 4 &
becawse of my deease.
1E. 1 feel like | camnot e a normial e 1 2 i 4 5
because of my dsease.
1% 1 feel afraid to eat cut because my faod 1 s E| 4 &
mavy be contaminated.
181 feel worned about the increased risk of 1 2 i 4 5
one of my family members having celiac
disease.
15_ 1 feel like | think abawt food all the time. 1 2 1 4 5
200 | feel concermed that my kang-term health 1 F i 4 ]
will be affected.

l i Cobumibia Universety IRB
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Figure28. Celiac Disease Specific PedidttealthRelated Quality of Life (CDPQOL)

DATE: [ [

o

Celiac Dizease Specific Pediatric Health-Related Quality of Ufe instrement [C0POOL for 13 - 17 year
alds.

Please think about your life ower the past ONE manth {30 days) and look at the statements below.
Each statemnent has four possible responses. For each statement, please answer how much of a
problem this has been for you?

Mewer | Almost | S5ome- | Often | Almost
Mever | times Ahways

1.1 feel bad when aothers forget that | hawe celiac i 1 2 3 i
discase.
2.1 get embarrassed when | am at restawrants. o 1 2 3 4
3.1 feel like a burden when | goout to cat ] 1 Fd 3 q
4. | feel like no ane understands me. o 1 2 3 4
5.1 feel like a burden on others. i 1 Fd 3 q
6. | find it difficult to eat healtiy. ] 1 F 3 4
1.1 feel bad that my food is more eapensive. ] 1 d E | i
4.1 get bared at hawing 1o ga to the same restaurants. ] 1 F 3 4
4. | believe that celiac disease will affect what college | ] 1 d E | i
thoose.
10. 1 find it harder to be on a gluten free diet as | get o 1 2 3 4
older.
111 find it hard to enjoy eating with my family ] 1 Fd 3 q
L]
131 feel different when | am with mey famaly. ] 1 F 3 4
13. 1 feel different when | am at schacl. o 1 Fd 3 q
14. 1 get jealous when | can't eat what my friends eat. L] 1 2 3 4
15. 1 awoid going 1o parties or ewents. o 1 Fd e q
16 I dislike having to bring my own food when | go L] 1 2 3 4
out.
1.1 get nervaws when | ga to a frend’s house. o 1 Fd 3 q

Codurmibis Universsty IRB
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Figure29. 24Hour Dietary Recall (Intake Sheet)

Silpse
Recal &
Aciminishangd o i f EM.I.H.I-'h.F.iuil!'.Lnl
= 24-Howr Recall
Timef Meal | Localion | Food Detcription |food dedails such as preparafion medthod, brand Poaficn Sioa
| (B.L.O0 5] name, oaced ingredents, row/cooked) Jeun, T, e
Fit p11] miar

W this o fypical day of food inbaked I nol, plecss expicn
wicas e imhoiioe %5 0. 1% . oF 2o o5 mach os nomal infoked
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Figure29 (continued)
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