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Abstract 

 

Evaluating Eating Patterns and the Relationship of Diet Quality and Level of Processing to 

Quality of Life Among Adults and Teenagers With Celiac Disease 

Jennifer Woodard Cadenhead 

 

Celiac disease, a common autoimmune disease, affects ~1% of Americans. Treatment 

requires strict elimination of gluten, 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 of life has been known to improve with adherence to the gluten-free diet. Other 

than gluten-free diet adherence, little research has been completed on how specific eating 

patterns may impact the lives of individuals with celiac disease. 

In the general population, diet quality has been associated with health-related 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, cancer, and premature 

mortality, but none have explored its relation to quality of life. Among individuals with celiac 

disease, no studies have explored the relationship between diet quality or ultra-processing 

resulting from strictly adhering to a gluten-free diet and celiac disease-specific quality of life. 

This dissertation describes the eating patterns of a sample of 50 adults and 30 teens 

ǿƛǘƘ ŎŜƭƛŀŎ ŘƛǎŜŀǎŜ όǘƘŜ άǎŀƳǇƭŜέύ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǿƘat they were eating, as well as the 

relationship between their diet quality and level 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 Nutrition ExŀƳƛƴŀǘƛƻƴ {ǳǊǾŜȅ όάbI!b9{έύΦ 

The sample had room for improvement in their diet quality and levels of ultra-

processing but performed favorably compared with NHANES. Using the Healthy Eating Index, 

the majority had scores considered suboptimal (mostly moderate scoring). However, using the 

Alternate Mediterranean Diet score, fewer had suboptimal scores (mostly moderate to high 

ǎŎƻǊƛƴƎύΦ 5ƛŦŦŜǊŜƴŎŜǎ ōŜǘǿŜŜƴ ǘƘŜ ƳŜŀǎǳǊŜǎΩ ǎŎƻǊŜǎ ǊŜŦƭŜŎǘŜŘ: (1) variations in measurement 

criteria, and (2) separate weights applied to those criteria. The sample had ultra-processed food 

consumption within the range associated with adverse health outcomes in some studies. With 

ǘƘŜ ŜȄŎŜǇǘƛƻƴ ƻŦ ƭƻǿ ŦƻƭŀǘŜ ŀƴŘ ƘƛƎƘ ƭƛǇƛŘǎΣ Ƴƻǎǘ ƻŦ ǘƘŜ ǎŀƳǇƭŜΩǎ ƴǳǘǊƛŜƴǘ ŎƻƴŎŜǊƴǎ ǊŜŦƭŜŎǘŜŘ 

those in NHANES. ¢ƘŜ ǎŀƳǇƭŜΩǎ ŘƛŜǘ ǇŀǘǘŜǊƴǎ ǿŜǊŜ Ƴƻǎǘ ǎƛƳƛƭŀǊ ǘƻ ǘƘƻǎŜ ƛƴ bI!b9{ ǿƘƻ ƘŀŘ 

reported prior celiac disease diagnosis and were adhering to a gluten-free diet, with patterns 

significantly more favorable to other NHANES groups. In the general population, there was a 

consistent relationship with both higher Alternate Mediterranean Diet score and 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 patterns (for 

example, more produce, legumes, nuts, whole grains, and less saturated fat) and lower levels of 

ultra-processing were associated with higher quality of life.
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Chapter I: Introduction 

This chapter provides an overview of the background, rationale, and significance of the 

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 13-17 years) with celiac disease (CeD) in terms of diet quality 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 autoimmune conditions (Rubio-Tapia, Ludvigsson, Brantner, Murray, & 

Everhart, 2012). CeD is unique among autoimmune diseasesτas the trigger, gluten, found in 

wheat, rye and barley, is known and occurs in those who are genetically susceptible. 

Currently, the only therapy for individuals with CeD is strict adherence to a gluten-free 

diet (GFD) for life (Green & Cellier, 2007; Rubio-Tapia, Hill, Kelly, Calderwood, & Murray, 2013). 

However, only few studies have described the diet quality of actual foods consumed. The last 

comprehensive GFD study in the U.S. was published over 15 years ago (Thompson, Dennis, 

Higgins, Lee, & Sharrett, 2005). Research based on foods can provide benefits to the general 

public; nutrients are not consumed in isolation and can have synergistic or antagonistic effects 

not always easily teased apartτand food-based recommendations may be easier to 

communicate and understand than nutrient-based recommendations, which may be 

particularly important to individuals with CeD who rely on foods as their medicine. 

These individuals may face unique challenges in adhering to nutritional 

recommendations. There have been rapid increases in new GF product availability (Tarabella & 

Francescato, 2019), with an unknown effect on the health of individuals living with CeD and 
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adhering to a GFD. It is known that GF products use gums, starches, and emulsifiers to 

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

formulations, created for hedonic appeal, are often hypercaloricτwith more fat and sodiumτ

and less nutritionally dense than gluten-containing equivalents (Theethira, Dennis, & Leffler, 

2014). These formulations can also make nutrients less bioavailable (Lasa, del Pilar Fernández-

Gil, Bustamante, & Miranda, 2017). In addition, additives may be found in ultra-processed 

foods that leave individuals with CeD particularly vulnerable to gut inflammation (Matthias, 

Jeremias, Neidhöfer, & Lerner, 2016). Limited evidence suggests that adverse changes to the 

human microbiome have been associated with GFD composed of mainly low-fiber products, but 

not so with higher-fiber minimally processed GF foods (De Palma, Nadal, Collado, & Sanz, 2009; 

Ercolini et al., 2015; Hansen et al., 2018; Sanz, 2010). Research has shown that individuals with 

CeD in other countries maintain 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 

ǘƘŜ ǊŜǎŜŀǊŎƘŜǊΩǎ ƪƴƻǿƭŜŘƎŜΣ ƘƻǿŜǾŜǊΣ ƛƴ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ, no studies have examined the diet 

quality 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 (Dietary Guidelines Advisory Committee [DGAC], 2015; 

Schwingshacki, Bogensberger, & Hoffman, 2018; Schwingshacki & Hoffman, 2015), as well as 

self-rated health-status, or quality of life (Centers for Disease Control and Prevention [CDC], 

2000, p. 6; Gandek, Sinclair, Kosinski, & Ware, 2004), have 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., 2013; Gopinath et al., 2014; Plaisted et al., 1999; 
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Sánchez et al., 2012) and teens (Bolton et al., 2016; Costarelli, Koretsi, & Georgitsogianni, 2013; 

Esteban-Gonzalo et al., 2019; Muros, Pérez, Ortega, Sánchez, & Knox, 2017; Schnettler et al., 

2017; Zervaki, Yiannakouris, Sdrali, & Costarelli, 2017) have also found that higher diet 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 ultra-processed foods using the NOVA system and adverse health outcomes, like 

overeating, obesity, cardiovascular disease, cancer, reduced telomere length, and early 

mortality (Alonso-Pedrero et al., 2020; Fiolet et al., 2018; Hall et al., 2019; Kim, Hu, & Rebholz, 

2019; Mendonça et al., 2016; Rafie, Hamedani, Barak, Safavi, & Miraghajani, 2017; Rico-Campà 

et al., 2019; Schnabel et al., 2019, Srour et al., 2019). Among individuals with CeD, however, no 

studies have explored the potential relationship between diet quality or level of food 

processing ǊŜǎǳƭǘƛƴƎ ŦǊƻƳ ŀ ǎǘǊƛŎǘ DC5 ƛƴ ǘƻŘŀȅΩǎ ŦƻƻŘ ŜƴǾƛǊƻƴƳŜƴǘ ŀƴŘ ƘŜŀƭǘƘ-related or  

CeD-specific QOL. 

Background and Rationale 

Greek physician Aretaeous ǘƘŜ /ŀǇǇŀŘƻŎƛŀƴ ƻōǎŜǊǾŜŘ ƻǾŜǊ нллл ȅŜŀǊǎ ŀƎƻ ǘƘŜ άŎŜƭƛŀŎ 

ŎƻƴŘƛǘƛƻƴΣέ ǊŜŦŜǊŜƴŎƛƴƎ ǘƘŜ ǎǘƻƳŀŎƘΦ IƻǿŜǾŜǊΣ ŎŜƭƛŀc disease (CeD) was known as Gee-

IŜǊǘƴŜǊΩǎ ŘƛǎŜŀǎŜ ǳƴǘƛƭ ƳƛŘ-20th century to honor two physicians associated with its treatment 

who recognized the gastrointestinal symptoms and malabsorptive issues but had not yet 

discovered the cause. In 1950, through experimentation, Dr. Willem-Karel Dicke, a Dutch 

pediatrician, and others working with him determined that the alcohol-soluble portion of a 

wheat protein, gliadin, was causing fat malabsorption in his patients and was one of the 

immunogenic culprits (van Berge-Henegouwen & Mulder, 1993; Yan & Holt, 2009). This 
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discovery initiated the GFD for treatment of the conditionτwhich remains the only available 

option for CeD management. 

It is not always easy to adhere strictly 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 of the tribe of Triticeae (Balakireva & Zamyatnin, 

2016; Blattner, 2018; Bowden, 1959). Numerous other foods, such as cereal grains like quinoa, 

produce, meats, and dairy, are naturally GF. However, many foods may have cross-contact 

concernsτoften arising during processing. Even spices have been found to contain gluten 

(Miranda & Simón, 2017).  

Although the triggers for most autoimmune conditions are unclear, uniquely, gluten is 

known to cause the allergenic reaction in individuals with CeD, but why particular individuals 

develop the condition remains unclear. The condition only becomes activated in individuals 

who have a specific collection of genesτhuman leukocyte antigens (HLA) DQ2 or DQ8 

haplotypesτand develop the condition (Lebwohl, Sanders, & Green, 2018), where most (~95%) 

who develop CeD have DQ2 haplotypes (Green & Jones, 2016; Rostom, Murray, & Kagnoff, 

2006). It tends to run in families (Reilly & Green, 2014). However, while up to 40% of the U.S. 

population has these genes, the prevalence of disease is ~1%. Therefore, other unknown 

factors in addition to genetics and gluten exposure are required (Ludvigsson et al., 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 a role, but understanding is still limitedτsmall amounts introduced 

between 4 and 6 months possibly while breastfeeding may be protective (Ludvigsson & Murray, 
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2019; Pinto-Sánchez et al., 2016; Szajewska et al., 2016). Multiple viruses in early life may 

increase risk (Kemppainen, Lynch et al., 2017; Mårlid, Kahrs, Tapia, Stene, & Størdal, 2015; 

Stene et al., 2006). Children born via elective cesarean section or are small for gestational age 

have been associated with increased risk (Mårild, Stephansson, Montgomery, Murray, & 

Ludvigsson, 2012). Socioeconomic factors relating to reduced Helicobacter pylori colonization, 

proton pump inhibitor use, non-smoking status, and maternal education have all been 

associated with risk (Lebwohl & Rubio-Tapia, 2020). Hygiene, dietary fiber (including maternal 

intake), antibiotics, probiotics, organic pollutants, and other factorsτpossibly impacting the 

immune and endocrine systems or possibly interacting with the gut microbiomeτmay impact 

risk (Canova et al., 2014; Gaylord et al., 2020; Kemppainen, Vehik et al., 2017; Mårild et al., 

2013; Mårild, Ludvigsson, Sanz, & Ludvigsson, 2014; Petersen et al., 2019).  

The epidemiology of the condition remains under investigation. As population surveys 

become more common, prevalence has been shown to be similar globally at ~1-1.5%, including 

Asia and Africa; however, study of diverse populations continues to be needed (Singh et al., 

2018). The highest prevalence has been in cultures with higher consumption of gluten-

containing foods, such as among individuals with ancestry from Northern European, the Punjab 

region of Northern India, and the Saharawis in western Africaτwho have among the highest 

general prevalence in the world (Barada, Bitar, Mokadem, Hashash, & Green, 2010; Catassi et 

al., 1999; Mahadov & Green, 2011; Ramakrishna et al., 2016). Still, cohort studies have 

suggested that place (and possibly culture) may impact risk (Lebwohl & Rubio-Tapia, 2020). In 

the U.S., the prevalence has been the greatest among non-Hispanic whites, and also much 
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greater among those living in the northern part of the country (Rubio-Tapia et 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, evidence has suggested that the 

prevalence has been increasing (Catassi et al., 2010; Lohi et al., 2007; Rubio-Tapia et al., 2009; 

White et al., 2013). Prevalence has been higher among females. They are, however, more likely 

to remain undiagnosed and suffer longer (Hujoel, Reilly, & Rubio-Tapia, 2019; Lo et al., 2003; 

Unalp-Arida et 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 average time to diagnosis taking 

4 years from onset of symptoms (Lo, Sano, Lebwohl, Diamond, & Green, 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 symptoms for CeD. Individuals with the classical 

form of CeD often experience gastroenterological and/or nutrient-related concerns, such as 

anemia or osteoporosis (Fayed et al., 2007; Green & Jones, 2016), which often resolve within a 

few years of strict adherence to a GFD (Kelly, Bai, Liu, & Leffler, 2015; Ludvigsson et al., 2014). 

However, there are four recognized forms of CeD: (a) classicalτa form where signs or 

symptoms are overt; (b) asymptomaticτfound through screening; (c) latentτa form with 

incomplete activation and where a GFD is not recommended; and (d) refractory celiac 

diseaseτwhich is not responsive to a GFD, but immunosuppressants may help (Husby & Bai, 

2019; Lebwohl et al., 2018; Malamut & Cellier, 2019). 
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Diagnosis, and often management, requires endoscopy and biopsy. Small intestinal 

biopsy indicating histological damage in above a Marsh I level would confirm the diagnosis 

(assuming symptoms improve after commencing a GFD) (Rubio-Tapia et al., 2013). To reduce 

the need for endoscopy, however, researchers are working to develop less invasive detection 

methods (Kaur, Shimoni, & Wallach, 2018; Sarna et al., 2018). Biopsy can also help differentiate 

CeD from wheat or gluten sensitivity, which does not cause intestinal damage but may be 

responsive to a GFD (Catassi 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 maintain a strict GFD for life; consult with a 

registered dietitian trained in CeD because adhering to a GFD requires significant nutrition 

education; evaluate for nutritional deficits; and encourage ongoing annual follow-ups (Rubio-

Tapia et al., 2013). Approaches 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 mitigate intestinal damage 

from accidental 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 

Gastroenterology consensus guidelines; this consensus statement also recommends providing 

ǇŜǊǎƻƴŀƭƛȊƛƴƎ ǘǊŜŀǘƳŜƴǘ Ǉƭŀƴǎ ǘƻ ŀŘŘǊŜǎǎ ǘƘŜ ǇŀǘƛŜƴǘΩǎ ƴŜŜŘǎ ƛƴŎƭǳŘƛƴƎ ǇǊƻǾƛŘƛƴƎ ƴǳǘǊƛǘƛƻƴ 

education, as needed, to correct nutritional deficits, and to improve medical outcomes and 

quality of life and adhering to a strict GFD for life (AND, 2009). 
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If individuals do not respond to a GFD, their diet should be checked for sources of gluten 

and may require further investigation. Although these individuals may have the rare form of 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, 2007; Rubio-Tapia et 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 diagnostics to better 

gauge adherence to the GFD (Adriaanse & Leffler, 2015; Khan et al., 2020; Malamut & Cellier, 

2019; Moreno, Rodriguez-Herrera, Sousa, & Comino, 2017). 

Individuals with CeD who continue to consume gluten, even inadvertently, may be at 

increased risk for other autoimmune, neurological, and inflammatory conditions, such as 

IŀǎƘƛƳƻǘƻΩǎ ǘƘȅǊƻƛŘƛǘƛǎ ŀƴŘ ¢ȅǇŜ м ŘƛŀōŜǘŜǎΦ tǊƻƳǇǘ ŘŜǘŜŎǘƛƻƴ ŀƴŘ ǎǘǊƛŎǘ ŀŘƘŜǊŜƴŎŜ ǘƻ ŀ DC5 

may reduce the initiation risk, but not reverse any acquired conditions (Hujoel et al., 2019; 

Reilly & Green, 2014). 

Adhering to a GFD, however, may have non-nutrient 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, 2018; Sainsbury & Marques, 

2018; Slim, Rico-Villademoros, & Calandre, 2018; Smith & Gerdes, 2012; Zerwas et al., 2016; 

Zingone et al., 2015). In addition, they also may be at high risk to heavy metal exposure (Elli et 

al., 2015; Lai, Cottingham, Steinmaus, Karagas, & Miller, 2015). 

What people ultimately eat is influenced by many factors controlled by others. 

Understanding eating behaviors can be useful to investigate the issues that individuals may face 
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by examining the policies, systems, and environment that influence those behaviors (Contento, 

2016). Indeed, many of the questions that drove this dissertation were derived from the law 

that governs GF foods, its implementation, and the subsequent food environment that 

individuals with CeD must navigate to adhere to a GFD. 

Integral to how individuals maintain a GFD in the U.S. 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 the law, it was only in 

2014, when modifications were made to FALCPA which incorporated GF foods. These were 

based loosely on protocols for GF foods from the standards developed for the Codex 

!ƭƛƳŜƴǘŀǊƛǳǎ LƴǘŜǊƴŀǘƛƻƴŀƭ CƻƻŘ {ǘŀƴŘŀǊŘǎ όǘƘŜ ά/ƻŘŜȄέύΦ ¢ƘŜ !ƳŜǊƛŎŀƴ ƎƻǾŜǊƴƳŜƴǘΩǎ 

adaptations were much less extensive than those suggested in the Codex (U.S. Food and Drug 

Administration [USFDA], 2013). 

Although GF policy and labeling were welcomed, the selective adaptation of the Codex 

meant less protection for individuals adhering to a GFD. Perhaps most relevant to this 

dissertation were two facts. First, FALCPA did not adopt the Codex recommendation to have GF 

products replicate the nutritional content of basic foodsτleaving it up to food manufacturers 

to decide voluntarily which products to fortify and to what extentτas well 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 circumstances in which it would be unclear whether products were 

truly free of gluten without cross-contact concerns, like visiting delis or restaurants (Olsson, 

Hörnell, Ivarsson, & Sydner, 2008; Roma et al., 2010; Schultz, Shin, & Coppell, 2017; Simpson et 
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al., 2011; Sverker, Hensing, & Hallert, 2005), or using even packaged foods (Do, Khuda, & 

Sharma, 2018).  

Encouragingly, the general amount of gluten detected in foods labeled as both GF and 

naturally GF foods has been decreasing since the initial global regulations on GF labelling went 

into effect in 2008 (Miranda & Simón, 2017). Still, even within the latter period, research within 

the U.S. market has shown that, surprisingly, among ~1-5% products labeled as GF or thought 

to be GF naturally have levels above 20 ppmτincluding 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 condiments because of its structural properties and requires individuals with CeD to 

be extensively educated and carefully read labels (Day, Augustin, Batey & Wrigley, 2006). 

Although some future regulations may address this, other items, like pharmaceuticals, 

cosmetics, and even items like Play-Doh, may potentially be problematic, especially when 

gluten-containing ingredients are not required to be disclosed (Reker et al., 2019). 

Individuals with CeD may consume gluten for numerous other reasons as well. Based on 

survey reports, adherence rates vary (adults: 42-91%, pediatric populations: 23-98%) (Myléus, 

Reilly, & Green, 2019). Some explanations that have been stated for lack of compliance have 

included lack of availability and affordability of GF foods, embarrassment, feeling socially 

awkward, preferring the taste or texture of regular gluten-containing equivalent foods, or lack 

of true understanding of requirements (Barratt, Leeds, & Sanders, 2011; Bellini et al., 2011; 

Czaja-Bulsa & Bulsa, 2018; Mager et al., 2018; Myléus et al., 2019; Olsson et al., 2008; 
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Rodriguez-Almagro et al., 2016; Roma et al., 2010; Sverker et al., 2005; Violto & Gray, 2019; 

White, Bannerman, & Gillett, 2016). 

Gluten-free products may have particular nutritional challenges due to trying to 

reproduce the experience of eating gluten-containing foods. Gluten-free formulations are often 

lower in protein and fiber as well as higher in total lipids. Lack of fortification and enrichment 

requirements may add to the differences in nutrient profiles between those adhering to a GFD 

and others (Melini & Melini, 2019; Penagani et al., 2013; Taetzsch et al., 2018; Theethira et al., 

2014; Vici, Belli, Biondi, & Polzonetti, 2016). One review on the analytical properties of gluten-

free products noted that GF product formulations reduce the bioavailability of certain 

nutrients, including folate, calcium, and other nutrients, due to the properties of the high-

starch ingredients (Lasa et al., 2017). Unlabeled food additives like enzymes, such as bacterial 

transglutaminases, in ultra-processed foods may also contribute to inflammation that may be 

particularly detrimental to individuals with CeD (Matthias et al., 2016). Little research has been 

undertaken to determine whether these product formulation changes are beneficial (or 

harmful) to human health. 

The overall quality of those adhering to the GFD may suffer when incorporating these 

products. A limited body of evidence suggests that GFD quality, particularly when replicating 

the low fiber content in Westernized diets, may adversely modulate the salivary and gut 

microbiome (De Palma et al., 2009; Ercolini et al., 2015; Hansen et al., 2018; Sanz, 2010). In 

general populations, the Westernized diet has been linked to inflammation and impaired 

intestinal immunity, mediated through the gut microbiota, leading to increased disease 

susceptibility and autoimmunity (Siracusa, Schaltenberg, Villablanca, Huber, & Gagliani, 2019). 
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In general populations, diet patterns incorporating high levels of ultra-processing have been 

associated with reductions in telomere lengthτand associated with oxidative stress and 

inflammation (Alonso-Pedrero et al., 2020; Rafie et al., 2017). 

Researchers have found that those with CeD may continue experiencing nutritional 

issues even after commencing a GFD. From reviews of nutrient-based studies, individuals with 

CeD tend to have unbalanced nutrients (Melini & Melini, 2019; Penagani et al., 2013; Taetzsch 

et al., 2018; Theethira et al., 2014; Vici et al., 2016). Reports have shown low intakes of fiber, 

folate and other B-vitamins, 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 has been noted to be low relative 

to nutritional guidelines (Theethira et al., 2014). Conversely, the GFD has also been associated 

with excessive intake of higher total fat, particularly saturated fat, as well as items with a higher 

glycemic load and index relative to guidelines (Theethira et al., 2014). Studies suggested that 

multivitamin usage may exceed recommended daily amounts in some nutrients, but due to 

ǇƻƻǊ ŘƛŜǘΣ ƴƻǘ ŀŘŜǉǳŀǘŜƭȅ ŎƻƳǇŜƴǎŀǘŜ ŦƻǊ ƻǘƘŜǊǎ ό[ƛǳ Ŝǘ ŀƭΦΣ нлмуΤ aŀƎŜǊ Ŝǘ ŀƭΦΣ нлмфΤ wŜƎǳƱŀ ϧ 

|ƳƛŘƻǿƛcz, 2014). 

Providing recommendations based on actual foods eaten has been increasingly 

recognized as beneficial. Since 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 solely relying 

on nutrient-based 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 using diet indices, 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 pattern research 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 recentlyτfrom 2015τand there is a 

great deal of heterogeneity among 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; Fernández, Varela-Moreiras, Úbeda, & Alonso-Aperte, 2019, 

Larretxi et al., 2019; 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; González et al., 2018). A variety of 

countries are represented, including Spain (Babio et al., 2017; Churruca et al., 2015; Fernández 

et al., 2019; González et al., 2018; Larretxi et al., 2019); Italy (Lionetti et al., 2020; Morreale et 

al., 2018); Iran (Nikniaz et al., 2020); and 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 diet quality that was generally 

poor or needed improvement, with 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 whether diet quality of individuals adhering to 
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a GFD was significantly better Churruca 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., 2018; Morreale et 

al., 2018). Higher household income (only reported in children) and maternal education were 

linked to higher diet quality and greater consumption of fruits, vegetables, and grains (Mager et 

al., 2018, 2019). AdolescentsΩ diet quality selection was found to be lower than that of younger 

ŎƘƛƭŘǊŜƴ ό!ƭȊŀōŜƴ Ŝǘ ŀƭΦΣ нлмрΤ aŀƎŜǊ Ŝǘ ŀƭΦΣ нлмуΣ нлмфύΦ aŜƴΩǎ ŘƛŜǘ ǉǳŀƭƛǘȅ ǿŀǎ ŦƻǳƴŘ ǘƻ ōŜ 

ƭƻǿŜǊ ǘƘŀƴ ǿƻƳŜƴΩǎ ŀƴŘ ƳƻǊŜ ǊŜŦƭŜŎǘƛǾŜ ƻŦ ŎǳƭǘǳǊŀƭƭȅ ƴƻǊƳŀǘƛǾŜ ŘƛŜǘǎ όDƻƴȊłƭŜȊ Ŝǘ ŀƭΦΣ нлмуύΦ 

Those affiliated with CeD support groups or hospitals may have had more CeD-related 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 food groups consumed relative 

to comparison groups and relative to recommendationsτoften 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 was higher among individuals with CeD on a GFD 

(Alzaben et al., 2015; Churruca et al., 2015; González et al., 2018; Lionetti et al., 2020; Mager  

et al., 2018, 2019; Nikniaz et al., 2020). Conversely, compared with other groups or 

recommendations, individuals with CeD on a GFD had low intake of grains (Babio et al., 2017; 

Churruca et al., 2015; Fernández et al., 2019; Larretxi et al., 2019; Lionetti et al., 2020; Liu et al., 

2018; Mager et al., 2018, 2019; Morreale et al., 2018) as well as vegetables (Alzaben et al., 

2015; Babio et al., 2017; Churruca et al., 2015; Fernández et al., 2019; González et al., 2018; 

Larretxi et al., 2019; Lionetti et al., 2020; Liu et al., 2018; Mager et al., 2018, 2019; Morreale et 

al., 2018; Nikniaz et al., 2020). Fernández et al. (2019) noted few food group differences, but 
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suggested improvement was needed to increase folate, calcium, and vitamin D-rich foods, and 

GF products may contribute to nutrient imbalances. They also found serology indicative of 

adverse changes in the one subgroup adhering to a GFD, which 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 are needed to balance food group 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 

findings in the general population, where generally higher socioeconomic status has been 

associated with higher adherence to recommendations and diet quality (Hiza, Casavale, Gunter, 

& Davis, 2013; Kirkpatrick et al., 2012; Kurotani, Shinsugi, & Takimoto, 2020; Livingstone et al., 

2017; Worsley, Blasche, Ball, & Crawford, 2003). Moreover, as previously discussed, higher diet 

quality/diet patterns in the general population have also been associated with better health. 

Most CeD-specific QOL research has focused on associations with adherence to a GFD. 

There have been several recent systematic reviews of QOL and CeD, two focused on pediatric 

studies (Nikniaz, Farhangi, & Nikniaz, 2020; White et al., 2016) and two focused on adults 

(Burger et al., 2017; Zingone et al., 2015). All reported that at diagnosis, 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 increase in 

QOL after diagnosis than asymptomatic individuals, possibly due to the relief those with the 

classical form received after symptoms diminished. Sometimes, it was noted that poorer GFD 

adherence was associated with lower or even deteriorating QOL, but not always. The pediatric 



 

16 
 

meta-analysis found a less robust association between adherence and QOL (Nikniaz et al., 

2020).  

More recent studies have revealed numerous determinants of QOL beyond simple 

adherence to the GFD. These included: (a) the amount of gluten consumed (Mager et al., 2018); 

(b) age at diagnosis (Vriezinga et al., 2017); (c) GF product affordability, availability, and 

income/socioeconomic status (Byström, Hollén, Fälth-Magnusson, & Johansson, 2012; 

Mahadev et al., 2013; Mahadev et al., 2016; Simsek, Baysoy, Gencoglan, & Uluca, 2015; Violato 

& Gray, 2019); (d) GFD-specific knowledge, as well as sociodemographic factors including in-

person social-support (not online), gender (women and boys), age (60 years +), ethnicity (non-

Caucasian), and culture (Castilhos et al., 2015; Fueyo-Díaz et al., 2019; Mager et al., 2018, 2019; 

Rodriguez-Almagro et al., 2016; Vriezinga et al., 2017). Subgroups may vary in the degree to 

which these factors impact QOLτwhere some are much more negatively impacted than others, 

like those with longer duration to diagnosis, female adolescents who have difficulty obtaining 

GF foods, and those with very low income (Barratt et al., 2011; Biagetti, Gesuita, Gatti, & 

Catassi, 2015; Castilhos et al., 2015; Lee, Wolf, Lebwohl, Ciaccio, & Green, 2019; 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 been associated with 

increased depression, anxiety, and higher vulnerability to heavy metal exposures (Busby 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). Heterogeneity of the study designs and population make 

generalizations difficult, but it seems that many factors impact QOL in individuals with CeD 

beyond adherence to the GFD.  
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In the general population, health-related 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; Darviri et al., 2012; Ford et 

al., 2014; Germain et al., 2013; Gopinath et al., 2014; Plaisted et al., 1999; Sánchez et al., 2012), 

and adolescents (Bolton et al., 2016; Costarelli et al., 2013; Esteban-Gonzalo et al., 2019; Muros 

et al., 2017; Schnettler et al., 2017; Zervaki et al., 2017). Researchers have used a variety of 

health-related QOL measures in their studies, but all have indicated that higher QOL was 

associated with better diet quality. Researchers reported that certain factors may vary in their 

impact on both diet quality and domains of QOL, including gender/age, sociodemographics, 

body mass index status, physical activity level, rural vs. urban location, life-stage (diet quality 

may dip in adolescence), maternal education/emphasis on health, and familial and cultural 

roles. Only one was a randomized trial (Plaisted et al., 1999). More prospective and randomized 

studies are needed. 

Among populations with chronic disease, studies have found that higher-quality diets 

are associated with higher QOL (Nguyen et al., 2019; Raimundo, Ravasco, Proença, & Camilo, 

2006; Veronese et al., 2016; Wayne et al., 2006). However, diets that are viewed as too 

restrictive have been associated with reduced QOL (Carson, Hidalgo, Ard, & Affuso, 2014). In 

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

depression, anxiety, ŀƴŘ ŀǘǘŜƴǘƛƻƴ ŘŜŦƛŎƛǘ ŘƛǎƻǊŘŜǊǎ ό5D!/Σ нлмрΤ hΩbŜƛƭ Ŝǘ ŀƭΦΣ нлмпΤ ²ǳ Ŝǘ ŀƭΦΣ 

2019). 
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Adherence to a GFD has been associated with higher QOL individuals with CeD adherent 

to the GFD. In generally healthy populations, higher diet quality has been positively associated 

with higher QOL, and higher ultra-processing has been related to morbidity and mortality, 

where higher diet quality has separately been associated with higher QOL. No research on the 

relationship between diet quality, level of ultra-processing, and QOL in a population with CeD 

has been conducted. This dissertation explored the link between diet quality, ultra-processing, 

and QOL in adults and teens with CeD.  

Study Purpose 

The purpose of this dissertation was to analyze the relationship of the eating patterns of 

a sample of adults (age 18+ years, n = 50) and teens (age 13-17 years, n = 30) with CeD to 

determine the relationships among their eating patterns, diet quality, and levels of processing 

in foods and drinks consumed and quality of life (QOL).  

Specific Aims 

I. Describe the eating patterns of a sample of 80 participants with CeDτ50 adults and 30 teens 

adhering to a GFDτin terms of diet quality, level of processing, and nutrients;  

II. Compare those results with a nationally representative sample όάbI!b9{έύ which included 

three subgroups: (a) Reported CeD Diagnosis & GFD (adults), (b) New CeD Serology & No 

GFD, and (c) Everyone Else Without CeD; and  

III. Determine if a relationship existed 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 the catchment area of the 

/ŜƭƛŀŎ /ŜƴǘŜǊ ƻŦ /ƻƭǳƳōƛŀ ¦ƴƛǾŜǊǎƛǘȅ ƛƴ ǘƘŜ /ƛǘȅ ƻŦ bŜǿ ¸ƻǊƪ όǘƘŜ ά/ŜƭƛŀŎ /ŜƴǘŜǊέύΤ ƛƴ ƻǘƘŜǊ 

studies from the Celiac Center recruited in a similar way, participants have been former or 

current patients of the Celiac Center, or individuals who subscribed to the email distribution 

list, the majority of whom were from the New York metropolitan area, and may have an 

increased awareness of CeD-related health-promoting behaviors. Participants were asked to 

provide information on their diet and complete validated survey tools relating to the CeD-

specific quality of life, as well as symptoms consistent with adherence to the GFD. Although 

many relationships could potentially be explored among these variables, such as the 

relationship between timing of meals and quality of life, or in-depth analysis of the personal-

social-cultural influences of dietary patterns, such as adhering to a Kosher or vegetarian diet, or 

even an analysis of the relationship between particular foods consumed and nutrients, the 

researcher did not attempt to explore all possibilities. Not all of the foods mentioned in the diet 

recalls were available in the nutrient analysis system. However, an attempt was made to 

replicate these items as closely as possible. The nutrient analysis software, Nutrition Data 

System for Research, version 2018 (NDSR, 2018), was chosen for the convenience of greater 

inclusion of gluten-free products. However, the products were consumed in 2016 and 

formulation of products may differ. If nutrient fact labels were available from either the 

participants or the manufacturer (online), attempts were made to reconcile any differences. 
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In addition, the NHANES participants were drawn from only three complete 2-year 

cycles, instead of the four suggested to determine a completely representative sample of the 

U.S., as those were the only recent cycles reasonably concurrent with the timing of the study 

(to ensure the samples were comparable), which included an indicator of self-reported CeD 

diagnosis and consumption of a GFD, as well as testing for serological markers consistent with 

undiagnosed CeD. Diet recalls collected from NHANES participants did not necessarily reflect 

the actual product consumed, which may impact the determination of nutrients and ultra-

processing level. Selection of NHANES participants was done to be a probabilistic sampling of 

the U.S. population, based on age, gender, and ethnicity/race, and was not designed to be 

representative of the population in the U.S. of particular health conditions, like CeD. In both the 

sample and NHANES, diet recalls are self-reported, which is subject to recall and measurement 

error. Data collection with the sample was cross-sectional and not part of a randomized trial. 

However, NHANES is part of a complex probabilistic sampling meant to reflect the U.S. 

population. Therefore, comparison with NHANES may be helpful in determining the 

ƎŜƴŜǊŀƭƛȊŀōƛƭƛǘȅ ƻŦ ǘƘŜ ǎŀƳǇƭŜΩǎ ǊŜǎǳƭǘǎΦ IƻǿŜǾŜǊΣ ōƻǘƘ ǇƻǇǳƭŀǘƛƻƴǎ ŘǊŀǿ ŦǊƻƳ !ƳŜǊƛŎŀƴ 

populations. In sum, these conditions may limit the applicability of the results. 

Common Acronyms 

CeD celiac disease 

GF gluten-free 

GFD gluten-free diet 

QOL quality of life 

IgE Immunoglobulin E 



 

21 
 

T-cell thymus (lymphocyte) cell 

tTG/anti tTG anti-transglutaminase antibodies 

HEI Healthy Eating Index 

AMED Alternate Mediterranean Diet 

NHANES National Health and Nutrition Examination Survey 
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Chapter II: Literature Review 

Overview 

This chapter provides a brief review of the nature of celiac disease (CeD), the history of 

its discovery and treatment, the issues surrounding the gluten-free diet (GFD), and quality of 

life issues while adhering to a GFD. It goes into more depth on studies regarding diet quality 

and food patterns in the population with CeD and provides context for the questions of this 

dissertation. 

Celiac disease (CeD) is an autoimmune condition that is triggered in genetically 

vulnerable individuals by both the ingestion of glutenτa protein found in wheat, barley, and 

ryeτand an unknown environmental stimulus, with an estimated prevalence of ~1% within the 

United States (U.S.) (Rubio-Tapia, Ludvigsson, & Brantner, 2012). Unique among autoimmune 

diseases is the fact that treatment for CeD is dietary, the gluten-free diet (GFD)τwhich remains 

the only currently available option. Without strict adherence to the GFD, individuals with CeD 

experience intestinal damage and nutrient deficiencies, which may manifest symptomatically to 

multiple organ systems beyond the gastrointestinal track, such as anemia or osteoporosisτ

where presumably adherence to the GFD reduces the risk of cancer and mortality; regardless, 

having the condition is associated with a small but significant increase in mortality from cancer 

and cardiovascular disease (Hujoel et al., 2019; Lebwohl et al., 2018; Lebwohl et al., 2018; 

Lebwohl et al., 2020; Ludvigsson, 2012; Reilly & Green, 2014). 

Adhering to the GFD can be challenging due to cross-contact issues (Sharma et al., 2015; 

Thompson et al., 2010; Thompson & Simpson, 2015). Naturally gluten-free (GF) foods that are 

minimally processed can be highly nutritious (Lee et al., 2009). However, GF products may be 
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highly processed with formulations designed for hedonic appeal, not health (Lasa et al., 2017). 

In addition, the GFD has been associated with nutrient excesses and deficiencies linked to 

chronic disease in the general population (Theethira et al., 2014). Little is known about the 

eating patterns of an American population with CeD. The last study of an American population 

with CeD was published over 15 years ago (Thompson et al., 2005). Products may have changed 

since then, as many more have since entered the market (Tarabella & Francescato, 2019). 

Existing studies have associated adherence to the GFD with quality of life (QOL) in 

individuals with CeD. Health-related QOL (CDC, 2000; Gandek et al., 2004) and diet quality have 

been found to be related to each other and each has been found to be predictive of other 

health outcomes in a general population (CDC, 2000; Gandek et al., 2004). Other research has 

also found increased diet quality positively associated with QOL in adults (Bonaccio et al., 2013; 

Darviri et al., 2012; Ford et al., 2014; Germain et al., 2013; Gopinath et al., 2014; Plaisted et al., 

1999; Sánchez et al., 2012) and teens (Bolton et al., 2016; Costarelli et al., 2013; Esteban-

Gonzalo et al., 2019; Muros et al., 2017; Schnettler et al., 2017; Zervaki et al., 2017). More 

recently, the NOVA system of ultra-processed food classification has linked increased 

consumption of ultra-processed foods with adverse health outcomes (Fiolet et al., 2018; Hall et 

al., 2019; Kim et al., 2019; Mendonça et al., 2016; Rico-Campà et al., 2019; Schnabel et al., 

2019, Srour et al., 2019). However, no studies have examined the relationship of ultra-

processed foods with QOL in any population, none have examined diet quality in an American 

population with CeD, and none have examined eating patterns with regards to CeD-specific 

QOL.  
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Background 

Earliest Understanding 

Lƴ ŀƴ муут ƭŜŎǘǳǊŜ ŜƴǘƛǘƭŜŘ άhƴ ǘƘŜ /ƻŜƭƛŀŎ !ŦŦŜŎǘƛƻƴ,έ 5ǊΦ {ŀƳǳŜƭ WƻƴŜǎ DŜŜΣ ŀƴ 9ƴƎƭƛǎƘ 

physician and pediatrician, drew attention to the clinical symptoms of CeD. He described CeD as 

άŀ ƪƛƴŘ ƻŦ ŎƘǊƻƴƛŎ ƛƴŘƛƎŜǎǘƛƻƴέ ǘƘŀǘ ǿŀǎ άŜǎǇŜŎƛŀƭƭȅ ŀǇǘ ǘƻ ŀŦŦŜŎǘ ŎƘƛƭŘǊŜƴ ōŜǘǿŜŜƴ ƻƴŜ ŀƴŘ ŦƛǾŜ 

ȅŜŀǊǎ ƻƭŘέ ό5ƻǿŘ ϧ {ƳƛǘƘΣ мфтпΣ ǇΦ прύΦ !ƳŜǊƛŎŀƴ ǇƘȅǎƛŎƛŀƴ 5ǊΦ /ƘǊƛǎǘƛŀƴ IŜǊǘer focused on the 

malabsorption and growth retardation issues related to the condition (Yan & Holt, 2009). In 

homage to the two physicianǎΩ work, until the mid-20th century, CeD was referred to as Gee-

IŜǊǘŜǊΩǎ ŘƛǎŜŀǎŜ όtŀǾŜƭŜȅΣ мфууΤ ¸ŀƴ ϧ IƻƭǘΣ 2009). During this period, fruit-based diets, such as 

5ǊΦ IŀŀǎΩǎ ōŀƴŀƴŀ ŘƛŜǘΣ ǿƘƛŎƘ ǿŜǊŜ Ƴƻǎǘƭȅ ƎƭǳǘŜƴ-free, were prescribed for the disease. Despite 

understanding the clinical effects of CeD, none attributed gluten as causative (Mahadov & 

Green, 2011; van Berge-Henegouwen & Mulder, 1993). 

Identifying Gluten as Symptom-Inducing 

Willem-Karel Dicke, a Dutch pediatrician, 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 

measuring symptƻƳŀǘƛŎ ǇŀǘƛŜƴǘǎΩ ƳŀƭŀōǎƻǊǇǘƛƻƴ ƭŜǾŜƭǎΤ ǘƘŜȅ ƛŘŜƴǘƛŦƛŜŘ ƎƭƛŀŘƛƴǎΣ ǘƘŜ ŀƭŎƻƘƻƭ-

soluble portions of gluten in wheat, as causative in the symptoms of the disease (van Berge-

Henegouwen & Mulder, 1993). Their work eventually redefined treatment of CeD to what is 

now known as the gluten-free diet (GFD). Glutenτwhich is immunogenic for individuals with 

CeDτcan be found in wheat, rye, barley, as well as the hybrid of wheat and rye, triticale, along 

with an unknown environmental trigger, initiate CeD (Green & Cellier, 2007).  
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The Gluten-Free Diet Description 

The gluten-free diet (GFD) is free of the alcohol-soluble portion of proteins (a/k/a gluten 

prolamins) found in wheat (gliadins), rye (secalins), barley (hordeins), and triticale 

(secaloglutenin)τgrains which are taxonomically all currently ascribed to the tribe of Triticeae 

(see Figure 1 for taxonomic chart) (Balakireva & Zamyatnin, 2016; Blattner, 2018; Bowden, 

1959; Navarro et al., 2017), as well as the plants which are also related species, such as spelt 

and emmer. Many GF grain replacement foods are naturally gluten-free, including numerous 

cereal grains like rice, maize, sorghum, millet, and teff. There are also numerous pseudo-cereal 

grains, such as quinoa, buckwheat, chia, and amaranth. Oats may be problematic for some 

celiac patients, mostly due to cross-contact issues, but also possibly due to allergy issues with 

oat proteins (avenins); recommendations for including oats in the diet of patients with CD vary 

based on country-specific considerations (Shepard & Gibson, 2012). 

Figure 1. Taxonomy of Gluten-Containing Cereal Grains (modified from Navarro et al., 2017) 

 

Note: *Contains certain immunogenic prolamins in glutenτtoxic in celiac disease 

  

Family
Gramineae (Poaceae)

άGrassesέ

Subfamily
Pooideae

άCool season grassesέ

Tribe
Triticeae*

Gluten containing cultivars

Cultivated Species
containing gluten

Triticum*
άwheatsέ

Secale*
άryesέ

Hordeum*
άbarleysέ
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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 cross-contact with gluten or 

additives that will promote an immunogenic response. For instance, spices such as cinnamon, 

which are naturally GF, have tested positive for gluten (Miranda & Simón, 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). 

Current Understanding of the Etiology and Epidemiology of the Disease 

Celiac disease is one of the most common autoimmune disorders in the U.S. (Hayter & 

Cook, 2012). Gluten is required for its initiation in those who are genetically susceptible, thus 

requiring strict adherence to a GFDτas no 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 of the disease.  

Etiology of the Disease 

Genetics. Being a carrier of specific major histocompatibility complex (MHC) human 

leukocyte antigens (HLA) class II DQ2 or DQ8 genes is generally recognized as necessary for a 

diagnosis of CeD (Falchuk, Rogentine, & Strober, 1972; Stokes, Holmes, Asquith, Mackintosh, & 

Cooke,1972). Nearly 95% of those with celiac have some combination of HLA-DQ2 (DQ2.5; 

DQA1*05/DQB1*02) alleles, where 25% have a set of homozygous HLA-DQ2 alleles (Green & 

Jones, 2016; Karell et al., 2003; Polvi et al., 1989; Rostom et al., 2006; Sollid et al., 1989; 

Spurkland, Sollid, Polanco, Vartdal, & Thorsby, 1992). CeD tends to run in families. Identical 

twins have 70-75% chance of CeD if one has it. Family members with a first-degree relative  
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have a 4-10% chance of also testing positive (Reilly & Green, 2014). However, since 30-40% of 

the population in the U.S. carries some combination of these genes (Ludvigsson et al., 2014; 

Rubio-Tapia et al., 2013), other factors are necessary for its initiation.  

Early gluten intake and breastfeeding. Ivarsson and colleagues (2000) reported there 

was a four-fold CeD incidence increase in Swedish children under 2 years of age after the 

government issued recommendations allowing gluten-containing grains in baby formula in the 

1980s. They also reported 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 suggested that 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 (Andren-Aronsson Ŝǘ ŀƭΦΣ нлмфΤ [ǳƴŘπ.ƭƛȄ Ŝǘ ŀƭ., 2019; Mårild et al., 

2019; Myléus et al., 2012; Szajewska et al., 2016). Definitive guidelines are still lacking. Studies 

currently suggest that introducing small amounts of gluten between 4 and 6 months of age, 

while still breastfeeding, may be protective (Pinto-Sánchez et al., 2016; Szajewska et al., 2016). 

While these cross-sectional studies have provided insight into potential triggers, randomized 

control trials are still needed. 

Viral exposure. Recently, a few large prospective studies studying CeD have found 

relationships between the incidence of viruses in young children and the onset of CeD. Stene  

et al. (2006) found that in a cohort (n = 1,931) of genetically susceptible children, rotavirus 

infection increased the incidence of CeD nearly two- to three-fold. Mårlid and colleagues (2015)  
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found that in a large cohort of children, those who had 10 or more infections of any type by 18 

months old had a significant increase in the onset of CeD. Kemppainen and colleagues (2017a) 

found a 33% (p < 0.002) increase of risk of developing CeD in the 3 months after GI infections. 

There was also a 43% (p < 0.05) reduction in CeD onset in children who received rotavirus 

vaccinations.  

Microbial and other exposures. Although research has been inconsistent, there are 

indications that the gut microbiota may impact risk of CeD (Canova et al., 2014; Kemppainen et 

al., 2017b; Mårild et al., 2013; Mårild et al., 2014). Elective cesarian section and being small for 

gestational age, which may be associated with changes in the infant microbiome and 

development of intestinal cell wall integrity, have been associated with increased risk of 

development of CeD (Mårild et al., 2012). In preliminary data presented at the ESPAGN annual 

meeting in 2019, researchers reported that children of mothers who consumed higher amounts 

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 linked to effects 

on gut microbiota. Researchers have also found that certain bacterial-produced peptides are 

cross-reactive with gliadin in producing reactions with T-cells, suggesting microbial involvement 

in the disease etiology (Petersen et al., 2019). Higher socioeconomic status may impact risk 

through reduced exposure to Helicobacter pylori colonization, increased proton-pump inhibitor 

use, lower rates of smoking, and higher maternal education, which are all associated with 

increased risk (Lebwohl & Rubio-Tapia, 2020). Like other autoimmune diseases, CeD has been 

associated with community-level hygiene. Kondrashova et 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 conditionsτwhere less hygienic conditions have been associated with more diverse 

gut microbiomesτhad one-fifth the incidence of CeD as those living in neighboring regions in 

Finland (1:496 vs 1:107). Researchers of a small pilot study also found that exposures to 

persistent organic pollutants, which are known to be endocrine disrupters, significantly 

increased the odds ratios of developing CeD among genetically susceptible individuals (Gaylord 

et al., 2020). 

Epidemiology of the Disease  

Global differences. Differences in the prevalence of CeD have been noted worldwide, 

possibly reflecting dietary customs or unknown factors. Globally, the prevalence has ranged 

from 0.14% in low-risk populations to 44% in high-risk populations (Mahadov & Green, 2011). 

Prevalence among western Europeans has the most reporting. Mustalahti et al. (2010) reported 

the prevalence of CeD in Europe is estimated to be ~1%, with country-specific variations (for 

example, Sweden 2.4% vs. Germany 0.3%). Globally, the highest prevalence in a general 

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, prevalence has been found to be higher in regions 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 cultures and ethnicities.  
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U.S. population differences. Cross-sectional surveillance studies of the U.S. using 

serology indicated ~1% prevalence of CeD (Rubio-Tapia, Ludvigsson, & Brantner, 2012), with 

most cases among non-Hispanic whites (88% of cases). However, the highest prevalence of CeD 

among individuals living in the U.S. has been reported among individuals with Punjabi ancestry 

(Krigel et al, 2016)τwhere Punjab is recognized as a high wheat-eating region with high 

incidence of CeD in India (Sood, Midha, Sood, Avasthi, & Sehgal, 2006). In addition, those in the 

northern U.S. were five times more likely to have CeD compared with individuals living in the 

southern U.S. (Unalp-Arida et al., 2017).  

Increasing prevalence. Although diagnostic procedures have improved both awareness 

and diagnosis, surveillance studies from Scotland, the U.S., and Finland have indicated increases 

of up to 640% within the 20th century (Catassi et al., 2010; Lohi et al., 2007; Rubio-Tapia et al., 

2009; White et al., 2013). This suggests that both diagnosis and prevalence are increasing 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 may be edging closer to 

parity (Hujoel et al., 2019; Karb, Mansoor, Parasa, & Cooper, 2019; 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; Unalp-Arida et al., 2017). 

Age and years to diagnosis. Although once considered a disease of childhood, it is now 

known that the condition can first occur at any age (Casellas, Vivancos, & Malagelada, 2006). 

The average age at diagnosis within the U.S. is 47.3 years, which has been increasing over time  
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(Lo et al., 2003). The average time from the onset of symptoms to diagnosis in the U.S. has 

dropped from 11 to 4 years between 1981 and 2001 (Green et al., 2001; Lo et al., 2003). This 

indicates that many suffer years prior to diagnosis. 

Income differences. In a 2016 study, Roy and colleagues examined the presentation of 

patients (n = 872) in a North American hospital with biopsy-proven CD and determined that 

there was a significantly higher odds ratio of patients with higher income presenting with fewer 

classical symptoms, compared with those with lower incomes [OR: 1.71, 95% CI: 1.17-2.50,  

p < 0.01]. This may mean that those with higher economic status with atypical symptoms are 

more likely to be diagnosedτor possibly something about the lifestyle of those with higher 

income that makes them more susceptible, or more readily diagnosed, like access to medical 

care. 

The Disease Process, Presentations, and Professional Recommendations 

This section briefly reviews what is known about what happens when CeD occurs, the 

various forms that are recognized, and 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 epithelial barrier due 

ǘƻ ŀ άƭŜŀƪȅ ƎǳǘΦέ Lƴ ǘhe susceptible, this causes a series of inflammatory reactions resulting in an 

IgA-mediated autoimmune response, damaging the intestinal cells and impacting numerous 

processes (Caio et. al., 2019; Kagnoff, 2007; Rossi, 2015; Sollid et al., 1989). Understanding 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 this intestinal damage, these individuals often lose the accompanying enzymatic 

reactions that happen at the surface of the intestinal villi, causing digestive issues; other signs 

and symptoms such as nausea, vomiting, and diarrhea; and potentially numerous other medical 

conditions, including those resulting from nutrient malabsorption, like anemia or osteoporosis 

(Reilly & Green, 2014). Continued gluten exposure for individuals with CeD may lead to 

additional complications such as pancreatic insufficiency, microscopic colitis, and carcinomas 

(Larretxi, Navarro & Churruca, 2017). Strict adherence to the GFD should be expected to heal 

mucosal damage, alleviating nutrient deficiencies, and presumably also reduce the risk of 

cancer and mortalityτwhich have been associated with the ongoing inflammatory state (Hujoel 

et al., 2019; Lebwohl et al., 2018; Reilly & Green, 2014). However, even with adherence to GFD, 

having the condition has been associated with a small, but significant increase in mortalityτ

including from cancers and cardiovascular disease (Lebwohl 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 currently recognized: classical, which may or may not be 

symptomatic; non-classic; latent; and refractory (Lebwohl et al., 2018).  

Classical and symptomatic forms. Classical and symptomatic forms are any that cause 

overt gastrointestinal (GI) symptoms, such as nausea, vomiting, and diarrhea. Often children 

age 2 or younger, and females, present with these symptoms or malnourishment (Hujoel et al., 

2019). The classical form may present as unexplained malabsorption conditions, such as anemia 

or low bone mineral density (osteomalacia or osteoporosis), growth and healing issues  
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(particularly in children) like failure to grow, reproductive issues, poor weight gain, 

unintentional weight loss, short stature, as well as dermatological conditions like dermatitis 

herpetiformis and psoriasis (Lebwohl et al., 2018; Reilly & Green, 2014). Older children and 

adults may have symptoms like iron deficiency anemia, chronic fatigue, headache, bloating, 

constipation, and osteoporosis, and may even have developed obesity (Hujoel et al., 2019; 

Lebwohl et al., 2018; Reilly & Green, 2014).  

Asymptomatic form. Asymptomatic individuals display no overt symptoms of 

malabsorption 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 damage and other 

previously unnoticed or unattributed symptoms would be expected to improve (Hujoel et al., 

2019; Lebwohl et al., 2018). 

Latent form. In the latent form, individuals have the genes, may be sporadically positive 

for antibodies, have symptoms of CeD, but do not have intestinal damage. They are at 

increased risk of developing active 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). 

Refractory form. Lastly, a small percentage of individuals (<1% of those with CeD) have a 

refractory or non-responsive form of the disease, refractory celiac disease, RCD. Serology 

remains positive and damage to the small intestines remains above Marsh II. This is confirmed 

after a careful examination of their diet for hidden sources of gluten and additional 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; Malamut & Cellier, 2019). 
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Table 1 presents a summary of the forms of celiac disease. 

Table 1. Forms of Celiac Disease 

Form Signs/Symptoms 
Marsh 
Level at 

Dx 

Marsh Level 
After GFD 

Antibodies  
(tTG, EMA, DPG) 

Testing 

GI Symptoms 
With Gluten 

Classic  Gastrointestinal 
(malabsorptive) 

>I < II + Yes 

Classic Extraintestinal 
(malabsorptive) 

>I <II + None 

Asymptomatic Possible extraintestinal  >I < II + None 

Latent Possible extraintestinal  0-I N/A +/- Possible 

Refractory Gastrointestinal/ 
extraintestinal 

>II II+ + Not always 

Note: Dx = diagnosis. GI = gastrointestinal. tTG = anti-transglutaminase antibodies. EMA = IgA-type antiendomysial 
antibodies. DPG = IgG-type deamidated antigliadin peptide (Useful for IgA deficient individuals). 
Adapted from Larretxi, Navarro, & Churruca (2017) 

Diagnostic Methods 

Medical history and tests. According to Rubio-Tapia et al. (2013), clinicians should first 

take a ŘŜǘŀƛƭŜŘ ŀŎŎƻǳƴǘ ƻŦ ǘƘŜ ƛƴŘƛǾƛŘǳŀƭΩǎ ǎȅƳǇǘƻƳǎ ŀƴŘ ŦŀƳƛƭȅ ƘƛǎǘƻǊȅΦ LƴŘƛǾƛŘǳŀƭǎ ǿƛǘƘ 

potential nutrient malabsorption symptoms, abdominal pain, bloating, unexplained iron 

deficiency anemia, high liver enzymes, impaired bone mineralization, or those with first-degree 

or second-degree relatives with CeD, even if asymptomatic, should be tested serologically. In 

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

diabetes or those maintaining a GFD, genetic tests for the DQ2 and DQ8 gene haplotypes may 

be used to rule out CeD effectively. The CeD comprehensive panel includes testing for both IgA 

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

individuals with IgA deficiencies, IgG testing (IgG DGP and IgG tTG) should also be performed. If 
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serology is positive or if suspicion of CeD is still high, regardless of serological testing results, an 

endoscopy is recommended for confirmation and to rule out other conditions.  

Endoscopy. Current U.S. guidelines recommend confirmation of CeD via small intestinal 

endoscopy (Hill et al., 2005; Rostom et al., 2006). Positive CeD biopsy results are characterized 

by intestinal villous flattening, mucosal inflammation, duodenal intraepithelial lymphocytosis, 

and crypt hyperplasia, which may be diffuse, with histological findings of damage at a level 

above the Marsh-Oberhuber (Marsh) grading system, Type I (Lagana & Bhagat, 2019). 

Consideration is being given to allow diagnosis of CeD without biopsy results in persons with 

traditional GI symptoms, identified as having the DQ2 and/or DQ8 alleles, who have tTG values 

10 times higher than the normal limit and positive EMA serology. European guidelines recently 

began to allow this criteria diagnosis for children (Husby et al., 2012). However, American 

guidelines still require endoscopy for diagnosis, regardless of age. To reduce the burden of 

performing endoscopy, researchers having been investigating whether serological testing can 

identify individuals with DQ2.5 alleles who have CeD, regardless of whether they are consuming 

gluten (Sarna et al., 2018). Other researchers have been pursuing a potentially mass screening 

test using gliadin-derived peptides and gold nanoparticles (Kaur et al., 2018). 

Biopsy is currently necessary to rule out other conditions that may not require strict 

adherence but may share some coincidental relief with a GFD. These conditions will not exhibit 

the characteristic intestinal villous atrophy and crypt hyperplasia of CeD. The causes include 

wheat allergy (Gupta et al., 2011), non-celiac gluten sensitivity (NCGS) (Catassi et al., 2013; 

Volta et al., 2015), and intolerance to FODMAPS (fermentable oligosaccharide, disaccharides, 
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monosaccharides, and polyols)τsugars to which some individuals become reactive due to 

microbial fermentation in the gut (Dukowicz et al., 2007; Roncoroni et al., 2018).  

Other conditions, in some cases, may show some responsiveness to the GFD, even in 

those without having CeD, such as ƛƴŦƭŀƳƳŀǘƻǊȅ ōƻǿŜƭ ŘƛǎŜŀǎŜ όL.5ύΣ 5ƻǿƴΩǎ ǎȅƴŘǊƻƳŜ, and 

autism (Maagaard et al., 2016; Reilly, 2016). However, the GFD is not the generally 

recommended first-line treatment for these conditions as it may create other issues, like 

nutritional challenges.  

Guidance on Treatment Recommendations to Practitioners 

Currently, strict adherence to a GFD is the only treatment available for CeD. (A detailed 

discussion of the particulars of the GFD concerns appear in later sections.) The most promising 

of these efforts aim to be adjunctive and not a substitute for a GFD. Researchers are focused on 

a number of areas: (a) pre-treating gluten 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) inhibiting transglutaminase modification 

of gluten to reduce the inflammatory response (Beyond Celiac, 2020; Crowe, 2014; Pearson et 

al, 2019). Many of these trials are in the early stages.  

Recommendations from gastroenterology. U.S. consensus guidelines (Rubio-Tapia et al., 

2013) state that physicians should advise patients to maintain a strict GFD for life. They 

additionally suggested that oats that are certified as gluten-free may be introduced into the 

diet with caution to ensure that no adverse reactions are experienced. Upon diagnosis, they 

recommend that 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 
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nutrition education required in commencing and maintaining a strict GFD. They also highly 

recommend ongoing annual follow-ups for nutritional assessment. Because newly diagnosed 

patients with CeD often experience nutrient malabsorption due to intestinal injury, they state 

that patients should be evaluated for nutritional deficits, particularly for iron, folic acid, vitamin 

B-12, and vitamin D, with advisement for supplementation as needed (Rubio-Tapia et al., 2013).  

Recommendations from dietetics. The Academy of Nutrition and Dietetics (AND), a U.S.-

based organization, provided six overall points in their consensus statement from 2007 for 

managing CeD. They recommended: (a) working with a registered dietitian; (b) becoming 

informed about the disease; (c) maintaining a strict GFD for life (no wheat, rye, or barley, or 

foods containing components of these grains, while avoiding areas of cross-contact); (d) 

determining and addressing personal nutritional deficiencies; (e) accessing a celiac support 

group; and (f) maintaining a long-term relationship with an interdisciplinary medical care team. 

In addition, the AND (2009) 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 studies completed since the last review to determine what topics 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 recommended that medical nutrition therapy should 

ōŜ ǇǊƻǾƛŘŜŘ ǘƻ ǇŀǘƛŜƴǘǎ ŀƴŘ ǎƘƻǳƭŘ ƛƴŎƭǳŘŜ ŀǎǎŜǎǎƳŜƴǘǎ ƻŦ ŜŀŎƘ ǇŀǘƛŜƴǘΩǎ ŘƛŜǘ ƘƛǎǘƻǊȅ ŀƴŘ 

nutrient needs/deficits, quality of life, bone density, biochemical and other medical reports, 

gastrointestinal symptoms, and other 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, label-reading, and addressing nutritional deficits, and (their language inferred) 

to continue periodically monitoring their progress over the long termτwhere 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 cross-contact and a variety of issues, 

ensuring that attention be paid to the effect of maintaining a GFD 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 diet failure and potential remedies. Many of these morbidities are expected 

to resolve within a few years of initiating the GFD for most individuals with CeD (Kelly et al., 

2015; Ludvigsson et al., 2014). Failure to adhere to a GFD is the most common reason for non-

responsive serology and continued symptoms; when individuals continue to have symptoms 

after maintaining a strict GFD, a determination of possible sources of cross-contact or other 

diet-related conditions would be adviseτwhere a dietitian trained in CeD issues can be helpful 

(Abdulkarim et al., 2002; Leffler et al., 2007). Many individuals may have unintentional gluten 

exposures, without positive serologyτas testing only reflects significant nonadherence (Hall et 

al., 2013; Vahedi et al., 2003). Once a GFD 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 I or II (RCDI or RCDII)τwhere 

immunosuppressant drugs may be of limited help, but mortality can be high (Husby & Bai, 

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 determine how permeable the gut might beτwhich 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 exposure, diagnostics are 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 protein levels (Andriaanse & Leffler, 

2015). Researchers are also exploring testing and utility of urine and feces for immunogenic 

peptides as residual signs of gluten contaminationτwhere the impact on clinical and behavioral 

outcomes remains unknown (Moreno et al., 2017). 

Autoimmune and other concerns. Individuals with CeD, especially with diagnosis delays 

and continued intentional or unintentional exposure, may also have comorbid autoimmune 

diseases that result from inflammation and the autoimmune process such as IgA deficiency, like 

IŀǎƘƛƳƻǘƻΩǎ ǘƘȅǊƻƛŘƛǘƛǎΣ ǘȅǇŜ м ŘƛŀōŜǘŜǎΣ {ƧƻƎǊŜƴΩǎ ǎȅƴŘǊƻƳŜΣ ŀƴŘ ŀǳǘƻƛƳƳǳƴŜ ƭƛǾŜǊ ŘƛǎŜŀǎŜΣ 

among other associated conditions (Hujoel et al., 2019; Reilly & Green, 2014). Common 

neurological issues include headaches, particularly migraines, fatigue, fibromyalgia, arthritis, 

and epilepsy (Hujoel et al., 2019; Reilly & Green, 2014). Patients may also experience associated 

inflammatory conditions, such as lactose intolerance, as a result of an inability to produce the 

lactase enzyme due to intestinal villi damage, as well as hypertransaminasemia (or celiac 

hepatitis) (Hujoel et 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 the initiation 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 gluten-free diet. 

Practitioners should be aware that adherence to the GFD after a diagnosis of CeD has had a 

mixed association with an increased incidence of mood disorders, including depression, anxiety, 

and disordered eating (Busby et al., 2018; Sainsbury & Marques, 2018; Slim et al., 2018; Smith 

& Gerdes, 2012; Zerwas et al., 2017; Zingone et al., 2015). Evidence has also suggested that 

patients with CeD adhering to a GFD may have increased risk of heavy metal exposure, like 

arsenic and mercury (Elli et al., 2015; Lai et al., 2015). (Discussed later are nutrient concerns 

with the GFD.) It is unclear what the long-term risks may be of these concerns.  

Policy, Systems, Environment, and Individual Behavior 

To understand why an individual has adopted an eating behavior, it can be helpful to 

examine the issues through a policies, systems, and environment 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, formulation, and market availability, which help create the food environmentτ

choices, availability, and affordabilityτeventually impacting how individuals determine which 

foods and nutrients are consumed. This section briefly focuses on American gluten-free policies 

and systems, current and environmental issues, and nutritional issues related to the GFD. See 

Figure 2 below. 
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Figure 2. Policy, Systems, and Environmental Interactions With Individual Behavior Determining 
Gluten-Free Food Choice 

Note: FAO = the Food and Agriculture Organization. WHO = the World Health Organization. U.S. = United 
States. Codex Alimentarius = Codex Alimentarius International Food Standards. 

 
 
Policy and Systems Concerns Regarding Gluten-Free Foods 

The section briefly describes how gluten-free (GF) laws were developed and 

implemented in the U.S., and the subsequent system -related issues surrounding those choices. 

The Codex Alimentarius. The basis for the food laws governing many nations comes 

from the Codex Alimentarius 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 Agriculture Organization (FAO, 2019) of the 

United Nations and the World Health Organization (WHO). In 1979, the Codex Alimentarius first 

adopted guidance for the definition of gluten-containing foods and testing protocols and was 

amended in 2015. Currently, only Argentina, Australia, Canada, the European Union, Ireland, 
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Italy, New Zealand, the United Kingdom, and the U.S. have adopted any portion of these 

standardsτeach with specific implementation differences (Celiac Disease Foundation, 2019).  

The Original Food Allergen Label and Consumer Protection Act. Prior 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 to eat. This act took a 

large step towards rectifying that issue. It required labeling 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 foods that are typically sold as packaged foods for 

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

to identify exposure to the most common life-threatening allergens (~90%) within the country. 

Still, it was not meant to be inclusive of the 160 other potential food allergens (FDA, 2006). 

American Policy on Gluten-Free Labeling. Despite 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 to support individuals 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 on gluten based 

on guidelines set by the Codex Alimentarius. They tried to simplify labeling by only recognizing 

the terms gluten-free, free of gluten, no gluten, or without gluten as adhering to the 

regulationsτeliminating the use of many other terms that had created confusion. These terms 

indicate that foods must contain less than 20 ppm of gluten, an amount that the FDA reported 

as the lowest amount that current analytical methods reliably detect (FDA, 2018). (It is worth 

noting that the level at which gluten may be harmful for patients with CeD is still under 
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investigation, where sensitivity level may individually vary, but Catassi et al. [2007] found 10-50 

mg/d to be tolerable, given that assessment of άbackgroundέ gluten exposure averaged 5.2 

ppm [range: 0-50 ppm/d]τand other studies have similarly confirmed still higher άbackgroundέ 

gluten intake in even highly adherent individuals at immunological harmful levels [Syage et al., 

2018].)  

To qualify, foods are either (a) naturally gluten-free or (b) gluten-containing but 

processed to contain less than 20 ppm (for instance, wheat starch). Other terms are not 

allowed. However, manufacturers may label foods with terms such as may contain gluten or 

manufactured on shared equipment. Overall, this law likely resulted in somewhat less confusion 

for consumers. Recently, a clarification was made to the regulation which stated that foods that 

were fermented or hydrolyzed (but not processed) to remove gluten were not eligible for a 

gluten-free designation (for example, beers made from grains known to contain gluten) as no 

method of proving those claims exists (FDA, 2020).  

Resulting Systems-Related Impacts of American Policy on Gluten-Free Foods. The 

FALPCA incorporation of gluten-free foods has also potentially impacted the nutritional state of 

individuals adhering to a GFD, product availability, and even certainty of GF status. Lawmakers 

chose to not implement certain recommendations of the Codex Alimentarius, including the 

provision that foods should replicate the vitamin and mineral content of important basic foods. 

This meant that without specific monitoring of this specific population, as is done for the 

general population, assessment of their nutritional state would be unknown, along with any 

need for fortification.  
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The GF labeling only applies to foods that are regulated by the FDA or supplements 

(FDA, 2018), although draft regulations are meant to address pharmaceuticals. Therefore, foods 

regulated by the USDA, which include poultry, meat, and certain egg products, as well as the 

Alcohol and Tobacco Tax and Trade Bureau (TTB), which includes 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 wrapped for the convenience of the customer. However, 

the FDA does state in their Question and Answers on Gluten-Free Food Labeling Final Rule, 

άƎƛǾŜƴ ǘƘŜ ǇǳōƭƛŎ ƘŜŀƭǘƘ ǎƛƎƴƛŦƛŎŀƴŎŜ ƻŦ ΨƎƭǳǘŜƴ-ŦǊŜŜΩ ƭŀōŜƭƛƴƎΣ C5! ǎŀȅǎ ǘƘŀǘ ǊŜǎǘŀǳǊŀƴǘǎ ƳŀƪƛƴƎ 

a gluten-free clŀƛƳ ƻƴ ǘƘŜƛǊ ƳŜƴǳǎ ǎƘƻǳƭŘ ōŜ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ C5!Ωǎ ŘŜŦƛƴƛǘƛƻƴέ όǇ. 47173, 

Response 30). However, the regulations do not provide for enforcement action for violations.  

The regulations also do not specify GF certification or testing procedures or record-

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 manufacturers have stated that their processes are proprietary (Thompson, 2015).  

Environmental Concerns in Getting Gluten-free Foods 

This section briefly discusses the some of the environmental issues of gluten-free food 

choice, including cross-contact, affordability, availability, and issues surrounding adherenceτ

many relating to the implementation choices of FALPCA. Nutrient content of GF foods, which 

are more closely related to this dissertation, are covered in the next section.  

Cross-contact concerns. Cross-contact concerns which have been studied include grain 

production, dining out at restaurants, packaged foods, and foods known to include gluten.  
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Grain production concerns. It is primarily because GF labeling remains voluntary in the 

U.S. that cross-contact remains a concern. Accidental cross-contact of gluten-containing grains 

with GF foods may occur at any point in the food-processing chainτfrom the field to packaging 

(Miranda & Simón, 2017). Figure 3 illustrates the similarities between wheat and oat speciesτ

which are naturally GFτin the field versus the raw dried seed state prior to processing. One 

review found that even flours of naturally GF grains regularly exceed 20 ppm (Miranda & 

Simón, 2017). Still, the industry has been reducing cross-contact hazards since the 2008 GF 

products labeling regulations went into effect (Miranda & Simón, 2017). However, even within 

the later period, ~1-5% of GF products and naturally occurring GF items contain gluten at levels 

above 20 ppm in the U. S. (for example, oats, millet, and sunflower seeds, which naturally are 

GF) (Sharma et al., 2015; Thompson et al., 2010; Thompson & Simpson, 2015). 

Wheat 

Triticum turgidum (Shebs, 2006, February 16) 

 

 

 

Kamut (Kamutinternational, 2011, May 11) 

Oats 

 

Avena sativa, Poaceae, Common Oats (Zell, 
2010, January 30) 

 
 
 
 
 
 

Avena sativa, Poaceae, Common 
Oats (Zell, 2010, December 27) 

Figure 3. Visual Examination of Wheat and Oats in Fields and Minimally Processed Forms 

https://commons.wikimedia.org/wiki/Triticum_turgidum
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Dining out concerns. In a recent study, researchers analyzed the results of a portable 

gluten detection sensor from crowd-sourced data and found some level of gluten, possibly 

under 20 ppm, in about one-third of restaurants tested (Lerner et al., 2019). Gluten was 

detected in over half of the pasta and pizza products that had been labeled GF and were over 

twice as likely to contain gluten as compared with other items. Cross-contact appeared to occur 

less frequently at fast food and chain restaurants. In addition, cross-contact was more likely to 

occur during the busy dinner-hour periods as opposed to other times. Other studies have 

suggested that eating at restaurants can be particularly challenging during the busy period, and 

there may be inconsistencies in training or even in the communication between waiters and 

chefs (Olsson et al., 2008; Roma et al., 2010; Sverker et al., 2005). In addition, many in food 

service are not familiar with CeD and the perils of cross-contact (Schultz et al., 2017; Simpson et 

al., 2011). Little is known about the extent to which eating out in other locations, like schools, 

events, or homes of friends, are impacted by cross-contact. 

Packaged food concerns. Not all packaged food designated as gluten-free is safe for 

those with CeD. In a survey of undeclared food allergens and gluten found in commercial foods 

analyzed by enzyme-linked immunosorbent assay, Do et 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 pasta, and breakfast ceǊŜŀƭǎΣ ǘƻ опΦт҈ ŦƻǊ ǘƘŜ άŀǎǎƻǊǘŜŘέ ŦƻƻŘ ŎŀǘŜƎƻǊƛŜǎΦ ¢ƘŜȅ 

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, up to 43.6% for 

cereal-based products (rice, maize, buckwheat, millet, and oats). 

Foods and beverages known to contain gluten. Many prepared foods are known to 

incorporate gluten derivatives (see Table 2). These include the obvious gluten-containing items 

like flours made from regular wheat. 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. Gluten-containing ingredients may 

also include soy sauce, wheat starch, and malt. Since the mid-1950s, even gluten by itself has 

regularly been added to foods to increase the structural and water-holding properties of 

products, including processed meats, seafood, and meat-replacement products (Day et al., 

2006).  

Other items known to contain gluten. Non-food items may pose a risk to patients, such 

as preschool Play-Doh, cosmetics like lipstick, and supplements like probiotics and digestive 

enzymes (Thompson, Dennis, & Emerson, 2018). One study showed 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 

potentially unsafe levels of gluten for those with CeDτpossibly because FALCPA rules are 

voluntary (Reker et al., 2019). 
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Table 2. Safe, Potentially Unsafe, and Likely Unsafe Foods by Food Group1 

Food Group 
(Food Use) 

Presumed Safe2 
(Needs GF* label) 

Potentially Unsafe 
(check for GF label) 

Likely Unsafe 
(Gluten-containing, if not 

labeled GF) 

Grains & cereals 
 
Potentially good source of 
fiber, complex 
carbohydrates, and certain 
amino acids. If enriched or 
fortified, also good source of 
B-vitamins, like folate, Fe, 
Mg, and Zn 

Amaranth 
Arrowroot 
Buckwheat (most) 
Corn 
Manioc 
Millet 
Oats* 
Quinoa (most) 
Rice (most) 
Sorghum 
Tapioca 
Teff 
Certified GF products 
(muffins, breads, etc.) 

Breading  
Buckwheat pasta  
Cornbread mix  
Rice mixes 
Rice flours  
Oats  
Quinoa mix  

Wheat varietiesτeikorn, 
emmer, kamut, spelt, 
triticale, semolina & 
products (flour, crackers, 
biscuits, breads, including 
sourdough, challah, 
ready-to-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, plain dairy 
yogurts 

Puddings, creams, 
custards, milk shakes, 
processed cheeses, frozen 
ice creams, etc.  
Yogurt with assorted 
toppings/add-ins or 
flavorings 
Blue and veined cheese  

Ice cream and ice 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) 
Canned meats 
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 nuts and legumes 
 
Good source of fibers, amino 
acids, poly and mono-
unsaturated fatty acids, 
vitamins A, B-group, 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 

Seasoned (canned or 
frozen) vegetables  
Seasoned nuts and seeds 
 

Breaded items  
Products processed in a 
facility with equipment 
shared with wheat 
Sauces with gluten-
containing flours 
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Table 2 (continued) 

Food Group 
(Food Use) 

Presumed Safe2 
(Needs GF* label) 

Potentially Unsafe 
(check for GF label) 

Likely Unsafe 
(Gluten-containing, if not 
labeled GF) 

Misc 
 
Increase food palatability or 
hedonic appeal 

Products labeled GF 
Tamari* 
Corn starch* 

Soups, Stews, Sauces  
Salad dressings 
Candies/sweets 
Ground spices & 
seasonings 

Soups, Stews, Sauces 
made with GC flours 
(pasta, flour thickeners, 
Gravy, Bechamel sauce, 
rue, etc.) 
Foods cooked on grills or 
in fryers with shared 
gluten-containing items 
Malt vinegar 
Chocolate cereals 
Chocolate 

Beverages  
 
Additional drink options 

Juices 
Soda 
Alcoholic Cider (apple, 
pear, etc.) 
Wine 
Mixers* 
 

Beer  
Vodka (if made from 
wheat) 
Sake  
Flavored/spiced alcoholic 
drinks 
tǊƻŘǳŎǘǎ ƭŀōŜƭŜŘ ŀǎ άƎƭǳǘŜƴ 
ǊŜƳƻǾŜŘέ ƻǊ άƎƭǳǘŜƴ 
ǊŜŘǳŎŜŘέ 

Beer 
Barley malt containing 
products (not allowed to 
be labeled GF in U.S.) 
Wine coolers containing 
malt or hydrolyzed wheat 
protein 

 
Note. Fe = iron. Mg = magnesium. Zn = zinc. *Must be marked with GF label. Always read labels. Table adapted 
from Churruca, Larretxi, & Lasa (2017) and Dennis, Lee, & McCarthy (2019). 1Not an exhaustive list or a 
substitution for consultation with a specially trained CeD-registered dietitian. 2According to the FDA, all grains, 
legumes, and seeds in the United States are potentially vulnerable to cross-contact, so labels should be checked for 
ƴƻǘŜǎ ƻƴ ŦŀŎƛƭƛǘȅ ƛƴŦƻǊƳŀǘƛƻƴ ƻǊ ŎƻƴǘŀŎǘ ǘƘŜ ƳŀƴǳŦŀŎǘǳǊŜǊΦ ό{ŜŜ C5!Ωǎ vǳŜǎǘƛƻns and Answers on Gluten-Free Food 
Labeling Final Rule, For Consumers, Q#1, https://www.fda.gov/food/food-labeling-nutrition/questions-and-
answers-gluten-free-food-labeling-final-rule)  

Affordability. Maintaining a GFD has been recognized as being more expensive, with 

items averaging approximately 2-3 times the costs of gluten-containing varieties, with some 

priced much higher (Lee et al., 2007; Singh & Whalen, 2011). However, prices appear to be 

decreasing somewhat from prior surveys (Lee et al., 2019).  

Some countries, such as Sweden, have recognized that the increased cost of the GFD 

can be burdensome and provide financial support for patients with CeD by supplying GF 

products for children free of charge until they reach 16 years (Kautto et al., 2014). Other 

https://www.fda.gov/food/food-labeling-nutrition/questions-and-answers-gluten-free-food-labeling-final-rule
https://www.fda.gov/food/food-labeling-nutrition/questions-and-answers-gluten-free-food-labeling-final-rule
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countries (for example,, Canada, Ireland, Italy, and the UK) also provide other forms of financial 

assistance to individuals with CeD (Celiac Disease Foundation, 2019; Coeliac-UK, 2019). 

However, the U.S. does not provide any type of support. Patients with lower socioeconomic 

status may have an increased disease burden and need additional supports to adhere to a 

GFDτwhich may impact QOL (Oza et al., 2016).  

Availability. Lee et al. (2007, 2019) found that availability of GF items was much more 

limited in general grocery stores as compared to pricier upscale markets. In a study of 20 

gluten-containing versus GF products, Singh and Whalen (2011) found that smaller grocers, like 

convenience stores, were less likely to have 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, including limited or nonexistent choices in restaurants and at social, school, 

and religious functions, was the greatest reason for non-adherence 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 et al., 2019). 

Individual lack of adherence. A recent review reported average adherence rates based 

on self-reported survey have been estimated to vary between 42-91% for adults and 23-98% for 

children and adolescents, with a median adherence of 78% (Myléus et al., 2019). Numerous 

reasons exist for lack of adherence. Besides limited availability and financial burdens, these 

include inconvenience; perceptions of isolation; poor product palatability or texture; 

preferences to avoid GF products; feeling embarrassed, sensitive, or stigmatized; personality 

characteristics; lack of immediate symptoms; culture; indifference; and lack of awareness for 

injury (Barratt et al., 2011; Bellini et al., 2011; Czaja-Bulsa & Bulsa, 2018; Mager et al., 2018; 
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Myléus et al., 2019; Olsson et al., 2008; Rodriguez-Almagro et al., 2016; Roma et al., 2010; 

Sverker et al., 2005; Violta & Gray, 2019; White et al., 2016). Some individuals are suspected of 

consuming gluten who have eating disorders as a means of increasing malabsorption and 

desiring to lose weight (Karwautz et al., 2008). In-person CeD social support groups may 

improve adherence (Castilhos et al., 2015; Lee et al., 2015). Nutrition education may have been 

inadequate; therefore, individuals may also be inaccurately identifying GF foods (Gutowski et 

al., 2019). Improvements to CeD-related education, labeling, and food availability options may 

also increase adherence (Olsson et al., 2008; Roma et al., 2010).  

Gluten-Free Product Nutrient Concerns 

Fortification and Enrichment 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 was completely 

recognized. U.S. law governs many aspects of food production (Code of Federal Regulations, 

Title 21-/Cw нмύ ǘƘǊƻǳƎƘ ǘƘŜ CƻƻŘ /ƻŘŜΦ ¢Ƙƛǎ ǎǇŜŎƛŦƛŜǎ ŦƻǊ ŜŀŎƘ ŦƻƻŘ ƛǘŜƳ ŀ άǎǘŀƴŘŀǊŘ ƻŦ 

ƛŘŜƴǘƛǘȅέ ǿƘƛŎƘ ŘŜǘŀƛƭǎ ōȅ ƛƴƎǊŜŘƛŜƴǘΣ ǿŜƛƎƘǘΣ ŀƴŘ ŜƴŜǊƎȅΦ Lǘ ŀƭǎƻ determines by those standards 

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 1930sτwhicƘ ǿŀǎ ǇǊƛƻǊ ǘƻ 5ǊΦ 5ƛŎƪŜΩǎ мфр0 discovery that 

avoidance of gluten was critical for individuals with CeD. 
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Impact of fortification and enrichment laws on gluten-free products. With the exception 

of cornmeal and white rice, many GF foods have a wheat-based counterpart and so are not 

required, or even allowed, without an extensive process, to be fortified or enriched. Generally, 

the wheat-based counterpart is the one to which the standard of identity is officially assigned. 

This is because laws were not written anticipating that foods other than those with predefined 

standards of identity would be needed for the health of those with food intolerances, like GF 

substitutes for wheat-based products. In addition, the U.S. did not adopt the portion of the 

Codex Alimentarius requiring replication 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 not exceeding 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 

GFτwhereas most Americans adhering to a regular gluten-containing diet, which unlike GF 

diets is monitored 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-Free Product Formulation Concerns 

Differences in starting product nutrients. GF substitutes are typically composed of white 

rice or corn. Compared with wheat-based items, these products contain lower amounts of 

protein, fiber, and certain micronutrients, as well as much higher amounts of starch. In 

addition, many of these ultra-processed items often lack the fortification of the typical gluten-

containing equivalents final products and are typically low in nutrient densityτwhere nutrients 
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could be improved if substituted with minimally processed whole GF grains (oats, brown rice, 

and quinoa) (Lee et al., 2009; Taetzsch et al., 2018; Theethira et al., 2014). 

More fats, emulsifiers, and starch. Specific product formulations also cause nutritional 

differences. Lasa et al. (2017) discussed the changes 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 add more fats and oils in the forms of both animal fat and vegetable oils, as well 

emulsifiers (mono- and diglycerides of fatty acids), increasing total fat and saturated fat 

content, which are known to be proinflammatory. They explained that these items are added to 

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, gums, and enzymes. Lasa 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, as well 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 because the GF 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 technicalities 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 (Matthias et al., 2016).  

Ultra-processed food consumption, inflammation, and gut health. Because many of 

these GF products are composed of products chemically synthesized itemsτthe assorted 

emulsifiers, hydrocolloids, and enzymesτprimarily to enhance hedonic appeal, according to 

the NOVA food processing system, they are considered ultra-processed (Monteiro et al., 2019). 

Little research has been conducted on the health effects of ultra-processed food in a population 

with CeDτnone with the NOVA system. In the general population, however, ultra-processed 

foods have been associated with weight gain, obesity, cardiovascular disease, and a number of 

cancers (Fiolet et al., 2018, Hall et al., 2019; Kim et al., 2019, Rico-Campà et al., 2019, Schnabel 

et al., 2019, Srour et al., 2019). A limited number of studies have also associated increased 

consumption of ultra-processed foods as well as decreased adherence to a Mediterranean style 

diet, with reduced telomere lengthτnoting this reflects oxidative stress and inflammation 

(Alonso-Pedrero et al., 2020; Rafie et al., 2017).  

Some studies have 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 African-style GFD and began consuming an Italian-style GFDτwith 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 gluten-containing products 

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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bacterial-produced short-chain fatty acid, and an increased microbial pattern associated with 

inflammatory bowel disease (De Palma et al., 2009; Sanz, 2010). However, in a small Dutch 

study (n = 60), healthy subjects (without CeD) were randomized to a high-gluten (18 g gluten) or 

low-gluten diet (2 g gluten), matched for fiber and 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 the high 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 ultra-processed foods), 

has become synonymous with high consumption of refined, processed grains (often high in 

sodium, added sugar, and oxidized fat), fried foods (with high intake of oxidized fatty acids), 

and high consumption of processed and red meatτalong with low consumption of vegetables, 

fruits, and minimally processed whole grainsτand also associated with adverse alterations to 

gut microbiota and increases in inflammation in animal studies and general populations (David 

et al., 2014; Vanegas et al., 2017; Veronese et al., 2018; Wan et al., 2019; Yang et al., 2017; 

Zhao et al., 2018; Zinöcker & Lindseth, 2018). It has been more recently also linked to general 

impaired intestinal immunity and inflammation mediated through the gut microbiota, leading 

to increases in autoimmunity and increased susceptibility to disease (Rohr, Narasimhulu, 

Rodeski-Rohr, & Parthasarathy, 2020; Siracusa et al., 2019).  
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Known Dietary Nutrients of Concern in the Gluten-Free Diet  

Low and inadequate nutrient consumption. Numerous reviews 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., 2019; Penagini et al., 2013; Taetzsch et al., 2018; Theethira et al., 2014; Vici et al., 

2016). Taetzsch and colleagues (2018) performed a meta-analysis of select nutrients and, in 

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 remaining significant 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 than recommended amounts of carbohydrates 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, and ready-to-eat 

cereals were fortified, particularly with folic acid, as is typically done with gluten-containing 

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 the primary source of fiber. Di Nardo and colleagues (2019) 

noted that children may be consuming an imbalanced, Western-style diet that is more highly 

processed so that, regardless of whether they are adhering to a GFD or not, deficiencies in fiber 

and other nutrients are becoming a concern. 

Multiple review studies have noted vitamin B-12 intake to be inadequate for patients on 

a GFD (Penagini et al., 2013; Theethira et al., 2014; Vici et al., 2016). Several reviewers also 

mentioned other B-vitamin deficiencies, beyond folate, such as thiamin (Vici et al., 2016), niacin 
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(Penagini et al., 2013; Vici et al., 2013), riboflavin (Penagini et al., 2013), and vitamin B-6 

(Theethira et al., 2014), which was speculated as being mostly due to poor dietary intake, 

compounded by lack of fortification and enrichment of gluten-free foods.  

There have been inconsistencies with regards to reporting on protein intake amount 

among individuals with CeD. As a whole, reviewers have reported studies have found that the 

absolute amount of 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 al., 2018; Theethira et al., 2014). Vici et al. (2013) also reported some 

evidence of lower intake of protein among women relative to men with CeD. Taetzsch and 

colleagues (2018) noted that the intake of total protein in their hypothetical diet was lower 

than recommended. These researchers suggested this may be attributed 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/pseudo-cereals with more balanced 

amino acids (quinoa, amaranth, teff, or buckwheat) (Melini & Melini, 2019; Penagini et al., 

2013ύΦ ¢ƘŜ ǊŜǎŜŀǊŎƘŜǊǎΩ ƻōǎŜǊǾŀǘƛƻƴ ǘƘŀǘ ǘƻǘŀƭ ǇǊƻǘŜƛƴ ǿŀǎ ŀŘŜǉǳŀǘŜ ōǳǘ ƛƳōŀƭŀƴŎŜŘ ŀǇǇŜŀǊǎ 

consistent with the protein leverage hypothesis, suggesting that human metabolism works to 

conserve protein intake (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 proteins to make up for the protein intake 

difference. Individuals 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 those without CeD (Hallert & Sedvall, 1983; van 

Hees et al., 2015).  

Researchers have also noted deficiencies in vitamin D, calcium, magnesium, potassium, 

and zinc (Di Nardo et al., 2019; Melini & Melini, 2019; Penagini et al., 2013; Taetzsch et al., 

2018; Theethira et al., 2014; Vici et al., 2016), all of which have been noted to play various 

possible roles in bone metabolism (National Institutes of Health [NIH], 2018). Di Nardo and 

colleagues (2019) also noted that supplementation may improve deficiencies in multiple 

micronutrients, although no reporting on the potential for adverse effects was 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., 2013; Theethira et al., 

2014; Vici et al., 2016). Di Nardo and colleagues (2019) reported that studies on the intake of 

calcium, iron, magnesium, and zinc in pediatric populations remains insufficientτwhich may be 

problematic due to GF product formulations. Besides low iron intake causing anemia, they 

advised that neurological issues common to individuals with CeD may be related to low intake 

of many of these minerals. Vici and colleagues (2016) reported decreased intake of vitamin C 

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

acid intake, which may be critical to those with CeD due to ongoing inflammatory issues related 

to the disease. Penagini et al. (2013) also expressed concerns about low energy intake among 

some children and adolescents. 

High and excessive nutrient consumption. Reviews have reflected that researchers have 

fairly consistently noted that individuals with CeD have diets high in simple carbohydrates with 

high glycemic loads and indices (Di Nardo et al., 2019; Penagini et al., 2013; Vici et al., 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., 2016), particularly saturated fatty acids due to high intake of 

animal proteins as well as GF products formulations (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 compared gluten-containing products. Researchers also expressed concern over some 

adolescents consuming increased intake of higher-fat foods. The researchers in two recent 

reviews suggested that this may be attributed to the addition of calorically dense lipids, which 

contributes to total energy increases (Tastzsch et al., 2018; Vici et al., 2016). Increase in fat and 

energy intake may increase the risk of overweight and obesity among populations with CeD. 

Melini and Melini (2019) also noted there may be some limited evidence that iron and calcium 

intake is high in children with CeD. 

Although these reviews suggested general trends, some mixed results were found 

regarding deficiencies and excesses in certain nutrients. For instance, Melini and Melini (2019) 

observed many of the differences. They stated that although many researchers reported excess 

intake of fat and protein, particularly animal protein, some study results suggested reduced 

intake. They observed that some reports also suggested iron deficiency not fully resolving on 

the commencement of a GFD, where women in some populations may have lower intake 

compared to men, while no deficiencies were reported in other populations. They also detailed 

calcium deficiency as a concern in numerous studies, but not all. They suggested that these 

differences may be due to gender, age, and cultural dietary preferences, country-specific 

ŘƛŦŦŜǊŜƴŎŜǎΣ ŀƴŘ ƳŀƴǳŦŀŎǘǳǊŜǊǎΩ ŎƘŀƴƎŜǎ ƻver time of GF food formulations, particularly 
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between 1998 to 2013. GFD-related awareness may have also increased and impacted food 

preferences and choices. 

Concerns about supplementation. Individuals with CeD may be recommended or decide 

on their own to prophylactically take a supplement to adjust for potential deficiencies, without 

verifying deficiencies. However, research is needed on whether this approach is appropriate, as 

current studies have suggested that some supplements may be mainly beneficial for certain 

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 synthetic versus dietary forms (Bibbins-

Domingo et al., 2017; Boushey, Beresford, Omenn, & Motulsky, 1995; Glynn & 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 supplementation and diet quality of a pediatric 

populations with CeD, surmised that even with supplementation, there may be nutrients which 

remain insufficient due to inconsistent supplement adherence and typically poor diet quality. 

Mager et al. (2019) suggested that multivitamin use may increase the intake of micronutrients 

that exceed recommended amounts, particularly in a pediatric population with CeD. Other 

researchers have also expressed concerns that supplementation intake of individuals with CeD 

may even exceed upper tolerable limits, possibly leading to adverse symptoms (wŜƎǳƱŀ ϧ 

|ƳƛŘƻǿƛŎȊΣ нлмпύΦ In addition, general gastrological guidelines currently recommend dietary 

supplements only for patients with CeD who present with nutritional deficits. It is unclear 

whether long-term research has been conducted to determine the efficacy and validity of those 

recommendations 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 exceeding the tolerable upper levels of nutrients.  

See Table 3 for potential nutrients of concern for patients with CeD. 

Table 3. Summary of Reviews: Potential Nutrients of Concern for Individuals with Celiac Disease 

 Inadequate Intake Excess Intake  

Dietary fiber (def) [1-6] 
Folate (def) [1-6] 
Vitamin D (def) [1-3,5,6] 
Calcium (def) [1-3,5,6] 
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 [4,6] 
Total fat [1-6] 
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) Melini & Melini (2019); (3) Penagini et al. (2013); (4) Taetzsch et al. (2018);  
(5) Theethira, Dennis, & Leffler (2014); (6) Vici et al. (2016) 

The Gluten-Free Diet in Relation to Diet Patterns 

Understandings of Assessing Diet Patterns and Quality 

Nutrients can have complex interactions when eaten as a part of foods. Therefore, 

individuals may more readily understand food-based nutrition education rather than advice on 

nutrients. In their study of Greek adults, Trichopoulou and colleagues (1995) introduced the  
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concept of the Mediterranean Diet Index 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% reduction in mortality (p = 0.04), regardless of smoking status, 

after adjustments for energy intake, age, and gender, for each unit increase in adherence to a 

more traditional Mediterranean style diet index. Increasingly, recent nutrition research has 

focused on overall diet patterns instead of strictly focusing on nutrients.  

Subsequently, numerous diet indices studies have found an inverse association between 

diet quality, increased morbidity, and early mortality (Dietary Guidelines Advisory Committee, 

2015; Schwingshacki, Bogensberger & Hoffman, 2018; Schwingshacki & Hoffman, 2015). 

Although the strength of the 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 Score (aMED) patterns (Koch, Nöthlings, & 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 on the diet patterns or food choices of individuals with CeD, and none with 

Americans. 

There are multiple ways to assess overall diet patterns. Two approaches have been used 

to analyze the GFD: όŀύ ŀ ǇǊƛƻǊƛ ƳŜǘƘƻŘǎ όǿƘƛŎƘ ŀǎǎǳƳŜ άǇǊƛƻǊ ƪƴƻǿƭŜŘƎŜέύΣ ƻŦǘŜƴ ǳǎing diet 

indices which reflect adherence to national diet recommendations by food groups; and (b) a 

posteriori derivation of the eating pattern associated with outcomes (determining eating 

patterns after empirical observation), where the latter method typically has used some type of 
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cluster, factor, or reduced rank regression analysis (Cespedes & Hu, 2018; Willet, 2012). The 

primarily focus of this dissertation was on a priori methods. 

GFD and relation to a priori methods, indices, and food groups. Most research 

examining the diet of individuals with CeD maintaining a GFD has primarily been nutrient-

focused (Theethira et al., 2014). As of June 2020, 11 studies have provided details on diet 

patterns consumed among populations with CeD who are maintaining a GFD, all within the last 

5 years. Only six of those studies have provided in-depth details on the GFD using a priori diet 

indices, three focused on adults and three focused on children. Two other studies, which both 

focused on pediatric participants, briefly mentioned the use of a priori indices without 

providing much detail. Finally, three studies also discussed food patterns based on adherence 

to national food group recommendations, without the use of diet indices, where one focused 

on adults. See Table 4 for an overview of a priori studies. More detail is provided in the 

following sections.  

A Priori Diet Index Studies Among Adults With Celiac Disease  

Three studies provided more detailed a priori reports of diet quality with a focus on 

adults with CeD. In two 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 compared the 

diet quality of Iranian participants with CeD to healthy comparisons using the Healthy Eating 

Index (Niknia et al., 2020).  
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Table 4.Overview of A Priori Diet Indices and Diet Pattern Studies* among Those 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 HEI-2015 Components** 

Studies on adults with food pattern adherence details 

González 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 & adolescents HEI ς C/ DASH/ Regional food 
recommendations 

Component**s 

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

Alzaben. 2015 Canadian children & adolescents HEI ς C/ Regional food 
recommendations 

Nutrients 

Liu  2018 Canadian children & adolescents HEI ς C/ Regional food 
recommendations 

Nutrients/ MVM 
supplementation 

Studies on pediatric participants with food pattern adherence details 

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

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

 
Note. HEI-2015 = Healthy Eating Index-2015. HEI-C = Canadian Health Eating Index. KIDMED = 
Mediterranean Diet Index for pediatric populations. DASH = Dietary Approaches to Stop Hypertension. 
MVM = multivitamin. *Studies providing some level of detailed results 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 cross-sectional design, studied generally healthy Spanish 

women (n = 54) from Northern Spain, in the Basque region, aged 16y+, with CeD [Age: 34.4 

(12.9) y, BMI: 21.4 (2.7) kg/m2]. They assessed the diet quality and nutritional status of a 

population with CeD and compared results with a nationally representative sample in another 

study of Spanish women (n = 1,734) as a comparison group. They excluded anyone with a 

history of diabetes, cardiovascular disease, pregnancy, hypertension, or high serum lipids. They 

used three 24-hour recalls, a food frequency questionnaire (FFQ) to assess dietary intake, and 

the Mediterranean Diet Score (MDS) to determine diet quality, with a range of 0 to 9 (lowest to 

highest quality), according to the pattern reported by Trichopoulou et al. (2003).  

The authors reported that most participants with CeD did not meet the 

recommendation for cereal grains, with only about 10% reaching the minimum 

recommendation of four servings; only 18.5% meeting the recommended intake of two or more 

daily servings of vegetables, and 70% failing to meet the weekly recommendations (10 

portions/week); and over three-quarters of the participants exceeding the recommendations 

for meats. Encouragingly, though, the researchers concluded this population was likely 

adhering to a Mediterranean diet, since their overall MDS (4.6 + 1.8) was ranked intermediate. 

In addition, they reported that CeD scoring 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 no p-values were reported. They also noted that: (a) the majority 

of the grains consumed were naturally GF grains, where only 3% of calories were from GF 

products; (b) legume consumption was high, with over 65% of the sample having two or more 

servings of legumes daily (20 g daily), where chickpeas, 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, pastries, and chocolates was within recommended limits (not 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 comparison group, with an excessive amount of fat and protein reflecting the excess intake 

of meat and animal products but reporting significantly less fiber [16.4 (5.6) g/d vs. 18.9 

(10.2) g/d, p = 0.002] and significantly less energy [1,847 (362) kcal/d vs. 2,038 (655) kcal/d, 

p = 0.003]. These researchers speculated 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 CeD and representative general 

population sample groups. 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 a healthier diet.  

Strengths of this study include a relatively large sample size for a population with CeD, 

multiple 24-hour recalls, and use of a food frequency questionnaire. The particulars of the 

populationτBasque, female (age 16 years or older), affiliation with a CeD group that may 

provide health-related education, nearly all lean (<6.5% overweight, with no cases of obesity), 

and low rate of consumption of processed grains (<3% of energy)τmay limit applicability to 

other populations, where health and diet-related education may be more limited. 

Morreale et al. (2018), in a cross-sectional design study, compared the diet patterns of 

122 Italian adults with CeD [average age: 42.8 (13.2) years, BMI: 22.6 (3.8) kg/m2, 78% female] 
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as well as those of 102 in a generally healthy comparison group [average age: 38.3 (14.6) years, 

BMI: 22.7 (3.8) kg/m2, 69% female]. The researchers assessed adherence to the Italian 

Mediterranean Diet Score (MDS) by using a 188-item food frequency questionnaire (FFQ) that 

was specifically modified and validated for use in a population with CeD. They scored 

participant adherence to the Mediterranean Diet 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 tercile in a 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 (g) a moderate amount of red wine (greater than 0 but up to 

12g/d). Four items, associated with the Western diet and which should 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 generally healthy population. These included:  

(h) butter, (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 trends. 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 (0.2), p < 0.001]. In particular, the researchers 

found that those with CeD consumed significantly less fruit [CeD: 223.5 (13.9) g/d, HC: 275.0 

(15.4) g/d, p = 0.017] and less 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] and red and 

processed meat [CeD: 85.4 (3.8) g/d, HC: 68.9 (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, the results of this study suggested 

those with CeD may be at risk for poor diet quality and associated diet-related morbidities.  

The strengths of this study were inclusion of both genders and use of an a priori index. It 

also provided complete details of the component 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 Mediterranean-style diet 

than others, generalizability may be limited. 

In a cross-sectional study, Nikniaz et al. (2020) compared the diets of Iranian adults with 

CeD [n = 122, average age (SD): 36.7(8.6) years, BMI(SD): 23.8(3.6), 67.8% F] from a registry 

with biopsy-confirmed CeD to a healthy comparison (HC) group of participants from a 

population-based study who did not have any diet-related conditions, such as diabetes [n = 464, 

average age (SD): 37.9(9.5) years, BMI(SD): 27.4 (9.2), 55.6% F]. The researchers assessed 

adherence to the Healthy Eating Index-2015 (HEI-2015) by having a dietitian administer an  

80-item FFQ-validated for the population-based study and modified to include GF foods. 

Adherence to the HEI-2015 was scored using 13 subcomponents, scaled from 5-10 points, 

where 100 is the max, representing on an energy-adjusted basis the most permissive adherence 

to the U.S. 2015-2020 Dietary Guidelines. Categories to be encouraged included: (a) total fruit 

(5 points), (b) whole fruit (5 points), (c) total vegetables (5 points), (d) dark green vegetables 

and legumes (5 points), (e) whole grains (10 points), (f) dairy (10 points), (g) total protein foods 

(10 points), and (h) fatty acid ratio (10 points), where higher scores mean greater consumption. 

Categories to be limited included (10 points each): (i) refined grains, (j) sodium, (k) added 

sugars, and (l) saturated fats, where higher scores mean reduced consumption. They 
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categorized diet qualitȅ ŀǎ άǇƻƻǊέ όǎŎƻǊŜǎ < рл҈ύΣ άƴŜŜŘǎ ƛƳǇǊƻǾŜƳŜƴǘέ όǎŎƻǊŜǎ ōŜǘǿŜŜƴ рм-

ул҈ύΣ ŀƴŘ άƎƻƻŘέ όǎŎƻǊŜǎ ŀōƻǾŜ у0%). 

The researchers reported that participants with CeD compared with the comparison 

group had significantly higher total HEI-2015 scores [CeD: 57.8(7.9)%, HC: 43.1(14.1)%, 

p < лΦллмϐΣ ǿƘŜǊŜ /Ŝ5 ǇŀǊǘƛŎƛǇŀƴǘǎ ƘŀŘ ŀ ƭƻǿŜǊ ǊŀǘŜ ƻŦ άǇƻƻǊέ ŘƛŜǘ ǉǳŀƭƛǘȅ ǎŎƻǊŜǎ [CeD:17.4%, 

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 (7.5)%, non-adherent: 56.2 (7.7)%, p = 0.007]. 

However, the researchers reported that the remainder had ŘƛŜǘ ǉǳŀƭƛǘȅ ǎŎƻǊŜǎ ƛƴ ǘƘŜ άƴŜŜŘǎ 

ƛƳǇǊƻǾŜƳŜƴǘέ ŎŀǘŜƎƻǊȅΦ ¢ƘŜy detailed that participants with CeD had significantly higher 

subcomponent scores across six categories: total fruit [CeD: 4.0 (1.4), HC: 1.9 (0.3), p < 0.001], 

whole fruit [CeD: 4.4(1.2), HC: 2.9 (1.5), p = 0.005], total protein foods [CeD: 4.7 (0.8), HC: 2.4 

(1.0), p < 0.001], fatty acid ratio [CeD: 5.4 (3.8), HC: 2.2 (2.1), p < 0.001], refined grains [CeD: 5.9 

(4.7), HC: 3.2 (3.8), p < 0.001], and sodium [CeD: 1.2 (2.8), HC: 0.1 (1.0), p < 0.001]. They also 

detailed that there were three categories where participants with CeD had significantly lower 

scores: whole grains [CeD: 0.08 (0.3), HC: 2.0 (2.7), p < 0.001], seafood and plant proteins [CeD: 

0.1 (0.6), HC: 2.8 (1.3), p < 0.001], and saturated fat [CeD: 7.6 (2.6), HC: 9.4 (2.1), p < 0.001]. 

They also reported that participants with CeD had significant lower energy intake [CeD: 2,334 

(961) kcal, HC: 3,445 (1,459) kcal, p < 0.001]. The authors speculated that these results 

suggested that participants with CeD may have a higher awareness of some aspects of 

nutritious eating than the general population does; they may limit their consumption of 

commercial, high-caloric products since they often contain gluten; and they have limited access 

to available and affordable commercial GF whole grain products in the Iranian market. They 



 

70 
 

advised that participants may need to have additional nutrition education to improve their diet 

quality. 

The strengths of this study were inclusion of adults from both genders with a relatively 

large male percentage, use of an a priori index with detail provided on the subcomponents, and 

the assistance of a dietitian in administering the FFQ. Limitations included the country-specific 

nature of the study, the self-reported nature of diet reports, and the use of a dietary index 

designed to address the nutritional needs of the U.S. population, which may have other 

concerns from that of an Iranian population. 

Adherence to Food Groups Among Adults With Celiac Disease 

As of June 2020, only one study described in 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. González et al. (2018), in a cross-sectional design, studied 42 generally healthy 

Spanish men from Northern 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/m2]. Criterion and methods were the same as reported in Churruca et al. (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 partƛŎƛǇŀƴǘǎΩ ǊŜǎǳƭǘǎ ǿƛǘƘ ŀ ƴationally 

representative sample (n = 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 

recommendations of the Spanish Societies 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 recommendations for 

a significant proportion of their population, including meat, eggs, milk/dairy, fish, and fruit. 

Compared with the comparison population, the researchers found that the men had similar 

deficits and excesses in terms of nutrients. They theorized that this indicated that cultural 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 energy intake and, despite having low fiber intake, had 

intake exceeding that of the women, likely due to increases in energy intake. They also reported 

that on average, men had greater fish intake, which led to an improved amount of 

polyunsaturated fatty acid consumption in comparison to females. 

The strengths of this study included using a relatively large sample of adult males with 

CeD along with validated diet assessment measures. Limitations included the country-specific 

nature of the sample and reliance on self-reports of diet. 

See Table 5 below for Studies of A Priori Diet Indices and Food Group Adherence of 

Adults With Celiac Disease  
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Table 5. Studies* of A Priori Diet Indices and Food Group Adherence of Adults With Celiac 
Disease 

First Author 
Country 
(date) 

 
Design 

Main Conclusion 

Populations: 
CeD /Healthy 

Comparison Age & 
Diet Measures 

Diet Index/ 
Recommendations 

General Findings 
CeD versus comparison group 

Deficiencies or 
Lower/Adequate 

Intake** 

Excesses or 
Higher Intake*** 

Churruca et al. 
Spain  
(2015) 
Cross-sectional 
 
Although higher diet 
quality than controls, 
Consumed excess high 
fat foods (red meats), 
and had low fiber 
intake (cereal grains 
and vegetables). 

CeD (100% F) 
n = 54  
Age (years): 34.4 (12.9) 
BMI: 21.4 (2.7) kg/m2 

HC (100%F) 
n = 1753  
Ages (years): 18 - 65 

Three 24-h recalls 
FFQ 
MDS 

ҨҨ Grains/ cereals 
(only 10% met grain rec) 
(only 3% of grains highly 
processed) 
ҨҨ Non-starchy 
vegetables 
(only 18.5% met daily veg 
rec; only 30% met week 
veg rec) 
Ҩ9ƎƎǎ 
(40% below min) 
Ҩ 9ƴŜǊƎȅ ƛƴǘŀƪŜ  
(p = 0.003) 

ҧҧ Animal protein 
(More than ¾ exceeded rec) 
ҧ 9ƎƎǎ 
(19% exceeded rec) 
Foods to encourage 
Recommendation met for 
most 
ҧ CǊǳƛǘ 
ҧ 5ŀƛǊȅ 
ҧ [ŜƎǳƳŜǎ 
ҧ CƛǎƘ 
Higher diet quality vs controls 
MDS average: 4.6 (1.8) 

González et al. 
Spain 
(2018) 
Cross-sectional 
 
Men with CeD had diets 
comparable to controls, 
but lower adherence 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/m2 

HC (100% M) 
n = 1,589 
Age (years): 18 ς 65  

Three 24-h recalls 
FFQ 

Spanish Guidelines 

ҨҨ/ŜǊŜŀƭ ƎǊŀƛƴǎ 
(Only 13% met cereal rec) 
(44% had <2 srv/d) 
Ҩ±ŜƎŜǘŀōƭŜǎ 
(Only 26% met rec) 
Ҩ[ŜƎǳƳŜǎ 
(42% had <2 srv/wk) 
ҨCǊǳƛǘ 
(1/3 did not met min rec) 
Ҩ9ƎƎǎ 
(19% met min rec) 

ҧҧ wŜŘ ϧ ǇǊƻŎŜǎǎŜŘ 
(88% exceeded rec 4-5 srv/wk) 
ҧ 9ƎƎǎ 
(38% exceeded rec) 
ҧ 5ŀƛǊȅ 
(25% > 4 srv/d) 
ҧ CƛǎƘ 
(20% exceeded rec) 

Morreale et al.  
Italy 
(2018) 
Cross-sectional 
 
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/m2 

HC (69% F) 
n = 102 
Age (years): 38.3 (14.6)  
BMI: 22.7 (3.8) kg/m2 

FFQ 
MDS 

Ҩ CǊǳƛǘ όǇ Ґ лΦлмтύ 
Ҩ IŜŀƭǘƘȅ a5{  
(p < 0.001) 
Ҩ 9ƴŜǊƎȅ ƛƴǘŀƪŜ  
(p < 0.001) 
 

ҧ tƻǘŀǘƻŜǎ όǇ Ґ лΦллоύ 
ҧ wŜŘ ϧ ǇǊƻŎŜǎǎŜŘ ƳŜŀǘ  
(p = 0.005) 
ҧ ²ŜǎǘŜǊƴƛȊŜŘ ŘƛŜǘ ǇŀǘǘŜǊƴ 
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Table 5 (continued) 

First Author 
Country 
(date) 
Design 

 
Main Conclusion 

Populations: 
CeD /Healthy 

Comparison Age & 
Diet Measures 

Diet Index/ 
Recommendations 

General Findings 
CeD versus comparison group 

Deficiencies or 
Lower/Adequate 

Intake** 

Excesses or 
Higher Intake*** 

Nikniaz et al. 
Iran 
(2020) 
Cross-sectional 
 
Participants with CeD 
had lower percent with 
poor diet quality. Both 
ƎǊƻǳǇǎ ƘŀŘ ҨҨҨ I9LΦ  

CeD (68% F) 
n = 120  
Age (years): 36.7 (8.6) 

HC (56% F) 
n = 464 
Age (years): 37.9 (9.5) 

FFQ 
HEI-2015 

Items to limit: 
ҧ wŜŦƛƴŜŘ ƎǊŀƛƴ ǎŎƻǊŜǎ 
ҧ Sodium scores 
Ҩ 9ƴŜǊƎȅ ƛƴǘŀƪŜ  
(p < 0.001) 
Items to encourage: 
ҨҨ ²ƘƻƭŜ ƎǊŀƛƴǎ 
(p=0.005) 
ҨҨ{ŜŀŦƻƻŘ ϧ Ǉƭŀƴǘ 
proteins (p < 0.001) 

Items to limit: 
ҧ {ŀǘǳǊŀǘŜŘ Cŀǘ όǇ < 0.001) 
Items to encourage: 
ҧ ¢ƻǘŀƭ ŦǊǳƛǘ 
ҧ ²ƘƻƭŜ ŦǊǳƛǘ 
ҧ ¢ƻǘŀƭ ǇǊƻǘŜƛƴ 
ҧ Cŀǘǘȅ ŀŎƛŘ Ǌŀǘƛƻ 
Higher diet quality vs 
comparison 
 

 
Note: CeD = Celiac disease. HC = Healthy comparison group. FFQ = Food frequency questionnaire. 24-hr 
recall = Twenty-four hour dietary recall. HEI = Healthy Eating Index-2015. Med = Mediterranean diet. 
MDS = Mediterranean Diet Score. rec = recommendations. srv = servings. d = day. *Studies providing 
detailed results of subcomponent scores or of food groups. ** Food items which were reported as 
deficient/low relative to recommendations, or possibly at least adequate, but relative to comparison 
groups lower. *** Foods items which were reported as excessive/high relative to recommendations, or 
relative to others high. 

 

A Priori Diet Index Studies Among Adolescents With Celiac Disease 

Three detailed a priori studies have examined pediatric populations which included 

adolescents. Researchers examined Spanish (Larretxi et al., 2019), Italian (Lionetti et al., 2020), 

and Canadian (Mager et al., 2019) adolescents. Larretxi and colleagues, as well as Lionetti and 

colleaƎǳŜǎΣ ŜȄŀƳƛƴŜŘ ǇŀǊǘƛŎƛǇŀƴǘǎΩ ŘƛŜǘǎ ǳǎƛƴƎ ǘƘŜ YL5a95 ƛƴŘŜȄΣ ǿƘƛŎƘ ƳŜŀǎǳǊŜǎ ŀŘƘŜǊŜƴŎŜ ǘƻ 

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

(HEI-C) for their examination. 

Larretxi et al. (2019), in a prospective study of Spanish children from three regions in 

Basque country (age range 3 to 18 years), examined participants with CeD [n = 83, average age: 
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9.2 (3.8) years, 64% female, 70% had adequate BMI, none were obese]. They used three 24-

hour diet recalls and a 136-item FFQ, modified for individuals with CeD, to assess diet quality 

using the KIDMED index to determine adherence to the Mediterranean diet.  

Overall, they found that most (63.9%) participants had moderate diet quality, where few 

female participants (26.4%) and nearly double the percentile of males (46.7%) had high KIDMED 

index scores (>8 scores). Most had an imbalanced diet pattern. Few participants (33%) met the 

recommendations for cereals throughout the day (4-6 servings/day), where many had low 

intake (<2 servings/day). Most (86%) participants also failed to reach the recommendation for 

vegetables (2 servings/day) and only a few (28%) met nut consumption recommendations. 

Nearly half, however, attained the recommended two or more daily servings of fruit, and most 

(~80%) met the recommended amount of pulses (2-4 servings/week). Most (73%) met the 

recommendation for milk/dairy (2-4 daily servings), with many exceeding it. Almost 50% 

reached adequate fish intake and 42% egg recommendations (4 portions/week); however, 64% 

consumed excessive meat intake.  

The researchers also reported that despite most (70%) of the participants being within 

the adequate weight category, participants on average only consumed ~80% of their expected 

energy expenditure, with ~24% of energy being derived from GF products. Comparing dietary 

patterns to nutrient profiles, researchers noted that participants adhering to a GFD tend to 

replace cereal grains with higher intake of animal products, which 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 strengths of the study included the use of multiple 24-hour diet recalls, a CeD-

specific FFQ, the use of the KIDMED index, and a relatively large sample size for a study 

involving children and adolescents with CeD. The large range of ages and low average age of 9.2 

years meant that the sample of adolescents was relatively small (n = 18 adolescents), which 

limit applicability to older adolescents. Findings may be limited in a country-specific nature.  

Lionetti et al. (2020), in a case-controlled prospective study of Italian children with CeD 

[n = 120, median age: 10.5 (range: 4.4-15.5) years, BMI: 16.8 kg/m2, 60% female] who had 

maintained a GFD for at least 2 years (median GFD duration 2.6 years), compared their diet 

quality with that of generally healthy children [n = 100, median age: 10.1 years, range: 

4.7 - 14.5 years, BMI: 16.8 kg/m2, 50% female]. Researchers used 3-day food diaries in both 

groups with the KIDMED index to assess diet quality and adherence to the Mediterranean diet. 

Overall, the researchers reported suboptimal KIDMED scores in both groups, where 

participants with CeD averaged scores of 6.5 and comparison averaged 6.8 (with 4 as low 

adherence, >8 high adherence, and 12 perfect adherence). In terms of food groups, the 

researchers observed that the children with CeD consumed a significantly higher amount of 

processed meat (CeD:2.5 portions, HC: 2 portions, p = 0.009) and salty snacks (CeD: 1 portion, 

HC: 0 portions, p = 0.001), yet less added sugars (CeD:68.1g/d, HC: 83.1 g/d, p = 0.036). The 

researchers reported that both groups met the recommended amounts of cereals, milk and 

dairy products, and potatoes. However, they noted consumption of pseudo-cereals was low in 

the group with CeD and that neither group consumed the recommended amounts of 

vegetables, legumes, fish, or eggs. They reported that GF commercial products composed a 

ǎǳōǎǘŀƴǘƛŀƭ пс҈ ƻŦ ŜƴŜǊƎȅ ŦƻǊ ǘƘŜ ƎǊƻǳǇ ǿƛǘƘ /Ŝ5Σ ǎǇŜŎƛŦƛŎŀƭƭȅ ŀǎ άто҈ ƻŦ ŎŀǊōƻƘȅŘǊŀǘŜǎΣ рф҈ ƻŦ 
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fiōŜǊǎΣ оп҈ ƻŦ ǎǳƎŀǊǎΣ ну҈ ƻŦ ǘƻǘŀƭ ŦŀǘǎΣ нр҈ ƻŦ ǎŀǘǳǊŀǘŜŘ Ŧŀǘǎ ŀƴŘ нн҈ ƻŦ ǇǊƻǘŜƛƴǎέ όǇ. 7). 

Participants with CeD had corresponding significantly higher levels of total and saturated fat 

(78.1g vs. 64.4g fat, p = 0.015, 25.3g vs. 18.7g sat fat, p = 0.003), along with significantly lower 

levels of carbohydrates and fiber intake (carbohydrates - 209.7g vs. 260.5g, p = 0.001, fiber -

12.6g vs. 15.0g, p = 0.015). The researchers advocated that individuals with CeD seek counseling 

on maintaining a balanced, healthful GFD pattern which conforms with the Mediterranean diet. 

The strengths of the study included the relatively large sample size, the use of a 

comparison population, and prospectively obtained food dairy. There was a lack of clear 

delineation by age group or gender, which limits the ability to compare like age groups. 

However, given the median age was 10.1 years, this also indicated that comparison with older 

adolescents may be limited. The use of food diaries collected over 3 consecutive days, as 

opposed to non-consecutive days or weekends, and the country-specific population may limit 

generalizability. 

Mager et al. (2019), in a cross-sectional, multicenter study of Canadian children (age 

range 2-18 years), compared participants with CeD [n = 228, average age: 10.4 (4.1) years, 59% 

female, height z-score range: (-1.6-0.9), weight z-score range: (-0.8-0.9)] to a population of 

children with chronic, minor GI complaints without CeD (GI), like constipation, as a comparison 

group [n = 144, average age: 10.9 (4.0) years, 62% female, height z-score range: (-0.7-1.9), 

weight z-score range: (-0.4-1.8)]. They excluded participants with any condition that 

additionally limited diet, such as type 1 diabetes or a diagnosis of CeD in the GI complaints 

comparison group. They used two 24-hour diet recalls to determine diet quality in terms of 

adequacy, moderation, and variety. They compared diet quality using the DASH index, with 



 

77 
 

scores from 0 to 8, and the Canadian version of the Healthy Eating Index (HEI-C), with scores 

from 0 to 100τwhere higher scores indicated greater adherence to both indices.  

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

Contrary to their hypotheses, the researchers reported that children with CeD compared with 

the comparison group, those with GI complaints, had greater adherence to the HEI-C [CeD: 66.7 

(11.8), GI: 63.7 (13.2), p = 0.04], with greater adherence to adequacy and variation, p < 0.05, 

but similar levels of moderation. In terms of components, children with CeD had significantly 

higher sub-scores of daily servings of milk and milk alternatives [CeD: 2.6 (1.3), GI: 2.0 (1.3), 

p = 0.04) and significantly lower amounts of grains [CeD: 5.2 (2.4), GI: 5.4 (2.5), p = 0.002]. 

Those from families with higher incomes had a higher diet quality as well as increased 

likelihood of meeting the recommendation for HEI-C scores (>80, p = 0.04) and diet variety 

(p = 0.03), but were not significantly more likely to meet national diet adequacy or moderation 

recommendations. Maternal education at a university level was associated with greater 

consumption of fruits, vegetables, and grains. Younger children (<9 years) generally had higher 

ǎŎƻǊŜǎ ǘƘŀƴ ƻƭŘŜǊ ŎƘƛƭŘǊŜƴΦ aƻǎǘ ƘŀŘ άƴŜŜŘǎ ƛƳǇǊƻǾŜƳŜƴǘ ǎŎƻǊŜǎέ ǳǎƛƴƎ ōƻǘƘ 5!{I όсл ƻǳǘ ƻŦ 

80) and HEI-C (80 out of 100); however, significantly more participants with CeD had scores in 

ǘƘŜ άƴŜŜŘǎ ƛƳǇǊƻǾŜƳŜƴǘέ category (CeD: 95%, GI: 93%, p < 0.05).  

The researchers reported that the participants with CeD who consumed the highest 

amounts of cheese as well as processed red meats had the lowest intake of calcium, vitamin D, 

riboflavin, and significantly less folate. However, those who consumed the lowest intake of 

fruits, vegetables, and fortified whole grains had the lowest intake of folate. The researchers 

observed that those with CeD were more likely to have diets which aligned with a Westernized 
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pattern (~80% of total CeD). Many relied on vitamin D (400-1,000 IU) and multivitamin 

supplements to compensate for potential nutritional deficits, not an increase in healthier foods. 

They also reported that children without Caucasian ancestry were more likely to adhere to a 

Prudent diet pattern and eat more whole grains.  

Overall, Mager et al. surmised that the children with CeD who adhered to a GFD in 

Canada may be adhering to a poor-quality, unbalanced diet that mimics the diet of comparable 

groups not adhering to a GFDτdespite having higher scoring. However, they noted that 

children with CeD are at increased risk of inadequate folate intake and appeared to rely on 

nutritional supplements to compensate for potential deficits due to inadequate intake of 

natural or fortified foods. In addition, the authors speculated that diet quality may worsen as 

children become adolescents, increasing the likelihood of diet-related morbidities, which 

suggests the need for ongoing diet counseling.  

The strengths of the study included having a large, multi-ethnic, multi-gendered sample 

and the use of a comparison group and validated measures. At 10.4 years, the young average 

age of the sample may limit generalizability to an older population of adolescents. In addition, 

self-reported diet and country-specific sampling may also limit findings generalizability.  

Other less detailed pediatric a priori diet index studies. A few other studies showed 

evaluations of dietary quality using a priori indices among patients with CeD (Alzaben et al., 

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

trends found.  

Alzaben et al. (2015) studied a Canadian pediatric population (range 4-18 years) with 

CeD [n = 32, average age: 10.4 (0.7) years, BMI: 17.1 (0.7) kg/m2, 81.3% female] and healthy 
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comparison group [n = 32, average age: 8.7 (0.7) years, BMI: 16.7 (0.6) kg/m2, 59.4% female] in 

a cross-sectional study. They assessed diet quality with the HEI-C by using two 24-hour diet 

recalls. They found that about one-third of the participants had HEI-C scores meeting the 

overall recommendations (HEI-C >80), including those with CeD. They noted that HEI-C score 

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 in higher glycemic 

indexes and loads (p = 0.01). The only significant difference in terms of food groups was that 

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 researchers concluded that dietary counseling was needed for both populations, 

with particular attention to increasing vegetable intake, calcium, and vitamin D food sources. 

This suggested that individuals with CeD need to aim particularly for less highly processed 

grains with lower glycemic loads and index values when adhering to a GFD. The use of multiple 

days of diet recall and the HEI-C as a validated measure were strengths of the study. Having a 

large age range, with a relatively young average age, and a country-specific cohort may limit 

generalizability to an older adolescent population in other countries.  

Liu et al. (2018) performed a cross-sectional study using three 24-hour diet recalls, and 

examined the diet quality, as measured using the HEI-C, of a Canadian pediatric population  

(n = 24, age range 3-18 years), who either had CeD [n  =  14, average age 11.1 (4.4) years], or 

CeD with type 1 diabetes [n  = 10, average age: 13.1(3.8) years]. They aimed to describe diet 

quality and the impact of micronutrient supplementation.  
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The researchers found no difference in scoring based on age between those under or 

ƻǾŜǊ ŀƎŜ мо ȅŜŀǊǎΣ ǿƛǘƘ ƴŜŀǊƭȅ ŀƭƭ όуу҈ύΣ ŜȄŎŜǇǘ ǘƘǊŜŜΣ ƘŀǾƛƴƎ ŘƛŜǘ ǉǳŀƭƛǘȅ ƛƴ ǘƘŜ άƴŜŜŘǎ 

ƛƳǇǊƻǾŜƳŜƴǘέ ŎŀǘŜƎƻǊȅ I9L-C (50-80), with no significant differences between the groups. 

Although the majority (~2/3) met the requirements for the meat and alternatives component, 

fewer (~1/4) met milk and dairy alternatives, (42%) fruit and vegetable, and (46%) grain 

recommendations. In addition, nearly all (92%) had medium-high to high glycemic loads.  

The researchers concluded that pediatric patients with CeD could benefit from diet 

counseling because micronutrient supplementation use is typically inconsistent and, at best, 

will not completely alleviate nutrient deficits due to an imbalanced diet with foods that are high 

in glycemic load, fat, and sugar. The use of multiple 24-hour diet recalls and the HEI-C were 

strengths of this study. Small sample size, low average age, and country-specific sampling may 

limit generalizability to an American adolescent population. 

Adherence to Food Groups Among Adolescents With Celiac Disease  

¢ǿƻ {ǇŀƴƛǎƘ ǎǘǳŘƛŜǎ ŘƛǎŎǳǎǎŜŘ ŦƻƻŘ ǇŀǘǘŜǊƴǎ ƛƴ ǘŜǊƳǎ ƻŦ ǇŜŘƛŀǘǊƛŎ ǇŀǊǘƛŎƛǇŀƴǘǎΩ 

adherence to recommendations, without discussion of adherence to an a priori index. Babio et 

al. (2017) reported on Spanish children with CeD against a comparison group to determine 

adherence with recommendations, but with fewer food group details. Fernández et al. (2019) 

detailed Spanish children compared with a comparison group and provided some discussion of 

food group intake. Some level of nutrient analysis was also provided in all groups. 

Babio et al. (2017) performed a cross-sectional study of Spanish pediatric and young 

adult participants with CeD (n = 98) and a comparison group (n = 98) matched for age, gender, 

and BMI to examine diet patterns and nutrient intake based on age groupτwhere participantsΩ 
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age ranges were 10-13 years (CeD/comparison n = 45/45, BMI:~18.1 kg/m2) and 14-23 years 

(CeD/comparison n = 53/53, BMI:~20.5 kg/m2). Neither group adhered to the Spanish National 

Pyramid Guidelines, particularly regarding the fiber-rich groups, including pulses, vegetables, 

and fruits. Both groups had low compliance to recommendations. Participants with CeD 

consumed significantly more protein-rich foods such as fish, eggs, and processed red meat 

[CeD: 220.2 (77.1) g/d, HC: 188.6 (77.3) g/d, p = 0.026] and significantly fewer starches [CeD: 

216.0 (102.4) g/d, HC: 298.6 (131.5) g/d, p = 0.007]. Those with CeD had lower polysaccharides 

[CeD: 37.9 (26.4) g/d, HC: 81.9 (37.4) g/d, p = 0.004], higher total fats [CeD: 96.0 (31.3) g/d, HC: 

85.9 (27.7) g/d, p = 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 found that the younger (age 10-13 years) compared with the older 

(age 14-23 years) cohort had lower compliance to the current recommendations by food group.  

The strengths of the study included matching the cohorts on demographics which may 

be confounders in a diet comparison study as well as a relatively large sample size. Limitations 

included the self-reported nature of diet. It was also unclear if the groupings had been more 

divided among the older participants (say, having older teens aged 14-18 years and young 

adults aged 19-23 years grouped separately), whether more variability would have been shown. 

Fernández et al. (2019) performed a cross-sectional study of Spanish children and 

adolescents with CeD [n = 70, median age: 16.0 yrs (range 4-18 yrs), 83% adequate weight, 50% 

female] and general healthy comparison group [n = 67, median age: 15.0 yrs (range 4-18 yrs), 

67% adequate weight, 39% female]. They used three 24-hour diet records and a FFQ to assess 

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

for signs of nutrient deficiencies. 

In terms of food groups, the researchers reported that both adolescents and, overall, 

individuals with CeD had no difference in most groups (milk and yogurt, fruit, vegetables, 

legumes, meat, fish, and pastries), except significantly less bread, pasta, and rice (CeD: 14.0 

IQR: (11.0-20.0), HC: 18.0 IQR: (12.0-22.0), p < 0.05). They reported that bone mineral 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 significantly greater adverse serum lipid 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, calcium, and 

vitamin D-rich foodsτwhere both were adhering to an imbalanced, low-carbohydrate, high-

protein, high-lipid, low-fiber diet, reflective of Spanish societal trends. They also suggested that 

processed GF products may be contributing to nutrient imbalances for individuals with CeD. 

The strengths of this study included the use of multiple validated measures to assess 

nutrient status and adequacy, breakdown of values by age and gender, and large sample size. 

Self-reported diary, a limited GF product nutrient database, and country-specific cohort 

selection may limit the generalizability of the study.  

See Table 6 for Studies of A Priori Diet Indices and Diet Patterns of Adolescents With 

Celiac Disease. 

  



 

83 
 

Table 6. Studies* of A Priori Diet Indices and Diet Patterns of Adolescents With Celiac Disease 

First Author 
Country 

Year 
Design 

 
Main Conclusion 

Populations: 

CeD/Healthy 
Comparison 

Age and 
Diet Measures 

Diet Index/ 
Recommendations 

General Findings 
CeD versus Comparison Group 

Deficiencies or 
Lower/Adequate 

Intake** 

Excesses or 
Higher Intake***  

Alzaben et al. 
Canada 
2015 
Cross-sectional 

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

CeD n = 32 (81.3%F) 
Age (years): 10.4 (0.7) 
BMI: 17.1 (0.6) kg/m2 
 
HC n = 32 (59.4 %F) 
Age (years): 8.7 (0.7) 
BMI: 16.7 (0.6) kg/m2 
 
2 24-hr diet recalls 
HEI-C 
Regional guidelines 

CeD vs HC had similar 
intake of most food groups 
Ҩ I9L-C (<80), 2/3 of all 
Ҩ I9L-C (<80), most older 
children  
ҨҨ ±ƛǘ 5 ϧ /ŀƭŎƛǳƳ ŦƻƻŘǎ, 
all 

ҧ Cϧ± ς CeD (n.s.) 
ҧ ƘƛƎh GI and GL foods 
ҧ I9L-C (>80), άƎƻƻŘέ 
mostly young children  

Babio  
Spain 
2017 
Cross-sectional 

Both groups had 
unbalanced diets. GFD 
was more unbalanced 
with less adherence to 
recommendations 

CeD n = 98 (61.2%F) 
Age (years): 18.2 (3.7)  
BMI:~18.1 kg/m2 

 
HC n = 98 (61.2 %F) 
Age (years): 15.4 (3.7) 
BMI:~20.5 kg/m2 
 
3-day food record (non-
consecutive) 
National Food Pyramid  

Ҩ {ǘŀǊŎƘ όǇ Ґ лΦллтύ 
 
Ҩ F&V 
Ҩ Pulses 
Few adhered to 
recommendations. 

ҧ {ǿŜŜǘŜƴŜŘ ōŜǾŜǊŀƎŜǎ 
(n.s.) 
ҧ ƳŜŀǘΣ ŦƛǎƘ ϧ ŜƎƎǎ  
(p = 0.026)  
 

Fernández et al. 
Spain 
2019 
Cross-sectional 

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

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

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

3  24-hr diet recalls 
FFQ 
National Standards 

CeD vs HC had similar poor 
intake of most food groups 
Ҩ ōǊŜŀŘΣ ǊƛŎŜΣ Ǉŀǎǘŀ  
(p < 0.05) 
Ҩ ±ƛǘ 5 ϧ /ŀƭŎƛǳƳ ŦƻƻŘǎ ς 
all 
Ҩ ±ƛǘ 5 όǎŜǊǳƳύΥ ōƻǘƘ 
groups, CeD girls (p < 0.05) 

ҧ ŀŘǾŜǊǎŜ ǎŜǊǳƳ ƭƛǇƛŘǎΥ 
CeD girls (p < 0.05) 
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Table 6 (continued) 

 

Authors 
Country 

Year 
Design 

 
Main Conclusion 

Populations: 

CeD/Healthy 
Comparison 

Age and 
Diet Measures 

Diet Index/ 
Recommendations 

General Findings 
CeD versus Comparison Group 

Deficiencies or 
Lower/Adequate 

Intake** 

Excesses or 
Higher Intake***  

Larretxi et al. 
Spain 
2019 
Cross-sectional 

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

CeD n = 83 (64% F) 
Age (years): 9.2 (3.8)  
70% adequate weight 

No comparison groups 

FFQ 
KIDMED 

Foods to Encourage 
Low intake 
Ҩ ŦǊǳƛǘ όғрл҈ ƳŜǘύ 
Ҩ ŜƎƎǎ όпн҈ ƳŜǘύ 
Ҩ ŎŜǊŜŀƭǎ όоо҈ ƳŜǘύ 
Ҩ ƴǳǘǎ όну҈ ƳŜǘύ 
ҨǾŜƎŜǘŀōƭŜǎ όмп҈ ƳŜǘύ 
Ҩ ŜƴŜǊƎȅ όƻƴ ŀǾŜǊŀƎŜ ƳŜǘ 
80% of estimated energy) 

Foods to Encourage 
Higher Intake 
ҧ tǳƭǎŜǎ όул҈ ƳŜǘύ 
ҧ 5ŀƛǊȅ όто҈ ƳŜǘύ 
ҧ CƛǎƘ όϤрл҈ ƳŜǘύ 
 
Few have high scores: 
ҧ YL5a95 ό> 8 score) 

- 42% males 
- 26% females 

Lionetti et al. 
Italy 
(2020) 
Cross-sectional 

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

CeD n = 120 (60% F) 
Age (years): 10.5  
BMI: 16.8 kg/m2 

HC n = 100 (50% F) 
Age (years): 10.1  
BMI: 16.0 kg/m2 

3-day food diary 
KIDMED 

Foods to Encourage 
All deficient 
Ҩ ±ŜƎŜǘŀōƭŜǎΣ ƭŜƎǳƳŜǎΣ 
fish, pseudo-cereals & eggs 
CeD-specific 
Ҩ {ƛƳǇƭŜ ǎǳƎŀǊǎ 
(p = 0.036) 
 
KIDMED average scores: 
άaŜŘƛǳƳέ !ŘƘŜǊŜƴŎŜ 
 

Foods to Encourage 
All met recommendations 
ҧ /ŜǊŜŀƭǎΣ ǇƻǘŀǘƻŜǎΣ ϧ ŦǊǳƛǘ 
Foods to Limit 
All had high intake 
ҧ {ǳƎŀǊȅ ŘǊƛƴƪǎΣ ƳŜŀǘ ϧ 
processed meats 
CeD-specific 
ҧ ǇǊƻŎŜǎǎŜŘ ƳŜŀǘǎ όǇ = 
0.009) 
ҧ ǎŀƭǘȅ ǎƴŀŎƪǎ όǇ = 0.001) 
ҧ ŎƻƳƳŜǊŎƛŀƭ DCt 

Liu et al. 
Canada 
(2018) 
Cross-sectional 
 
Advise diet counseling 
to correct imbalances 
of foods high in fat, 
sugar, GI/GL; without 
correction nutritional 
deficits not alleviated 
even with MVM  

CeD n = 14 (63% F) 
Age (years): 11.1 (4.4)  
BMI: 17.9 (2.5) kg/m2 

CD + T1D n = 10 (62% F) 
Age (years): 13.1 (3.8)  
BMI: 18.8 (3.4) kg/m2 

3 24-hr diet recalls 
HEI-C 
Regional guidelines 

Foods to Encourage 
Low intake 
Ҩ DǊŀƛƴǎ όпс҈ ƳŜǘύ 
Ҩ Cϧ± όпн҈ ƳŜǘύ 
Ҩ 5ŀƛǊȅ όнр҈ ƳŜǘύ 
Most (88%) HEI-C in the 
άƴŜŜŘǎ ƛƳǇǊƻǾŜƳŜƴǘέ 
category 
 

Foods to Limit 
Most had high intake 
ҧ aŜŀǘǎ ϧ ŀƭǘŜǊƴŀǘƛǾŜǎ 
(2/3) 
ҧ IƛƎƘ D[κDL ŦƻƻŘǎ όфн҈ύ 
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Table 6 (continued) 
 

Authors 
Country 

Year 
Design 

 
Main Conclusion 

Populations: 

CeD/Healthy 
Comparison 

Age and 
Diet Measures 

Diet Index/ 
Recommendations 

General Findings 
CeD versus Comparison Group 

Deficiencies or 
Lower/Adequate Intake 

Excesses or 
Higher Intake 

Mager et al. 
Canada 
(2019) 
Cross-sectional 
 
Most children had 
suboptimal HEI-C 
(<80) and DASH scores 
 

Ethnically diverse 
 
CD n = 242 (59%F) 
Age (years): 10.4 (4.1) 
height z-score range:  
(-1.6-0.9) 
weight z-score range:  
(-0.8-0.9) 
 
HC n = 148 (62 %F) 
Age (years): 10.9 (4.0) 
height z-score range:  
(-0.7-1.9) 
weight z-score range:  
(-0.4-1.8) 
 
2 24-hr recalls 
DASH index 
HEI-C index 
Regional guidelines 

ҨҨ DǊŀƛƴǎ όǇ ғ лΦлрύ 
Children with Caucasian 
ŀƴŎŜǎǘǊȅ ҨҨ ƎǊŀƛƴǎ  
(p < 0.05)  
 
Older children (>9 yrs)  
όҨҨ I9L-C, p = 0.04) 
 
 

ҧ Cϧ±Σ Ǉ ғ лΦлр 
Associated w/ ҧ ƳŀǘŜǊƴŀƭ 
education (university level) 
& Caucasian ancestry 
ҧ Cϧ± ǾŀǊƛŜǘȅ ŀǎǎƻŎƛŀǘŜŘ 
witƘ ҧ ƘƛƎƘŜǊ ƛƴŎƻƳŜǎ  
(p = 0.04)  
ҧ 5ŀƛǊȅΣ Ǉ ғ лΦлр 
ҧ DǊŀƛƴǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ 
non-Caucasian ancestry 
ҧ {ǳǇǇƭŜƳŜƴǘ ǳǎŜ  
ᵮ CD family history. 
Processed GFP (>30% kcal) 
Low variety of grains 
>75% of grain on Prudent 
pattern was rice 
>80% Western diet patterns 
Higher diet quality vs 
comparison 

 
*Studies providing detailed results of subcomponent scores or of food groups 
**Food items which were reported as deficient/low relative to recommendations, or possibly at least 
adequate, but relative to comparison groups lower 
***Foods items which were reported as excessive/high relative to recommendations, or relative to 
others high 
Note: CeD: Celiac disease; HC: Healthy Comparison; FFQ: Food Frequency Questionnaire; 24-hr recall: 
24-hour dietary recall; Med: Mediterranean diet; MDS: Mediterranean Diet Score; HEI-C: Canadian 
Healthy Eating Index; DASH: Dietary Approaches to Stop Hypertension; F&V: Fruit and vegetables; GFP: 
Gluten-Free Products; GI: Glycemic Index; GL: Glycemic Load; MVM: Multivitamins 
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Discussion of Diet Quality and Adherence to Food Group Recommendations Studies 

A limited number of studies are available that detailed the dietary intake of individuals 

with CeD using diet indices of food recommendations. Overall, diet quality needed 

improvement. However, there was a great deal of heterogeneity among results, methods, and 

measures. These are detailed below. 

Trends in diet quality. The literature assessing the diet quality of populations with CeD is 

limited. Diet quality was found to be poor to moderate. This was reflective of the larger 

societies where studies were performed. The results were mixed in terms of whether diet 

quality scores between populations with CeD adhering to a GFD and comparison groups were 

better or worse. Three studies, 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 scores among adults (Churruca et al., Mager 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 differences is important. All the reviewed studies 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 the GFD. Below is a 

discussion of how individuals adhered to individual food groups and other study considerations.  

Grains. The percent adhering to grain recommendations varied from 13% to 42%. 

Perhaps unsurprisingly, since wheat-based products often make up the bulk of the category 

among the general population, the most commonly cited 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., Fernández et al., González et al., Larretxi et al., Lionetti et al., Liu et al., Mager et al., 

Morreale et al.). 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 HEI-2015 relative to 1,000 kcal of intake, detailed that refined grain 

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 similar between groups, they reported their results may be 

limited in that GF pasta is primarily rice-based in Italyτpresumably noting this as a limitation 

because rice has a different nutritional profile than the wheat varieties used in pasta. 

Vegetables. Inadequate vegetable consumption, particularly non-starchy ones, was the 

next frequent observation in relation to the comparison groups (Babio et al., Churruca et al., 

González et al., Larretxi et al., Lionetti et al., Liu et al.). Sometimes amounts were reported as 

non-significantly higher (Alzaben et al.) or significantly higher (Mager 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 general population as well (Fernández et al., 

Morreale et al., Nikniaz et al.). Some studies suggested that potatoes may be consumed at 

unhealthy amounts among those with CeDτwhere potatoes are associated with lower 

adherence to a Mediterranean diet (as they are starchy and generally prepared in unhealthy 

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 it as being 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 group some of the time (Babio et al., Larretxi et al., Morreale et al.) or similarly 

low in both groups (Fernández et al.). However, it was more often reported as adequate or non-

significantly higher relative to other groups (Alzaben et al., Churruca et al., González et al., 

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

Animal products. 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 comparison 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., Morreale et al.). 

Although the HEI-2015 does not have a red meat category, the saturated fat category, 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 colleagues, indicating this may be a 

concern across numerous cultures.  

Consumption of dairy and eggs had mixed reporting. Some reported adequate intake of 

dairy (Churruca et al., Larretxi et al.), higher (Mager et al.) or excessive intake (González et al.), 

while others reported low dairy intake, citing lactose intolerance as being problematic for the 

whole population (Fernández et al., Liu et al., Nikniaz et al.). Similarly, eggs were reported as 

adequate for some (Alzaben et al.), low for others (Larretxi et al., Lionetti et al.), and some 

samples had significant percentages for low, adequate, and excessive intake (González et al.).  
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Other food groups. Other food group excesses or deficits, particularly in relation to 

comparison groups, were less widely reported. When reported, nuts and legumes were mostly 

reported as either low in both groups (Alzaben et al., Fernández et al., Morreale et al.), or low 

relative to the population (Babio et al., González et al., Lionetti et al.), except among some 

Spanish populations, with culturally more adherence to a Mediterranean dietτwhich tends to 

be higher in nuts and legumesτand intake was reported as high (Churruca et al., Larretxi et al.). 

Fish intake had mixed reportingτmostly reported high relative to others (Churruca et al., 

González et al., Larretxi et al.). However, it was almost equally reported as low relative to 

others (Alzaben et al., Fernández et al.).  

Sugar, glycemic load, and processed foods. The discussion of sugars, the glycemic effect 

of foods, and processing was mentioned in several pediatric studies detailing diet intake 

(Alzaben et al., Lionetti et al., Liu et al., Mager et al.). Babio et al. reported participants with CeD 

consuming non-significantly higher amounts of sugar-sweetened beverages. In the work of 

Lionetti and colleagues, sugary beverage intake for those with CeD was reported as being non-

significantly lower, with total sugars being significantly lower. However, the authors were 

concerned that highly processed GF products contributed 34% of added sugars. In the work of 

Alzaben and colleagues, total sugars and simple sugars were not significantly different from the 

comparison group; however, the glycemic load was significantly higher for participants with 

CeD. Similarly, two other studies found high intake of high glycemic load/index foods (Liu et al., 

Mager et al.). It was speculated that sugar intake may be lower in a more health-conscious 

population, like those with CeD. However, the impact of highly processed foods may need more 

study.  
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Diet intake and assessment method heterogeneity. Researchers approached this subject 

with a great deal of heterogeneity among methods and populations. They used an assortment 

of methods to assess diet intake, including multiple-day 24-hour diet recalls (Alzaben et al., 

Churruca et al., Fernández et al., González et al., Liu et al., Mager et al.), FFQs (Babio et al., 

Churruca et al., Larretxi et al., Morreale et al.), and multiday food diaries (Babio et al., Lionetti 

et al.). They also used a variety of methods to assess diet quality. European researchers chose 

different varieties of the Mediterranean diet. For adults, they used different versions of the 

Mediterranean Diet Score (MDS), an Italian version in one study (Morreale et al.) and a Spanish 

version in another (Churruca et al.). In pediatric populations, the KIDMED indexτalso a variant 

of assessing adherence to the Mediterranean dietτwas used (Larretxi et al., Lionetti et al.). 

Canadian researchers chose the Canadian version of the Healthy Eating Index (HEI-C) in the 

three Canadian studies (Alzaben et al., Liu et al., Mager et al.). Mager et al. also used the 

Dietary Approaches to Stop Hypertension (DASH) index and performed a cluster analysis in a 

Canadian pediatric population, determining that most diets adhered to a Westernized style 

diet. Nikniaz et al. also used the HEI-2015 from the U.S. to determine diet quality for an Iranian 

population. Several compared food groups to national or regional recommendations, where all 

noted poor adherence (Alzaben et al., Babio et al., Fernández et al., González et al., Liu et al., 

Mager et al.). 

Participant selection and sampling heterogeneity. 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 14 to 242  
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participants with CeD. All studies were observational 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 recalls; therefore, the ability to attribute 

causation was limited. A few groups compared results to representative populations (Churruca 

et al., González et al., Nikniaz et al.), although none were representative national samples of 

populations with CeDτmaking it unclear how representative the study samples 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 et al., Babio et al., Fernández 

et al., Lionetti 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 et al., Churruca et al., 

González et al., Nikniaz et al.). Only one study did not have a comparison group (Larretxi et al.). 

However, one study used CeD patients with type 1 diabetes as the comparison group (Liu et 

al.). Mager et al., in detailing the most comprehensive results of the pediatric diet quality 

studies, compared results with a population of patients 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 hospital-affiliated population, atypically higher scores or healthier food group 

consumption may have been reflected due to higher diet-related knowledge (Churruca et al., 

González et al., Larretxi et al., Nikniaz et al.). Notably, participants with CeD had very low rates 

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

was a 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 weight management, or a 

reflection of the samples willing to participate in the studies. 

Age-related considerations. Age-related considerations may need to be further 

explored. Four studies examined adults, although the definition of adult starts as early as age 

16 years (Churruca et al., González et al., Morreale et al., Nikniaz et al.). Average age for adult 

studies ranged from 31.5-42.8 years. This limits the extrapolation of these results, especially to 

much older ages. The remainders, and bulk of the studies, examined pediatric or young adult 

populations (up until age 23 years). Average age of the pediatric studies tended towards the 

young end of adolescence or the late years of childhood (age 9-11 years). Only two studies 

averaged older adolescent ages (age 16-18 years) (Babio et al., Fernández et al.). This may 

mean that questions like the role of parental feeding at different life stages for a demographic 

with a diet-focused condition may need to be further explored. For instance, parents, especially 

of young children, may feel a greater obligation to provide healthful meals, knowing that their 

child has a nutrition-related conditionτor simply because the child is more dependent on them 

because of age. This may be reflected in scoring. Alzaben and colleagues and Mager and 

colleagues both found evidence of younger children having higher diet quality. Liu et al. also 

noted that from pre-adolescence into adolescence that diet quality appeared to need 

improvement, regardless of whether it was a GFD or gluten-containing. Fernández et al. 

detailed that children (age 4-12) ate more vegetables than adolescents, although significance 

level was not determined, which suggested that adolescents may have poorer adherence to 

healthier food groups. A similar pattern of decreasing diet quality throughout childhood into 
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adolescence, with improvements thereafter, has been seen within the U.S. (Banfield, Liu, Davis, 

Chang, & Frazier-Wood, 2016; Ervin, 2011; Hiza et al., 2013).  

Culture and food environment considerations. Culture and food environment may also 

impact interpreting results. Only four countries account for studies reviewed: Canadian  

(3 studies), Iran (1 study), Italy (2 studies), and Spain (5 studies). Often, national or regional 

recommendations are given to encourage the consumption of specific food groups and may 

vary. For instance, Churruca and colleagues noted that Basque women regularly consumed 

20 g/d of lentils, which was reflective of a Mediterranean diet pattern. According to the U.S. 

Dietary Guidelines for Americans (2015), however, this amount would exceed a typical 

!ƳŜǊƛŎŀƴΩǎ ǿŜŜƪƭȅ ǘƻǘŀƭǎΦ Nikniaz et al. used the HEI-2015 tool to measure diet quality, despite 

it being a tool designed to measure adherence to the U.S. DGAs. They may have missed an 

opportunity to address concerns more relevant to Iranians with CeD. Nikniaz et al. also stated 

that GF product availability is very limited and/or expensive in Iran, which may precipitate 

lower intake of GF products. Research on the American population has shown that individual 

consumption tends to align with food availability (for example, low in produce, high in sodium, 

refined grains, and red meats) and often does not match recommendations because 

recommendations are partially created to influence availability (Krebs-Smith, Reedy, & Bosire, 

2010; Miller, Reedy, Kirkpatrick, & Krebs-Smith, 2015; Reedy, Krebs-Smith, & Bosire, 2010). The 

population currently being studied is American. As a result, likely only the three Canadian 

studies may resemble American participants, and all three were with pediatric populations. 
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Demographics concerns. The percent of female participants ranged from 0-100%, where 

most studies had at least 60% female participants with CeD. Two studies drew from the same 

population but separated participants by gender. Despite both groups being affiliated with a 

CeD-support group, men had lower adherence to the Mediterranean diet (Churruca et al., 

González et al.). In a nutrient-based study of an American population (n = 47) with CeD, 

Thompson and colleagues (2005) noted that women had greater adherence than men to 

numerous nutrients. 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 

heterogenous population, Mager and colleagues noted that there were differences in eating 

patterns due to race/ethnicity, family income, family history of CeD, ŀƴŘ ŀ ŎƘƛƭŘΩǎ ƳƻǘƘŜǊΩǎ 

education, where non-Caucasian ancestry, higher income, and having the mother attain a 

college degree were associated with better eating habits, and family history of CeD was 

associated with multivitamin intake. In studies in the general population, higher socioeconomic 

status often translated to higher diet quality (and variety of healthier foods), where income 

(higher if adults, mixed if children), ethnicity/race (Hispanic highest, non-Hispanic Black lowest), 

gender (female), age (very young and very old), and education (college degree) have been 

associated with healthier choices (Hiza et al., 2013; Kirkpatrick et al., 2012; Kurotani et al., 

2020; Livingstone et al., 2017; Worsley et al., 2003). 

Other limitations. None of the studies were controlled feeding studies. Therefore, these 

researchers necessarily relied on estimated diet information and/or memory, which are all 

subject to biases. None of researchers reported the seasons when diet information was 

collected, which may have impacted the foods consumed as well.  
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Relation to nutrient imbalances. Understanding food group choices and adherence to 

diet quality indices may partially explain the risk of chronic disease 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 nutrient deficiencies, which build on 

malabsorption issues that developed prior to diagnosis, and, for some, are not corrected with 

multivitamin use (Liu et al.). Another of the studies showed that some participants with CeD 

had significantly lower levels of polyunsaturated fatty acid intake, and then corresponding 

increases in adverse lipid profiles associated with cardiovascular disease; however, it did not 

see significant differences in groupings of food categories between those with CeD and the 

comparison group (Fernández et al.). This may indicate that both the food groupings and the 

underlying biochemical and nutrient profile of the foods likely matter. 

The heterogeneity of indices, sample sizes, demographics, and country-specific cohorts 

limits their ability to make generalizations (see Table 7 for concerns of adherence to 

recommended diet patterns and food groups of participants with celiac disease). 

Concerns of specialized diets. Little is known about diet quality among patients with CeD 

who adhere to the GFD and have additional dietary restrictions or practices, like vegetarianism, 

adhering to a ketogenic diet, or maintaining a Kosher diet (Russo, 2019). 
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Table 7. Concerns of Adherence to Recommended Diet Patterns and Food Groups of 
Participants With Celiac Disease 

 High relative to 
comparison groups  

or excessive 

Low relative to  
comparison groups  

or deficient 

 

 
Category of Concern 

Number of Studies 
(referenced studies) 

Number of Studies  
(referenced studies) 

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

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

High GL/GI 3 (1, 8, 9) -  

Sugary beverages 2 (1, 2) -  

Potatoes 2 (7, 10) -  

Processed foods 1 (7) -  

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

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

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

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

Legumes & Nuts 2 (3, 6) 6 (1, 2, 4, 5, 7, 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/Adherence to 
recommendations 

-  11 (1, 2, 3, 4, 5, 6, 7, 8, 9, 
10, 11) 

 

Note: One study can have large percentages of their populations which exhibit both excesses and deficiencies. 

Referenced works include: (1) Alzaben et al. (2015); (2) Babio et al. (201); (3) Churruca et al. (2015); (4) Fernández 

et al. (2019); (5) González et al. (2018); (6) Larretxi et al. (2019); (7) Lionetti et al. (2020), (8) Liu et al. (2018); (9) 

Mager et al. (2019); (10) Morreale et al. (2018); (11) Nikniaz et al. (2020) 
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Quality of Life Research 

Quality of life (QOL) refers to multiple ŘƛƳŜƴǎƛƻƴŀƭ ŀǎǇŜŎǘǎ ƻŦ ŀ ǇŜǊǎƻƴΩǎ ǿŜƭƭ-being. It is 

often measured by evaluating physical, emotional, and social domains. Disease-specific QOL 

ƛƴǎǘǊǳƳŜƴǘǎ ŀǘǘŜƳǇǘ ǘƻ ŎŀǇǘǳǊŜ ŀǎǇŜŎǘǎ ƻŦ ŀ ǇŜǊǎƻƴΩǎ ǿŜƭƭ-being, which may be directly 

impacted due to living with the condition and assist in directing treatment and resources. 

However, general and health-related QOL instruments may be useful in comparing patients 

with a specific condition to a generally healthy population 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 (Nikniaz et al., 2020; White et al., 2016) 

and two on adult studies (Burger et al., 2017; Zingone et al., 2015). Two were meta-analyses 

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

control groups (Burger et al., Nikniaz et al.). However, generally the reviewers went beyond the 

obvious restrictive nature of the diet and need for constant follow-up, which may negatively 

impact QOL to explore other determinants. They noted that when using general health-related 

QOL measures, individuals with CeD have reported lower QOL than healthy comparison 

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

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

after diagnosis than individuals who were screen-detected. They also noted that among those 

who were symptomatic, improvements tended to appear within the first year of treatment. The 

researchers found that the studies suggested patients who were able to have supportive 
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networks of family, friends, advocates, and supportive 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 deteriorating QOL. However, the 

pediatric meta-analysis noted that fewer than half of the included studies found a relationship 

between GFD adherence and better QOL (Nikniaz et al.). Later studies also provided further 

subtleties. 

In addition, these reviewers discussed other aspects of having CeD that negatively 

impacted QOL. They related that GF items may be of a less enjoyable taste/texture, cost more, 

are inconsistently available, and can be difficult to locate while traveling. Researchers reported 

that individuals experienced a range of emotions from anger, particularly 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; there were even 

reports of hostility from others in attempting 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 relationships like eating out with friends; being 

unable, uncomfortable, or unwilling to disclose CeD status; and sometimes choosing to eat 

gluten-containing foods intentionally for a variety of reasons. In addition, the reviewers 

discussed that personal and familial coping styles and traits may determine actions as well as 

reactions, thereby affecting QOL. Temperament and personality that make handling stress less 

effectively were cited as possible contributing factors to a reduced QOL. Researchers found that 

other comorbidities, such as allergies or diabetes, while dealing with CeD reduced QOL. Nikniaz 
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et al. found some evidence that increased age at diagnosis of children was associated with 

decreased QOL. They also noted that parents were likely to rate QOL lower than their children. 

Interestingly, one subtlety that was mentioned in one study but not in the review was 

that different subgroups within the population of those with CeD may be significantly more 

negatively impacted than others. For instance, Biagetti et al. (2015), using quantile regression 

analysis, found that those who experienced the most difficulties adhering to the diet, had other 

morbidities, or were the youngest in age had much lower health-related QOLτwhere QOL was 

reported by parents if <8 years or self-reported if 8+ years old. In addition, a couple of studies 

found that those who had the least amount of difficulty adhering to a GFD had the highest QOL, 

possibly related to income, GFD-knowledge, and/or culture (Barratt et al., 2011; Castilhos et al., 

2015). 

Reviewers also noted that a great deal of heterogeneity in studies made comparisons 

and conclusions difficult. In particular, they stated that the advent of CeD-specific QOL 

instruments have only recently been developed for pediatric (Jordan et al., 2013; van Doorn, 

Winkler, Zwinderman, Mearin, & Koopman, 2008) and adult patients (Dorn et al., 2010; Häuser, 

Gold, Stallmach, Caspary, & Stein, 2007), so only a limited amount of research has been 

performed with these tools. They also noted that nuances may determine QOL beyond dealing 

with the disease that remain to be more fully explored, including demographic, environmental, 

availability, labeling, social norms, aging, gender, cognition, self-efficacy, CeD-related 

education, disease characteristics, frequency of healthcare follow-up, personal psychosocial 

factors, and effect of diet qualityτalthough this is likely not an exhaustive list. 
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QOL and Celiac Disease Studies Beyond Current Reviews 

The following narratives briefly review the QOL studies since the latest reviews or which 

the questions examined but were not explored in the meta-analyses, and therefore not 

included. Most used CeD-specific tools to measure QOL.  

Byström et al. (2012), in a prospective quantitative cohort study of Swedish children  

(n = 15, 65.5% female, age: 13 years), found that children who received their diagnosis before 

the age of 5 had higher QOL total scores and mental and social health domain scores, compared 

to those diagnosed at older ages (total: 92 vs. 90, p = 0.06, mental: 90 vs. 85, p = 0.03, social:  

95 vs. 90, p = 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 (88.5-97.5), 90 (84-94), and 88 (80.5-94.5),  

p = 0.03.  

These conclusions are consistent with prior studies that 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 also supports the limited literature in suggesting that a diagnosis at 

a younger age may be positively associated with higher QOL; this may be a reflection of having 

longer to figure out what needs to be done to manage the disease. 

Mahadev et al. (2013) performed a cross-sectional quantitative 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 association between QOL and diet adherence or dietitian use. The researchers 

speculated that there may have been a high degree of health literacy in the group, which may 
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have limited the ability to detect effect size in the low number of participants who had not 

visited a dietitian. In a fairly homogeneous population where 88% had attained a college degree 

and over 40% had attained a graduate degree and fairly high QOL (avg CD-QOL >72), these 

results suggested that within a high-socioeconomic status, highly educated population with 

cultural effects may be mitigated, and ongoing difficulties from diagnosis delays may have 

persistent effects on QOL. 

This study is consistent with findings that associated higher socioeconomic status and 

health-related knowledge to higher QOL. It also adds to the literature by suggesting there may 

be an association between diagnosis delays and reduced QOLτor, alternatively, higher 

education may be related to greater likelihood of diagnosis and higher QOL.  

Castilhos et al. (2015) performed a cross-sectional quantitative study of (n = 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 year, approached but did not reach 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 were 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 affiliated with a 

celiac support group, more individuals may have had higher levels of CeD-specific 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. It did find evidence supporting the idea that the association 

with a CeD-support group may be related to higher QOL scores. This added to the literature in 

finding evidence that older age (greater than 60 years) may be related to increased QOLτas 

well as some limited support that longer 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 cross-sectional quantitative analysis of an adult population 

in the U.S. with CD (n = 2,138, 87% female) to examine the relationship of online compared 

with face-to-face support groups on QOL. They used the CD-QOL instrument for QOL. They 

found that increased duration of face-to-face social support was associated with higher QOL  

(p < 0.0005), while both increased duration (p < 0.0393) and frequency (p < 0.001) of online 

support were associated with lower QOL. Notably, they also found that age (65+yrs), higher 

educational attainment (graduate degree), length of time since diagnosis (3+ years), and living 

in the Northeastern U.S. were significantly associated with higher QOL scores.  

This study found evidence supporting the association of older age (age 65 years or 

older), higher education, and longer diagnosis time with higher QOL. It added to the literature 

by associating increased physical face-to-face support (as opposed to online support) in terms 

of both frequency and duration with greater QOL. 

Simsek et al. (2015) performed a prospective cross-sectional quantitative analysis of 

Turkish children with CeD [n = 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 depression, following the groups 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 scores (p = 0.02), with significantly lower 

emotional well-being subscale scores (p = 0.01). At follow-up, 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 scores (p = 0.02). The group 

was generally from a lower socioeconomic status population, with limited access to GF 

products. 

This study supports other findings suggesting that higher adherence to a GFD may be 

associated with higher QOL. It also supports an association between low socioeconomic status 

with limited availability to GF products and reduced QOL, thus reinforcing the need to examine 

the barriers to adherence to a GFD and suggesting that increased ease of availability (possibly 

through regulation) may impact a lower socioeconomic status population. 

In a cross-sectional study, Mahadev et al. (2016) examined differences in QOL among 

adult (n = 211, 78% female) patients with CeD in the U.S. who were symptomatic versus screen-

detected. They reported no significant differences 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 of participantsτwho had been recruited from the population affiliated with 

the regional Celiac Centerτwere highly educated, which has been associated with a higher 

socioeconomic status. 

This study did not find evidence supporting the association of differences in QOL 

between those who are symptomatic and classical symptoms of CeD while adhering to a GFD; 



 

104 
 

this differs from the results of some other studies. However, it does support evidence from the 

literature that high adherence may be associated with similar levels of QOL in a group with high 

socioeconomic status and CeD-related knowledge. This was consistent with the sensitivity 

meta-analysis of Burger et al. (2017), which suggested that level of strict adherence may be 

more associated with QOL than whether individuals were screen-detected or not. 

Rodriguez-Almagro et al. (2016) performed a cross-sectional quantitative analysis of a 

nationally representative study of Spanish adults with CeD [n = 1,230, 89% female, mean (SD): 

32.7 (10.41) years] to examine QOL. They found that overall QOL scores were moderate [mean 

(SD): 56.3 (18.27)], with improvements 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 difficulty navigating the GFD because most food preparation and choices are 

decided by women. They also suggested that the lower scores of their sample, as compared 

with those obtained with hospital population studies, may possibly be attributable to less 

frequent follow-up and lower adherence to the GFD. However, they stated that their results 

were limited because adherence was not measured.  

This study supports other literature finding that additional years of experience in 

maintaining a GFD increases QOL. It also provides speculative support, as found in other 

studies, that culture and the ability to control food may play a role in increasing QOLτand that 

men may approach adherence to a GFD differently than women due to culture. It also provides 

some limited support that additional CeD-related education may improve QOL since the 

individuals in this study were from a representative sample, which likely did not have the same 

degree of knowledge as samples obtained from a hospital care setting. 
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Vriezinga et al. (2017) performed a cross-sectional study of children and young adults 

(age <25 yrs) with CeD in a Dutch population (n = 78, 73.1% female, mean age 12.5 years) to 

examine their HR-QOL and its relationship to the typical physician perception of their QOL 

scores. Most 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 incorrectly in 40 out of the 

available 70 physician-ranked patient QOL scores. Physicians more frequently failed 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 that patient perceptions need to be evaluated as 

they may not match those of care providers; therefore, simply asking the patient directly may 

be a good idea. It adds to the CeD-related literature in that it suggested that pediatric patients 

may have unrecognized poor overall QOL, where females, particularly newly diagnosed 

adolescents, may have even lower QOL.  

Mager et al. (2018) performed a cross-sectional analysis of ethnically diverse pediatric 

patients (age 3-18 years) with CD (n = 243) and gastrointestinal complaints (n = 148) in Canada 

to determine whether sociodemographic or socioeconomic factors and HR-QOL would 

influence adherence to a GFD. They found that the lack of GI symptoms, younger age (<10 

years), and reduced intake of gluten (<10mg/day) in both groups were positively associated 

with QOL scores. They noted that older children with CeD (>10 years) compared with younger 

children (<10 years) had significantly lower QOL scores, varying by domains. They found that 

when individuals with CeD had fewer GI symptoms or were of non-Caucasian ancestry, most 
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QOL domains and overall QOL scores increased significantly (pΩǎ ōŜǘǿŜŜƴ лΦллм-0.01). 

Relatedly, they found non-Caucasian ancestry was associated with greater acceptance of the 

GFD. In addition, they detailed that greater GI symptoms were related to reduced acceptance 

of the GFD (p = 0.02), more serological testing (p = 0.0018), less overall happiness (p = 0.04), 

ŀƴŘ άǳƴƘŀǇǇƛƴŜǎǎ ŀōƻǳǘ ŜŀǘƛƴƎ ƛƴ ǎƻŎƛŀƭ ƻŎŎŀǎƛƻƴǎ ŀƴŘ ƛƴ ǎŎƘƻƻƭ ŎŀŦŜǘŜǊƛŀǎέ όp = 0.02), with 

older children having lower scores in the communication and diet domains of QOL (p < 0.05).  

This is the first study to have enough of an ethnically and sociodemographically diverse 

population to form associations. Their results suggested that as pediatric patients age (>10 yrs), 

QOL may be lower, which is consistent with some studies but differs from others. Also 

consistent with other studies but with a twist is the observation that they associated 

gastroenterological symptoms with lower QOL and less acceptance to adhering to a GFD (which 

may also cause gastroenterological distress). In addition, they also suggested that the gluten 

amount, not simply adherence, as well as acceptability of the GFD, particularly while eating 

away from home (like feeling different or embarrassed), may play a significant role in QOL in 

adolescent lives. They as well noted that different domains of QOL may be associated with 

sociodemographic and socioeconomic factors, and parents may rank domains differently from 

children. Younger children and those from households with greater acceptability of the diet 

may promote adherence and, relatedly, QOL. 

Wolf et al. (2018) performed a prospective cross-sectional mixed-methods analysis of 

adults [n = 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 CeD in the U.S. to examine QOL. They found that 

hyper-vigilant adults had significantly lower overall QOL, compared to those who were less 
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vigilant (p = 0.004). They also noted that among adults, hyper-vigilance was associated with a 

higher level of CeD-related knowledge (p = 0.035). They noted that vigilance reflected the 

ǇŀǊǘƛŎƛǇŀƴǘǎΩ ǇŜǊŎŜǇǘƛƻƴ ƻŦ ƴŜŜŘƛƴƎ ǘƻ ōŜ ŎŀǊŜŦǳƭ ǿƘƛƭŜ ŀǾƻƛŘƛƴƎ ƛnadvertent gluten exposures. 

In addition, the researchers observed that those who expressed having lower energy levels 

compared with higher energy levels had lower QOL (pΩǎ ғ лΦлоύΦ hǾŜǊŀƭƭΣ ǘƘƛǎ ǇƻǇǳƭŀǘƛƻƴ ǿŀǎ 

highly educated and affiliated with a regional CeD center with high level of education. 

This study supported existing literature associating higher education with increased QOL 

It also provided a refinement in understanding the relationship between adherence and QOL in 

a population that is highly adherent. It introduced the idea that hyper-vigilance towards 

maintaining a GFD reduces QOL. Additionally, it suggested that adolescents may have different 

factors impacting QOL from adults. 

Cadenhead et al. (2019) followed up on the Wolf study with adolescents. The 

researchers reported that adolescents who had more maladaptive behaviors towards 

maintaining a GFDτwhich were characterized by more rigidity (vs. flexibility), more avoidance 

(vs. trust), more controlling behaviors (vs. confidence), and more preoccupation (vs. 

awareness)τhad lower QOL scores. Older teens [16.4 (1.0) years vs. 14.7 (1.5) years] were 

more likely to have maladaptive behaviors and lower QOL scores. They noted that these 

behaviors may be associated with disordered eating. This population was generally highly 

adherent and associated with a regional CeD center. 

This further supports the idea of how individuals approach 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 QOL. Additionally, it may suggest that QOL may be 

lower in later adolescence. 

Fueyo-Díaz et al. (2019) examined (n = 271) patients with CeD to understand the impact 

of general and specific self-efficacy of GFD adherence and QOL. They found that specific self-

efficacy in maintaining a GFD, rather than general self-efficacy, was significantly associated with 

greater GFD adherence and higher QOL (p < 0.01). 

This study supports existing literature which has found an association between higher 

GFD adherence and CeD-specific QOL. It adds to the literature by providing evidence that 

adherence may be improved with specific self-efficacy in learning to maintain a GFD. 

Violato and Gray (2019) reported on a repeat follow-up quantitative analysis on QOL 

among individuals with CeD (n = 1,584, 73% female, mean (SD) age: 56(21) years] in the UK to 

seek the impact of diagnosis delay. They noted that symptoms 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 prior to diagnosis, but not significantly different after 

diagnosis. In addition, they determined that lower family income (<£20,000/~USD $26,000) was 

significantly associated with lower QOL, both prior to and after diagnosis. Similarly, they 

reported that there was an association with patients having limited access to GF products in 

stores, particularly in lower-end supermarkets, multiple (3+) comorbidities, and needing to 

travel frequently with lower QOL. 

This study supports findings that diagnosis delays have been associated with reduced 

QOL, while older age (65+ years) with CeD has been associated with higher QOL. Their findings 



 

109 
 

also support that QOL may be reduced with very low household income, further quantifying an 

amount as a floor, as well as limited GF product availability and the difficulty of maintaining a 

GFD while traveling. 

Discussion of Additional QOL Studies in Individuals With Celiac Disease 

Newer studies among individuals with celiac disease (CeD) affirmed that strict 

adherence to the GFD was important to controlling symptoms and associated with increased 

QOL (Byström et al., 2012; Mager et al., 2018; Mehadov et al., 2013; 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 

appears to be a range of other determinants and subgroup subtleties.  

Among children, the younger the age at diagnosis (<5 years old), the higher the QOL 

(Byström et al.). Older children (>10 years) appeared to have lower QOL (Mager et al., 2018). 

Older adolescents may have lower QOL than younger adolescents as well (Cadenhead et al.). 

Recently diagnosed female adolescents appeared to have reduced QOL, differing from males, 

which medical providers missed (Vriezinga et al.). Adolescents also had differences in QOL 

domains from children (Mager et al., 2018), as well as differences in the effects of approaches 

to maintaining a GFD on QOL from adults (Cadenhead et al., Wolf et al.).  

More evidence has suggested a possible association with high (versus low) 

socioeconomic status, health-related literacy, educational attainment, and product availability/ 

affordability with higher QOL (Byström et al.; Mahadev et al., 2013; Mahadev et al., 2016; 

Simsek et al.; Wolf et al.). An income floor, however, needs to be reached for higher QOL 

(Violato & Gray), suggesting that income may allow increased adherence due to being able to 
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afford GF products. Other studies did not associate income with QOL (Castilhos et al.), but it is 

unclear how income was examined. 

More evidence also supports the ongoing difficulties caused by diagnostic delays, 

possibly explaining differences in improving QOL for those who were asymptomatic (Fueyo-Díaz 

et al.; Mahadev et al., 2016; Violato & Gray). Relatedly, evidence has suggested that increased 

duration of diagnosis improves QOL (Lee et al., 2015; Rodriguez-Almagro et al.; Vriezinga et al.).  

Increased QOL was associated with gender, culture, and/or specific self-efficacy 

(Castilhos et al.; Fueyo-Díaz et al.; Rodriguez-Almagro et al.; Vriezinga et al.). Older adults (age 

60+ years) may also have better QOL (Castilhos et al.; Mahadev et al., 2016; Violato & Gray). In 

addition, cultivating in-person (not online) social support appeared to be beneficial (Lee et al., 

2015).  

Summary of QOL Studies in Individuals With Celiac Disease 

The focus of diet adherence on QOL has been the focus of many studies, and rightly so, 

since lack of adherence can cause devastating effects among those with celiac disease. 

However, recent research has suggested that adherence may be impacted by many 

determinants, including GFD-specific knowledge, affordability, and availability, along with 

sociodemographic factors such as gender, ethnicity, 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 life may impact QOL as well. Heterogeneity of designs and populations 

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

The general populationτincluding groups with health concernsτhave shown that 

healthier overall diet quality is associated with higher QOL. Higher diet quality may promote 

health and reduce inflammatory processes. Substituting refined grains with whole grains 

(Vanegas et al., 2017) as well as higher adherence to the Mediterranean Diet (Ghosh et al., 

2020) have been shown to increase gut microbes that are beneficial to health and reduce 

inflammatory processesτwhich are associated with QOL.  

Diet Quality and QOL of Adults in the General Population  

Presented below are several of the most recent studies exploring the association 

between self-perceived health-related QOL and diet quality in an adult population. 

Bonaccio et al. (2013) performed a cross-sectional analysis of a population from the 

Moli-sani Project, an Italian population cohort study, excluding individuals with serious medical 

conditions [n = 16,937, age: 52(10.8) yrs, ~52% female]. They examined HRQOL, using the 

Italian Short Form Health Related QOL survey (SF-36), and its association to diet, using a 

validated 188-item FFQ and the Mediterranean Diet Score (MDS) (Trichopoulou et al., 2003). 

They reported that higher adherence to the Mediterranean diet was correlated with higher 

mental components of QOL scores, with similar inverse associations prior to adjustments, after 

controlling for antioxidants and fiber intake (all pΩǎ < 0.001). They found physical health was 

associated with food components instead of the overall diet. Specifically, they reported physical 

health as being positively associated with the highest adherence to consumption of olive oil and 

vegetables (OR: 1.28, 95% CI: [1.09, 1.51], p = 0.002), with lower consumption of eggs and 
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sweets (OR: 1.25, 95% CI: [1.08, 1.44], p = 0.05), and negatively associated with higher 

consumption of meat and pasta (p = 0.015).  

Darviri et al. (2012) conducted a cross-sectional analysis of the determinants of self-

rated health (SRH) among rural Greek adults living in the Tripoli area (n = 1,519, 56.9% female, 

32% under 45, 27% between 45-65%, 41% 65+ years]. They used SRH as a measure of health-

related QOL. Six questions were used to determine adherence to the Mediterranean diet. Using 

multinomial regression analysis and adjusting for a number of potential confounders, they 

determined that a healthier diet explained 2.1% of the variance of the model. They found that 

highest versus lowest quality diets had a significantly higher odds ratio of reporting very good 

rather than poor QOL [OR: 1.89 (1.2-2.97) p < 0.05] and similar significant results for moderate 

versus poor diet quality [OR: 1.64 (1.1-2.46), p < 0.05]. Being female and older and having 

health issues and less education were associated with reduced QOL. Regular exercise, quality of 

sleep, and religiosity ratings had higher odds of increasing QOL, but explained less of their 

ƳƻŘŜƭΩǎ ǾŀǊƛŀƴŎŜΦ   

Ford et al. (2014) conducted a cross-sectional analysis of a population of older adults 

living in rural Pennsylvania as part of the Geisinger Rural Aging Study to determine the 

relationship between diet quality and self-rated health [ni = 5,993, nf = 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 Healthy Eating Index-2005 and the Health and Activities Index (HALex) for 

health-related quality life. They found that participants with diets considered unhealthy [0.70, 

95% CI (0.69,0.72), p < 0.05] or borderline [0.71, 95% CI (0.70,0.73), p < 0.05], compared with 

healthy diets [0.75, 95% CI (0.73,0.77)], had significantly lower HALex scoring, even adjusting 
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for confounders, whereas those in the BMI categories of underweight, obese II, or obese III 

were also associated with reduced QOL scores. 

Germain et al. (2013) conducted a 12-year prospective observational cohort study of a 

French population [ni = 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 examined the association between HR-QOL, using the SF-36, and adherence to national 

diet recommendations, as periodically measured by at least three 24-hour dietary recalls, and 

adherence with the Programme National Nutrition Santé-Guideline Score (PNNS-GS). Over the 

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)], both p < 0.0001. After 

confounder adjustments, higher adherence to diet recommendations was positively associated 

with initial mental functioning (p < 0.001) and, at follow-up, with both components (p < 0.05), 

but with higher physical functioning (ß = 0.20) than mental (ß = 0.17). This implied that 

adherence to national dietary recommendations may be associated with better aging-related 

physical aspects of QOL longitudinally and, to a lesser extent, mental aspects of QOL in a 

generally healthy, middle-aged French population. 

Gopinath et al. (2014) performed a 5-year prospective observational cohort study of 

participants of community-living older adults (>55 years, ~60% female) from an Australian 

community vision study (ni = 1,305, nf = 895) to determine the association between diet 

qualityτusing a FFQ, the modified Australian diet index and the Australian guide to healthy 

eatingτand health-related quality of life (HR-QOL)τusing the 36-Item Short Form Health 

Survey (SF-36). They concluded that participants with higher diet quality at baseline had 
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significantly better HR-QOL longitudinally, including better physical functioning (p = 0.003), 

general health (p = 0.02), vitality (p = 0.001), and physical composite scores (p = 0.003). They 

reported that males (p < 0.00001) and current smokers (p = 0.02) had particularly higher 

likelihood of poorer diets. 

Sánchez et al. (2012) performed a 4-year prospective cohort study as part of the SUN 

Project (Seguimiento Universidad de Navarra), a continuously enrolling cross-sectional cohort 

multidisciplinary study of Spanish college graduates [age: ~38 yrs, 57.9% female, n = 11,015]. 

They examined HR-QOL, using the Spanish version of the SF-36, and adherence to the 

Mediterranean diet, using a validated 136-item FFQ and the 9-point Mediterranean Diet Index 

(Trichopoulou et al., 2003). After multivariate adjustments, results showed significantly higher 

diet quality and longitudinal associations with multiple components of QOL [physical 

functioning (p < 0.001), role physical (p = 0.005), bodily pain (p = 0.005), general health 

(p < 0.001), and vitality (p < 0.001)]. This implied that clinically significant differences in QOL 

may be associated with higher adherence to the traditional Mediterranean diet in an educated, 

healthy, young adult population. 

Plaisted et al. (1999) conducted an 11-week, positive quality, randomized control trial 

(RCT) of diet in an American population [ni = 105, age: 45.3 (10.7) years, 45% female, attrition: 

20.9%] to examine HR-QOL, using the SF-36, and its association with diet quality, by recording 

actual food intake. Individuals were randomized into three diet groups and provided food ad 

libitum: (a) the control group, the typical American diet; (b) the American diet, with additional 

fruits and vegetables; and (c) the DASH diet, which emphasized fruits, vegetables, whole grains, 

legumes, nuts, low-fat dairy, poultry, and fish, but limited red meat, fat, sweets, and sugar-
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sweetened beverages. Although improvements in QOL were seen in all groups, they noted that 

only the individuals in the DASH diet, the arm of the study with the highest overall quality, 

showed significant improvement in multiple QOL subcomponents from pretest baseline 

[Change % (SD)τbodily pain: 9.3 (16.0), p < 0.01, vitality: 6.2 (15.0), p < 0.05]. In addition, the 

DASH group was the only one that had significantly better scores than the control condition and 

pretest baseline measure on the QOL subcomponent change in health [Change %(SD)τDASH: 

5.9 (12.3) vs. control: -6.2 (11.1), p < 0.05]. This suggested that adherence to the DASH diet 

compared to the more typical American diet may be associated with significant improvements 

in QOL, regardless of weight classification. 

Discussion of Diet Quality and QOL of Adults in the General Population 

In adults, a limited body of research has suggested that better diet quality is positively 

associated with higher health-related QOL. Significantly better functioning was noted among 

the physical components, with some or less impact on mental components for all studies 

except Bonaccio et al. (2013)τthe largest of the studies with 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 reported to have lower quality diets (Gopinath et al., 2014), but 

not necessarily lower perceived HR-QOL, which may be dependent on unmeasured 

confounders like level of physical activity or socialization. Notably, Germain et al. (2013) also 

reported that >60 min/d exercise was much more strongly associated with both components of 

HR-QOL than diet (4-10x greater ß values). 

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

Mediterranean Diet Index (Bonaccio et al., Germain et al., Sánchez et al.), although some used 
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national standards (Germain et al., Gopinath et al.), and another group of researchers used the 

DASH index (Plaisted et al.). All of these studies defined a high-quality diet as a pattern that 

emphasizes the consumption of vegetables, fruits, whole grains, legumes, nuts, and fish, with 

limited intake of meats, although some also included moderate intake of alcohol and olive oil, 

with limited meats, sweets, and sugar-sweetened beverages. They assessed dietary intake 

based on either FFQs (Bonaccio et al., Gopinath et al., Sánchez et al.), diet recalls (Germain et 

al.), or actual intake (Plaisted et al.). All of the studies used the Short Form health-related QOL 

survey, SF-36, to assess QOL. Self-report of dietary intake may not reflect actual intake. All 

studies used a priori analysis and found similar results, with Bonaccio et al. (2013) adding the  

a posteriori of principal 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 al., Germain et al., Sánchez et al.), 

lasting from 4 to 12 years, suggesting adults may have longitudinal effects from baseline diets. 

Only Bonaccio et al. was cross-sectional. The size varied significantly among studies. Two were 

relatively large: Bonaccio et al. (n = 16,937) and Sánchez et al. (n = 11,015). Two were mid-sized: 

Germain et al. (n = 3,005) and Gopinath et al. (n = 895), while Plaisted et al. was small (n = 105). 

Except for the participants in two studies (Plaisted et al.: 45.3 [10.7] years; Sánchez et 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 the United States.  
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The one RCT and U.S. study (Plaisted et al., 1999) provided evidence suggesting that the 

typical American diet results in low HR-QOL, compared with a pattern of higher nutrient 

density. More long-term cohort and RCTs are needed to determine causation. 

See Table 8, for Overview of Quality of Life and Diet Quality Studies in Generally Healthy 

Adults 

Table 8. Overview of Quality of Life and Diet Quality Studies in Generally Healthy Adults 

First Author 
Country (year) 

Design 
Population(s) 

Measures 
Diet Assessment 

Diet Quality 
QOL measures 

Main Conclusion 

Bonaccio  
Italy (2013) 
 
Cross-sectional 
 

Moli-sani Project 
Avg. age (years): 53 (10.8)  
~52% female 
n = 16,937 

¶ FFQ 

¶ MDS/ IMI 

¶ SF-36 

Higher adherence to diet index 
associated with higher QOL, 
with greater association to 
mental than physical health.  
With a posteri analysis, 
relationship between QOL and 
diet quality appears correlated 
to antioxidant and fiber intake. 

Darviri  
Greece (2012) 
 
Cross-sectional 
 

Rural Tripoli 
Adultsτall ages 
56.9% female 
n = 1,519 

¶ Modified MDS 

¶ SRH 

Healthier diet significantly 
associated with higher self-
rated health in multivariate 
model, explaining 2.1% of the 
model variance.   

Ford  
USA (2014) 
 
Cross-sectional 
 

Rural Pennsylvania 
Age (years): 81.5 (4.4)  
57% female 
n = 4,009 

¶ DST 

¶ HALex 

Self-rated health and limitations 
were significantly greater in 
those with unhealthy and 
borderline diets. Underweight 
and obesity (class II and III)  
BMI categories were also 
significantly associated with 
reduced scoring. 

Germain  
France (2013) 
 
Prospective 
Cross-sectional  

Duration: 12 yrs 
Avg. age (years): 51.4 (4.3)  
46.5% female 
n = 3,005 

¶ >3 24-hour diet 
recalls 

¶ PNNS-GS diet 
index 

¶ SF-36 (PCS  
and MCS 
components) 

Higher diet quality had 
significant association with HR-
QOL, with a greater association 
on physical components, 
limited association with mental 
components. 
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Table 8 (continued) 

First Author 
Country (year) 

Design 
Population(s) 

Measures 
Diet Assessment 

Diet Quality 
QOL measures 

Main Conclusion 

Gopinath  
Australia (2014) 
 
Cross-sectional 
 

Duration:  
5 years 
Age (years): (>55+) 
~60% female 
n = 895  
 

¶ FFQ  

¶ Modified 
Australian diet 
index and the 
Australian guide 
to healthy eating 

¶ SF-36 

Higher diet quality 
prospectively associated with 
better HR-QOL in older adults. 
Significantly better physical 
functioning, general health, 
vitality, and physical composite 
scores. 

Sánchez  
Spain (2012) 
 
Prospective Cross-
sectional 

SUN Project  
Duration: 4 yrs 
Avg. age: ~38 yrs 
57.9% female 
n= 11,015 

¶ FFQ 

¶ MED index 

¶ SF-36 

Higher diet quality with 
improvements over time 
associated with components of 
HR-QOL (all physical and some 
mental domains) in a young 
adult population.   

Plaisted  
U.S. (1999) 
 
RCT 
 

Duration: 11 weeks 
Avg. age (years): 45.3(10.7)  
45% female 
Initial n = 105 
Final n = 83 

Food provided: 
(i) American diet 
(control) 
(ii) American diet + 
F&V 
(iii) DASH diet  
SF-36 

Only the highest diet quality 
arm, the DASH diet, significantly 
improved multiple components 
of QOL against the control 
group and from baseline 
measures. 

 

Diet Quality and QOL of Adolescents in the General Population 

Esteban-Gonzalo et al. (2019) studied children and adolescents in Spain who were part 

ƻŦ ǘƘŜ ¦t ϧ 5h²b ƭƻƴƎƛǘǳŘƛƴŀƭ ǎǘǳŘȅ ƻƴ 5ƻǿƴΩǎ {ȅƴŘǊƻƳŜ ōǳǘ ŘƛŘ ƴƻǘ ƘŀǾŜ ǘƘŜ ŎƻƴŘƛǘƛƻƴ ŦƻǊ н 

years. They examined adherence to the Mediterranean diet, using the KIDMED instrument, and 

HR-QOL, using the KIDSCREEN-10 instrument, along with the PANAS scale to measure positive 

and negative affect. There were cross-sectional associations between diet quality scores and 

QOL and well-being scores, but no longitudinal associations for either scores. As children 

showed more signs of puberty, their diet scores, QOL scores, and positive and negative 
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affective scores decreased (all pΩǎ ғ лΦллмύΦ aŀƭŜǎ ƘŀŘ ƘƛƎƘŜǊ ŘƛŜǘ ŀƴŘ vh[ ǎŎƻǊŜǎ ŀǘ ōƻǘƘ 

points. Implications were that diet quality may fluctuate as children proceed into adolescence, 

which is associated with QOL. 

Muros et al. (2017) recruited adolescents (n = 496, 47.3% female) between the age of 11 

and 14 years from five public schools in Granada, Spain, for a cross-sectional observational 

study of the association between adherence to the Mediterranean diet, using KIDMED, and  

HR-QOL, using KIDSCREEN-27. Higher diet quality was associated with significantly higher HR-

QOL. Adherence to the Mediterranean diet and higher BMI contributed about the same amount 

of predictive value (~4%) of HR-QOL, while physical activity contributed nearly three times as 

much (~11%) of the variance.  

Schnettler et al. (2017) conducted a cross-sectional observational study of 300 two-

parent families with one child aged 10 years or older [mean age 13.2 (2.3) years, 48.7% female] 

ƛƴ ¢ŜƳǳŎƻΣ /ƘƛƭŜΦ ¢ƘŜȅ ŜȄŀƳƛƴŜŘ ǘƘŜ ŀǎǎƻŎƛŀǘƛƻƴ ƻŦ ŘƛŜǘ ǉǳŀƭƛǘȅΣ ǳǎƛƴƎ ŀƴ ŀŘŀǇǘŜŘ I9L όŀΩI9LύΣ 

with psychometric properties using the Satisfaction with Life Scale (SWLS), Satisfaction with 

Family Life (SWFaL), and Satisfaction with Food-related 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 number of health-ŀǎǎƻŎƛŀǘŜŘ ōŜƘŀǾƛƻǊǎΣ ƭƛƪŜ ΨŜŀǘ ƘƻƳŜƳŀŘŜ ŦƻƻŘǎΩ 

(p < лΦлрύ ƻǊ ΨŜŀǘ ƭŜǎǎ ŀǘ Ŧŀǎǘ ŦƻƻŘ ǊŜǎǘŀǳǊŀƴǘǎΩ όp < 0.004); and had mothers with different 

ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎΣ ǎǳŎƘ ŀǎ ΨŎƻƴǎƛŘŜǊŜŘ ŦƻƻŘ ƛƳǇƻǊǘŀƴǘ ǘƻ ǿŜƭƭ-ōŜƛƴƎΩ όp < 0.009) or had a normal 

BMI (p < 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 individuals had diet patterns that required changes or 
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were unhealthy, with high intake of ultra-processed foods; overall, 14.7%, 5.3%, and 11.3% of 

mothers, fathers, and children, respectively, had what would be considered healthy diets. This 

implied that greater diet quality 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 cross-sectional study of 400 urban Greek high school 

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 HR-QOL, using the KIDSCREEN-27 instrument. 

They found higher diet quality was positively associated with total and all HR-QOL 

subcomponents, except school environment. They reported a significant negative association 

between obesity and total HR-QOL, as well as physical well-being, peers and social support, and 

ŀǳǘƻƴƻƳȅ ŀƴŘ ǇŀǊŜƴǘǎΩ ǎǳōŎƻƳǇƻƴŜƴǘǎΦ ¢ƘŜȅ ŀƭǎƻ ŦƻǳƴŘ a significant negative association 

between disordered eating behavior and total HR-QOL, along with the subcomponents of 

psychological well-being, parents and autonomy, and school environment. In a multiple 

regression analysis, they also noted a positive association with HR-QOL and the number of 

family meals as well as a negative association with increasing age. 

Bolton et al. (2016) conducted a cross-sectional study of 1,144 Australian adolescents 

[rural n = 722, 54% F, avg age: 14.55 (1.52) years; urban: n = 422, 40.9% F, avg age: 14.77 (1.51) 

years, 19 schools surveyed] to assess whether there was a relationship between diet quality 

and QOL. Diet quality was assessed by a 10-item questionnaire which determined if their diet 

was healthy or unhealthy. QOL was assessed using the Assessment of Quality of Life (AqoL) 

AqoL-6D Adolescent HR-QOL 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), while increases in unhealthy diet scores were associated with lowered QOL scores  

(p < 0.05). Males had higher QOL scores compared with females (p  < 0.01), despite having 

comparatively lower quality diets compared to females (p < 0.001). Rural adolescents had 

higher diet quality and higher QOL (p < 0.001). They also had fewer soft drinks, ate less takeout 

food, and tended to eat breakfast more regularly, compared with urban students (p < 0.05).  

Costarelli et al. (2013) performed a cross-sectional study of 359 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 HR-QOL, using KIDSCREEN-27. Their 

analysis found higher diet quality was positively correlated with all components of HR-QOL. In 

their full model, higher diet scores (p = 0.000), maternal education (p = 0.013), and number of 

family meals (p = 0.001) were most highly associated with increased QOL. 

Discussion of Diet Quality and QOL of Adolescents in the General Population 

A number of studies have examined the overall diet pattern of adolescents (generally 

age 13-19 years) to QOL. Esteban-Gonzalo et al.Ωǎ (2019) study was longitudinal, while all the 

others were cross-sectional. Two were from Greece (Costarelli et al., 2013; Zervaki et al., 2017), 

and one each was from Australia (Bolton et al., 2016), Chile (Schnettler et al., 2017), and Spain 

(Esteban-Gonzalo et al., 2019). Three used a version of the KIDMED instrument (Costerelli et al., 

Esteban-Gonzalo 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 cross-sectional association between diet 

quality and QOL. However, some subtle differences existed in the results. The one longitudinal 
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study by Esteban-Gonzalo et al. (2019) found that, unlike adults, diet quality did not 

longitudinally predict future QOL since as children aged a couple of years into adolescence,  

their positive affective scores decreased; this suggests childhood may produce more 

fluctuations than adulthood.  

There were differences based on gender, physical activity level, and BMI. Some 

researchers also found that boys had higher diet quality and QOL scores at baseline and after 

entering adolescence. Bolton et al. (2016) found 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 but not as negatively 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 physical subcomponent score 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 activity. Similarly, 

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., 2013), which noted that accounting for physical activity levels (>60 

min/day), was (4-10%) more predictive of QOL scores than diet quality alone.  

Two studies took family factors into account (Costarelli et al., 2013; Schnettler et al., 

2017). Both found higher diet quality and QOL were associated with maternal education and 

ǘƘŜ ƴǳƳōŜǊ ƻŦ ŦŀƳƛƭȅ ƳŜŀƭǎΦ {ŎƘƴŜǘǘƭŜǊ Ŝǘ ŀƭΦ ŀƭǎƻ ŦƻǳƴŘ ǘƘŀǘ ǘƘŜ ŎƘƛƭŘΩǎ ƳŜŀƭǎ ǿŜǊŜ ƳƻǊŜ 

ŎƭƻǎŜƭȅ ŎƻǊǊŜƭŀǘŜŘ ǿƛǘƘ ǘƘŜ ŘƛŜǘ ǉǳŀƭƛǘȅ ƻŦ ǘƘŜ ƳƻǘƘŜǊΩǎ ƳŜŀƭǎΦ  
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In the one study that compared rural to urban students, rural students were reported as 

having higher diet and QOL scores (Bolton et al., 2016). The 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 measures might have some limits, as none provided as in-depth detail as a 

detailed FFQ, 24-hour 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 study, lasting only 2 years, which limited its ability to predict causation. 

See Table 9, for an Overview: QOL and Overall Diet Quality Studies in Generally Healthy 

Adolescents 

Summary of Diet Quality in the General Population QOL  

Adherence to higher quality diet patterns has been positively associated with self-

reports of health-related QOL in generally healthy adolescents and adult populations. Currently, 

a limited number of studies are heterogeneous in demographics, measures, and methods. 

Different domains of QOL may be impacted differently and may be dependent on 

sociodemographic factors, including familial relations, age, life stage, and gender. More 

prospective and randomized trails are needed. 

QOL and Diet of Chronic Disease Populations 

Numerous studies have shown positive associations between adherence to higher diet 

quality and QOL in patients while dealing with illness. However, if the diet is felt to be 

restrictive, regardless of health-promoting effects, it has not always had a positive association 

with QOL.  



 

124 
 

Table 9. Overview: QOL and Overall Diet Quality Studies in Generally Healthy Adolescents 

First Author 
Country (year) 

 
Design 

Population(s) 

Measures 
Diet Assessment 

Diet Quality 
QOL measures 

Main Conclusion 

Bolton  
Australia (2016) 
 
Cross-sectional  
 

Rural: 
n = 722, 54% female 
14.55 (1.52) yrs 
Urban:  
n = 422, 40.9% female 
14.77 (1.51) yrs 

¶ Healthy/ unhealthy 
diet score based on 
10 item questionnaire 

¶ AqoL 

Higher diet quality associated with 
increased QOL scores. Males had 
higher QOL scores compared with 
females, even with comparatively 
lower quality diets. Rural students 
had higher diet quality and higher 
QOL. 

Costarelli 
Greece (2012) 
 
Cross-sectional 

High schoolers 
n = 359 
53.7% Female 
13.1 (0.5) years 

¶ KIDMED 

¶ KIDSCREEN-27 

Higher QOL significantly and 
positively associated with higher diet 
quality, maternal education, and 
number of family meals. 

Esteban-Gonzalo  
Spain (2019) 
 
Prospective cohort 
 

2 years 
n = 798 
~14 years 

¶ KIDMED 

¶ KIDSCREEN-10 

¶ PANAS 

MED scores had baseline and final 
cross-sectional association to QOL 
and well-being scoring. However, 
MED scores at baseline were not 
predictive of follow-up MED scores, 
QOL or well-being scores. 

Muros  
Spain (2017) 
 
Cross-sectional 

n = 456 
51.5% female 
11-14 years 

¶ KIDMED 

¶ KIDSCREEN 

High diet quality significantly 
associated with higher QOL. Both 
diet quality and BMI were similar in 
predicting QOL, while PA had 3x the 
impact. 

Schnetttler  
Chile (2017) 
 
Cross-sectional  
 

n =300 Children and 
parent triads  
Children: 
48.7% female 
13.2 (2.3) years 
10-17 years 

¶ AHEI & questionnaire 

¶ SWLS, SWFol, SWFal 

Participants with higher quality diets 
had higher life satisfaction on all 
variables. In families with higher 
overall diet scores, diet of mother 
and child more closely correlated 
than the fathŜǊΩǎΣ ǿƘƛŎƘ ǿŀǎ ƭƻǿŜǊΦ  

Zervaki  
Greece (2017) 
 
Cross-sectional 

Urban 
n = 400 
50.5% Female 
15.8 (1.03) years 

¶ KIDMED 

¶ KIDSCREEN-36 

MED scores positively associated 
with HR-QOL. Obesity and 
disordered eating negatively 
correlated with MED and QOL 
scores. 

 

Note: QOL: Quality of life; MED: AqoL: Assessment of Quality of Life; Mediterranean diet; AHEI: adapted Healthy 
Eating Index; SWLS: Satisfaction with Life Scale; SWFaL: Satisfaction with Family Life; SWFoL: Satisfaction with 
Food-related Life. 
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Higher diet quality and high QOL scores. Numerous 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 (Wayne et al., 2006). 

Researchers have correlated higher adherence to diet recommendations for hemodialysis 

patients (n = 60) with better outcomes and multiple aspects of QOL (Raimundo et al., 2006). In 

examining a large cohort in an osteoporosis study (n = 4470), researchers 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 et al., 2016). Researchers associated adhering to diet 

recommendations for outpatients (n = 168) with chronic obstructive pulmonary disease (COPD) 

with higher QOL (Nguyen et al., 2019).  

Restrictive diets and reduced QOL. It is unclear whether diet promotion for optimal 

health is always positive for QOL. In a systematic review of studies (n = 24) to determine 

whether dietary interventions were designed to promote weight loss by reducing energy intake 

found little evidence that weight loss diets increased QOL (Carson 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 behavioral health issues. Some 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 (DGACΣ нлмрΤ hΩbeil et al., 2014; Wu et al., 2019). 
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Quality of Life and Diet Quality of Life of Patients with Celiac Disease 

There is no known research on the relationship between adherence to a GFD and 

national or other diet quality recommendations (based on food groups) conducted with 

individuals who have CeD and quality of life. Intriguingly, 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). These researchers noted that diet quality of children with CeD 

as well as younger children (<10 years) and non-Caucasians 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 association between diet quality or level of processing and QOL was reported.  

Understanding how diet quality is associated with QOL among populations with CeD 

could be important in making clinical treatment recommendations and providing nutrition 

education. It is possible that higher quality diet may be helpful to improve QOL.  

Study Rationale 

Nutrient interactions can be complex. Increasingly, researchers are recognizing the 

benefits of providing food-based recommendations, including clearer communication of 

nutrition advice to lay people. In recognition of this trend, studies have recently (within the last 

5 years) started being published on how individuals with CeD adhere to overall diet quality or 

food group recommendations (see Table 7 above). Research in the general population has 

associated diet quality, including level of processing, with morbidity and mortality. However, 

food availability and food patterns have been known to vary by culture, yet no overall diet 

quality research has been conducted with Americans with CeD. 
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Adherence to a GFD has been associated with improved QOL for individuals with CeD 

adherent to the GFD. In generally healthy populations, higher diet quality has been positively 

associated with increased QOL, and ultra-processing has been related to morbidity and 

mortality, which has separately been associated with QOL. No research on the relationship 

between diet quality, ultra-processing, and QOL in a population with CeD has been conducted. 

This dissertation explored the link between diet quality, ultra-processing, and QOL in 

adolescents and adults with CeD. Various diet quality indices and diet categorizations were 

used to explore this relationship. 
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Chapter III: Methods 

The purpose of this chapter is to provide an overview of the study methods. 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 data analysis plan. 

Overview 

The goal of this study was to explore the eating patterns of a sample of adults (age 18+ 

years) and teens (age 13-17 years) with celiac disease (CeD) in terms of diet quality and level of 

processing, and its relation to quality of life (QOL), if any. All analysis was of secondary data. 

Participants provided three 24-hour dietary recalls, guided by an interviewer either in person or 

by phone. In addition, to determine perceived QOL, each participant completed a validated QOL 

assessment instrument, the CeD-Quality of Life (CDQOL) survey for adults, and the CeD 

Pediatric-Quality of Life (CDPQOL) survey for teens. The study sample was compared with a 

nationally representative sample of the United States (U.S.) from the National Health and 

Nutrition Examination Survey (NHANES). Health-related quality of life (HRQOL), diet quality, and 

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 performed a secondary analysis of a cross-sectional, prospective cohort 

study. Participants were told to expect one in-person interview lasting approximately 2 hours 

and two interviews by phone lasting approximately 30 minutes each. The two phone interviews 

were to 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. The in-person interviews were conducted at 

the Irving Institution for Clinical and Translational Research at Columbia University 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 at Columbia University Medical Center (Celiac Center) 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 (age 13-17 

years) and 30 adults (age 18 years or older). Inclusion criteria included self-identifying 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 needed to be willing to participate 

in three interviews over a 1-month period. To adhere to practice recommendations within the 

U.S. for diagnosis, exclusion included anyone who reported not having been diagnosed with 

CeD, being self-diagnosed, or diagnosed through serology alone. Participants were also 

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 excluded. (See 

Appendix A for enrollment forms.) Teens who completed the study were offered 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 interview to correspond 

with an upcoming appointment date at the Celiac Center. 
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Funding  

The study was supported by funding from ǘƘŜ tǊƻǾƻǎǘΩǎ LƴǾŜǎǘƳŜƴǘ CǳƴŘ ŀƴŘ ǘƘŜ 

Provost Doctoral Dissertation Grant at Teachers College, Columbia University. In addition, the 

Irving Institute, where interviews were conducted and the study staff were trained to conduct 

the 24-hour diet recalls, operates with the support of grants from the National Institute of 

IŜŀƭǘƘΩǎ (NIH) National Center for Advancing Translational Science grant #UL1 TR000040 

provided to Columbia University. 

Ethical Approval 

Prior to enrollment, written consent and assent were obtained for participants and 

parents, as applicable, according to the Institutional Review Boards (IRB) of Columbia University 

Medical Center and Teachers College (approved on 1/21/2016), per protocol IRB-AAAQ6529 

and consent numbered CF-AAAS9018 for adult participants, CF-AAAS9085 for parental consent 

of teens, and CF-AAAS9084 for assent of adolescent participants. 

Secondary data analysis was initially approved per protocol 19-421 by the IRB of 

Teachers College on 07/11/2019 as exempt, with subsequent approval for continued extended 

studied on 11/10/2020. (See Appendix A for letters from the IRBs.) 

Sample Data Collection and Instruments 

Demographics and Medical History 

Demographic variables were collected during the final interview (time 3) and included: 

gender (male/female); ethnicity/race (Hispanic or Latino, White, Black, Asian, or other); highest 

level of education completed (less than high school and grade school, high school graduate, 

some college, 4-year college graduate, postgraduate training); interactions with a registered 



 

131 
 

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 proxy for socioeconomic 

status); along with medical history variables of self-reported weight (pounds) and height (feet 

and inches), which the researcher used to calculate body mass index (BMI). Participants were 

asked as part of the eligibility screening the number of years since CeD diagnosis. 

Quality of Life Measures 

Two validated instruments were used. Adults completed the Celiac Disease Quality of 

Life (CDQOL) questionnaire. Adolescent participants completed the Celiac Disease Quality of 

Life (CDPQOL) questionnaire for 13-17 years old. (See Appendix A.) 

Celiac Disease Specific Quality of Life. The CDQOL is a 20-item validated survey 

instrument used to assess CeD-specific QOL for adults (aged 18 years and older) (Dorn et al., 

2010). It captures four main disease-specific domains including: limitations (like, άL ŦŜŜƭ ƭƛƳƛǘŜŘ 

ōȅ ǘƘƛǎ ŘƛǎŜŀǎŜέύΣ ŘȅǎǇƘƻǊƛŀ όlike, άL ŦŜŜƭ ŦǊƛƎƘǘŜƴŜŘ ōȅ ƘŀǾƛƴƎ ǘƘƛǎ ŘƛǎŜŀǎŜέύΣ ƛƴŀŘŜǉǳŀǘŜ 

treatment (like, άL ŦŜŜƭ ǘƘŀǘ ǘƘŜǊŜ ŀǊŜ ƴƻǘ ŜƴƻǳƎƘ ŎƘƻƛŎŜǎ ŦƻǊ ǘǊŜŀǘƳŜƴǘέύΣ ŀƴŘ ƘŜŀƭǘƘ ŎƻƴŎŜǊƴǎ 

(like, άI feel concerned that my long-ǘŜǊƳ ƘŜŀƭǘƘ ǿƛƭƭ ōŜ ŀŦŦŜŎǘŜŘέύΦ Lǘ ƛǎ ǊŜǾŜǊǎŜ-scored, on a  

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 et al., 2010). 

The researchers who developed it first recruited a focus group of adults in a CeD-support group 

(n = 19) in Westchester County, NY, to qualitatively describe concerns which affected their QOL 

relating to living with CeD that would be most responsive to treatment. These concerns were 

translated into themes, then questions. Questions were further refined into questions with a 

Likert scale by a team of medical professionals at Columbia University who specialized in the 
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treatment of individuals with CeD. These new questions were administered to another group 

who had CeD (n = 17) drawn from another support group in Suffolk County, NY, and patients 

from Columbia University. Further refinements occurred after feedback. A third round of 

testing and revisions occurred after administration to individuals from a community CeD-

support group in Central Long Island, NY (n = 44). Factor analysis was used to eliminate 

questions which performed poorly or did not add substantially to predicting the overall score.  

The tƻƻƭ ǿŀǎ ŦƻǳƴŘ ǘƻ ōŜ ƛƴǘŜǊƴŀƭƭȅ ŎƻƴǎƛǎǘŜƴǘ ŀƴŘ ƘƛƎƘƭȅ ǊŜƭƛŀōƭŜ ǳǎƛƴƎ /ǊƻƴōŀŎƘΩǎ 

alpha. It was validated using a fourth group of participants (n = 387) drawn from the Celiac 

Disease Center and support groups in Central Long Island, NY, along with Northern Ohio. The 

validation process tested construct, convergent, and discriminate validity using a series of 

psychometric tools, including a single-item health-related QOL (How would you rate your QOL 

related to your illness?: 1= poor, 2 = fair, 3 = good, 4 = very good, 5 = excellent.), the Brief 

Symptom Inventory (BSI = 18), the Sickness Impact Profile (SIP), and the 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 found to be moderately correlated with each validation tool. The validation 

study suggested that a point difference of about 10 points between patientsΩ overall scores was 

clinically meaningful. 

Celiac Disease Pediatric Specific Quality of Life. The CDPQOL is a 17-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 distinct domains including: social (like, άL ŦŜŜƭ ōŀŘ ǿƘŜƴ ƻǘƘŜǊǎ ŦƻǊƎŜǘ 

ǘƘŀǘ L ƘŀǾŜ ŎŜƭƛŀŎ ŘƛǎŜŀǎŜέύΣ ŘȅǎǇƘƻǊƛŀ όlike, άL ŦŜŜƭ ƭƛƪŜ ŀ ōǳǊŘŜƴ ƻƴ ƻǘƘŜǊǎέύΣ ƛǎƻƭŀǘƛƻƴ όlike, άL 

ŦŜŜƭ ŘƛŦŦŜǊŜƴǘ ǿƘŜƴ L ŀƳ ŀǘ ǎŎƘƻƻƭέύΣ ŀƴŘ ƭƛƳƛǘŀǘƛƻƴǎ όlike, άL ŀǾƻƛŘ ƎƻƛƴƎ ǘƻ ǇŀǊǘƛŜǎ ƻǊ ŜǾŜƴǘǎέύΦ Lǘ 
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is reverse-scored, on a 4-point 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 participants would be clinically meaningful. 

Jordan et al. (2013) used a multi-step process to develop and validate the tool. The 

researchers first recruited focus groups of children living in the New York tri-state area, aged 8 

to 18 years old (n = 12), who self-reported CeD and being highly adherent to the GFD (>99%)τ

who were associated with CeD-support groups, pediatric gastroenterologist and 

gastroenterologist, email, and word of mouthτto qualitatively describe concerns which 

affected their QOL relating to living with CeD that would be most responsive to treatment and 

appropriate for patients living in the U.S. They tape-recorded the focus group discussions, then 

transcribed, discussed, and analyzed them by an expert panel. Eventually, they developed two 

preliminary instruments yearsτone for ages 8-12 years and another for ages 13-18. An 

additional set of focus groups (n = 11) were recruited (same as prior means/criteria) to review 

these instruments for comprehension, semantics, and applicability. After revisions from this 

feedback, a second round of expert review was completed, with further adjustments.  

The instrument was then evaluated using children throughout the U.S. (n = 181). 

Exploratory factor analysis was used to select the items used in the final instruments. Principal 

axis factoring with a pro-max rotation (using a kappa parameter of 4) was used to develop the 

model. Only items with eigenvalues greater than 1 were selected, where individual item-factors 

had to have loading factors of at least 0.36 to be considered for inclusion. Construct validity was 

accomplished by finding moderate Pearson correlation ranges between the instruments and 

several other instruments associated with measuring the assorted concepts the tool hoped to 
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incorporate, which included psychosocial, social, and school functioning dimensions from the 

PedsQL (a validated generic QOL instrument), as well as the Physical Health Summary. Reading 

level assessment was shown to have a Flesch-Kincaid reading grade level of 4.3 for the 8-12 

year-old instrument and 3.4 for the 13-18 year-old instrument. 

Gluten-Free Dietary Adherence 

Celiac Dietary Adherence Test (CDAT). The CDAT is a validated (Leffler et al., 2009),  

7-item self-administered questionnaire. Each item is measured on a 5-point scale (1-5) and 

covers a range of items associated with greater symptoms or poor adherence, such as 

symptoms within the last 30 days (like, headaches and low energy), as well as behaviors and 

attitudes related to maintaining a GFD (like, is able to follow a GFD outside of home, considers 

consequences before action, does not consider self a failure, importance to health of accidental 

gluten exposures, times purposefully consumed gluten in last 4 weeks). The sum of the total 

score will range from 7 to 35. Sums greater than 13 indicate poor adherence. (See Appendix A.) 

Diet Assessment 

Assessment of diet patterns was accomplished with three separate 24-hour diet recalls. 

An interviewer asked participants to describe in detail everything they ate or drank in the last 

24 hours. The first recall was at the initial in-person interview. The remaining two targeted one 

unannounced day on the weekend and another during the week via phone interview about  

2 weeks apart. At the first meeting, which was in-person, participants 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 Appendix A). They were asked to keep the 

packet at home for the two subsequent calls. 
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The multiple-pass method has been previously described and is a validated method for 

diet assessment, normally with five steps (Bliss, 2004; Raper, Perliff, Ingwersen, Steinfeldt, & 

Anand, 2004). An additional step was taken to check for unintended gluten 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 on what was consumed. Step 5 is reviewing what was 

written to check that the recall was correct. Step 6, for this special case, would be to probe for 

gluten contamination (for example, Does anyone share that equipment who uses regular wheat 

bread?) as well as brand, restaurant names, recipes, and so on to ensure that sources of gluten 

were thoroughly explored. Less common gluten-free packaged products that were noted by the 

participants were reviewed online with the participant and researchers together at the time of 

the recall; ingredient, nutrient, and/or label information was downloaded and attached to the 

recall for later analysis.  

¢ƘŜ ǊŜŎŀƭƭ ƛƴǘŜǊǾƛŜǿǎ ǿŜǊŜ ǊŜŎƻǊŘŜŘ ƻƴ ǇŀǇŜǊ ŦƻǊƳǎ ōȅ ƳŀǎǘŜǊΩǎ-level nutrition 

students, including the researcher from Teachers College, Columbia University, and 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 

¦ƴƛǾŜǊǎƛǘȅΩǎ .ƛƻ-nutrition Unit. They were then were asked to perform multiple recalls to 

increase inter-rater reliability. The supervising researcher reviewed recalls as soon as 

practicably possible to ensure completion and accuracy.  

The researcher personally transferred all completed handwritten recalls into the 

Nutrition Data System for Research (NDSR), version 2018 software. Recipes were included, 
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where available. If an exact product match was not available, the NDSR equivalent was 

selected, where available (like, NDSR jam or preserves, regǳƭŀǊ ǿŀǎ ǎǳōǎǘƛǘǳǘŜŘ ŦƻǊ ¢ǊŀŘŜǊ WƻŜΩǎ 

blueberry preserves, regular). NDSR had a number of gluten-free products included in the 

database as well as generic gluten-free 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 brands may have been 

different from the item captured in the NDSR database. If food choices or brands did not match 

ǘƘŜ ŜȄƛǎǘƛƴƎ b5{w ŘŀǘŀōŀǎŜ όƻǊ ŀƭƛƎƴ ǿƛǘƘ ǘƘŜ ǇǊƻŘǳŎǘΩǎ ƭŀǘŜǎǘ ƴǳǘǊƛŜƴǘ ŦŀŎǘǎ ƭŀōŜƭύ ŀƴŘ ŀ ǇǊƻŘǳŎǘ 

label was available, substitutions were made to align with ingredients, energy, and 

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

weight of the product (like, a recipe for Tinkyada brown rice spaghetti was developed as there 

were no adequate substitutions meeting criteriaτmost gluten-free 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 are more accurate with mass, which may partially explain differences in nutrient 

profiles determined with this method (Freuman, 2012). In cases where the label was 

unavailable, or a recipe could not be obtained as for foods from a restaurant or a ŦǊƛŜƴŘΩǎ Ƙome, 

substitutions were made by basing ingredients from recipes taken from NDSR or highly rated 

internet cooking sites (like, Allrecipes.com or equivalent sites). Some recipes were created by 

combining existing products within the NDSR database (for example, meal replacement drink 

was created using a combination of a meal replacement powder, whey protein powder, and 

water to match nutrient facts). (See Appendix C for a listing of substitutions.) If a participant 
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reported a range of values, the middle number was chosen (for example, if a participant said 

they ate 8-10 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 or volumes. 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 found on online sites. Another limitation was that there may be some instances where 

ŦƻƻŘ ŀƳƻǳƴǘǎ ŀƴŘ ǊŜŎƛǇŜǎ ǿŜǊŜ ƛƴǘŜǊǇǊŜǘŜŘ ǘƻ ǘƘŜ ōŜǎǘ ƻŦ ǘƘŜ ǊŜǎŜŀǊŎƘŜǊǎΩ ŀōƛƭƛǘƛŜǎΣ ōǳǘ ŘǳŜ to 

underlying cultural assumptions and not being able to actually observe the occasion, the foods 

recorded may not necessarily represent the actual foods consumed (like, 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 possible with the 5-step recall 

method and food diagrams). Validity 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 macronutrition measures (total calories, carbohydrates, 

proteins, fats, and gluten content) were found to be less than 5% per participant. Differences in 

coding for ultra-processed food categorization were discussed and solved by consensus. 

Diet Pattern Assessment 

Diet quality and level of food processing were used to determine eating patterns. Diet 

quality was assessed using two a priori diet indexes, the Healthy Eating Index (HEI) and the 

alternative Mediterranean Diet Index (AMED). Level of food processing was determined using 

the NOVA system. Use of an a priori method allows for 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. governmentΩǎ Recommended Daily 

Allowance (RDA) guidance.  

Healthy Eating Index. As detailed in the most recent validation paper (Reedy et al., 

2018), the Healthy Eating Index was originally designed to assessτas a summary measureτ

how well individual diets adhere to the recommendations provided by the Dietary Guidelines 

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 consumption patterns. Researchers are advised to assess diet based on the 

version of which aligns with the DGA in effect during the period when the data are collected. In 

this case, the HEI-2015 (HEI), aligns with the 2015-2020 DGA. Like the prior versions, the index 

has been updated every 5 years since 1995 (the year 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 diet-promoting health as well as a diet that reflects the DGA. For instance, the 

HEI was shown to have construct validity with high scoring in diets known to be associated with 

health and to have reliability ōȅ ōŜƛƴƎ ƛƴǘŜǊƴŀƭƭȅ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ŀ ƘƛƎƘ /ǊƻƴōŀŎƘΩǎ ŀƭǇƘŀ ǾŀƭǳŜΦ 

It breaks down the components of diet into 10 categories that are equally weighted, but for 

which subcategory scoring is slightly different: (a) adequacy groupsτfruits, vegetables, whole 

grains, dairy, protein, and fatty acids; and (b) moderation groupsτrefined grains, sodium, 

added sugars, and saturated fats.  

The HEI in 2015 also separately showed components that reflected saturated fat, limited 

to <8% of total calories for maximum points, and added sugar, limited to <10% of total calories 
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for maximum points. In assessing the ratio of fatty acids, the sum of polyunsaturated and 

monounsaturated fats, or healthy fats, is compared with saturated fats, generally considered 

unhealthy. This change may better reflect potential morbidities, particularly with regards to 

inflammatory conditions 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 consumed from 

alcohol in the total intake. To reflect added nutrition from legumes, beans, and nuts that 

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 calculation.  

All values in the index were adjusted calorically to account for nutrient density, which 

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 indicating greater dietary 

adherence, the recommendation is to provide the analysis of adequacy on a population basis by 

reviewing subcomponent scores. Each participant was assigned a series of component scores 

averaging the 3 days of consumption for each category usinƎ ǘƘŜ bŀǘƛƻƴŀƭ /ŀƴŎŜǊ LƴǎǘƛǘǳǘŜΩǎ 

Simple Method (National Cancer Institute, 2017), also referred 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 (see Appendix D for more details on the components used). 

The coding for the algorithm used to determine 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 of 3 days of diet recalls and using Stata instead of SAS 

(see Appendix E for an example of the Stata coding). 
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HEI variables and determination. There were 13 HEI componentsτ9 to encourage (total 

fruit, whole fruit, total vegetables, greens and beans, whole grains, total protein food, seafood 

and plant protein, and fatty acid ratio), and 4 that should be moderated (refined grains, sodium, 

added sugars, and saturated fat). These values (except variables expressed as percentages) are 

all energy-adjusted and compared to limits to determine the minimum and maximum scores. 

Per the Simple Method algorithm, the sum of the components across multiple days per person, 

if available, were used prior to energy adjustments and the algorithm (National Cancer 

Institute, 2017).  

Food group variables came from the ND{w ŦƻƻŘ ŦƛƭŜǎ όƭŀōŜƭŜŘ άлнέύΣ ǿƘƛƭŜ nutrient 

ǾŀǊƛŀōƭŜǎ ŎŀƳŜ ŦǊƻƳ ǘƘŜ LƴǘŀƪŜ tǊƻǇŜǊǘƛŜǎ ¢ƻǘŀƭ ŦƛƭŜǎ όƭŀōŜƭŜŘ άлпέύΦ ¢ƘŜ ŀƭƎƻǊƛǘƘƳ ǘƻ ŘŜǘŜǊƳƛƴŜ 

the HEI components was developed in Stata based on the SAS coding guidance provided to 

NDSR users for the HEI-2010 (Regents of the University of Minnesota, 2014), with additional 

clarification through email to the current support team to update to the HEI-2015. (See 

Appendix D for a listing of the variables from NSSR and their transformations.) Due to the 

limited sample size, for purposes of comparison with QOL, values were divided into tertiles. 

Alternate Mediterranean Index. The Alternate Mediterranean Index (AMED) is a 

modification to adapt the original Mediterranean Index, as described by Trichopoulou and 

colleagues in 2003, to adjust for items in a food 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 is known to measure how well individual 

eating patterns adhere to a Mediterranean-style pattern, which has been associated with 

numerous health benefits including lower levels of serum markers of inflammation, better 
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endothelial function, and reduced incidence of cardiovascular disease and related mortality 

(Fung et al., 2005; Fung et al., 2009). It has been used in numerous other studies, in which 

adherence has been correlated with better health outcomes, including lower risk of premature 

death from cancer, cardiovascular disease, and all causes (Liese et al., 2014). It encourages a 

diet rich in produce, legumes, nuts, and fish; moderate alcohol; and limited consumption of red 

and processed meats. It is scored by allocating 1 point based on individual intake relative to the 

median population intake, with values from 0 to 9. Individuals are assigned 1 point in each 

category where their average consumption exceeded the population median consumption of 

fruits, vegetables (excluding potatoes), nuts, legumes, whole grains, and fish, along with 

moderate amounts of alcohol (females, between 5g and 15g ethanol; males, between 10g and 

25g/day), and ratios of monounsaturated to saturated fats. Individuals also received 1 point for 

consumption less than the median intakes for red and processed meats. Each participant was 

assigned a series of component scores averaging their 3-day values. Most AMED components 

were derived from variables from the food group variables files. (See Appendix D for more 

details on components and Appendix E for a sample of the Stata coding.) Due to the small size, 

for analyzing the relationship between diet quality and QOL, the group was broken into tertiles 

based on scores. 

NOVA food processing classification system. IǳƳŀƴǎ ƘŀǾŜ ōŜŜƴ άǇǊƻŎŜǎǎƛƴƎέ ŦƻƻŘs 

since they first began to cook and store food. However, within the last century, to both extend 

storage time and enhance palatability, food manufacturers industrialized processing in a way in 

which their methods were no longer replicable to the typical home cook. An assortment of 

products often synthesized in laboratories, such as flavorings, enzymes, sweeteners, gums, 



 

142 
 

hydrocolloids, and emulsifiers, began being used regularly to formulate these food product 

creationsτwhich are now termed ΨǳƭǘǊŀ-ǇǊƻŎŜǎǎŜŘΩτas ŦƻƻŘ ΨǇǊƻŘǳŎǘǎΩ ŀǊŜ ŦƻǊƳǳƭŀǘŜŘ ǿƛǘƘ 

chemically synthesized items. To count as ultra-processed, the motivation for food 

manufacturers to add these items has to be primarily for hedonic appeal, not food preservation 

(like, to increase texture, palatability, mouth feel, creaminess, color, etc.). These food products 

are designed to be convenient and, importantly, highly profitable to the manufacturers.  

Although, as far as the researcher is aware, no formal validation studies have been 

performed, ultra-processed food consumption has been linked to a number of adverse health 

outcomes, including obesity, cardiovascular disease, cancer, and early mortality (Fiolet et al., 

2018; Kim et al., 2019; Mendonça et al., 2016; Rico-Campà et al., 2019; Schnabel et al., 2019; 

Srour et al., 2019). In addition, one recent small (n = 20) randomized control trial showed that 

participants who consumed a mostly ultra-processed diet compared with a mostly minimally 

processed diet ate more than 500 kcal per day, gained 2.2 lbs (1 kg) overall, and gained ~1lbs 

(0.4 kg) in fat over a 14-day periodτeven though the meals were matched for calories, fat, 

sugar, sodium, and fiber (Hall et al., 2019). With unclear long-term health effects, ultra-

processed foods now compose the majority of calories that Americans consume (Martínez-

Steele et al., 2016) 

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 foods, such as 

fresh milk, fruits, and vegetables; (II) culinary food ingredients, such as flour, salt, oil, and table 

sugar, or things added that can be obtained in local markets to enhance the palatability of 

foods; (III) processed foods, the result of combining groups I and II, when created outside of a 
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home kitchen; and (IV) ultra-processed foods, which may resemble group III but were made 

with ingredients that cannot be commonly found by combining group I and II ingredients, 

including items that might be unrecognizable or of an uncertain identity to anyone other than a 

food chemist, such ŀǎ άƴŀǘǳǊŀƭ ƻǊ ŀǊǘƛŦƛŎƛŀƭ ŦƭŀǾƻǊƛƴƎΣέ ŎƻƭƻǊƛƴƎǎ ǎǳŎƘ ŀǎ .ƭǳŜ Ім ƻǊ wŜŘ ІплΣ ƻǊ 

other items that are added for hedonic appeal (Monteiro, 2009). 

Classification of NOVA food groups for the sample was determined by assigning a group 

number representing the processing level (1 = minimally processed, 2 = culinary ingredient,  

3 = processed, and 4 = ultra-processed) to each individually reported item or recipe ingredient 

reported by participants using a database created in Microsoft Excel. If items were provided as 

άƳƛȄŜŘ ŘƛǎƘŜǎΣέ ǘƘŜƴ ǘƘŜ ǎƻǳǊŎŜ ƻŦ ǘƘŜ ŦƻƻŘ ǿƻǳƭŘ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ƎǊƻǳǇ ŎƘƻƛŎŜΦ CƻǊ ƛƴǎǘŀƴŎŜΣ 

pasta with prepared marinara sauce would contain multiple ingredients. The pasta might be 

ŎƻƴǎƛŘŜǊŜŘ άƳƛƴƛƳŀƭƭȅ ǇǊƻŎŜǎǎŜŘέ ƛŦ ǇǊŜǇŀǊŜŘ ŀǘ ƘƻƳŜ ǿƛǘƘ ƴƻ ǳƭǘǊŀ-processed ingredients 

(like, white rice flour and water); άǇǊƻŎŜǎǎŜŘέ ƛŦ ǇǊŜǇŀǊŜŘ ŎƻƳƳŜǊŎƛŀƭƭȅ ǿƛǘƘ ƴƻ ǳƭǘǊŀ-processed 

ingredients (like, brown rice flour and water); ƻǊ άǳƭǘǊŀ-processeŘέ ƛŦ ǇǊŜǇŀǊŜŘ ǿƛǘƘ ŀƴȅ ǳƭǘǊŀ-

processed ingredients (for example, white rice flour, brown rice flour, corn flour, quinoa flour, 

mono and diglyceridesτultra-processed ingredients). Similarly, the entirety of the marinara 

sauceτcontaining tomatoes, onions, oil, and spicesτwƻǳƭŘ ōŜ ŎƻƴǎƛŘŜǊŜŘ άƳƛƴƛƳŀƭƭȅ 

ǇǊƻŎŜǎǎŜŘέ ƛŦ ǇǊŜǇŀǊŜŘ ŀǘ ƘƻƳŜΣ ƻǊ άǇǊƻŎŜǎǎŜŘέ ƛŦ ǇǊŜǇŀǊŜŘ ŀǘ ŀ ǊŜǎǘŀǳǊŀƴǘ ŦǊƻƳ ǎŎǊŀǘŎƘ; but if 

ƛǘ ŀƭǎƻ ŎƻƴǘŀƛƴŜŘ ǎƻƳŜǘƘƛƴƎ ƭƛƪŜ ƘƛƎƘ ŦǊǳŎǘƻǎŜ ŎƻǊƴ ǎȅǊǳǇ ƻǊ ŘȅŜǎΣ ƛǘ ǿƻǳƭŘ ōŜ ŎƻƴǎƛŘŜǊŜŘ άǳƭǘǊŀ-

ǇǊƻŎŜǎǎŜŘέ ŜǾŜƴ ƛf all the ingredients had been listed to replicate the nutrition facts. 

Categorization was meant to align with the NOVA coding as assigned to NHANES participants 

during an earlier analysis by Martínez-Steele et al. (2016), which formed the basis of the 
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comparison group. Where questions arose as to the classification of an item, the researcher 

consulted with Dr. Martínez-Steele for confirmation of coding decisions. Each day of 

ǇŀǊǘƛŎƛǇŀƴǘΩǎ ǾŀƭǳŜǎ ǿas used to determine average consumption by food categorization, where 

the amounts were then used to determine the percent of energy and mass in calories and 

grams. (See Appendix F for examples of NOVA group coding decisions and Appendix G for 

correspondence regarding questions with Dr. Martínez -Steele.)  

American Nutrient Recommendations  

The Institute of Medicine (IOM) of the National Academy of Sciences, Engineering, and 

Medicine uses the latest research evidence to provide guidance of dietary reference intakes 

(DRIs) for 40 substances, including macro- and micronutrients, for persons without nutrient or 

metabolic abnormalities, termed generally healthy. These DRIs assist in assessing nutrient 

adequacy of the population, research, and food-based diet guidance, among many activities. 

Where applicable, six measures are provided by age, gender, and lactation status: (a) the 

estimated average requirements (EAR); (b) the recommended daily allowance (RDA); (c) the 

adequate intake values (AI)τused if the RDA had not been established; (d) the tolerable upper 

intake level (UL); (e) the acceptable macronutrient distribution (AMDR); and (f) the estimated 

energy requirement (EER). (See Appendix D for more details and tables.)  

Nutrient values for individual foods that the sample consumed were calculated using 

the NDSR system and its underlying database (Schakel, Buzzard, & Gebhardt, 1997). 

Comparisons against the DRIs for the sample were performed in Stata. 

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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excesses, included the following: total calories (kcal), total protein (g), which to determine 

ŀŘƘŜǊŜƴŎŜ ǘƻ ǘƘŜ 9!w ǿŀǎ ŘƛǾƛŘŜŘ ōȅ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘΩǎ ²9LDI¢ ŘƛǾƛŘŜŘ ōȅ нΦнлпн όǘƻ ŎƻƴǾŜǊǘ ǘƻ 

kg), total carbohydrates (g,) total dietary fiber (g), total fatty acid (%kcal), linoleic acid (g) which 

was the percent of total energy calculated, calcium (mg), iron (mg), magnesium (mg), 

phosphorus (mg), potassium (mg), sodium (mg), zinc (mg), copper (mg), manganese (mg), 

selenium (mcg), total vitamin A (mcgτretinal equivalents), vitamin E (total alpha tocopherolτ

mg), vitamin C (mg), thiaminτvitamin B1 (mg), riboflavinτvitamin B2 (mg), niacin equivalents 

(mg), vitamin B6 (mg), vitamin B12 (mcg), choline (mg), vitamin Kτphylloquinone (mcg), and 

dietary folate equivalents (mcg).   

For purposes of determining evidence of deficits or excess, DRI tables were also 

downloaded (Office of Dietary Supplements, 2019) based on values from the IOM, comparing 

the participantǎΩ values to determine whether they met either the recommended daily 

allowance (RDA) or adequate intake (AI) if an RDA value was not available, exceeded the 

tolerable upper level (UL), or was within the acceptable macronutrient distribution ranges 

(AMDR), as applicable. Values for the following values were obtained: calcium (mg) (RDA), iron 

(mg) (RDA), magnesium (mg) (RDA), phosphorus (mg) (RDA), potassium (mg) (AI), sodium (mg) 

(AI), zinc (mg) (RDA), copper (mcg) (RDA), manganese (mg) (AI), selenium (mcg) (RDA), vitamin 

A (mcg) (RDA), vitamin D (mcg) (RDA), vitamin C (mg) (RDA), vitamin B1 (mg) (RDA), vitamin B2 

(mg) (RDA), vitamin B3 (mg) (RDA), vitamin B6 (mg) (RDA), vitamin B12 (mcg) (RDA), choline 

(mg) (AI), vitamin K (mcg) (AI), folate (mcg) (RDA), protein (g) (RDA), carbohydrates (g) (RDA), 

dietary fiber (g) (AI), linoleic fatty acid (g) (AI), linolenic fatty acid (g) (AI), min total fatty acids 

(% kcal) (AMDR), max total fatty acids (% kcal) (AMDR), min linoleic acids (% kcal) (AMDR), max 



 

146 
 

linoleic acids (% kcal) (AMDR), min linolenic acids (% kcal) (AMDR), max linolenic acids (% kcal) 

(AMDR), min carbohydrates (% kcal) (AMDR), max carbohydrates (% 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 B6 (mg) (UL), folate (mcg) 

(UL), choline (g) (UL), calcium (mg) (UL), 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) (EAR), vitamin B1 (mg) (EAR), vitamin B2 (mg) 

(EAR), vitamin B3 (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) (EAR). Values were averaged over the available days of 24-hour recalls.  

NHANES Data Collection and Instruments 

Understanding NHANES 

The National Health and Examination Survey (NHANES) is a statistically complex 

designed nationally representative series of surveys of the U.S. since the 1960s. NHANES is a 

program run through the National Center for Health Statistics (NCHS), which is part of the CDC. 

The current version interviews approximately 5,000 participant and 15 countries per year, 

releasing results in 2-year cycles. NHANES combines results from, first, an in-person home 

interview, then physical examination which includes serology at a Mobile Examination Center 

(MEC), and finally follow-up phone interviews. The dietary survey in NHANES, What We Eat In 

America One (WWEIA), was completed as part of an ongoing 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 USDA. One of the two 24-hour diet recalls per participant was conducted in the MEC, and 

the second was conducted on a non-consecutive day, at the time of the phone follow-up; in 

both cases, the Automated Multiple Pass Method (AMPM) was used to collect diet information. 

The interviews were conducted 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 follow-up interviews. Records from the 

AMPM system 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 food scientist from the Food Surveys 

Research Group. Additional information on products were added using a combination of data 

from online searches, contact with manufacturers, or food levels. Various integrity checks are 

built into the system and are regularly reviewed to ensure reliability and validity. Modifications 

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

participants.  

For purposes of this dissertation, participant data on dietary intake were taken from the 

NHANES data sets (2009-2014), which encompass three cycles (2009-2010, 2011-2012, and 

2013-2014). To determine group values for all calculations, population survey weights were 

applied. Weighting used the day 1 dietary weight, which allowed for the analysis to project 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 available, but a slightly greater number only completed one day of recalls. 

Normally, the day 1 weights are only applied to values collected on the first day. However, 



 

148 
 

using one day of diet recalls may have skewed the results in unintended waysτfor instance, 

people often eat differently on 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), typically day 2 

weights have 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 of recalls, when available, but using the 

day 1 survey weights would reduce errors, especially with a large dataset. This might have been 

problematic for purposes of this dissertation because a number of participants were classified 

as having CeD who only had one diet recall. This would have meant excluding them from the 

analysis. According to the National Cancer Institute method (Herrick, Rossen, Parsons, & Dodd, 

2018), to account for both the probability of selection and adjust for the days of the week 

where recalls were represented or when data were only collected from a subset of the total 

survey participants on the MEC dietary survey, it is acceptable for dietary day 1 weights to be 

used, regardless of whether 1 or 2 days of dietary recalls are available. However, the reliability 

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 

consumingτwith some limitations.  

Datasets From NHANES 

Data from NHANES used to address the aims of this thesis were assessed from the 

NHANES 2009-нлмл όάCέ ŎȅŎƭŜύΣ нлмм-нлмн όάDέ ŎȅŎƭŜύΣ ŀƴŘ нлмо-нлмп όάIέ ŎȅŎƭŜύ ŦƛƭŜǎ ǇǊƻǾƛŘŜŘ 

for public use on the NCHS website. Demographic data included demographic variables and 
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sample variance weights (DEMO_F, DEMO_G, DEMO_H). Questionnaire data included medical 

conditions (MCQ_F, MCQ_G, MCQ_H). Examination data included information from the body 

measures files (BMX_F, BMX_G, BMX_H), the laboratory data files, tissue transglutaminase 

assay (IgA-TTG) and IgA 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 data were taken from multiple sources. In each year, each participant could 

potentially have 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), and day 2 files 

(DR2IFF_F, DR2IFF_G, DR2IFF_H); these were also indirectly used as the basis of the NOVA 

classification system, but were provided by Dr. Martínez-Steele fully coded as summaries for 

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

year also had two total nutrient intake files (a summary by day 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, DR2TOT_H). These were cƻƳǇŀǊŜŘ ǿƛǘƘ ǘƘŜ ǎŀƳǇƭŜΩǎ ǾŀƭǳŜǎ ōŀǎŜŘ ƻƴ 

the Dietary Guidelines and also against the dietary reference intakes to determine evidence of 

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

(FPED) website managed by the USDAΩǎ CƻƻŘ {ǳǊǾŜȅǎ wŜǎŜŀǊŎƘ DǊƻǳǇ ǿŜǊŜ ŘŀǘŀǎŜǘǎ ǿƘƛŎƘ 

converted foods and beverages into appropriate serving sizesτas reported for each participant 

in NHANESτwhich aligned with the 37 USDA Food Patterns componentsτas day 1 files (FPED 

DR1TOT_0910_sas, FPED DR1TOT_1112_sas, FPED_DR1TOT_ 1314_sas) and day 2 files (FPED 

DR2TOT_0910_sas, FPED_DR2TOT_1112_sas, FPED_DR2TOT_ 1314_sas). Dietary data for food 

groups and nutrient information were opened, cleaned (based on criteria discussed below), and 
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merged and converted to a file compatible with Stata, using the 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 data were transformed to address the aims of 

this study. 

Celiac Status Indicators 

The NHANES survey periodically adds questions to capture different health aspects of 

the population. The 2009-2014 cycles added two questions pertaining to CeD in the surveys 

under the medical conditions files (MCQ): (1) Has a doctor or other health professional ever 

told you that you have celiac disease, also called sprue?τthe (MCQ082) variable; and (2) Are 

you on a gluten-free diet?τthe (MCQ086) variable. In addition, the participants aged 6 years  

or older were also tested for the presence of IgA antibodies in their serum of tissue 

transglutaminase (IgA-tTG) and for IgA endomysial antibodies (IgA EMA), where results can be 

found under the laboratory section in the (TGEMA) file. Participants were classified as CeD 

Diagnosis & GFD if they answered that they had been informed of their condition by a medical 

doctor and also separately answered that they adhered to a GFD, regardless of serology results. 

Participants were classified as having New CeD Serology & No GFD if their serology was positive 

[both IgA-tTG > 4.0 U/ml (LBXTTG) variable, 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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Demographic Variables 

Data from the demographic database were combined first for all three cycles. The 

following variables were used from the demographic datasets. Respondent sequence number 

(SEQN) was used to match participant records with other variables in other data sets. Gender 

(RIAGENDR) was set to female or male. All other participants 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 13-17 years were included in the teens group, while those 

who were aged 18 years or older 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 Hispanic, Non-Hispanic 

White, Non-Hispanic Black and Other, including multi-ethnic. There were two sets of education 

levels. For children and youth aged 13-19 years (DMDEDUC3), values were transformed to  

<= 5th grade, 6th-8th grade, 9th-12th grade, completed high school/GED+. For adults aged 20 

years +, the education levels (DMDEDUC3) were transformed to <9th grade, 9th-11th grade, 

ƘƛƎƘ ǎŎƘƻƻƭκD95Σ ŀǎǎƻŎƛŀǘŜΩǎ ŘŜƎǊŜŜκǎƻƳŜ ŎƻƭƭŜƎŜΣ п-year college graduate or more. Marital 

status (age 20+ years) (DMDMARTL) was transformed to married/living with partner or not. 

Ratio of family income to poverty (INDFMPIR) was kept as it was. The variable masked variance 

pseudo-stratum (SDMSTRA) was used to estimate variance in the model. Demographic 

variables were used as independent variables in the model measuring the relationship between 

eating patterns and QOL. 
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Examination Data 

The body measures file was used to procure the variables body mass index (kg/m2) 

(BMXBMI) and, where available (2011-2012, 2013-2014), body mass index (BMI) category for 

children/adolescents. All BMI determinations for adults were based as follows: underweight: 

BMI <18.5 kg/m2, normal weight: BMI between 18.5-24.9 kg/m2, overweight: BMI between 25-

29.9 kg/m2, obesity: BMI 30 kg/m2 or higher. For participants up to age 19, when the category 

was not specified, the CDC conversion chart was used to determine BMI categories based on 

gender, age, and z-score determination, where generally, categorizations for underweight BMI 

were less than the 5th percentile, normal BMI was between the 5th-85th percentile, 

overweight BMI was between the 85th-95th percentile, and obese BMI was 95th percentile or 

over (NCHS, 2004). 

Dietary Variables 

Food group records and variables. Variables from the Food Patterns Equivalents 

Database (FPED) for day 1 (DR1) and day 2 (DR2) were used for most of the components of the 

HEI and AMED. The remainder of the variables were from the nutrient intake files from 

NHANES. The component and total scores were used to develop mean and interquartile ranges 

which were compared with ǘƘŜ ǎŀƳǇƭŜΩǎ ǾŀƭǳŜǎΦ ¢ƘŜ ǘƻǘŀƭ ŘƛŜǘ ǉǳŀƭƛǘȅ ǎŎƻǊŜǎ ŀƴŘ ƻǾŜǊŀƭƭ 

percent of ultra-processed foods were used as independent variables in the model measuring 

the relationship between eating patterns and QOL. 

HEI variables and determination. HEI was determined as previously discussed for the 

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

person, if available, prior to energy adjustments and the algorithm (National Cancer Institute, 
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2017). (Details of the variables and their transformations are provided in the Appendix D.) For 

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

three groups based on scoring: High: 80-100, Medium: 60-79, Low: 0-59. Medium diet quality 

was also ŎƻƴǎƛŘŜǊŜŘ άƳƻŘŜǊŀǘŜΣέ ǿƘƛƭŜ ƭƻǿ ŘƛŜǘ ǉǳŀƭƛǘȅ ǿŀǎ ŎƻƴǎƛŘŜǊŜŘ άǇƻƻǊΦέ 

AMED variables and determination. AMED was determined as previously discussed for 

the sample. (Details of the variables and their transformations are provided in Appendix D.) For 

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

into three groups based on scoring: High: 6-9, Medium: 3-5.9, Low: 0-2.9. Medium diet quality 

ǿŀǎ ŀƭǎƻ ŎƻƴǎƛŘŜǊŜŘ άƳƻŘŜǊŀǘŜΣέ ǿƘƛƭŜ ƭƻǿ ŘƛŜǘ ǉǳŀƭƛǘȅ ǿŀǎ ŎƻƴǎƛŘŜǊŜŘ άǇƻƻǊΦέ 

NOVA system variables. Three datasets were provided by Dr. Martínez-Steele 

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

to determine the level of processing for each food for each participant in every cycle based 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 resulted in two sets of four variables (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 of ultra-processed foods. 

Although levels of ultra-processed 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, the level of 

ultra-processing was only further divided into quintiles for NHANES. 
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Nutrient variables. An assortment of nutrient intake files variables was included from 

each of the two days in each cycle of NHANES from the respective files (DR1TOT, DR2TOT). 

Respondent sequence number (SEQN) was used to 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 weight for ŜŀŎƘ ǇŀǊǘƛŎƛǇŀƴǘΩǎ ǾŀƭǳŜǎ ƛƴ ŘŜǾŜƭƻǇƛƴƎ ƳŜŀƴǎ ŀƴŘ 

medians. Other nutrient variables included: energy (kcal) (TKCAL), where before applying to 

HEI, was divided by 1,000; total saturated fatty acids (g) (TSFAT); sodium (mg) (TSODI); total 

monounsaturated fatty acid (g) (MFAT); total polyunsaturated fatty acid (g) (TPFAT); protein (g) 

(TPROT); carbohydrates (g) (TCARB); dietary fiber (g) (TFIBE); linoleic acid (octadecadienoic) (g) 

(TP182); linolenic acid (octadecatrienoic) (g) (TP183); calcium (mg) (TCALC); iron (mg) (TIRON); 

magnesium (mg) (TMAGN); phosphorus (mg) (TPHOS); potassium (mg) (TPOTA); zinc (mg) 

(TZINC); selenium (mg) (TSELE); vitamin A (RAE, mcg) (TVARA); vitamin E (alpha-tocopherol) 

(mg) (TATOA); vitamin D (D2 + D3) (mcg) (TVD); vitamin C (mg) (TVC); thiamin (mg) (TVB1); 

riboflavin(mg) (TVB2); niacin (mg) (TNIAC); vitamin B-6 (mg) (TVB6); vitamin B-12 (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 interquartile 

distribution ranges as well as to compare agaiƴǎǘ ǘƘŜ ǎŀƳǇƭŜΩǎ ǾŀƭǳŜǎΣ ŀƭǎƻ ŀƎŀƛƴǎǘ 

recommended values.  

For purposes of determining evidence of deficits or excess, the same DRI tables were 

used as previously discussed. 

Dietary Data Exclusions. Records were deemed unreliable because quantities may have 

been considered atypical, unable to be accurately measured, or other reasons, and so were 
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excluded. If participants were considered pregnant at the time of the exam (RIDEXPRG) from 

the demographic file, the interviewer did not consider the recall provided to 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 least one day of valid diet recall. 

Quality of Life Measure for NHANES 

The CDC ƳƻƴƛǘƻǊǎ ǘƘŜ ƴŀǘƛƻƴΩǎ ƘŜŀƭǘƘ ƛƴ ŀǎǎƻǊǘŜŘ ǿŀȅǎΦ {ƛƴŎŜ нлллΣ ǘƘŜ bI!b9{ ǎǳǊǾŜȅ 

has incorporated a measure of health-related quality of life (HR-QOL), which is meant to 

capture multiple dimensions of QOL in a validated way (CDC, 2000). For purposes of this study, 

ƻƴŜ ǾŀƭƛŘŀǘŜŘ ǉǳŜǎǘƛƻƴ ǿŀǎ ǳǎŜŘ ǘƻ ƳŀƪŜ ǘƘŀǘ ŘŜǘŜǊƳƛƴŀǘƛƻƴΥ ά²ƻǳƭŘ ȅƻǳ ǎŀȅ ƛƴ ƎŜƴŜǊŀƭ ȅƻǳǊ 

ƘŜŀƭǘƘ ƛǎ ŜȄŎŜƭƭŜƴǘΣ ǾŜǊȅ ƎƻƻŘΣ ƎƻƻŘΣ ŦŀƛǊΣ ƻǊ ǇƻƻǊΚέ ¢Ƙƛǎ ƛŘŜƴǘƛŎŀƭ ǉǳŜǎǘƛƻƴ ǿŀǎ ŀsked during the 

household questionnaire interview (possibly by proxy for children) (HUQ010)τavailable on the 

demographic fileτand during the mobile examination interview (HSD010)τavailable on the 

current health status file (HSQ). If the values were available on the current health status file, 

then the HSD010 variable was used; otherwise, the HUQ010 variable was used. It possible that 

a proxy would have answered differently than the individual. Individuals who were missing a 

QOL value were excluded from the analysis of diet patterns and QOL. For purposes of analyzing 

the relationship of QOL with eating patterns, QOL variables were condensed into three 

categories: Highτexcellent to very good, Mediumτgood, or Lowτfair to poor. 

See Table 10 for a list of Measures Used in Analysis. 

  



 

156 
 

Table 10. Measures Used in Analysis 

  Sample NHANES 

Measure Type Teens Adults Teens Adults 

Demographic Measures Assorted V V V V 

Dietary Intake 24-hour recall 3 3 2 2 
Dietary Measures HEI V V V V 

 AMED V V V V 

 NOVA V V V V 

 Nutrients V V V V 

Quality of Life Measures CDPQOL V N/A N/A N/A 
 CDQOL N/A V N/A N/A 
 HR-QOL   V V 

Adherence to the GFD CDAT V V N/A N/A 

Note: See Appendix D for full details of variables used. 

Data Analysis 

Dietary intake data of the sample were reviewed when collected by the senior 

researcher. For NHANES data, validation checks of diet data were made. Participants were only 

included if they were at least age 13 years old, not pregnant, had at least one diet recall, and 

the recall(s) were considered reliable by the interviewers. Participants were also excluded who 

reported average energy intake compared with the population that were either below the 

lowest 1% (female: 623 kcal or males: 914 kcal) or greater than 2.5 standard deviations above 

the mean, the highest 99% (female: 3,598 kcal or males: 5,401 kcal), to reduce outliers and 

increase data normality. For purposes of calculating standard errors, however, where 

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

Statistical Analysis  

Statistical calculations for components were performed using a combination of SAS, 

College Edition, Stata, version 16 (College Station, TX) and Microsoft Excel, version 16.43 
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(Redmond, WA). All statistical analysis were done in Stata. In all cases of statistical analysis, the 

significance level was alpha of 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 done using t-tests, using t-tests of unequal variances, 

where applicable, to compare means. Instead of using chi-square tests, due to the small 

number of participants in many groups, comparison of categorical values was performed using 

CƛǎƘŜǊΩǎ ŜȄŀŎǘ ǘŜǎǘǎ (due to small sample size). Where applicable, the researcher determined the 

interquartile range of values, performed a count of the population with scores below the cut 

point, and determined the proportion with suboptimal scores.  

Analysis of covariance (ANCOVA) was used to determine whether 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 as the ultra-processed food 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 CeD, BMI, and adherence to the GFD, using the CDAT, with the final model 

incorporating all variables. Only those confounders that significantly impacted the models were 

included in the final results. This resulted in 80 models being presented for each group: one 

dependent variable for each of the five CeD-specific components [Study Adults: Dysphoria, 

Limitations, Health Concerns, Treatment, or Overall; Study Teens: Social, Uncertainty, Isolation, 

Limitation, or Overall], and for independent variablesτeach diet measure (HEI, AMED, ultra-
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processed (%kcal), or ultra-processed (% grams)τdivided into tertiles] at baseline, and then 

those same diet measures with potential confounders (stated above). 

For NHANES (adults and teens), a survey weighted ordinal logistic regression (using the 

ologit command in STATA) was used to determine whether there were differences between 

diet quality, level of processing, and QOL. In NHANES, the dependent variable, QOL, was 

categorical and ordered. Ordered logistic regression models recognize that the differences 

between the groups have direction (higher or lower rank), and the differences within a category 

may not necessarily be linear and are important (Woodward, 2017). Often regression analysis 

has been performed using linear regression, which assumes that the values of the dependent 

variable are ordered continuously, using set intervals with known differences. For instance, the 

difference between 1, 3, and 5 is a set quantity of two. With categorical variables, like the self-

reported health-related QOL scores, one can assign a number to different categories in a similar 

way, such as 1 = poor quality, 3 = mid-range quality, and 5 = high quality. However, it would be 

unknown if the difference between poor and mid-range quality was the same as the difference 

between mid-range 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 = mid-range quality, and 50 = highest quality, or even if values 

were 5 = poor quality to 1 = high quality, simply because the scale changed but the underlying 

relationships did not. Ordinal regression takes into consideration both the fact that categories 

have a relative order compared with other 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 which can be shown using odds ratios of being in a higher QOL category 

based on a given category of diet quality or level of ultra-processing. Here, comparisons were 

made assuming the lowest diet quality and the highest amount of ultra-processed food 

consumption were the referenced groups. The general model used was: y* = ̡ ȄΣ where y* 

represents the outcomes, ̡  represents a vector of coefficients, and x represents a matrix of 

independent variables. This general formula represents the probability of outcome i occurring:  

Pr(outcomej = i) = Pr(ˁ iҍ1 < ̡ 1x1j + ̡ 2x2j + · · · + ̡ kxkj + uj Ѕ ˁ i), 

where ˁ j-1 represents the cut points, or thresholds, for the number of possible outcomes in 

these models. Here, there were three possible outcomes: (1) excellent/very good health,  

(2) good health, and (3) fair/poor health. 

To eliminate confoundingτwhich was different from multicollinearityτof results 

between diet quality and level of ultra-processing, 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%, mid-range = scores 60-79%, high = scores 80%+; AMED:  

low = 0-3, mid-range = 4-6, high = 7-9). Ultra-processing levels were divided into quintilesτas 

the levels associated with poor health outcomes in an American population were unclear. 

Health-related QOL was also condensed to three categories from five (High = Excellent or Very 

Good, Good, Low = Fair or Poor) to allow for adequate numbers for comparison in each 

subcategory (like, teens with high AMED scores and high levels of ultra-processed foods).  

The initial models used HRQOL as the dependent variable, with diet quality (HEI or 

AMED) or level of ultra-processed foods (% kcal or % grams) as the independent variable based 

on age group (adult or teen) as the baseline. An intermediate model was created that also 



 

160 
 

adjusted for age, age-squared, household income to poverty ratio, ethnicity/race, BMI, level of 

education (adults), and marital status (adults)τwhere variables were eliminated if they did not 

significantly contribute to the model. Final models included the intermediate models variables, 

plus the combinations of levels of diet quality and ultra-processing as independent variables, 

with levels of HRQOL as the dependent variables. This resulted in a total of 16 models for each 

group being shown: QOL as the dependent variable for each model, then as independent 

variablesτeach diet measure [HEI, AMED, ultra-processed (%kcal), or ultra-processed (% 

grams)τdivided 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 CeD (n = 80) by 

describing: 

1.1. diet quality as assessed by  

1.1.1.the Healthy Eating Index-2015 (HEI); and  

1.1.2.the 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 are derived from multiple 24-hour diet recalls. 

2. To compare eating patterns of a sample of adults and teens with CeD to three 

ǎǳōƎǊƻǳǇǎ ƻŦ bI!b9{ όάbI!b9{ {ǳōƎǊƻǳǇǎέύ όŦǊƻƳ ǘƘǊŜŜ ŎȅŎƭŜǎ нллф-10, 2011-12, 

2013-14): 
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2.1. those who self-reported a diagnosis of CeD and adherence to a GFD (Reported CeD 

Diagnosis & GFD); 

2.2. those with serology indicative of untreated CeD who adhered to a regular gluten-

containing diet (New CeD Serology & GFD); and 

2.3. all other participants, regardless of diet, who did not have serology indicative of 

untreated CeD (Everyone Else Without CeD). 

3. To examine and compare the relationships between eating patterns, in terms of diet 

quality, as measured by HEI and AMED or level of ultra-processing, and QOL in: 

3.1.  a sample of adults and teens with CeD (Study Adults & Study Teens); and  

3.2. adults and teens in NHANES (NHANES adults, NHANES teens).  

QOL was assessed in our sample by the CDQOL for adults and the CDPQOL for teens. 

QOL in the NHANES samples was assessed using a general Health-Related QOL tool 

(HRQOL).  

Hypotheses associated with the study aims:  

1. Eating patterns would need improvement among the sample. 

1.1. Diet quality would be suboptimal: 

1.1.1.  A large proportion (i.e., >75%) of the sample will have suboptimal diet 

quality scores.  

1.1.1.1.HEI scores will be below 80% ƻǳǘ ƻŦ млл όά/έ ƎǊŀŘŜ ƻǊ ƭƻǿŜǊύΦ  

1.1.1.2.AMED scores will below 6 out of 9 (moderate or lower). 

1.1.2. A majority (i.e., >50%) will have a high proportion (>20% energy/ >10% 

mass) of ultra-processed 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 B-vitamins (for 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 lipids, saturated 

fat, and added sugars. 

2. Similarities and differences with NHANES: 

2.1. The researcher ŜȄǇŜŎǘŜŘ ǘƘŀǘ ǘƘŜ ƻǾŜǊŀƭƭ ŘƛŜǘ ǇŀǘǘŜǊƴǎ ƻŦ ǘƘŜ ǎŀƳǇƭŜΩǎ ŜŀǘƛƴƎ 

patterns would not differ significantly from that of the NHANES subgroups, 

Reported CeD Diagnosis & GFD. 

2.1.1. There will be ƴƻ ŘƛŦŦŜǊŜƴŎŜ ōŜǘǿŜŜƴ ǘƘŜ ǎŀƳǇƭŜΩǎ I9L ǎŎƻǊŜǎ ŀƴŘ ǘƘƻǎŜ ƻŦ 

the NHANES subgroups, Reported CeD Diagnosis & GFD; 

2.1.2. There will be ƴƻ ŘƛŦŦŜǊŜƴŎŜ ōŜǘǿŜŜƴ ǘƘŜ ǎŀƳǇƭŜΩǎ !a95 ǎŎƻǊŜǎ ŀƴŘ ǘƘƻǎŜ 

of the NHANES subgroups, Reported CeD Diagnosis & GFD; 

2.1.3. There will be no difference between the amount of ultra-processed foods 

that the sample consumes and those of the NHANES subgroups, 

Reported CeD Diagnosis & GFD; and 

2.1.4. There will be no difference between the proportion of the sample with 

potential nutrient deficiencies or excess, or unfavorable mean amounts 

and those of the NHANES subgroups, Reported CeD Diagnosis & GFD. 
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2.2. The researcher expected that the sample will have a significantly lower nutrient 

profile compared with the two NHANES subgroups, New CeD Serology & No GFD, 

and Everyone Else Without CeD. 

2.2.1. The sample will have lower HEI scores compared with the two NHANES 

subgroups, New CeD Serology & No GFD, and Everyone Else Without CeD; 

2.2.2. The sample will have lower AMED scores compared with the two NHANES 

subgroups, New CeD Serology & No GFD, and Everyone Else Without CeD; 

2.2.3. The sample will consume a greater amount of ultra-processed food compared 

with the two NHANES subgroups, New CeD Serology & No GFD, and Everyone 

Else Without CeD; and  

2.2.4. The sample will have a greater number of potential nutrient deficiencies or 

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, CeD-specific 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, gender, education, BMI, years since CeD diagnosis, and 

adherence to the GFD.  

3.2. In 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 ultra-processed foods. These associations were 
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expected to remain significant after controlling for age, age-squared, gender, 

education (adults), percent of income to poverty, BMI, ethnicity/race, marital 

status (adults), where confounders would be removed from the model if not 

shown to be significant. 
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Chapter IV: Results 

Overview 

The purpose of this chapter is to present the findings of the study. Quantitative results 

of the sample and the comparison group are shown. 

Characteristics of the Participants 

In this study, 80 participants with celiac disease (CeD) were interviewed between March 

14 and August 22, 2016; 30 of the participants were teens and 50 were adults. Figure 4 shows a 

breakdown by enrollment as recruited.  

Figure 4. Flow of Study Participants 
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In addition, a comparison group, representing a nationally representative sample of the 

U.S. non-institutionalized population, was obtained by selecting three 2-year cycles of the 

National Health and Nutrition Examination Survey (NHANES). These cycles included the 2009-

2010 cycle (n = 10,253), the 2011-2012 cycle (n = 9,338), and the 2013-2014 cycle (n = 9,813). 

Ultimately, 18,157 participants were eligible, of which 2,304 were teens and 15,853 were adult. 

(See Figure 5 for a flow of these participants.) 

Figure 5. Flow of NHANES Three Subgroups in Adults and Teens 

 
Note. NHANES = National Health and Nutrition Examination Survey; CeD: celiac disease. GFD gluten-free diet. 
*Population used to determine standard error values (only) include the total population with whom the measures 
were deemed to be valid and reliable, which included those aged 2-13 years as well as those whose dietary 
consumption was in the lowest 1% or highest 99% (or within 2.5 standard deviations of the mean) of the average 
population average consumption.  
** Statistical analysis was not calculated on these subgroups due to small sample size (n < 5). 
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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 adults in NHANES were 

broken into (a) A1 Subgroup: Reported CeD Diagnosis & GFD (women & men); (b) A2 Subgroup: 

New CeD Serology & No GFD (women & men); and (c) A3 Subgroup: Everyone Else Without CeD 

(women & men). The teens in NHANES were broken into (a) T1 Participant: Reported CeD 

Diagnosis & GFD (only 1 girl); (b) T2 Subgroup: New CeD Serology & No GFD (girls & only 2 

boys); and (c) T3 Subgroup: Everyone Else Without CeD (girls & boys). In cases of small sample 

size (n < 5), only means and no other statistics were shown (see Figure 6). 

Comparisons between the sample and NHANES subgroups. Weighting was applied to 

NHANES data to allow the results to be representative of the American population in 

accordance with the U.S. Census. These tables are presented separately for adults and teens.  

Adult Population Descriptions  

Most Study Adults were middle-aged, non-Hispanic White, highly educated, female, 

with normal weight BMI and good to excellent QOL scores, and were most similar to the 

NHANES A1 Subgroup (Reported CeD Diagnosis & GFD). The Study Adults (n = 50) had an 

average age of 50.7 (SD: 17.8) years. Most were female, n = 42 (84%). Many had normal BMI, n 

= 35 (70%). A few, n= 10 (20%), had an overweight BMI, or n = 3 (6%) obesity. Most were highly 

educated with at least college degrees, n = 34 (68%). Of the minority, n = 12 (24%), who had 

only attained a high school diploma or some college, most were in the age range of a college 

undergraduate (<25 years). Nearly all identified as non-Hispanic White, n = 47 (94%). They 

reported having the diagnosis of CeD for an average of 11.7 (SD: 10.8) years. Their average 
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Figure 6. Comparison Groups by Data Source, Age, CeD Status and Gender 

 
 

Note. CeD = Celiac Disease. NHANES = National Health and Nutrition Examination Survey. GFD = gluten-free diet. 
*Statistical analysis was not calculated on these subgroups due to small sample size (n < 5). 

 

CDQOL score was 74.1 (SD: 14.2). This was suggestive of equivalent scores using a general 

HRQOL scoring of very good to excellent, n = 19 (38%), good for n = 15 (30%), fair for n = 7 

(14%), and poor for n = 9 (18%). Compared with the NHANES A1 Subgroup (Reported CeD 

Diagnosis & GFD) (n = 25, representing n = 533,171), the Study Adults were demographically 

similar, except more reported poor QOLτthe lowest rating. Compared with the NHANES A2 

Subgroup (New CeD Serology & No GFD) (n = 51, representing n = 1,203,231), the Study Adults 

were less racial/ethnically diverse, older (by almost a decade), more likely to be female, had a 

college degree, had less incidence of overweight BMI, and reported poor QOL. Compared with 
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the NHANES A3 Subgroup (Everyone Else Without CeD) (n = 15,777, representing n = 

223,161,106), the Study Adults were older (by about 4 years), had less ethnically/racially 

diversity, were more likely female, had a college degree, had less incidence of overweight or 

obesity, and reported poor QOL. (See Table 11 for details.) 

Adult demographics takeaways. The Study Adults were most similar to the NHANES A1 

Subgroup (Reported CeD Diagnosis & GFD) and were likely to identify as female and Non-

Hispanic White, have normal BMI, and be college graduates. They had the most dissimilarities 

with the NHANES A3 Subgroup (Everyone Else Without CeD), which were a more racially 

diverse, gender-balanced group with less education, and more categorized in the overweight 

and obesity categories. QOL was mostly ranked good to excellent in all groups. However, the 

Study Adults had a significantly greater percent of QOL scores in the lowest categories as 

compared with NHANES.  

See Table 11, for Summary Statistics of the Study Adults and NHANES by CeD Status. 

Teen Population Description  

The Study Teens were mostly older teens, non-Hispanic 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, older, and with less 

incidence of overweight and obesity. The Study Teens (n = 30) had an average age of nearly 16 

years [15.7 (SD: 1.5) years]. Most Study Teens were female, n = 24 (80%). Most had normal BMI 

categorization, n = 28 (93%), and the remainder were underweight, n = 2 (7%). Most were in 

high school, n = 22 (73%), and nearly all identified as non-Hispanic White, n = 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: 14.6). This was  

Table 11. Summary Statistics of the Study Adults and NHANES by CeD Status 

 
Note. CeD: Celiac disease. NHANES: National Health and Nutrition Examination Survey. CDQOL: Celiac Disease -specific Quality 
of Life. HR-QOL: Health-Related Quality of Life survey. SD: standard deviation. T-tests used to determine the difference 
between continuous variables. Fisher's exact test used for categorical comparisons.  Comparison against Study Adults. ns = not 
significant. * p < 0.05. ** p < 0.01. *** p < 0.001. 
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suggestive of equivalent score using a general health-related QOL of very good to excellent. 

Compared with the teens in NHANES T2 Subgroup (New CeD Serology & No GFD), (n = 7, 

representing n = 90,707), the Study Teens were less ethnically/racially diverse, older, and more 

likely to be in high school. Compared with the NHANES T3 Subgroup (Everyone Else Without 

CeD) (n = 2296, representing 19,977,016), the Study Teens were less ethnically/racially diverse, 

more likely to be female, older, or in high school, with fewer having overweight or obesity and 

more reporting poor QOL scores. (See Table 12 for Summary Statistics of the Study Teens and 

NHANES by CeD Status.) 

Teen demographics takeaways. The Study Teens were most similar to the NHANES T1 

Subgroup (Reported CeD Diagnosis & GFD); 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 (Everyone Else Without CeD), which 

was gender-balanced, younger, 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 Teens, as compared with the NHANES T3 

Subgroup (Everyone 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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Table 12. Summary Statistics of the Study Teens and NHANES by CeD Status 

 
 

Note. CeD: Celiac disease. NHANES: National Health and Nutrition Examination Survey. (1) Means shown, but no statistical 
analysis due to small sample size. CDPQOL: Celiac Disease Pediatric-specific Quality of Life. HR-QOL: Health-Related Quality of 
Life survey. SD: standard deviation. T-tests used to determine the difference between continuous variables. FisherΩs exact test 
used for categorical comparisons. Comparison against Study Teens. ns = not significant.  
* 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 food processing, as well as 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 ultra-processing to QOL to determine if a 

relationship existed.  

To reduce redundancy in table displays, results for the Study Teens and Study Adults, Aim 1, are 

displayed alongside those of the nationally representative samples, the NHANES comparisons, 

which was Aim 2, where possible, without necessarily specifying Aim 2. 

Diet Measure Results 

Diet Quality Results as Measured by the Healthy Eating Index 

Aim 1.1.1. To evaluate eating patterns in a sample of adults and teens with CeD (n = 80) 

by measuring diet quality as assessed by the Healthy Eating Index 2015.  

This section discusses the results of measuring diet quality using the Healthy Eating 

Index-2015 (HEI), which contains 13 subcomponents. Nine adequacy components are meant to 

be encouraged: total vegetables, greens and beans, total fruit, whole fruit, whole grains, milk 

and dairy, total protein foods, seafood and plant proteins, and the fatty acid ratio 

(monounsaturated and polyunsaturated fatty acids to saturated fatty acids); and four 
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moderation components are meant to be limited: sodium, refined grains, added sugar, and 

saturated fatty acids. Higher scores are considered favorable. The maximum score is 100; 

however, higher scores have been clinically associated with health outcomes, where, broadly, 

scores 80-100% were considered good (where A = 90-100%, B = 80-89%), 60-79% were 

considered needing improvement (where C = 70-79%, D = 69-69%) and <60% was considered 

ŦŀƛƭƛƴƎΣ ŀƴ άCέ ƎǊŀŘŜΦ 

Associated HEI Hypotheses included: 

1. Eating patterns would need improvement among the sample: 

Hypothesis 1.1.1.1. A large proportion (i.e., >75%) of the sample will have suboptimal 

ŘƛŜǘ ǉǳŀƭƛǘȅ ǎŎƻǊŜǎΦ I9L ǎŎƻǊŜǎ ǿƛƭƭ ōŜ ōŜƭƻǿ ул҈ ƻǳǘ ƻŦ млл όά/έ ƎǊŀŘŜ ƻǊ ƭƻǿŜǊύΦ 

NHANES comparison hypotheses associated with this study aim are: 

2. Similarities and differences with NHANES 

IȅǇƻǘƘŜǎƛǎ нΦмΦмΦ ¢ƘŜǊŜ ǿƛƭƭ ōŜ ƴƻ ŘƛŦŦŜǊŜƴŎŜ ōŜǘǿŜŜƴ ǘƘŜ ǎŀƳǇƭŜΩǎ I9L ǎŎƻǊŜǎ ŀƴŘ ǘƘƻǎŜ 

of the NHANES Subgroup, Reported CeD Diagnosis & GFD (adults). 

Hypothesis 2.2.1. The sample will have lower HEI scores compared with the two 

NHANES subgroups, New CeD Serology & No GFD, and Everyone Else Without CeD. 

Healthy Eating Index Results for the Adults 

Study Adults HEI scoring highlights. Overall, the Study Adults had HEI diet quality scores 

that fell primarily in the C to D categoriesτor moderate scoringτwhich was suboptimal scoring 

and needed improvementτespecially men. Areas of most concern included total fruit (men), 

fatty acid ratio, sodium, and saturated fats. Their diet quality was generally better than those in 

NHANES, with the most similarity to the A1 Subgroup (Reported CeD Diagnosis & GFD).  
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HEI diet quality for the Study Adults. Overall, the Study AdultsΩ HEI score was 68.3% out 

of 100, where most scored ōŜǘǿŜŜƴ ά/έ and ά5έ (considered suboptimal) and were most 

similar to the NHANES A1 Subgroup (Reported CeD Diagnosis & GFD) and significantly better 

than the others in NHANES. Among the 13 components of the HEI, six components had 

favorably high scores. These included four adequacy components: greens and beans, whole 

fruit, total protein foods, and seafood and plant proteins, suggesting high consumption. These 

also included two moderation components with favorably high scores: 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, was unfavorably 

low, suggesting high saturated fat relative to the others. Sodium and saturated fats 

components, both moderation components, were also unfavorably low, suggesting high 

consumption. Compared with the NHANES A1 Subgroup (Reported CeD Diagnosis & GFD), the 

Study Adults had similar HEI diet quality, with higher favorable scoring in a few components 

(favorable consumption of greens and beans, whole grains, and total protein foods and refined 

grains), but unfavorably lower scoring in saturated fat (unfavorably higher 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 Adults had significantly and qualitatively 

ƘƛƎƘŜǊ I9L ŘƛŜǘ ǉǳŀƭƛǘȅΣ ŀǎ Ƴƻǎǘ ŦŜƭƭ ƛƴǘƻ ǘƘŜ άCέ ŦƻǊ failing category. The Study Adults scored 

favorably higher on most components in comparison to these two groups, but unfavorably 

lower scoring with saturated fat. There were also some gender differences within the Study 

Group as well as between the NHANES subgroups, where men had fewer components in which 

they were doing well, along with an inability to determine significant differences based on 
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smaller sample sizes for the Study Adult men. See Table 13, Healthy Eating Index Comparison of 

Study Adults and NHANES by CeD Status, along with Figures 7, 8, and 11 which show 

comparisons by gender. (See Tables 55 and 56 in Appendix B for more gender-specific detail.) 

Healthy Eating Index Results for the Teens 

Study Teens HEI scoring highlights. Overall, 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 poorly, where most components were critically 

low. The Study Teens had a diet 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 Teens. Overall, the Study Teens scored 63.8% out 100, 

ǿƘŜǊŜ Ƴƻǎǘ ǎŎƻǊŜŘ ōŜǘǿŜŜƴ ά/έ ŀƴŘ ƘƛƎƘ άCέτ meaning that it is was not just suboptimal, but 

a significant proportion had failing scores and urgently needed to improve their diet, yet were 

significantly better than the others comparison subgroups in NHANES. The Study Teens only 

scored favorably high in three of the 13 components, two adequacy components, whole grains, 

total protein foodsτindicating high consumption, and one moderation component, refined 

grainsτindicating favorably low consumption. The Study Teens could improve on many 

components, particularly the fatty acid ratio, sodium, and saturated fat. Boys also scored poorly 

on total vegetables, greens and beans, total fruit, whole fruit, and seafood and plant protein. 

NotŀōƭȅΣ ǘƘŜ ōƻȅǎ ŀǾŜǊŀƎŜ ǎŎƻǊŜ ǿŀǎ ррΦп҈Σ ŀƴ άCέ ǊŀǘƛƴƎΣ ǿƘƛŎƘ ǿŀǎ м0 points lower than the 

girls at 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 (Everyone Else 

Without CeD), the Study Teens were significantly and qualitatively better. The Study Teens had  
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Table 13. Healthy Eating Index Comparison of Study Adults and NHANES by CeD Status 

 

Note. NHANES = National Health and Nutrition Examination Survey. CeD = celiac disease. PUFA = polyunsaturated fatty acids. MUFA = monounsaturated fatty acids. SFA = 
saturated fatty acids. (1) Higher scores represent higher diet quality. Comparison against Study Adults. T-test values: *p < 0.05. **p < 0.01. ***p < 0.001. ns = not significant. 
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Figure 7. Healthy Eating Index Mean Component Scores by Percent Maximum Target Comparison of Study Adults and NHANES by 
CeD Status in Women 

   
Note: HEI = Healthy Eating Index. NHANES = National Health and Nutrition Examination Survey. NHANES Subgroups: A1 = Reported CeD Diagnosis & GFD. A2 = New 
CeD Serology & No GFD. A3 = Everyone Else Without CeD. Comparison against Study Adults. *p-value < 0.05. **p-value < 0.01. ***p-value < 0.001. 
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Figure 8. Healthy Eating Index Mean Component Scores by Percent Maximum Target Comparison of Study Adults and NHANES 
by CeD Status in Men 

  

Note: HEI = Healthy Eating Index. NHANES = National Health and Nutrition Examination Survey. NHANES Subgroups: A1 = Reported CeD Diagnosis & GFD. A2 = New 
CeD Serology & No GFD. A3 = Everyone Else Without CeD. Comparison against Study Adults. *p-value < 0.05. **p-value < 0.01. ***p-value < 0.001. 
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higher scoring on many components except they had unfavorably lower saturated fat scoring. 

See Table 14 for the overall scoring results, as well as Figures 9, 10, and 11 for comparisons by 

gender. (See Tables 57 and 58 in Appendix B for more gender-specific detail.) 

HEI Overall Results Summary 

TƘŜ I9L ŘƛŜǘ ǉǳŀƭƛǘȅ ŦƻǊ ǘƘŜ ǎŀƳǇƭŜ ŀǾŜǊŀƎŜŘ ά5Σέ ǿƘƛŎƘ ǿŀǎ ŎƻƴǎƛŘŜǊŜŘ ƳƻŘŜǊŀǘŜ ŀƴŘ 

suboptimalτŜȄŎŜǇǘ ŦƻǊ ǘƘŜ ōƻȅǎ ƛƴ ǘƘŜ {ǘǳŘȅ ¢ŜŜƴǎΣ ǿƘƻ ŀǾŜǊŀƎŜŘ άCέ ƻǊ ŦŀƛƭƛƴƎ grade (poor 

scoring), indicating a need for urgent improvement. Adults had better scores than teens, 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 also did well with whole grains. In addition, 

the Study Adults did well with greens and beans, whole fruit, seafood and plant protein, and 

added sugar. The components most consistently needing improvement were saturated fatty 

acids, sodium, and the fatty acid ratio. The teens, particularly boys, had numerous areas 

needing improvement. Relative to NHANES, the sample had favorably higher scoring overall 

with the whole grains, total protein, and refined grains components, but unfavorably lower 

saturated fat scores. They were most similar to the group who Reported CeD Diagnosis & GFD 

(adults). See Table 15 and Figure 11. 

See Table 15, Summary of HEI Components by Score Level for Study Adults and Study 

Teens Relative to NHANES, as well as Figure 11, Comparison of Mean and Interquartile Ranges 

of HEI Total Scores for the Sample and NHANES by Gender and CeD Status. 
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Table 14. Healthy Eating Index Comparison of the Study Teens and NHANES by CeD Status 

  

Note. NHANES = National Health and Nutrition Examination Survey. CeD = celiac disease. PUFA = polyunsaturated fatty acids. MUFA = monounsaturated fatty acids. SFA = 
saturated fatty acids. 1.) Higher scores represent higher diet quality. 2.) Means shown, but no statistical analysis due to small sample size (n < 5). Comparison against Study 
Teens. T-test p-values: *p < 0.05. **p < 0.01. ***p < 0.001. ns = not significant.  
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Figure 9. Healthy Eating Index Mean Component Scores by Percent Maximum Target Comparison of Study Teens and 
NHANES by CeD Status in Girls 

 

Note: HEI = Healthy Eating Index. NHANES = National Health and Nutrition Examination Survey. NHANES Subgroups: T2 = New CeD Serology & No 
GFD. T3 = Everyone Else Without CeD. Comparison against Study Teens. *p-value < 0.05. **p-value < 0.01. ***p-value <0.001. 
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Figure 10. Healthy Eating Index Mean Component Scores by Percent Maximum Target Comparison of Study Teens and 
NHANES by CeD Status in Boys 

 

Note: HEI = Healthy Eating Index. NHANES = National Health and Nutrition Examination Survey. NHANES Subgroups: T3 = Everyone  
Else Without CeD. Comparison against Study Teens. *p-value < 0.05. **p-value < 0.01. ***p-value < 0.001. 
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Table 15. Summary of HEI Components by Score Level (% of Target) for Study Adults and Study Teens Relative to NHANES 

Score Level 
(% of Target) 

Overall Study Adults  
Women 

 
Men 

Overall Study  
Teens 

 
Girls 

 
Boys 

Low  
(< 60%) 
 
Components 
that urgently 
need 
improvement 

Fatty acid ratio+(b) 
Sodium 
Saturated fat-(a,b,c) 

Fatty acid ratio 
Sodium 
Saturated fatς(a, b, c) 
 

Total fruit 
Fatty acid ratio+(b) 
Sodium  
Saturated fat 
 

Greens & beans+(b,c) 
Total fruit+(c) 
Fatty acid ratio 
Sodium 
Saturated fat-(c) 

Fatty acid ratio 
Sodium 
Saturated fat-(c) 

Total vegetables 
Greens & beans+(c) 
Total fruit 
Whole fruit 
Seafood & plant 
protein 
Fatty acid ratio 
Sodium 
Saturated fat-(c) 
Overall score 

Moderate 

(60% - <80%) 
 
Components 
that need 
improvement 

Total vegetables+(c) 
Total fruit+(b,c)  
Whole grains+(a,b,c) 
Milk & dairy 
Overall score+(b,c) 

Total fruit+(c) 
Whole grains+(a,b,c) 
Milk & dairy 
Overall score+(b, c) 

Total vegetablesς(a) 
Greens & beans+(b,c)  
Whole fruit+(b) 
Whole grains+(a,b,c) 
Milk & dairy 
Seafood & plant 
proteins 
Added sugar 
Overall score+(b,c) 

Total vegetables 
Whole fruit 
Milk & dairy 
Seafood & plant 
protein+(b,c) 
Added sugar+(c) 
Overall score+(b,c) 

Total vegetables+(c) 
Greens & beans+(b,c) 
Total fruit-(a),+(c) 
Milk & dairy 
Seafood & plant+(b,c) 
protein 
Added sugar+(c) 
Overall score+(b,c) 

Added sugar+(c) 
 

High  
(> 80%) 
 
Components 
where 
participants are 
doing well 

Greens & beans+(a,b,c) 
Whole fruit+(b,c) 
Total protein+(a,b,c) 
Seafood & plant 
protein+(b,c) 
Refined grains+(a,b,c) 
Added sugar+(c) 

Total vegetables 
Greens & beans+(b, c) 
Whole fruit+(c) 
Total protein+(a,b,c) 
Seafood & plant 
proteins 
Refined grains+(a,b,c) 
Added sugar+(c) 

Total protein foods 
Refined grains+(b,c) 

Whole grains+(b,c) 
Total protein +(b,c) 
Refined grains+(b,c) 

Whole fruit 
Whole grains+(b,c) 
Total protein+(b,c) 
Refined grains+(b,c) 

Whole grains+(c) 
Milk & dairy 
Total protein 
Refined grains+(c) 

 
Note: HEI = Healthy Eating Index 2015. Relative to NHANES: blank = no significant differences. ς = significantly unfavorable consumption, + = significantly favorable 

consumption. NHANES subgroups: (a) = Reported CeD Diagnosis & GFD. (b) = New CeD Serology & No GFD. (c) = Everyone Else Without CeD. 
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Figure 11. Comparison of Mean and Interquartile Ranges of HEI Total Scores for the Sample and NHANES by  
Gender and CeD Status 
 

 

Note: HEI = Healthy Eating Index. NHANES = National Health and Nutrition Examination Survey. NHANES Subgroups: A1 = Reported CeD Diagnosis 
& GFD. A2/T2 = New CeD Serology & No GFD. A3/T3 = Everyone Else Without CeD. Comparison against Study Samples. *p-value < 0.05. **p-value  
< 0.01. ***p-value < 0.001. 
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HEI Hypotheses Outcomes 

Hypothesis 1.1.1.1. In line with expectations, a large proportion (i.e., >75%) of the 

ǎŀƳǇƭŜ ƘŀŘ ǎǳōƻǇǘƛƳŀƭ ŘƛŜǘ ǉǳŀƭƛǘȅ ǎŎƻǊŜǎ όғул ƻǊ ǎŎƻǊƛƴƎ ά/έ ƻǊ ōŜƭƻǿύΦ I9L ǎŎƻǊŜǎ ŀǾŜǊŀƎŜŘ ŀ 

ά5έ ƎǊŀŘŜ όсуΦоύ ŦƻǊ ŀŘǳƭǘǎΣ ǿƘŜǊŜ ǘƘŜ ƳŀƧƻǊƛǘȅ ƘŀŘ ǎǳōƻǇǘƛƳŀƭ ǎŎƻǊŜǎΦ [Ŝǎǎ ŜƴŎƻǳǊŀƎingly, 

ǘŜŜƴǎ ŀǾŜǊŀƎŜŘ ŀ ƭƻǿŜǊ ά5έ ǎŎƻǊŜ (63.8), whereas teen boys averaged an άCέ ǎŎƻǊŜΦ aƻǊŜ 

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, except for boys. 

Hypothesis 2.1.1. In line with expectations, there was no significant differences among 

the HEI scores between the Study Adults and the NHANES A1 Subgroup, Reported CeD and 

GFD.  

Hypothesis 2.2.1. The sample had better diet quality than the other two NHANESτNew 

CeD Serology & No GFD and Everyone Else Without CeD. This was opposite of the hypothesis. 

Diet Quality Results as Measured by AMED 

Aims 1.1.2. To evaluate eating patterns in a sample of teens and adults with CeD (n = 80) by 

measuring diet quality as assessed by the Alternate Mediterranean Diet Index.  

¢Ƙƛǎ ǎŜŎǘƛƻƴ ŘƛǎŎǳǎǎŜǎ ǘƘŜ ǎŀƳǇƭŜΩǎ ŀŘƘŜǊŜƴŎŜ ǘƻ ǘƘŜ !ƭǘŜǊƴŀǘŜ aŜŘƛǘŜǊǊŀƴŜŀƴ 5ƛŜǘ 

(AMED) score. AMED has nine components, where 1 point is awarded based on an individual 

consumption relative to the median intake of the population. Adequacy componentsτfruits, 

vegetables (excluding potatoes), nuts, legumes, whole grains, fish, and ratios of 

monounsaturated to saturated fatsτwere each given 1 point for exceeding median 

consumption. One moderation component, red, organ, and processed meats, was assigned 1 

point if consumption was below that of the median population. The moderation component 
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alcohol, however, was assigned 1 point only if consumption fell within specified amounts 

(females, between 5g and 15g ethanol; males, between 10g and 25g/day).  

The mean component scores represented the percent of the population scoring 

favorably relative to the median consumption. The expectation for the total population would 

be a score of 4.5 in total and 0.5 for each of the components (except alcohol). (The alcohol 

ǎŎƻǊŜ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ǇŜǊŎŜƴǘ ƻŦ ǘƘŜ ƎǊƻǳǇ ǘƘŀǘ ŀǊŜ ΨƳƻŘŜǊŀǘŜ ŘǊƛƴƪŜǊǎΦΩύ ¢ƘŜǊŜŦƻǊŜΣ ŀ ǎŎƻǊŜ ƻŦ 

above 0.5 on most components for a group indicates that more than half of the individuals in 

that group are above the median. A total score of above 4.5 for a group would suggest that the 

typical individual in the group was above the median for at least half of the components 

(although it was also possible for a group to score above 4.5 by scoring particularly well on just 

a few of the components). AMED scores have been grouped into three levels: low (<3), 

moderate (3-5.99), and high (6-9). For consistency in approach, the researcher used a similar 

categorization of components, with designations of low (0-.33), moderate (.34-.66), and high 

(.67-1.0) to better understand areas of concern. Differences were considered clinically 

significant when the components were: (1) significantly different, and (2) had either (a) more 

than .33 net difference, (b) p-value < 0.001, or (c) a difference in category. 

Associated hypotheses included: 

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 below 6 out of 9 (moderate or lower). 

NHANES comparison hypotheses associated with this study aim were: 
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2. Similarities and differences with NHANES 

IȅǇƻǘƘŜǎƛǎ нΦмΦнΦ ¢ƘŜǊŜ ǿƛƭƭ ōŜ ƴƻ ŘƛŦŦŜǊŜƴŎŜ ōŜǘǿŜŜƴ ǘƘŜ ǎŀƳǇƭŜΩǎ !a95 ǎŎƻǊŜǎ ŀƴŘ 

those of the NHANES subgroup, Reported CeD Diagnosis & GFD (adults). 

Hypothesis 2.2.2. The sample will have lower AMED scores compared with the other 

two NHANES subgroups, New CeD Serology & No GFD, and Everyone Else Without CeD. 

AMED Results for the Adults 

Study Adults AMED scoring highlights. As a group, the Study Adults had AMED scores 

that were considered high, particularly among the women, which was optimal scoring. Over 

half of the components had high favorable percentiles. However, some areas indicated there 

could be improvement, especially among men. The differences between the AMED component 

and overall scores nearly always favored the Study Adults over the NHANES subgroups; 

however, the NHANES A1 Subgroup (Reported CeD Diagnosis & GFD) had the most similarities.  

AMED diet quality for the Study Adults was considered high and was better than all of 

those in NHANES. The AMED score for Study Adults was 6.18 out of 9 points, which was 

considered high scoring (scores: 6-9), or optimal. Most components had high favorable 

percentages, including whole fruit, vegetables (no potatoes), whole grains, nuts, and fatty acid 

ratio (MUFA: SFA). The others were moderately high, with no unfavorably low percentages. 

Results for women paralleled the general findings. There were differences by gender, with 

women scoring higher than men, particularly with regards to moderate alcohol. The Study 

Adults did significantly better than most components and overall scores than the subgroups in 

NHANES. However, there was some overlap in scoring with the NHANES A1 Subgroup (Reported 

CeD Diagnosis & GFD). See Table 16 for AMED component scoring, as well as Figures 12, 13 and 
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16 for comparisons by gender. (See Tables 59 and 60 in Appendix B for more gender-specific 

detail.) 

AMED Results for the Teens 

Study Teens AMED scoring highlights. As a group, the 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 diet quality for the Study Teens was considered moderate and was better than 

the comparison groups in NHANES. The AMED score for diet quality for the Study Teens scored 

4.93 out of 9 points, which was moderate scoring (considered suboptimal). Only whole fruit, 

whole grains, and nuts had high favorable percentages. Most components had moderately 

favorable percentages, including vegetables (no potatoes), legumes, fatty acids and red, organ, 

and processed meat. Other than alcohol, fish was the one component with an extremely low 

percentage. The alcohol component, as expected, was zero as no Study Teens reported 

ΨƳƻŘŜǊŀǘŜ ŀƭŎƻƘƻƭΩ ŎƻƴǎǳƳǇǘƛƻƴΦ DƛǊƭǎ ŀƭǎƻ ƘŀŘ ƘƛƎƘ ŦŀǾƻǊŀōƭŜ ǇŜǊŎŜƴǘŀƎŜǎ Ŧor whole fruit, 

whole grains, nuts, fatty acids, along with red, organ, and 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, fatty acids, along with red, organ, and processed 

meat. Girls, overall, had higher scoring than 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 quality. All non-alcohol components other than whole fruit and 
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Table 16. Alternate Mediterranean Diet Index Comparison of Study Adults and NHANES by CeD Status 

 

Note. NHANES = National Health and Nutrition Examination Survey. CeD = celiac disease. PUFA = Polyunsaturated Fatty Acids. MUFA = Monounsaturated 
Fatty Acids. SFA = Saturated Fatty Acids. 1.) Higher scores represent higher diet quality. Comparison against the Study Adults. T-testing performed on the 
total score. Fisher's exact-test performed on components. Significance values were: *p < 0.05. **p < 0.01. ***p < 0.001. ns = not significant. 
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Figure 12. Alternate Mediterranean Diet Component Scores by Percent Scoring Above the Mean Comparison of  
Study Adults and NHANES by CeD Status in Women 
 

 

 
Note. NHANES = National Health and Nutrition Examination Survey. NHANES Subgroups: A1 = Reported CeD Diagnosis & GFD. A2 = New CeD Serology 
& No GFD. A3 = Everyone Else Without CeD. Comparison against Study Adults. *p-value < 0.05. **p-value < 0.01. ***p-value <0.001.
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Figure 13. Alternate Mediterranean Diet Component Scores by Percent Scoring Above the Mean Comparison of  
Study Adults and NHANES by CeD Status in Men 
 

 

 
Note. NHANES = National Health and Nutrition Examination Survey. NHANES Subgroups: A1 = Reported CeD Diagnosis & GFD. A2 = New CeD  
Serology & No GFD. A3 = Everyone Else Without CeD. Comparison against Study. *p-value < 0.05. **p-value < 0.01. ***p -value <0.001. 
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red, organ, and processed meat were clinically and significantly different, favoring the Study 

Teens. Compared with the NHANES T3 Subgroup (Everyone Else Without CeD), the Study Teens 

had significantly and likely qualitatively higher AMED diet quality. There were many clinical and 

significant differences, all of which favored the Study Adults, including vegetables, whole grains, 

legumes, nuts, and fish. See Table 17 for AMED component scoring, as well as Figures 14, 15, 

and 16 for comparisons by gender. (See Tables 61 and 62 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 A1 Subgroup, 

Reported CeD Diagnosis & GFD. The 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 improvement. 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 potatoes). Moderate 

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 Teens. (See Table 18 and Figure 16.) 

 

 



 

194 
 

Table 17. Alternate Mediterranean Diet Index Comparison of Study Teens and NHANES by CeD Status 

 

Note. NHANES = National Health and Nutrition Examination Survey. CeD = celiac disease. PUFA = Polyunsaturated Fatty Acids. MUFA = Monounsaturated 
Fatty Acids. SFA = Saturated Fatty Acids. (1) Higher scores represent higher diet quality. (2) Means shown, but no statistical analysis due to small sample size 
(n < 5). Comparison against the Study Teens. T-testing performed on the total score. Fisher's exact test performed on components. Significance values were: 
*p < 0.05. **p < 0.01. ***p < 0.001. ns = not significant. 
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Figure 14. Alternate Mediterranean Diet Component Scores by Percent Scoring Above the Mean Comparison of  
Study Teens and NHANES by CeD Status in Girls 
 

 

Note. NHANES = National Health and Nutrition Examination Survey. NHANES Subgroups: T2 = New CeD Serology & No GFD.  
T3 = Everyone Else Without CeD. Comparison against Study. *p-value < 0.05. **p-value < 0.01. ***p-value < 0.001. 
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Figure 15. Alternate Mediterranean Diet Component Scores by Percent Scoring Above the Mean Comparison of  
Study Teens and NHANES by CeD Status in Boys 
 

  

Note. NHANES = National Health and Nutrition Examination Survey. NHANES Subgroup: T3 = Everyone Else Without CeD.  
Comparison against Study. *p-value < 0.05. **p-value < 0.01. ***p-value < 0.001. 
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Table 18. Summary of AMED Components & Overall Score for Study Adults and Study Teens Relative to NHANES 

 
Score Level 

Overall Study 
Adults 

 
Women 

 
Men 

Overall Study  
Teens1 

 
Girls1 

 
Boys1 

Low  
(% pop: < 34%) 
(score: 0 - 2.9) 
Components that 
urgently need 
improvement 

  Moderate alcohol Fish+(c) 
 

Fish+(c) 
 
 

Legumes 
Fish 
Fatty Acids 
Red, organ, and 

processed meats 

Moderate 
(% pop:34%-66%) 
(score: 3-5.9) 

 
Components that 
need 
improvement 

Legumes+(c) 

Fish+(a,b,c) 

Red, organ, and 

processed meats+(b) 

Moderate alcohol+(b,c) 
 

Legumes+(a,c) 

Fish+(a,b,c)  
Red, organ & 

processed meats-(a) 

Moderate 

alcohol+(b,c) 

Whole fruit 

Fish+(b,c) 
Legumes 
Red, organ & 

processed meats+(b) 

Total Score+(b,c) 
 

Vegetables (no 

potatoes) +(c) 

Legumes+(c) 

Fatty acids+(b,c)  
Red, organ, and 

processed meats+(b) 

Total Score+(b,c) 
 

Vegetables (no 

potatoes) +(c) 

Legumes+(c) 

Total Score+(b,c) 

 

Whole fruit 
Total Score 
 

High  
(% pop: > 67%) 
(score: 6-9) 

 
Components 
where participants 
are doing well 

Whole fruit-(a) 

Vegetables (no 

potatoes) +(a,b,c) 

Whole grains+(a,b,c) 

Nuts+(c) 

Fatty acids+(a,b,c)  

Total Score+(a,b,c) 

Whole fruit 
Vegetables (no 

potatoes) +(a,c) 

Whole grains+(a,b,c) 

Nuts+(c) 

Fatty acids+(a,b,c) 

Total Score+(a,b,c) 

Vegetables (no 
potatoes) 

Whole grains+(a,c) 

Nuts 
Fatty acids  
 

Whole fruit 

Whole grains+(b,c)  

Nuts+(c) 
 

Whole fruit+(c) 

Whole grains+(b,c) 

Nuts+(c) 

Fatty acids+(b,c) 
Red, organ & 
processed meats 

Vegetables (no 
potatoes) 

Whole grains+(c) 
Nuts 

 
Note: AMED = Alternate Mediterranean Diet Index. 1 = Did not show alcohol component. Relative to NHANES: ς = significantly lower, + = significantly 
higher. NHANES subgroups: (a) = Reported CeD Diagnosis & GFD. (b) = New CeD Serology & No GFD. (c) = Everyone Else Without CeD. 
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Figure 16. Comparison of Means and Interquartile Ranges of Total Alternate Mediterranean Diet Score of the Sample  
and NHANES by Gender, Age, and CeD Status 
 

 

Note: HEI = Healthy Eating Index. NHANES = National Health and Nutrition Examination Survey. NHANES Subgroups: A1 = Reported CeD Diagnosis & GFD. 
A2/T2 = New CeD Serology & No GFD. A3/T3 = Everyone Else Without CeD. Comparison against Study Sample. *p-value < 0.05. **p-value < 0.01.  
***p -value < 0.001.  
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AMED Hypotheses Outcomes 

Hypothesis 1.1.1.2. Contrary to expectations, most of the Study Adults had better than 

suboptimal scoring; only 12/50 (24%) had suboptimal AMED scoring (below 6 out of 9). The 

median score for adults was 6.18, which still indicated room for improvement but suggested 

that many exceeded amounts consumed in the general population. More in line with the 

hypothesis was that the majority, but not quite 75%, of the Study Teens 19/30 (63.3%) had 

suboptimal scores. Their average score was 4.93, suggesting more of a need for improvement. 

Notably, all of the boys had suboptimal scores, suggesting an urgent need for improvement. 

However, few, except for boys, had poor scores. 

Hypothesis 2.1.2. The Study Adults had clinically and significantly better AMED diet 

quality than the NHANES A1 Subgroup, Reported CeD and GFD.  

Hypothesis 2.2.2. The sample had better AMED diet quality the two NHANES subgroups, 

New CeD Serology & No GFD, and Everyone Else Without CeD. This was opposite of the 

hypothesis. 

Food Processing Results as Measured by Using NOVA 

Aim 1.1.2. To evaluate eating patterns in a sample of teens and adults with CeD (n = 80) by 

measuring the 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, NOVA (not an acronym) categorizes foods into four levels of processing by 

groups (G1-G4): Group 1 (G1)τminimally processed foods, Group 2 (G2)τprocessed culinary 

Ingredients, Group 3 (G3)τprocessed foods, and (the focus for this thesis) Group 4 (G4)τultra-

processed foods; this will be referred here on in the text as ultra-processed foods, ultra-
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processed foods (% kcal), or ultra-processed foods (% grams). Ultra-processed foods are 

products which may contain foods from prior groups, but also include other chemically 

synthesized items to enhance hedonic appeal, like texture, mouthfeel, or color such as dyes, 

emulsifiers, gums, or flavorings, which would be necessarily created in specialized labs. Lower 

percentages of ultra-processed foods are considered more desirable, where consumption 

starting at 22% kcal (10% grams) and increasing by 10% kcal (5% grams) has been associated 

with adverse health outcomes in European adults (Schnabel et al., 2019; Srour et al., 2019). 

Therefore, where differences exceeded 10% kcal (5% gram) with statistical significance, this 

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 proportion (>22% energy/ >10% 

mass) of ultra-processed foods. 

NHANES comparison hypotheses 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 ultra-processed 

foods that the sample consumes and those of the NHANES subgroup, Reported CeD Diagnosis & 

GFD. 

Hypothesis 2.2.3. The sample will consume a greater amount of ultra-processed food 

compared with the other NHANES subgroups, New CeD Serology & No GFD, and Everyone Else 

Without CeD. 
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NOVA Results for the Adults 

Study Adults NOVA food processing system highlights. The average intake of ultra-

processed foods for the Study Adults was 30% kcal (14% grams), which potentially places the 

group within the range suspected of adverse health outcomes. However, compared with other 

NHANES groups, their intake was relatively modest, especially among women. GF products like 

breads and baked goods composed about a quarter of their ultra-processed food consumption. 

The Study Adults consumed a concerning amount of ultra-processed foods but was 

generally modest when compared with those in NHANES. Roughly a third of calories for the 

Study Adults were derived from each of the minimally processed, processed, and ultra-

processed categories. They had a mean consumption of minimally processed foods of 33.2% 

kcal (70.8% grams), with processed foods composing 29.6% kcal (14.4% grams). Their mean 

consumption of ultra-processed foods was 29.6% kcal (14.4% grams). There were gender 

differences in the group: Women had higher minimally processed foods percentages 34.1% kcal 

(73.6% grams), while men had a lower percentage 28.8% kcal (55.5% grams); conversely, 

women had lower ultra-processed foods 27.6% kcal (11.5% grams), while men had higher 

percentages 39.6% kcal (29.5% grams). Compared with the NHANES A1 Subgroup (Reported 

CeD Diagnosis & GFD), the Study Adults consumed more processed foods 2.7x kcal (2.6x grams) 

and fewer ultra-processed foods 0.7x kcal (0.8x grams), but the difference in mass was not 

significant. Compared with the NHANES A2 Subgroup (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), and fewer ultra-processed foods, 0.5x kcal (0.5x grams). Compared with 

the NHANES A3 Subgroup (Everyone Else Without CeD), the Study Adults consumed more 
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processed foods, 3.2x kcal (2.3x grams), and fewer ultra-processed foods, 0.5x kcal (0.5x 

grams). See Table 19 and Figure 17. (See Tables 63 and 64 in Appendix B for more gender-

specific detail.)  

The top three contributors to ultra-processed food consumption in energy by category 

for the Study Adults were grains (25.9%), including gluten-free breads and baked goods (sweet 

and savory), snacks (14.3%), and candy (8.9%)τaccounting for nearly 50% of the ultra-

processed food calories. As a percent for men, frozen desserts and ice cream (12.6%) also 

composed a high percent of ultra-processed calories (see Table 20). The top contributors by 

mass are shown in Table 21. 

NOVA Results for the Teens 

Study Teens NOVA food processing system highlights. The 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 

intake was relatively modest. GF breads and baked goods composed almost one third of their 

ultra-processed foods. 

The Study Teens also consumed a concerning amount of ultra-processed foods but it 

was modest when compared with the teens in NHANES. Roughly a third of calories for the 

Study Teens were derived from each of the minimally processed, processed, and (a bit higher 

for) ultra-processed categories. They had a mean consumption of minimally processed foods of 

31.5% kcal (68.9% grams), with 28.9% kcal (14.7% grams) of processed foods. Their mean 

consumption of ultra-processed foods was 37.7% kcal (18.2% grams). This potentially placed 

them within the range of consumption for adverse health outcomes. There were gender  
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Table 19. NOVA Food Processing Comparison of Study Adults and NHANES by CeD Status 

 

Notes: NHANES = National Health and Nutrition Examination Survey. G1 = Group 1. G2 = Group 2. G3 = Group 3. G4 = Group 4. 1.) Higher percentage 
represent higher consumption of different levels of 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 Adults. T-test values: *p < 0.05. **p < 0.01. ***p < 0.001. ns = not 
significant. 
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Figure 17. Comparison of Mean and Inter-Quartile Range of Ultra-Processed Foods for Study Adults  
and NHANES by CeD Status 

 
 
Note. NHANES = National Health and Nutrition Examination Survey. NHANES Subgroups: A1 = Reported CeD Diagnosis & GFD. A2 = New CeD  
Serology & No GFD. A3 = Everyone Else Without CeD. Comparison against Study Adults. *p-value < 0.05. **p-value < 0.01. ***p-value < 0.001.  
Levels associated with more or less adverse health risk for ultra-processed foods (22% kcal/10% grams) (Schnabel et al., 2019; Srour et al., 2019). 
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Table 20. Top Contributors of Ultra-Processed Foods as Percent of Energy for Study Adults 
 

 

Note. % of Total (kcal) = % of ultra-processed foods of total energy. % of UPF (kcal) = Percent of ultra-processed 
foods energy percentage. Examples of snacks include cereal party mix, cheese balls, corn nuts, chips, pretzels, fried 
pork rinds, and potato sticks.   
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Table 21. Top Contributors of Ultra-Processed Foods as Percent of Mass for Study Adults 
 

 

Note. % of Total (grams) = % of ultra-processed foods of total mass. % of UPF (grams) = Percent of ultra-processed 
foods mass percentage. Examples of snacks include cereal party mix, cheese balls, corn nuts, chips, pretzels, fried 
pork rinds, and potato sticks.   
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differences in the group; girls consumed less ultra-processed foods 36.6% kcal (17.0% grams), 

while boys consumed more, 42.1% kcal (23.3% grams). Compared to the NHANES T2 Subgroup 

(New CeD Serology & No GFD), the Study Teens consumed more processed foods 3.8x kcal (6.9x 

grams) and fewer ultra-processed foods 0.5x kcal (0.5x grams). Compared to the NHANES T3 

Subgroup (Everyone Else Without CeD), the Study Teens consumed more minimally processed 

foods, 1.2x kcal (1.3x grams), more processed foods, 4.5x kcal (4.5x grams), and fewer ultra-

processed foods, 0.6x kcal (0.4x grams). See Table 22 and Figure 18. (See Tables 65 and 66 in 

Appendix B for more gender-specific detail.) 

The top three contributors to ultra-processed food consumption by category for the 

Study Teens were grains, including GF breads and baked goods (sweet and savory) (30% kcal), 

snacks (11%), and ready-to-eat cereals (8%)τaccounting for nearly 50% of the ultra-processed 

food calories. Top contributors for boys also included frozen desserts and candy (see Table 23). 

The top contributors by mass are shown in Table 24. 

NOVA Overall Results 

The sample consumed amounts of ultra-processed food products that were concerning. 

A few Study Adults consumed amounts below the level associated with adverse effects, but the 

majority of Study Adults and Study Teens were within that range. However, compared with the 

NHANES subgroups, consumption of ultra-processed foods was modest, especially for women 

and girls. Most consumption was concentrated in GF grains and baked goods, snacks, and candy 

for both groups, with additional concerns of ready-to-eat cereals (Study Teens) and ice cream/ 

frozen dessert (men and boys). 
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Table 22. NOVA Food Processing Comparisonsns of Study Teens and NHANES by CeD Status 

 

Notes: NHANES = National Health and Nutrition Examination Survey. (1) Higher percentage represent higher consumption of different levels of processed 
foods or drinks as percent of the total amount consumed. (2) Means shown, but no statistical analysis due to small sample size (n < 5). The sum of the four 
categories should equal 100%, subject to rounding errors. Comparison against Study Teens. T-test values: *p < 0.05. **p < 0.01. ***p < 0.001. ns = not 
significant. 

 

  



 

209 
 

Figure 18. Comparison of Mean and Inter-Quartile Range of Ultra-Processed Foods for Study Teens  
and NHANES by CeD Status 
 

 

Note. NHANES = National Health and Nutrition Examination Survey. NHANES Subgroups: T2 = New CeD Serology & No GFD. T3 = Everyone Else Without CeD. 
Comparison against Study Teens. *p-value < 0.05. **p-value < 0.01. ***p-value < 0.001. Levels associated with more or less adverse health risk for ultra-processed 
foods (22% kcal/ 10% grams) (Schnabel et al., 2019; Srour et al., 2019). 

**

**

***

***

***

***

***

***

0%

20%

40%

60%

80%

100%

120%

Pe
rc

en
t 

of
 T

ot
al

 F
oo

ds
 U

lt
ra

-P
ro

ce
ss

ed

Study Teens T2 Subgroup T3 Subgroup

NOVA - Teens

Percentage 

in Grams
Energy 

Percentage

Girls BoysTotal

Percentage 

in Grams

Percentage 

in Grams

Energy 

Percentage

Energy 

Percentage

Total Teens 
Sample: n = 30 
T2 Subgroup: n = 7 
T3 Subgroup: n = 2,296 

 

Total Girls 
Sample: n = 24 
T2 Subgroup: n = 5 
T3 Subgroup: n = 1,115 

 

Total Boys 
Sample: n = 6 
T3 Subgroup: n = 1,181 

 



 

210 
 

Table 23. Top Contributors of Ultra-Processed Foods as Percent of Energy for Study Teens 
 

 
 
Note. % of Total (kcal) = % of ultra-processed foods of total energy. % of UPF (kcal) = Percent of ultra-processed 
foods energy percentage. Examples of snacks include cereal party mix, cheese balls, corn nuts, chips, pretzels, fried 
pork rinds, and potato sticks.    
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Table 24. Top Contributors of Ultra-Processed as Percent of Mass for Study Teens 
 

 

Note. % of Total (grams) = % of ultra-processed foods of total mass. % of UPF (grams)  = Percent of ultra-processed 
foods mass percentage. Examples of snacks include cereal party mix, cheese balls, corn nuts, chips, pretzels, fried 
pork rinds, and potato sticks.   

 

  

All Teens Girls Boys

Product category

% of 
Total 

(grams)

% of 
UPF 

(grams) Product category

% of 
Total 

(grams)

% of 
UPF 

(grams) Product category

% of 
Total 

(grams)

% of 
UPF 

(grams)

Beverages 
(nonalcoholic) 4% 20% Grains & baked goods 3% 21%

Beverages 
(nonalcoholic) 8% 36%

Grains & baked goods 3% 19%
Beverages 
(nonalcoholic) 2% 11% Grains & baked goods 4% 16%

Milk & Dairy 1% 8% Milk & Dairy 1% 9%
Frozen Desserts/ Ice 
Cream 1% 6%

Yogurt & Frozen Yogurts 1% 7%
Yogurt & Frozen 
Yogurts 1% 8% Fruit juice 1% 5%

Fruit juice 1% 6% Snacks 1% 7% Cooked cereals 1% 5%
Pasta and rice 1% 5% Pasta and rice 1% 6% Milk & Dairy 1% 5%

Snacks 1% 5% Fruit juice 1% 6%

Yogurt & Frozen 
Yogurts 1% 4%

Frozen Desserts/ Ice 
Cream 1% 5% Ready-to-eat cereals 1% 5% Pasta and rice 1% 3%

Ready-to-eat cereals 1% 4%

Frozen Desserts/ Ice 
Cream 1% 4% Ready-to-eat cereals 1% 2%

Candy 1% 3% Candy 1% 4% Candy 1% 2%
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NOVA Hypotheses Outcomes 

Hypothesis 1.1.2. As anticipated, a majority (i.e., >50%) had a high proportion (>22% 

energy/>10% mass) of ultra-processed food consumption. Among adults, 33/50 (66%) exceeded 

the limit regarded as high (based on energy) and 28/50 (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 (based on energy) and 22/30 (73.3%) exceeded the 

limit regarded as high (based on mass), with an average intake of 37.7% kcal (18.2% grams). 

Hypothesis 2.1.3. The Study Adults, compared with those who Reported CeD Diagnosis 

& GFD, consumed significantly fewer ultra-processed foods as percent of total foods when 

assessed by energy, which was not expected. When assessed by mass, however, there was no 

difference, matching the expectation.  

Hypothesis 2.2.3. Unexpectantly, the sample consumed clinically significant lower, 

instead of higher, percentages of ultra-processed foods, compared with the other NHANES 

subgroups, New CeD Serology & No GFD, and Everyone Else Without CeD. 

Nutrient Results as Measured by Using U.S. Recommendations 

Aim 1.3. To evaluate eating patterns in a sample of teens and adults with CeD (n = 80) by 

describing nutrient content in relation to U.S. Dietary Reference Intakes (DRI) as highlighted by 

the 2015-2020 Dietary Guidelines for Americans (DGA). 

This section describes the results of the nutrient analysis. Tables 25 to Table 28 describe 

the nutrient content of the Study Adults and Study Teens, primarily focusing on whether 

sufficiency was establishedτthat is, the percent with deficitsτor if excessive consumption 
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occurred, but also providing a comparison 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 improvement. 

1.2.1. A majority (i.e., > 50%) would have low consumption of carbohydrates, fiber, 

certain B-vitamins (for 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 lipids, saturated fat, and 

added sugars. 

NHANES comparison hypotheses associated with this study aim 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 or excess, or unfavorable mean amounts and those of the NHANES 

Subgroup, Reported CeD Diagnosis & GFD (adults). 

2.2.4. The sample will have a greater number of potential nutrient deficiencies or 

excess, or unfavorable mean amounts compared with the other two NHANES subgroups, New 

CeD Serology & No GFD, and Everyone Else Without CeD. 

Nutrient Results for the Adults 

Nutrient highlights for the Study Adults. There were several nutrients of concern for the 

Study Adults. Although the majority of these concerns reflect those of the American diet, some 

appear potentially related to the GFD, such as high lipids and low folate. 
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Patterns of potential nutrient deficits in the Study Adults. There were 15 nutrients 

where at least 10% or more had potential deficits in recommendation. These included: 

carbohydrates [n = 36 (72%) < AMDR], fiber [n = 30 (60%) < AI], calcium [n = 22 (44%) < EAR], 

potassium [n = 17 (34%) < AI], vitamin E [n = 26 (52%) < EAR], vitamin D [n = 37 (74%) < EAR], 

vitamin C [n = 12 (24%) < EAR], vitamin K [n = 12 (24%) < AI], thiamin [n = 11 (22%) < EAR], 

choline [n = 38 (76%) < AI],  folate [n = 23 (46%) < EAR], and the polyunsaturated fats, linoleic 

acid [n = 12 (24%) < AI, n = 10 (20%) < AMDR], linolenic acid [n = 13 (26%) < AI, n = 16 (32%)  

< AMDR], suggesting potential deficiency among multiple vitamins overall (see Table 25). In 

addition, there were some gender-specific concerns, as iron (women) [n = 5 (12%) < EAR] and 

magnesium (men) [n = 5 (63%) < EAR] were also low (see Tables 67-70 in Appendix B for more 

gender-specific detail). Of these, six were 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 folate not far behind, exceeding 40% who were 

potentially deficient and indicating widespread potential for deficiency across the Study Adults.  

Mean nutrient values based on the Dietary Guidelines are shown in Table 26, closely 

paralleling those found in Table 25. Reviewing the lowest quartiles, results shown in the sample 

overall had low intake in dietary fiber, calcium, magnesium, vitamin E, vitamin D, vitamin C, 

thiamin, choline, and folate. Encouragingly, however, the results in Table 25 also suggest 

widespread consumption at a level of adequacy of several nutrients, including: protein (grams), 

carbohydrates (grams), selenium, vitamin A, riboflavin, and vitamin B12.  

Patterns of potential nutrient excesses and high consumption in the Study Adults. There 

were only three nutrients where at least 10% of the population potentially exceeded 
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recommendations: total fat (% kcal) [n = 40 (80%) > AMDR], linolenic acid [n = 5 (10%) > AMDR], 

and niacin [n = 28 (56%) > UL]. The total fat (% kcal) may potentially be more problematic than 

niacin. Niacin may be more problematic when consumed as supplements (see Table 25). 

Observing trends across the population, there was high mean consumption of total fat (% kcal), 

saturated (% kcal) as well as sodium, even among those with the lowest quartile of intake of 

these nutrients who exceeded recommendations (see Table 26). The mean consumption of 

added sugar approached the recommended limitτthe upper quartile, and 50% exceeded the 

recommendation (not shown).  

Comparisons with NHANES were generally favorable, with a few exceptions. The Study 

Adults generally had a better nutrient profile than most in NHANES. However, compared with 

all NHANES subgroups, the Study Adults were more likely to have higher potential for excessive 

total fat as a percent 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 A1 Subgroup 

(Reported CeD Diagnosis & GFD). Otherwise, compared with the NHANES A1 Subgroup 

(Reported CeD Diagnosis & GFD), the Study Adults had the fewest significant differences and 

many more favorable nutrient comparisons. Compared with NHANES A2 Subgroup (New CeD 

Serology & No GFD), the Study Adults also had a higher percent potentially consuming 

inadequate calcium, thiamin, folate, iron (women), and magnesium (men). Compared with the 

NHANES A3 Subgroup (Everyone Else Without CeD), the Study Adults were also more likely to 

have potentially excessive vitamin A with lower adequate consumption of folate (see Tables 25 

and 26, along with Tables 67-70 in Appendix B for more gender-specific detail.) 
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Table 25. Percent Below or Above Target Nutrient Recommendations Comparison of Study 
Adults and NHANES by CeD Status 
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Table 25 (continued) 

 

 

Notes: NHANES = National Health and Nutrition Examination Survey (survey weighted values). CeD = celiac disease. 
EAR = Estimated Average Requirement. AI = Adequate Intake. AMDR = Acceptable Macronutrient Distribution 
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. ns = not significant.
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Table 26. Nutrients of Concern Based on U.S. Dietary Guidelines in Adults by CeD Status 
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Table 26 (continued) 
 

 

Notes: U.S.= United States. CeD = Celiac disease. NHANES = National Health and Nutrition Examination Survey. kcal = kilocalorie. g = grams. mg = milligrams. 
mcg = micrograms. RAE = retinol activity equivalents. DFE = dietary folate equivalents. Comparison made against the Study Adults: *p < 0.05. **p < 0.01.  
***p < 0.001. ns = not significant.
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Nutrient Results for the Teens 

Nutrient highlights for the Study Teens. There were numerous nutrients of concern for 

the Study Teens. Most concerns reflect those of the American diet, as was evidenced in the 

comparison of the NHANES subgroups, while a few are potentially related to the GFD. 

Patterns of potential nutrient deficits in the Study Teens. There were 20 nutrients,  

of which at least 10% or more of the Study Teens had deficits. These included: energy, 

carbohydrates (% kcal), fiber, linoleic acid, linolenic acid, calcium, iron, magnesium, 

phosphorus, potassium, zinc, vitamins A, E, D, C, and K, thiamin, riboflavin, choline, and folate. 

Of these, six were of particular concern as at least 50% of the Study Teens did not meet targets, 

including: fiber, calcium, vitamin E, vitamin D, choline, and folate. However, five others were 

not far behind as at least 40% had potential deficits, including: energy, linolenic acid, 

magnesium, potassium, and vitamin K, indicating potential deficiency of multiple nutrients 

across the Study Teens. In addition, carbohydrates (% kcal), linoleic acid, iron, phosphorus,  

zinc, and vitamin C were insufficient for at least one-fourth of the population. This was also 

problematic because many aspects of childhood development, like bone and neuro-

development which rely on these nutrients, are still occurring in this age range (see Table 27). 

Similar patterns, consistent with the deficits and excesses noted above, can also be 

observed among the Dietary Guidelines Recommendations mean nutrient values (see Table 28). 

Encouragingly, both Tables 27 and 28 suggest general adequacies among the Study Teens of 

several nutrients, including: protein (grams), carbohydrates (grams), selenium, riboflavin, 

niacin, vitamin B6, and vitamin B12. However, it should be noted that girls with low diet quality 

seemed to be at additional risk for low linoleic acid and magnesium intake, possibly due to low 
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caloric intake, while certain boys may be more susceptible to reduced vitamin C intake, possibly 

due to low produce consumption.  

Patterns of potential nutrient excesses in Study Teens. There were only four nutrients, 

for which a significant portion of the population exceeded recommendations (UL): total fat, 

vitamin A, niacin, and surprisingly, folate (see Table 27). Although all of these nutrients may be 

of potential concern, the excessive total fat was the 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 synthetic forms are most problematic. However, those who are also 

taking multiple vitamin mineral 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 the lowest quartile of intake, exceeded common guidelines (see Table 28). There 

were also some gender differences: Boys were particularly more likely to exceed guidelines for 

added sugar. See further detailed discussion in the section on Mean Nutrient Results for the 

Study Teens (also see Tables 71-74 in Appendix B for more gender-specific detail). 

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). However, if the sample 

size comparisons had been larger, it is likely the higher percentage of those with potentially 

inadequate folate, and possibly other comparisons, would have been statistically significant. 

Compared with the NHANES A3 Subgroup (Everyone Else Without CeD), the Study Teens had 

higher consumption of potentially excessive total fat (% kcal), vitamin A (girls), and niacin, with 

lower consumption of adequate carbohydrates and folate. In addition, the Study Teens also had 
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higher mean saturated fat (% kcal) consumption. Overall, though, compared with those in 

NHANES, the Study Teens were more likely to have fewer nutrient deficiencies, along with a 

higher mean consumption of favorable nutrients (see Tables 27 and 28, as well as Tables 71-74 

in Appendix B for more gender-specific detail). 

Table 27. Percent Below or Above Target Nutrient Recommendations Comparison of Study 
Teens and NHANES by CeD Status 
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Table 27 (continued) 

 

Notes: NHANES = National Health and Nutrition Examination Survey (survey weighted values). CeD = celiac disease. 
EAR = Estimated Average Requirement. AI = Adequate Intake. AMDR = Acceptable Macronutrient Distribution 
Ranges. UL = Tolerable Upper Levels. TEE = Total Estimated Energy. Comparison against Study Teens. FisherΩs exact 
test values: *p < 0.05. **p < 0.01. ***p < 0.001. ns = not significant. 
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Table 28. Nutrient Intakes of Concern Based on U.S. Dietary Guideline Recommendations in Study Teens and NHANES by CeD Status 
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Table 28 (continued) 

 

Notes: U.S.= United States. CeD = Celiac disease. NHANES = National Health and Nutrition Examination Survey. kcal = kilocalorie. g = grams. mg = milligrams. 
mcg = micrograms. RAE = retinol activity equivalents. DFE = dietary folate equivalents.  1.) Means shown, but no statistical analysis due to small sample size 
(n < 5). Comparison made against the Study Teens:  *p < 0.05. **p < 0.01. ***p < 0.001. ns = not significant. 
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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 GFD. TƘŜ ǎŀƳǇƭŜΩǎ ŎƻƴŎŜǊƴǎ ǎƘŀǊŜŘ ǿƛǘƘ bI!b9{ ƛƴŎƭǳŘŜŘ ŘƛŜǘŀǊȅ ŦƛōŜǊΣ 

linoleic acid, linolenic acid, calcium, potassium, choline, and vitamins E, D, C and K. In addition, 

teens from all groups had potential deficits in magnesium, phosphorus, zinc, thiamin, riboflavin, 

and vitamins A and B12. Nearly all consumed high amounts of sodium. Generally, though, the 

sample had a greater level of overall nutrient sufficiency and higher mean nutrient intake. 

However, a number of nutrients were of concern specific to the sample and possibly the GFD. 

These included potential deficiencies in carbohydrates (% kcal) and folate (compared to New 

CeD Serology & No GFD and Everyone Else Without CeD). The 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 synthetic sources. Thiamin may also a concern for the 

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 particularly high rate of vitamin C deficiency. The sample may be 

consuming excessive amounts total fat (% kcal), niacin, and vitamin 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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Figure 19. Summary of Nutrient Concerns for Study Adults and Teens 

Potentially deficient nutrients Potentially excessive nutrients 

 
Low in NHANES & Sample 

 
Low in Sample  

High in NHANES & 
Sample 

 
High in Sample 

Study Adults 

Fiber**ς(a,b,c) 
Linoleic acid-(c) 
Linolenic acid-(c) 
Calcium*+(b) 
Iron  
Magnesium-(a,c) 
Potassium-(a,c) 

Vitamin E**ς(a,b,c) 
Vitamin D**ς(a,b,c) 
Vitamin Cς(b,c) 
Choline**ς(b,c) 
Vitamin Kς(b,c) 

CHO (% kcal)** +(a,b,c)  
Folate*+(c) 
Thiamin+(b) 
Iron (women) +(b) 
Mg (men)** +(b) 

SFAT (% kcal)** +(a,b,c) 
Linolenic acid 
Sodium**-(a,b,c) 
Added sugar**-(b,c) 

FAT (% kcal)** +(a,b,c)  
Niacin*+(c) 

Study Teens 

Energy*-(c) 
Fiber**-(c) 
Linoleic acid 
Linolenic acid*-(c) 
Calcium** 
Iron+(c) 
Magnesium*-(c) 
Phosphorus 
Potassium*-(c) 
Zinc 

Vitamin A-(c) 
Vitamin E**-(c) 
Vitamin D** 
Vitamin C 
Thiamin 
Riboflavin 
Vitamin B12 
Vitamin K*-(c)  
Choline** 

CHO (% kcal) +(c) 
Folate**+(c) 
Iron (girls) +(c) 
Vitamin C (boys) 
 

SFAT (% kcal)** +(a,c), -(b) 
Sodium**ς(a,b,c) 
Added sugar**-(a,c) 

FAT** (% kcal) +(c) 
Niacin** +(b,c)  
Vitamin A (girls) +(c) 

 
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 10% of the sample as well as at least one NHANES subgroupτexcept 
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 the sample, but not 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 ς/+ = significantly lower/higher percent relative to NHANES subgroups, where NHANES subgroups are 
labeled: (a) = Reported CeD Diagnosis & GFD. (b) = New CeD Serology & No GFD. (c) = Everyone Else Without CeD. 
  

Nutrient Hypotheses Outcomes  

Hypothesis 1.2.1. Most, but not all, of the hypothesized nutrients were low or deficient 

in the sample, with more areas of concerns in the Study Teens than the Study Adults. 

There were a number of hypothesized nutrients which the majority (>50%) of Study 

Adults did have potentially deficient or 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 potentially deficient, both 

folate and calcium were close to encompassing the majority. Although not as widespread, there 

were still some other potential nutrient concerns, where at least 10% of the Study Adults had 

potential deficits. These included iron (women and girls), and polyunsaturated fats, 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 the Study Adults that had not been 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 as a percent of 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 potassium and vitamin K (new concerns) were 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-vitaminsτthiamin, riboflavin, and vitamin B 12, along with the polyunsaturated fat linoleic 

acid, which had been previously mentioned as a concern, but also phosphorus, vitamin A, and 

vitamin C.  

Hypothesis 1.2.2. Total fat, saturated fat, and added sugar all as a percent of energy 

were identified as being high in a majority of the sample, which was consistent with the 

hypothesis. 
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Hypothesis 2.1.3. The NHANES A1 Subgroup, Reported CeD Diagnosis & GFD, did have 

the most similarities of all of the NHANES subgroups with the Study Adults. However, there 

were some differences. Most differences favored the sample, except for unfavorably higher 

total and saturated fat (% kcal) and unfavorably lower carbohydrates (% kcal). 

Hypothesis 2.2.4. With the exception of the sample having potentially 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 higher, not lower nutrient profile, with less potential deficiencies. 

Eating Patterns and QOL Associations Results 

This section briefly discusses the correlations between diet measures and QOL with the 

sample and NHANES. The analysis divides each group into adults and teens primarily because 

the sample used different measures for CeD-specific QOL based on age. However, in NHANES, 

certain known confounders that have been previously associated with QOL, like whether 

someone was married, were primarily associated with adults. Correlations (<.2) (positive or 

negative) were assumed to be weak, (>.8) (positive or negative) assumed 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 correlations would need to be in the moderate range 

to see a significant association. However, because the NHANES group was much larger, even 

weak correlations may show a significant association with more detailed statistical analysis. The 

next section provides a more comprehensive analysis of the association between QOL and diet 

based on ANOVA and ordered regression, which includes significance testing of the relationship 

between the variables.  
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The correlations, although weak (most between +0.05-0.20), supported the hypothesis 

that higher diet quality and lower levels of ultra-processing would be associated with favorably 

higher QOL scores for most groups (see Tables 29 to 32). The direction of the associations and 

relative differences in correlations were mostly consistent among the groups, except the Study 

Adults and ultra-processed (% grams). For NHANES adults, diet quality was more strongly 

correlated with QOL (0.11-0.14) than ultra-processing (-0.04 to -0.06); however, both were still 

considered weak. For the NHANES teens, diet quality (0.08) and ultra-processing (-0.06 to -0.07) 

were similarly correlated with QOL, but showed weaker correlation to QOL than the adult 

group. For the Study Teens, diet quality and ultra-processing were similarly correlated with QOL 

(<0.20) (although some trended into the moderate category (-0.23 to -0.32)). Concerningly, for 

the Study Teens, the correlation between ultra-processing (% grams) and QOL had an 

inconsistent directionality. For the Study Adults, somewhat different correlations were 

observed; unexpectedly, higher diet quality was weakly correlated with less favorable QOL in 

this group. In addition, for the Study Adults, there was a weak-to-moderate correlation (most 

between -0.24 and -0.33) between high ultra-processed (% kcal) and less favorable QOLτwhich 

was a stronger association than found with NHANES, but similar to the Study Teens (Table 29). 

The differences between the ultra-processed (% grams) and QOL correlations suggested that 

there may be a complicated relationship between ultra-processed foods in mass consumption 

and QOL.  

Correlations across diet quality and ultra-processing measures were somewhat 

correlated with one another in similar ways across the populations studied. The two diet 

measures which assessed diet qualityτHEI and AMEDτwere moderately correlated with one 
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another in all groups, but less so with the Study Adults. Similarly, the two ultra-processing 

measures, ultra-processed (% kcal) and ultra-processed (% grams), were moderately correlated 

with one another.  

The diet quality measures were also negatively correlated with the ultra-processing 

measures, but not with the same strengths of associations across all populations. Generally, 

AMED was more moderately correlated with ultra-processing (%kcal) in the Study Adults. 

However, HEI (rather than AMED) and ultra-processing (%kcal and %grams) were more 

moderately correlated in the NHANES participants. HEI (rather than AMED) and ultra-

processing (% grams) were more correlated with the Study Teens.  

Notably, diet quality and ultra-processing measures were only moderately and not 

strongly inter-correlated, and there were different strengths of associations between diet 

quality and ultra-processing measures. This suggested that the four measures reflected 

different aspects of food consumption and may interact with QOL differently.  

Overall, these correlations suggested that, as mostly consistent with the initial 

hypothesis, associations might be found between higher diet quality and higher QOL scores; 

this was true for all except the Study Adults. Also consistent with the hypothesis were the 

associations between less ultra-processed 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 have higher effect 

sizes relative to diet quality for adults. The fact that the values of diet quality and QOL 

correlations and ultra-processing (% kcal) and QOL correlations were similar suggested that the 

effect sizes of ultra-processing might be more similar for teens relative to adults in NHANES. In 
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addition, the results suggested that throughout, ultra-processing (%kcal) and AMED (except for 

the Study Adults) had the highest likelihood of showing some level of significant associations 

with QOL. Because of the moderate and higher correlation between HEI and ultra-processing, 

there appeared to be an overlap in these diet measures. 

The underlying results of the ANCOVA models for the sample and ordered logistic 

regression models for NHANES rely on these correlations, but further divide out these 

populations by diet categorizations, sometimes indicating a higher level of associations with 

QOL.  

Table 29. Correlation of Celiac Disease Specific Quality of Life Scores, Total HEI Score, Total 
AMED Score, Ultra-Processed Foods (% Grams), and Ultra-Processed Foods (% Kcal) for the 
Study Adults (n = 50) 
 

 CDQOL CDQOL 
Dys 

CDQOL  
Ltd 

CDQOL 
Health 

CDQOL  
Inad 

HEI AMED UPF 
(%grams) 

UPF  
(%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 -0.1545 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 = Celiac Disease Specific Quality of Life Scores. Dys = Dysphoria. Ltd = Limitations. Health = Health 
Concerns. Inad = Inadequate Treatment. Higher CDQOL scores were favorable (range 0- 100). HEI = Healthy Eating 
Index, AMED = Alternate Mediterranean Diet. UPF = Ultra-Processed Foods. Correlations (< 0.2) (positive or 
negative) were assumed to be weak, (> 0.8) (positive or negative) assumed to be strong, and those in between, 
were assumed to be moderate. Bolding indicated correlations were > 0.20. 
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Table 30. Correlation of Celiac Disease Specific Quality of Life, Total HEI Score, Total AMED 
Score, Ultra-Processed Foods (% Grams), and Ultra-Processed Foods (% Kcal) for the Study 
Teens (n = 30) 
 

 CDQOL CDQOL 
Soc 

CDQOL 
Unc 

CDQOL 
Isol 

CDQOL 
Ltd 

HEI AMED UPF 
(%gram

s) 

UPF  
(%kcal) 

CDQOL 1.0000         

CDQOL Soc 0.8957 1.0000        

CDQOL Unc 0.5627 0.4405 1.0000       

CDQOL Isol 0.8465 0.6723 0.2468 1.0000      

CDQOL Ltd 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. CDPQOL = Celiac Disease Pediatric Specific Quality of Life Scores. Soc = Social. Unc = Uncertainty. Isol = 
Isolation. Ltd = Limitations. Higher CDQOL scores were favorable (range 0-100). HEI = Healthy Eating Index, 
AMED = Alternate Mediterranean Diet. UPF = Ultra-Processed Foods. Correlations (< 0.2) (positive or negative) 
were assumed to be weak, (> 0.8) (positive or negative) assumed to be strong, and those in between, were 
assumed to be moderate. Bolding indicated correlations were > 0.20. 
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Table 31. Correlation of Health-Related Quality of Life, Total HEI Score, Total AMED Score,  
Ultra-Processed Foods (% Grams), and Ultra-Processed Foods (% Kcal) in NHANES Adults  
(n = 15,851) 
 

 QOL HEI AMED UPF (% grams) UPF (% kcal) 

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 = Health-Related Quality of Life. HRQOL Scores: 5 = Excellent, 4 = Very Good, 3 = Good, 2 = Fair,  
1 = Poor). HEI = Healthy Eating Index, AMED = Alternate Mediterranean Diet. UPF = Ultra-Processed Foods. 
Correlations (< 0.2) (positive or negative) were assumed to be weak, (> 0.8) (positive or negative) assumed to be 
strong, and those in between, were assumed to be moderate. Bolding indicated correlations were > 0.20. 

 
 

Table 32. Correlation of Health-Related Quality of Life, Total HEI Score, Total AMED Score, Ultra-
Processed Foods (% Grams), and Ultra-Processed Foods (% Kcal) in NHANES Teens (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. HRQOL = Health-Related Quality of Life. HRQOL Scores: 5 = Excellent, 4 = Very Good, 3 = Good, 2 = Fair,  
1 = Poor). HEI = Healthy Eating Index, AMED = Alternate Mediterranean Diet. UPF = Ultra-Processed Foods. 
Correlations (< 0.2) (positive or negative) were assumed to be weak, (> 0.8) (positive or negative) assumed to be 
strong, and those in between, were assumed to be moderate. Bolding indicated correlations were > 0.20. 
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Relationship of Eating Patterns and QOL in the Sample 

To examine and compare the relationships 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 HEI, the AMED, or the NOVA food 

processing categorization system. The Study Adult results are shown first, followed by the 

results for the Study Teens. In both cases, the discussion for the two diet quality indices, HEI 

and AMED, are presented against QOL, and then the results 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 limitation of sample sizes. The ANCOVA results show the value of 

the CeD-specific scores related to moving between tertiles diet measures categories and 

whether probabilistically the differences in the mean QOL scores are significant. The diet 

measures used the lowest diet quality and highest level of ultra-processing as the referenced 

groups.  

Hypothesis associated with this aim: 

3. Associations will be shown between eating patterns and QOL 

3.1. In the sample, CeD-specific 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, gender, 

education, BMI, years since CeD diagnosis, and adherence to the GFD. 
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Study Adults Key Takeaways 

No association was found between diet quality and QOL. Only lower consumption of 

ultra-processed foods (% kcal) had an association with higher QOL scores (the dysphoria, 

limitations, and overall components). A narrow range of scores, which were primarily of 

moderate to high diet quality, low levels of ultra-processed foods, and small sample size in a 

population with a diet-focused disease and an association with a Celiac Disease Center may 

contribute to limited findings. 

Association in Study Adults Between Diet Quality and QOL.  

There was no discernable relationship between diet quality, as measured by HEI or 

AMED, and the QOL as measured by CDQOL. In addition, although not significant, CDQOL scores 

tended to decrease with increasing diet quality scores, which was not an expected direction. 

Overall, the Study Adults had a limited range of variability in their diet quality (mostly moderate 

to high) as well as their QOL (mostly good to excellent), possibly limiting the ability to see 

associations between diet quality and QOL (see Tables 33 and 35). 

Association in Study Adults Between Ultra-Processed Foods and QOL.  

Prior to and after all adjustments for potential confounders, an association was seen 

between lower ultra-processed (% kcal) consumption and three CDQOL components: Dysphoria 

(T3 to T1), Limitations (T3 to T1), and Overall scores (T3 to T1). No associations were observed 

between ultra-processed (% grams) consumption and QOL. As with diet quality, the narrow 

range of variability in ultra-processed foods consumption, QOL, as well as small sample size 

possibly limited the ability to show associations (see Tables 35 and 36).  
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Table 33. Relationship between Celiac Disease-Specific Quality of Life and Healthy Eating Index Scores Among Study Adults 

 

Note. CDQOL = Celiac Disease-specific Quality of Life Survey Tool. IQR = interquartile range. HEI = Healthy Eating Index. AMED = Alternate 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, 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. 
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Table 34. Relationship between Celiac Disease-Specific Quality of Life and Healthy Eating Index Scores Among Study Adults 

 

Note. CDQOL = Celiac Disease-specific Quality of Life Survey Tool. IQR = interquartile range. AMED = Alternate 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, years since diagnosis, BMI, and adherence to GFD, using the Celiac Diet 
Adherence Test. (a) = Baseline p-value of T2 vs T1. (b) Fully adjusted model p-value of T2 vs T1. (c) Baseline p-value of T3 vs T1. (d) Fully adjusted p-value of T3 vs T1. (e) Baseline Model  
p-value. (f) Fully adjusted p-value.  Significance values were: *p < 0.05. **p < 0.01. ***p < 0.001. 
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Table 35. Relationship between Celiac Disease-Specific Quality of Life and Percentage of Dietary Ultra-Processing in Energy 
Among Study Adults 
 

 

Note. CDQOL = Celiac Disease-specific Quality of Life Survey Tool. IQR = interquartile range. Used analysis of covariance (ANCOVA) which either only 
compared the relationship between CDQOL and Ultra-processed foods in tertiles 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 < 0.01. ***p < 0.001. 
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Table 36. Relationship between Celiac Disease-Specific Quality of Life and Percentage of Dietary Ultra-Processing in Mass 
Among Study Adults 
 

 

Note. CDQOL = Celiac Disease-specific Quality of Life Survey Tool. IQR = interquartile range. Used analysis of covariance (ANCOVA) which either only 
compared the relationship between CDQOL and Ultra-processed foods in tertiles 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 < 0.01. ***p < 0.001. 
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Study Teens Key Takeaways 

Higher diet quality as measured by AMED, but not HEI, had some association with higher 

some CDPQOL components. Lower ultra-processed foods consumption was also found to have 

a limited association with some components of CDPQOL having higher scores. A narrow range 

of ultra-processed product percentages and diet quality scores, along with the small sample 

size, may limit findings. 

Association in Study Teens Between Diet Quality and QOL.  

There was no association between HEI and QOL. Higher AMED scores, however, were 

associated with higher QOL (social, isolation, and 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 37 and 38).  

Association in Study Teens Between Ultra-Processed Foods and QOL. 

Lower consumption of ultra-processed foods (energy) was associated with higher 

isolation QOL scores (after controlling for confounders) (see Table 39). Lower 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 range that trended towards higher overall QOL scoring, 

with relatively low levels of ultra-processed food consumption, may have limited the ability to 

find associations (see Tables 39 and 40). 
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Table 37. Relationship between Celiac Disease Pediatric-Specific Quality of Life and Healthy Eating Index Scores Among  
Study Teens 
 

 

Note. CDPQOL = Celiac Disease Pediatric-specific Quality of Life Survey Tool. IQR = interquartile range. HEI = Healthy Eating Index. Used analysis of 
covariance (ANCOVA) which either only compared the relationship between CDPQOL and HEI or AMED in tertiles 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 < 0.01. ***p < 0.001. 
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Table 38. Relationship between Celiac Disease Pediatric-Specific Quality of Life and Alternate Mediterranean Diet Scores 
Among Study Teens 
 

 

Note. CDPQOL = Celiac Disease Pediatric-specific Quality of Life Survey Tool. IQR = interquartile range. AMED = Alternate Mediterranean Diet. Used analysis of 
covariance (ANCOVA) which either only compared the relationship between CDPQOL and HEI or AMED in tertiles 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 < 0.01. ***p < 0.001. 
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Table 39. Relationship Between Celiac Disease Pediatric-Specific Quality of Life and Percentage of Dietary Ultra-Processing in 
Energy Among Study Teens 
 

 

Note. CDPQOL = Celiac Disease Pediatric-specific Quality of Life Survey Tool. IQR = interquartile range. Used analysis of covariance (ANCOVA) which either only 
compared the relationship between CDPQOL and Ultra-processed foods in tertiles 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 < 0.01. ***p < 0.001.  
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Table 40. Relationship Between Celiac Disease Pediatric-Specific Quality of Life and Percentage of Dietary Ultra-Processing  
in Mass Among Study Teens 
 

 

Note. CDPQOL = Celiac Disease Pediatric-specific Quality of Life Survey Tool. IQR = interquartile range. Used analysis of covariance (ANCOVA) which either only 
compared the relationship between CDPQOL and Ultra-processed foods in tertiles 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 < 0.01. ***p < 0.001
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Relationship of Eating Patterns and QOL in NHANES 

Aim 3.2. To examine and compare the relationships between eating patterns and QOL 

within NHANES.  

This section presents the results of the analysis using NHANES data of the association 

between healthy-related QOL and diet quality, as measured by the HEI, the AMED, or the NOVA 

food processing categorization system. The results for adults in NHANES are shown first, 

followed by the results for the teens in NHANES. In both cases, the discussion for the two diet 

quality indices, HEI and AMED, against QOL are presented, followed by the  results of NOVA 

against QOL, where ultra-processed food consumption results are divided between energy (% 

kcal) and mass (% grams). When an odds ratio was reported for a component, the assumption 

was that all other components were held constant. 

As detailed in the methods 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 to examine the relationship 

between QOL, level of ultra-processing, and diet quality in the same model. Although it would 

have been ideal to consider whether ultra-processing impacts may have been mitigated when 

accounting for diet quality in the study sample, the small size prohibited that analysis. 

To eliminate confounding of results between diet quality and level of ultra-processing, 

diet quality was divided into categories known to be associated with health outcomes (HEI:  

low = scores < 60%, mid-range = scores 60-79%, high = scores 80%+; AMED: low = 0-3, mid-

range = 4-6, high = 7-9). Ultra-processing levels were divided into quintiles. Health-related QOL 

was also condensed to three categories from five (High = Excellent or very good, Good, Low = 



 

 
247 

Fair or poor) to allow for adequate numbers for comparison in each subcategory (for example, 

teens with high AMED scores and high levels of ultra-processed foods). 

Hypothesis associated with this aim: 

Associations will be shown between eating patterns and QOL. In 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 ultra-processed foods. 

These associations were expected to remain significant after controlling for age, age-squared, 

gender, education (adults), percent of income to poverty, BMI, ethnicity/race, marital status, 

where confounders would be removed from the model if not shown to be significant. 

NHANES Adults Key Takeaways 

Participants who had higher diet quality (HEI and AMED), as well as lower ultra-

processed food consumption were more likely to have higher QOL. When both diet quality and 

level of ultra-processing were placed in the model together, those who had higher diet quality 

and lower ultra-processing continued to be more likely to have higher QOLςwhere ultra-

processing contributed less, but still added to the model beyond diet quality. However, only the 

relationships with AMED and QOL, along with ultra-processed (% kcal) and QOL, were 

consistently significant in all models. There appeared to be an overlap between HEI and ultra-

processed foods (% grams), where HEI appeared to fully explain the variance in the model when 

both were included. HEI also had wide confidence intervals compared with AMED. This 

suggested that higher AMED scoring and lower levels of ultra-processed (% kcal) were more 

reliably associated with higher QOL scores.  
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Association in NHANES Adults Between Diet Quality and QOL.  

Participants with higher diet quality for both diet indices (HEI and AMED) (before and 

after all adjustments) were more likely to have higher HRQOL scores (see Table 41). After all 

adjustments, for the HEI model (Model #2), compared with participants with the lowest diet 

quality (HEI: < 60), those with the highest diet quality (HEI: > 80) were significantly more likely 

to be in a higher HRQOL category [Adjusted OR: 2.113 (95% CI: 1.519, 2.939), p < 0.001]. In 

addition, compared with the lowest diet quality, those having moderate HEI diet quality were 

more likely to be in a higher HRQOL category, but with reduced proportional odds ratios 

[Adjusted OR: 1.466 (95% CI: 1.290, 1.665), p < 0.001]. Similar results were found in the AMED 

model. After all adjustments, for the AMED model (Model #4), compared with participants who 

had the lowest diet quality (AMED: < 3), those with the highest diet quality (AMED: > 6) were 

significantly more likely to be in a higher HRQOL category [Adjusted OR: 1.996 (95% CI: 1.665, 

2.407), p < 0.001]. In addition, compared with the lowest diet quality, those having moderate 

AMED diet quality were still more likely to be in a higher HRQOL category, but with lower 

proportional odds ratios [Adjusted OR: 1.286 (95% CI: 1.290, 1.665), p < 0.001]. Confidence 

intervals for AMED were tighter for AMED diet quality, and standard errors were lower, relative 

to HEI, suggesting greater reliability. The fully adjusted model explained an estimated 10.3% 

(Model #3) and 10.4% (Model #4) of the respective variance in the HEI and AMED models per 

the calculated pseudo-r2. Overall, when compared to those with low diet quality, participants 

with high diet quality under either HEI and AMED were roughly twice as likely to be in a higher 

HRQOL category. The odds were reduced to about 1.5 times and 1.3 times higher for moderate 

HEI and AMED scores, respectively. 
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Table 41. NHANES Relationship of Health-Related QOL to Diet Quality Indices Among Adults 
Using Ordinal Logistic Regression 
 

 

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. HEI = Healthy Eating Index. AMED = Alternate Mediterranean 
Score 2010. HEI High = HEI scores > 80. HEI Moderate = HEI scores 60-79. HEI Low = HEI scores < 60. AMED High = 
AMED scores > 6. AMED Moderate = AMED scores 3-5.9. AMED Low = AMED scores < 3. SE = standard error. 95% 
CI = 95% confidence interval. Full model adjusted for age, age squared, household income to poverty 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 components t-tests or model F-tests p-values: *p < 0.05. 
**p  < 0.01. ***p < 0.001. ns = not significant. 
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Association in NHANES Adults Between Ultra-Processed Foods and QOL.  

Participants with lower ultra-processed food consumption (% kcal and % grams) (before 

and after all adjustments) were more likely to have higher HRQOL (see Table 42). After all 

adjustments (Model #6), compared with those in the highest quintile of ultra-processed foods 

(Q5 % kcal: 70%+), participants in the lowest quintile (Q1) of ultra-processed foods (% kcal:  

0-38%) were significantly more likely to be in a higher HRQOL category [Adjusted OR: 1.418, 

95% CI: (1.229, 1.635), p < 0.001]. In addition, compared with those in Q5, those in Q2 or Q3 

were significantly more likely have higher HRQOL, but with reduced odds [Adjusted OR: 1.291, 

95% CI: (1.222, 1.486), p < 0.001), and Adjusted OR: 1.171, 95% CI: (1.030, 1.331), p < 0.05), 

respectively]. However, those in Q4 did not have a significantly different likelihood than Q5 of 

being in a higher HRQOL category. Similar results were found in the ultra-processed foods  

(% grams). After all adjustments (Model #8), compared with those in the highest quintile of G4 

consumption (grams: 46%+), those in the lowest quintile (Q1) (mass consumption) (grams:  

0-13%) were significantly 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 also more likely to 

have higher HRQOL (with odds ratios from 1.377 to 1.160 and p-values all less than 0.05). 

Confidence intervals for the ultra-processed (% kcal) were slightly tighter than those for ultra-

processed (% grams), possibly suggesting greater reliability. The fully adjusted model explained 

an estimated 10.0% (Models #6 and #8) of the respective variance in both models per the 

calculated pseudo-r2. Overall, when compared to being in the highest quintile, Q5, those in the 

lowest quintile of ultra-processed foods consumption, Q1, were about 1.4 times more likely to 

be in a higher HRQOL by energy (% kcal) or mass (% grams). The odds decreased with each 
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higher quintile, moving closer to equal likelihood, with no significant difference with Q4 by 

(% kcal). 

Table 42. NHANES Relationship of Health-Related QOL to Level of Ultra-Processed Foods Among 
Adults Using Ordinal Logistic Regression 

 

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: ultra-processed foods and drinks consumed as 
a percent of total consumption. SE = standard error. 95% CI = 95% confidence interval. Full model adjusted for age, 
age squared, household income to poverty ratio, ethnicity/race, body mass index, level of education, and marital 
status.   Level of significance for components t-tests or model F-tests p-values: * p < 0.05. ** p < 0.01. *** p < 
0.001. ns = not significant. 
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Associations in NHANES Adults Between Diet Quality, Ultra-Processing and QOL. 

When both diet quality and level of ultra-processing were both included in the model, 

generally, participants with higher diet quality and lower level of ultra-processing were more 

likely to have higher HRQOL. The impact of the level of diet quality remained nearly as 

important as before adjusting for level of ultra-processing in determining the odds (see Tables 

43-47). Using both HEI and AMED, and accounting for all potential confounders including ultra-

processing, those having a higher diet quality were more likely to have higher HRQOL, by similar 

odds to the original models, but somewhat reduced. However, the effects on the ultra-

processing components were to more greatly reduce the odds of higher QOL at a given quintil 

of ultra-processing in the new modelsτboth as a percent of energy (% kcal) and mass  

(% grams). In addition, instead of seeing a significant difference between most quintiles and the 

highest quintiles, fewer quintiles showed significant differences with the highest quintiles of 

consumption. This was more likely to happen with grams, especially when using HEI in the 

model, suggesting that HEI explains more of the variance. (Prior correlations had also suggested 

that HEI and ultra-processing had a greater degree of overlap than AMED had with ultra-

processing.) Table 47 provides summary of the changes in odds ranges in all of the fully 

adjusted models. 

Diet quality also appeared to have the greatest impact on explaining the variance in the 

model compared to ultra-processing. After accounting for all confounders and including both 

diet quality and level of ultra-processing, the models explained ~10% of the varianceτwith 

AMED having slightly higher pseudo r-squared values than HEI and ultra-processing. When both 

diet quality and ultra-processing were included 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 ultra-processing), suggesting AMED had the greatest impact of all eating 

pattern measures. AMED also continued to have tighter confidence intervals. Diet quality, level 

of processing, and reporting of HRQOL all varied based on the confounding variables (not 

shown). For instance, participants who identified as Hispanic generally reported less favorable 

HRQOL scoring compared to reference group of Non-Hispanic White, yet tended to have higher 

diet quality scores (not shown). This implied that diet quality, level of ultra-processing, and 

HRQOL are inter-related with the confounding factors, which included age, marital status, 

education, gender, race/ethnicity, and BMI (see Tables 43-47). 

NHANES Teens Key Takeaways 

Participants having higher diet quality (HEI and AMED) as well as lower levels of ultra-

processed food (% kcal) were more likely to have higher QOL. When both diet quality and level 

of processing were in the models together, participants with higher diet quality and lower ultra-

processing (%kcal) continued to be more likely to have higher QOLτwhere ultra-processing 

contributed in almost equal portion to diet quality (with the AMED model). Only ultra-

processed (% kcal) and AMED were inconsistently associated with QOL. There appeared to be 

an overlap between HEI and ultra-processed foods (% grams), and wide confidence intervals for 

HEI, suggesting that AMED and ultra-processed (% kcal) were more reliably associated with QOL 

scores.  

 



 

 
254 

Table 43. NHANES Relationship of Health-Related Quality of Life to Level of Ultra-Processed 
Foods in Energy and HEI Diet Quality Among Adults Using Ordinal Logistic Regression 
 

 

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: ultra-processed foods and drinks consumed as a percent of total consumption. HEI = 
Healthy Eating Index. HEI High = HEI scores >80. HEI Moderate = HEI scores 60-79. HEI Low = HEI scores <60. SE = standard 
error. 95% CI = 95% confidence interval. Full model adjusted for age, age squared, household income to poverty ratio, 
ethnicity/race, BMI, level of education, and marital status. Level of significance for components t-tests or model F-tests  
p-values: *p < 0.05. **p < 0.01. ***p < 0.001. ns = not significant. 
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Table 44. NHANES Relationship of Health-Related Quality of Life to Level of Ultra-Processed 
Foods in Energy and AMED Diet Quality Among Adults Using Ordinal Logistic Regression 
 

 

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: ultra-processed foods and drinks consumed as a percent of total consumption. AMED = 
Alternate Mediterranean Score 2010. AMED High = AMED scores >6. AMED Moderate = AMED scores 3-5.9. AMED Low = AMED 
scores <3. SE = standard error. 95% CI = 95% confidence interval. Full model adjusted for age, age squared, household income 
to poverty ratio, ethnicity/race, BMI, level of education, and marital status. Level of significance for components t-tests or 
model F-tests p-values: *p < 0.05. **p < 0.01. ***p < 0.001. ns = not significant. 
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Table 45. NHANES Relationship of Health-Related Quality of Life to Level of Ultra-Processed 
Foods in Mass and HEI Diet Quality Among Adults Using Ordinal Logistic Regression 
 

 

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: ultra-processed foods and drinks consumed as a percent of total consumption. HEI = 
Healthy Eating Index. HEI High = HEI scores >80. HEI Moderate = HEI scores 60-79. HEI Low = HEI scores <60. SE = standard 
error. 95% CI = 95% confidence interval. Full model adjusted for age, age squared, household income to poverty ratio, 
ethnicity/race, BMI, level of education, and marital status. Level of significance for components t-tests or model F-tests  
p-values: *p < 0.05. **p < 0.01. ***p < 0.001. ns = not significant. 
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Table 46. NHANES Relationship of Health-Related Quality of Life to Level of Ultra-Processed 
Foods in Mass and AMED Diet Quality Among Adults Using Ordinal Logistic Regression 
 

 

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: ultra-processed foods and drinks consumed as a percent of total consumption. AMED = 
Alternate Mediterranean Score 2010. AMED High = AMED scores >6. AMED Moderate = AMED scores 3-5.9. AMED Low = AMED 
scores <3. SE = standard error. 95% CI = 95% confidence interval. Full model adjusted for age, age squared, household income 
to poverty ratio, ethnicity/race, BMI, level of education, and marital status. Level of significance for components t-tests or 
model F-tests p-values: *p < 0.05. **p < 0.01. ***p < 0.001. ns = not significant. 
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Table 47. Summary of All Changes of Odds Ratios of Prior Fully Adjusted Models in NHANES 
Adults to Diet Quality and Level of Ultra-Processing 
 

 

Note: HEI = Healthy Eating Index. AMED = Alternated Mediterranean Diet score. UPF = ultra-processing as a percent of energy 
in calories (%kcal) or in mass (% grams). This 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 combinations. *p-value < 0.05. **p-value < 0.01. ***p-value < 0.001. 
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Association in NHANES Teens Between Diet Quality and QOL.  

Participants with high diet quality for both diet indices (HEI and AMED) (before and after 

all adjustments) were more likely to have high HRQOL. After all adjustments, for the HEI model 

(Model 18), compared with participants with low diet quality (HEI: <60), those with the high 

diet quality (HEI: > 80) were significantly more likely to have higher HRQOL [Adjusted OR: 3.863, 

95% CI: (1.274, 11.717), p < 0.05]. Similar results were found in the AMED model. After all 

adjustments for the AMED model (Model 20), compared with participants who had low diet 

quality (AMED: <3), those with high diet quality (AMED: >6) were significantly more likely to 

have higher HRQOL [Adjusted OR: 1.957, 95% CI: (1.144, 3.346), p < 0.05]. Confidence intervals 

for AMED were much tighter for AMED diet quality, and standard error numbers were also 

lower relative to HEI, suggesting greater reliability. The fully adjusted model explained an 

estimated 8.0% (Model 18) and 8.1% (Model 20) of the respective variance in the HEI and 

AMED models per the calculated pseudo-r2. Overall, when 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 have higher HRQOL (see Table 48). 

Association in NHANES Teens Between Ultra-Processing and QOL.  

Participants with lower ultra-processed food consumption (% kcal) (before and after all 

adjustments) compared with those with higher ultra-processing (% kcal) were more likely to 

have higher HRQOL. However, using ultra-processing (% grams) as a measure of consumption 

had an inconsistent relationship with HRQOL (see Table 49). After all adjustments (Model 22), 

compared with those in the highest quintile of ultra-processed foods (kcal: 80%+), those in the 

lowest quintile (Q1) of ultra-processed foods (kcal: < 51%), were significantly more likely to   
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Table 48. NHANES Relationship of Health-Related Quality of Life to Diet Quality Indices Among 
Teens Using Ordinal Logistic Regression 
 

 
 
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. HEI = Healthy Eating Index. AMED = Alternate Mediterranean Score 2010. HEI High = HEI scores  
>80. HEI Moderate = HEI scores 60-79. HEI Low = HEI scores <60. AMED High = AMED scores >6. AMED Moderate = AMED 
scores 3-5.9. AMED Low = AMED scores <3. SE = standard error. 95% CI = 95% confidence interval. Full model adjusted for 
gender, household income to poverty ratio, ethnicity/race, and BMI. Level of significance for components t-tests or model  
F-tests p-values: *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, 2.530), p < 0.01]. In addition, 

compared with those in Q5, participants in Q2 were significantly more likely to have higher 

HRQOL [Adjusted OR: 1.792, 95% CI: (1.242, 2.586), p < 0.01].  

Different and unexpected results were found using the ultra-processed foods (% grams). 

Prior to adjustments, compared with participants in Q5, those in Q1 and Q2 were more likely to 

have higher HRQOL. However, after all adjustments (Table 49, Model 24), compared with 

participants in the highest quintile, Q5 (% grams: 60%+), only those in the third quintile (Q3) 

(mass consumption) (grams: 35-46%) were more likely to be in a different, and in this case, 

lower HRQOL category [Adjusted OR: 0.723, 95% CI: (0.526, 0.992), p < 0.05] (opposite of 

hypothesis). However, the most unusual thing about these findings was that no other quintiles 

were associated with HRQOL in the fully adjusted model. This inconsistent relationship between 

the quintiles suggested that other variables may be impacting the relationship to HRQOL more 

than may be fully accounted for in the model with ultra-processed (% grams)τor possibly, the 

relationship with grams and HRQOL was more complicated than this model could explain (or 

there was no definitive relationship).  

The fully adjusted models explained an estimated 8.3% and 8.5% (Models 22 and 24) of 

the respective variance in the ultra-processed (% kcal and % grams) models per the calculated 

pseudo-r2. Overall, compared with participants in the Q5, those in Q1 or Q2 of ultra-processed 

food (% kcal) consumption more likely to have higher QOL by 1.7 and 1.8 times, respectively, 

but no other consistent associations were found with ultra-processing among NHANES Teens. 
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Table 49. NHANES Relationship of Health-Related Quality of Life to Level of Ultra-Processed 
Foods Among Adults Using Ordinal Logistic Regression 
 

 

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: ultra-processed foods and drinks consumed as a percent of total consumption. SE = 
standard error. 95% CI = 95% confidence interval. Full model adjusted for gender, household income to poverty ratio, 
ethnicity/race, and BMI. Level of significance for components t-tests or model F-tests p-values: *p < 0.05. **p < 0.01.  
***p < 0.001. ns = not significant. 
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Association in NHANES Teens Between Diet Quality, Ultra-Processing and QOL.  

When including both diet quality and ultra-processing in the models, both remained 

predictive of QOL. When including ultra-processing foods (% kcal) in the models, the effect on 

the odds ratios for the diet quality components (HEI and AMED) were similar compared to the 

original models. More strikingly, when including ultra-processed food  

(% grams), there was no longer a significant difference associated in the odds ratios for HEI diet 

quality; that is, the level of ultra-processing (% grams) explained all of the variance in the 

model, suggesting a great deal of overlap between the two diet measures. When including diet 

quality in the models, the effect on the odds ratios for ultra-processing (both % kcal and % 

grams) only changed slightly. However, this was really only relevant to ultra-processed (%kcal) 

since it was the only one that remained consistently significant when including confounders. 

More specifically, this meant only a higher diet quality (AMED only) and a lower level of ultra-

processing (% kcal) were consistently associated with higher HRQOL. The two diet measures 

also had the highest pseudo r2 valuesτwhich explained the most variance of the modelsτ

while having the tightest confident intervals. Table 54 provides an overview of all changes in 

odds ranges for the fully adjusted models (see Tables 50-54). 

As with the adults, diet quality, level of processing, and reporting of HRQOL all varied 

based on the confounding variables (not shown). For instance, participants who identified as 

boys generally reported more favorable HRQOL scoring compared with girls, yet tended to have 

lower diet quality scores. Together, this implied that for NHANES teens, diet quality, level of 

ultra-processing, and HRQOL are inter-related with the cofounding factors, which included age, 

education, gender, race/ethnicity, percent of income to poverty ratio, and BMI.  
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Table 50. NHANES Relationship of Health-Related QOL to Levels of Ultra-Processed Foods in 
Energy and HEI Diet Quality Among NHANES Teens 
 

 
 
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: ultra-processed foods and drinks consumed as a percent of total consumption. HEI = 
Healthy Eating Index. HEI High = HEI scores >80. HEI Moderate = HEI scores 60-79. HEI Low = HEI scores <60. SE = standard 
error. 95% CI = 95% confidence interval. Full model adjusted for gender, household income to poverty ratio, ethnicity/race, and 
BMI. Level of significance for components t-tests or model F-tests p-values: *p < 0.05. **p < 0.01. ***p < 0.001. ns = not 
significant. 
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Table 51. NHANES Relationship of Health-Related QOL to Levels of Ultra-Processed Foods in 
Energy and AMED Diet Quality Among NHANES Teens 
 

 
 
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: ultra-processed foods and drinks consumed as a percent of total consumption. AMED = 
Alternate Mediterranean Score 2010. AMED High = AMED scores >6. AMED Moderate = AMED scores 3-5.9. AMED Low = AMED 
scores <3. SE = standard error. 95% CI = 95% confidence interval. Full model adjusted for gender, household income to poverty 
ratio, ethnicity/race, and BMI. Level of significance for components t-tests or model F-tests p-values: *p < 0.05. **p < 0.01. 
***p < 0.001. ns = not significant. 
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Table 52. NHANES Relationship of Health-Related QOL to Levels of Ultra-Processed Foods in 
Mass and HEI Diet Quality Among NHANES Teens 
 

 

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: ultra-processed foods and drinks consumed as a percent of total consumption. HEI = 
Healthy Eating Index. HEI High = HEI scores >80. HEI Moderate = HEI scores 60-79. HEI Low = HEI scores <60. SE = standard 
error. 95% CI = 95% confidence interval. Full model adjusted for gender, household income to poverty ratio, ethnicity/race, and 
BMI. Level of significance for components t-tests or model F-tests p-values: *p < 0.05. **p < 0.01. ***p < 0.001. ns = not 
significant. 
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Table 53. NHANES Relationship of Health-Related QOL to Levels of Ultra-Processed Foods in 
Mass and AMED Diet Quality Among NHANES Teens 
 

 

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: ultra-processed foods and drinks consumed as a percent of total consumption. AMED = 
Alternate Mediterranean Score 2010. AMED High = AMED scores >6. AMED Moderate = AMED scores 3-5.9. AMED Low = AMED 
scores <3. SE = standard error. 95% CI = 95% confidence interval. Full model adjusted for gender, household income to poverty 
ratio, ethnicity/race, and BMI. Level of significance for components t-tests or model F-tests p-values: *p < 0.05. **p < 0.01. 
***p < 0.001. ns = not significant. 
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Table 54. All Changes of Odds Ratios of Fully Adjusted Models in NHANES Teens to Diet Quality 
and Level of Ultra-Processing 
 

 

Note: HEI = Healthy Eating Index. AMED = Alternated Mediterranean Diet score. UPF = ultra-processing as a percent of energy 
in calories (% kcal) or in mass (% grams). This 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 combinations. *p-value < 0.05. **p-value < 0.01. ***p-value < 0.001. 
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Hypothesis 3.2. The hypothesis that increased diet quality and decreased level of 

processing (% kcal) was generally supported in NHANES after controlling for potential 

confounders. 

Summary of the Association Between Eating Patterns and QOL.  

In the general NHANES population, there was a relationship with both diet quality and 

ultra-processed foods and QOL. Similar but less robust trends were found with the sample. The 

results indicated that the relationship between diet measures and QOL were most consistent 

with the NHANES adults. Having the highest versus lowest diet quality for the NHANES adults 

was associated with being approximately 2 times more likely to have better QOL for both HEI 

and AMED, while those who consumed the lowest versus highest quintile of ultra-processed 

foods as percent of energy were approximately 1.6 times more likely to have better QOL. For 

the NHANES teens, similar results were found in that both higher diet quality and lower levels 

of ultra-processed foods as a percent of energy were consistently found to have a higher 

likelihood of having better QOL. The odds ratios for AMED and ultra-processed foods were 

similar to those of the adults, but HEI had higher odds, which had wider confidence intervals, 

suggesting less reliability. When both diet quality and ultra-processing were controlled for 

together in the NHANES models, only AMED and ultra-processing as a percent of energy 

remained significant, but the odds ratios were reduced. Ultra-processing as a percent of mass, 

along with HEI, failed to have a consistent association with QOL in NHANES. 

There was a similar but less robust trend for the study sample. For the Study Adults, 

there was a significant association with lower levels of ultra-processed foods and higher scoring 

on several QOL components, including overall QOLτwhere QOL scoring for the highest 
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compared to the lowest amounts of ultra-processed foods went from 67.6 to 79.9, which was 

clinically significant. For the Study Teens, there was an association with higher AMED diet 

quality and higher scoring on several QOL components, including overall QOLτwhere QOL 

scoring for the lowest to the highest AMED diet quality went from 67.9 to 78.3, which was 

approaching 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 some of the other 

components appeared to be approaching significance, suggesting a larger sample size may have 

been more definitive. 

Relationships appeared to be stronger when there were data with a large degree of 

variation in the underlying diet measures. This was truer for the NHANES adults who had a large 

sample size and the range of scores, like HEI, tended to be normalized, and less true for the 

sample which had less variationτmuch smaller sample sizes that tended to be skewed. 

Eating Patterns and QOL Takeaway. In NHANES, both higher (AMED) diet quality and 

lower ultra-processed foods (% kcal) were consistently associated with higher QOL. The 

ǎŀƳǇƭŜΩǎ ŦƛƴŘƛƴƎǎ ǿŜǊŜ ƳƻǊŜ ƭƛƳƛǘŜŘΣ ōǳǘ ƎŜƴŜǊŀƭƭȅ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ bI!b9{Φ 

Overall takeaways. In terms of diet quality and level of ultra-processed foods, 

improvements could be made, particularly among the boys. However, the study sample did 

better than the general U.S. population. Eating more vegetables (non-fried), legumes, and 

seafood, with less red and processed meat would improve the diet quality and nutrient status 

the most. In addition, lower levels of ultra-processing, as a percent of energy, and better diet 

quality, particularly using AMED, may be associated with increased QOL. 
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Chapter V: Discussion 

This chapter provides 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 literature; exploring the implications of its results; and briefly 

discuǎǎƛƴƎ ǘƘŜ ŦƛƴŘƛƴƎΩǎ ǎǘǊŜƴƎǘƘǎΣ ƭƛƳƛǘŀǘƛƻƴǎ, and potential for future research. 

Purpose 

The purpose of this study was to examine eating patterns and their relationship to 

quality of life (QOL), if any existed, in a sample with celiac disease (CeD). The three primary 

aims were to:  

I. Describe the eating patterns of a sample of 80 participants with CeDτ50 adults and 

30 teens who were adhering to a GFDτin terms of diet quality, level of processing, 

and nutrients;  

II. Compare those results with a nationally representative sample (NHANES) which 

included three subgroups: (a) Reported CeD Diagnosis & GFD (adults), (b) New CeD 

Serology & No GFD, and (c) Everyone Else Without CeD; and  

III. Determine if a relationship existed between diet quality or level of processing and 

QOL within 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 but performed favorably compared with NHANES. Only boys had consistently poor 

scores. Using the HEI, the majority had scores considered suboptimal (mostly moderate 
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scoring). However, using the AMED score, fewer had suboptimal scores (mostly moderate to 

ƘƛƎƘ ǎŎƻǊƛƴƎύΦ 5ƛŦŦŜǊŜƴŎŜǎ ōŜǘǿŜŜƴ ǘƘŜ ƳŜŀǎǳǊŜǎΩ ǎŎƻǊŜǎ ǊŜŦlected: (a) variations in 

measurement criteria, and (b) separate weights applied to those criteria. 

Finding 2: Ultra-Processed Foods Concerns 

Troublingly, the sample had ultra-processed food consumption within the range 

associated with adverse health outcomes in some studies. Study adults consumed 30% of their 

energy from ultra-processed foods, while teens consumed nearly 40%, but this was far less than 

the average for most in NHANES (>56%). The highest caloric sources of ultra-processed foods 

were foods that have a gluten-containing equivalent, like grain-based products, such as breads, 

cookies, and snacks.  

Finding 3: Nutrient Concerns 

With the exception of ƭƻǿ ŦƻƭŀǘŜ ŀƴŘ ƘƛƎƘ ƭƛǇƛŘǎΣ Ƴƻǎǘ ƻŦ ǘƘŜ ǎŀƳǇƭŜΩǎ ƴǳǘǊƛŜƴǘ ŎƻƴŎŜǊƴǎ 

reflected those in NHANES. 

Finding 4: Eating Patterns and Quality of Life Associations 

In the general population, there was a consistent relationship with both higher AMED 

scoring and lower levels of ultra-processed food consumption as a percent of energy to better 

QOL. Similar but less robust trends were found with the sample. Overall, results suggested that 

both higher adherence to healthier diet patterns (for example, more produce, legumes, nuts, 

whole grains, and less saturated fat), and lower levels of ultra-processing were associated with 

higher QOL. 
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Diet Quality 

Although the study sample had diet quality which could be improved, they had higher 

diet quality than most in NHANES. Surprisingly, many in the sample scored moderate to high in 

diet quality where few (except boys) had poor diet quality scores. However, they still had room 

for improvement when compared with optimal levels. This was less true with the Study Adults 

and more so with the Study Teens. Although the diet quality scores for the Study Adults fell 

mostly in the moderate range (considered suboptimal) in HEI, they generally had high diet 

quality scores in AMED (considered optimal). Few Study Adults had poor scores in either 

measures. Meanwhile, /the Study Teens mostly had moderate (suboptimal) scores using both 

HEI and AMED, and more had poor scores for both measures (especially boys). Compared with 

NHANES, ǘƘŜ ǎŀƳǇƭŜΩǎ scores were most similar to those who Reported CeD Diagnosis & GFD 

(adults) and least similar to (and significantly better than) the group Everyone Else Without 

CeD. Notably, these are new and interesting findings for a population in the U.S. with CeD. In 

addition, very little literature exists on diet pattern studies for adults and older teens with CeD. 

The difference in scoring between HEI and AMED was initially unexpected but 

explainable. For the Study Adults, HEI scoring was mostly suboptimal but optimal with AMED, 

suggesting that there may have been a conflict between what the two scores measured. The 

Study Adults ate high amounts of foods present in a healthy diet pattern; in both indices, they 

mostly had moderate to high scoring in consumption of fruits, vegetables, proteins, whole 

grains, and limited refined grainsτwith some complementary components in both indices, but 

weights were different between the indices. The Study Teens did well in fewer components and 

had moderate scoring (suboptimal) under both indices. The Study Teens did moderate to well 
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with only few componentsτwhole grains, protein, and fruit (girls) and in limiting refined grains. 

Whole fruit and grains (two components present in AMED) worked to increase the AMED score. 

However, since the vegetable component does not include potatoes in AMED, and the Study 

Teens ate few vegetables other than potatoes, after discarding fried potatoes for teens, they 

had a lower AMED vegetable component score than the equivalent components in HEI. In 

addition, the legumes, nuts, and fish components in AMED had more weight over the total 

score than in HEI. The Study Teens consumed a negligible amount of these foods, collectively 

resulting in moderate but suboptimal AMED scoring. Similarly, even though the Study Teens did 

well in few components, some of the other HEI components not included in AMED, like milk 

and dairy, refined grains, and added sugar components, were moderate scoring, and 

contributed towards producing a moderate HEI score (also suboptimal). Thus, although they 

emphasized different components, the overall scoring categorization results for HEI and AMED 

were similar in the Study Teens yet yielded better AMED versus HEI results for the Study Adults. 

The other major difference in the indices was the treatment of lipids, which pointed to 

high saturated fat consumption, and concerningly may be related to adverse outcomes. HEI 

suggested unhealthy lipid consumption, while AMED suggested a healthy lipid consumption. 

Two points appeared to mainly account for these differences: (a) the HEI fatty acid ratio 

included unfavorable low polyunsaturated and monounsaturated fatty acids to saturated fat, 

while AMED suggested that the sample may be consuming a favorably high amount of 

monounsaturated fats relative to saturated fat; and (b) because scores for red, organ, and 

processed meat (what is typically considered a primary source of saturated fat) were not 

significantly different from others in NHANES, it was likely that they were consuming significant 



 

 
275 

amount of saturated fat from other sources. The sample appeared to have consumed high 

levels of saturated fats from sources beyond the red meatsτwhich are typically the chief 

source associated with saturated fat. In addition, most polyunsaturated fats in the American 

diet come from oils, most commonly corn oil (DGA, 2015). These are expected to be found in 

fried foods, condiments, and ultra-processed foods like baked goods, of which the sample 

appeared to have consumed less (as suggested by the ultra-processing results). This suggested 

that the sample had lower overall intake of polyunsaturated, but higher saturated fatty acids as 

a percent of calories than the typical American. Compared with NHANES, the sample generally 

had significantly higher vegetables (no potatoes), whole grains, legumes, nuts, and fishτwhich 

would all be potential sources of mono- and polyunsaturated fatty acids, and, depending on 

preparation methods, could be saturated fatty acid sources as well. Notably, the sample 

ŎƻƴǎǳƳŜŘ ŦƻƻŘǎ ƭƛƪŜ ǇŜŀƴǳǘ ōǳǘǘŜǊ ǘƘŀǘ ƳƛƎƘǘ ƻǘƘŜǊǿƛǎŜ ōŜ ŎƻƴǎƛŘŜǊŜŘ ΨƘŜŀƭǘƘȅΣΩ ōǳǘ 

sometimes contained added tropical oils, like coconut or palm oil, which could be sources of 

saturated fat. It was also possible that the sample got a portion of their saturated fat from GF 

products (high saturated fat intake in populations adhering to a GFD has been previously noted 

as a concern and is discussed more later). Although a thorough examination of the food sources 

of nutrients was beyond the scope of this dissertation, the nutrient section results also 

supported that the sample (especially the Study Adults) had high consumption of lipids, 

particularly high total and saturated fat. Therefore, it was likely that a higher consumption of 

these lipids was due to a variety of factors. It is possible that this result is related to reports of 

high incidence of dyslipidemia in individuals with CeD. More study is warranted. 
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These findings were consistent with findings from several studies that 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 cultural trends (Churruca et al., 2015; González 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 participants affiliated with CeD-treatment centers 

and found that diet quality among participants with CeD adhering to a GFD was higher. This 

may suggest that participants affiliated with CeD-treatment centersτas was the case for 

participants in this studyτmay have a health-promoting understanding of dietary patterns 

when adhering to the GFD. CeD is also a gastroenterological disease, where the treatment is 

the dietτsuggesting that the diet would be foremost for many individuals with CeD. However, 

several studies, all pediatric, found no differences in diet quality scores or adherence to 

recommendations (Alzaben et al., 2015; Fernández 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 adult study 

found diet quality to be lower 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 the case with these results, González  

et al., 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 consumption among individuals with CeD 

adhering 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; Theethira et al., 2014; Vici et al., 2016), as has 
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the imbalance of fatty acids (Vici et al.). High consumption of animal products has also been 

previously reported, as was truer of the Study Teens.  

People eat what is made available to them, which is determined by the food 

environment and policy surrounding it. Food availability data have suggested that the American 

food system generally does a poor job of providing adequate whole grains, greens and beans, 

dairy, total fruit, whole fruit, total vegetables, and, to a lesser extent, seafood and plant 

proteins, but contains excessive solid fats (meaning saturated fats), refined grains, and added 

sugars (Miller et 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 

recommendations. In addition, the Dietary 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, 2015). This 

may suggest that the government could provide regulations that limit the amount of added 

saturated fats in products. Recently, policy was implemented to eliminate additions of trans 

fatty acids in the U.S. food system (Wayland, 2018). In the general American population, the 

amount of label reading was associated with successful moderation of fat consumption 

(Ollberding, Wolf, & Contento, 2011). Low consumption of food groups associated with health 

and high saturated fat consumption were key concerns for the sample (and NHANES). This 

suggests that policy to increase availability of food groups, like produce and whole grains, as 

well as redesigning labels to make amounts of saturated fats, added sugar, and sodium more 

prominent (possibly on the front of the label) may improve eating patterns. In addition, newly 

diagnosed individuals with CeD may be encouraged to visit a dietitian only a few times to learn 
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how to safely navigate living with a GFD. Allowing individuals with CeD to have repeated visits 

to registered dietitians that are covered with insurance reimbursement in order to improve diet 

quality could improve QOL. In the general population, policy directing funding towards nutrition 

education from elementary school through college (all medical doctors and future 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, these results suggested that both indices added value for the purposes of 

this analysis both together and separatelyτand also suggested that perhaps a combination of 

the two might improve estimates of health in future studies. The Study Adults did well in 

multiple categories involving produce and plant proteins. Legumes 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, legumes, nuts, and seafood. The HEI results suggested that sodium intake needs to 

be reduced in the entire sample. Additionally, AMED results suggested that the ratio of mono-

unsaturated fat to saturated fats may matter (as much or more than the incorporation of 

polyunsaturated), thus suggesting higher incorporation of legumes, nuts, and 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 lipids. Likely, individuals who used 

more solid fats instead of butter, ate leaner meats or plant protein instead of fatter meats, and 

used labels to minimize unexpected consumption of saturated fats (like in peanut butter) had 

better diet quality results.  
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Because food consumed, the processing they undergo, and socioeconomic factors 

appear to be interrelated to diet quality, including elements of all three in assessing diet quality 

might be useful. Therefore, it would be possible to create a diet index which combines some 

aspects of AMED but recognizes more the realities and potential harms of certain foods and 

behaviors in the current food environment; an extreme modification of HEI with thought for 

the level of processing and the supports needed to maintain healthy habits could be beneficial. 

The index would work by assigning a point if people exceed the median intake of seven food 

groups to encourage (a) whole fruit, (b) vegetables (not fried or potatoes), (c) lightly processed 

whole grains, (d) high fat fish, (e) legumes and soy, (f) nuts, and (g) ratio of omega 3 to omega 6 

fatty acids, or consumed less than the median of foods to minimize (a) commercially sweetened 

high calorie drinks, including soda, sports drinks, teas and coffee; (b) refined grains; (c) added 

sugar; (d) sodium; (e) saturated fat; (f) fried foods frequency; and (g) frequency of other 

processed/packaged/prepared items]. Individuals then would receive up to an additional 3 

points for reporting preparing/eating at least 7+ meals prepared from scratch at home during 

the typical week, reporting they feel socially supported in eating healthy, and reporting they 

feel they live in an environment that supports healthy living. Although not all of these 

components are strictly related to diet, NHANES data seemed to suggest that there were 

sociocultural factors that impacted diet quality and QOL. Therefore, including components that 

serve as proxies for some of these factors that may create a diet index that would be more 

predictive of health outcomes. More research would be needed to clarify the value of creating 

a new diet index, while considering 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 Diet Quality Findings 

Overall, these patterns suggested 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 be automatically covered by insurance payments for a 

series of visits would likely be beneficial. In addition, allocating federal and state funding 

towards comprehensive nutrition education could help improve national trends. Developing 

new tools to assess diet quality may be useful. 

Level of Ultra-Processing 

The amount of ultra-processed food consumption was concerning, but significantly 

lower than those in NHANES. Ultra-processed food consumption, both as a percentage of 

calories (and weight), in our study sample was 30% kcal (14% grams) in adults, 38% kcal (18% 

grams) in teens. Given that 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 populations, it was concerning that the majority exceeded this level (66% adults, 

86% teens in terms of energy). Still, those in the NHANES A1 Subgroup (Reported CeD Diagnosis 

& GFD) consumed significantly more, at 44% of energy from ultra-processed foods. However, 

comparing the sample to others in NHANES, their amounts were modestτas they generally 

consumed much higher amounts ~60% (adults)/~70% (teens) of energy from ultra-processed 

foods. In the study sample, women averaged the least, ~30%, of energy in ultra-processed 

foods, while girls, men, and boys all averaged ~40% of energy in ultra-processed foods. This 

mirrored similar patterns with dietary patterns, where women had higher adherence to 
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healthier patterns. Notably, no comprehensive reporting on level of ultra-processing has been 

done in any CeD population in comparison to a representative sample prior to this study. 

One especially surprising result was that the range in UPF consumption in the study 

sample was not as high as has been previously reported for populations in the U.S. (Martínez-

Steele et al., 2016). Interesting, too, was that the sample consumed significantly and clinically 

less ultra-processed foods than those in NHANES in nearly every comparison. (However, 

comparisons of the number of ultra-processed foods in mass between the sample and adults 

NHANES A1 Subgroup, Reported CeD Diagnosis & GFD, as well as between boys and the 

NHANES T3 Subgroup, Everyone Else Without CeD showed no difference, suggesting some 

similarities in consumption in those groups.)  

That the sample had a lower consumption of ultra-processed foods compared to others 

in NHANES contradicted the hypothesis; it had previously been assumed that because 

individuals with CeD consumed many GF products, which are often ultra-processed, they would 

consume higher amounts of ultra-processed foods in general. There were likely a few reasons 

this hypothesis was contradicted.  

Foremost among the speculated reasons for differences in ultra-processed food 

consumption with NHANES were demographic and socioeconomic differences. In the U.S., it 

has generally been found that ultra-processed food consumption was higher in certain 

groupsτmales, younger, non-Hispanic Whites and non-Hispanic Blacks with lower income 

consumed more of these foods, while Hispanics appeared to consume less (Baraldi, Martinez 

Steele, Canella, & Monteiro, 2018). This may be due to the food environment and availability, 

though further research is needed. From the summary statistics, some demographic and 
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socioeconomic differences were observed between our sample and NHANES. The sample was 

generally female, White, highly educated, or living in areas associated with high socioeconomic 

status; this may have meant reduced availability to ultra-processed products. It was also 

possible that the affiliation with the Celiac Center could have meant that these individuals had 

higher awareness of health-promoting eating behaviors. In NHANES, the group that Reported 

CeD Diagnosis & GFD (adults), which was most similar in demographics to the sample, was also 

the most similar with their (lower) level of ultra-processed foods. Therefore, the differences in 

ultra-processed food consumption observed within the sample and compared with NHANES 

appeared to align with previously reported demographic and socioeconomic patterns in ultra-

processed food consumption. However, despite differences based on demographics or other 

factors, because this population resided in the U.S., it appears likely that ultra-processed food 

consumption was high due primarily to culture and the ubiquity of its availability. 

A decreased relative consumption of ultra-processed foods among study participants 

might also be due to an avoidance of gluten free substitutes, lack of availability/affordabilityτ

in a food system thatdoes not cater specifically to the GFD, as well as less confidence in 

consuming GF products. Among the sample, the top sources of ultra-processed foods were 

from processed grains, like breads and baked goods, and related products like snacks, pastas, 

and cereals (>40%). Other researchers have also found that a large portion (~30%) of ultra-

processed foods in the U.S. included refined grain products, like breads, cakes, cookies, and pies 

(Martínez-Steele et al., 2016). It is possible that individuals who have CeD may not readily 

replace everything gluten-eaters consume with GF equivalents due to hurdles involved in 

procuring these items and the lack of confidence in being certain that products are truly GF. For 
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instance, out of the 80 participants, only a few (3 teens and 1 adult) reported eating pizza at a 

restaurant. Out of over 700 recorded eating occasions, only 16 of them involved pizza (most 

with teens), and nearly all of these instances were at home. FǊƻƳ ǘƘŜ ǊŜǎŜŀǊŎƘŜǊΩǎ ǇŜǊǎƻƴŀƭ 

experience, the fact that only a few people in the sample ate pizza in or from a restaurant 

would be considered a rarity for most (without CeD) who live in the New York Metropolitan 

area, especially teens. This suggested discomfort in consuming these foods in restaurants. 

However, this is understandable given the impact of how GF regulations were adopted within 

the country. Participants often reported skipping GF equivalentsτlike foregoing hot dog and 

hamburgers bunsτpossibly to make it more practical to eat out and maintain a GFD. However, 

the exact reasons for less ultra-processed consumption remain speculative because they were 

not probed at the time. This avoidance may also relate to how GF products are perceivedτ

including being perceived as expensive, having limited accessibility, and poor hedonic appealτ

thus resulting in those adhering to a GFD having lower consumption of ultra-processed foods. 

Therefore, the sample may have inadvertently been eating less ultra-processed foods without 

making an intentional effort to avoid them. NHANES represented nearly 300,000,000 

Americansτthe vast majority of the nation. The fact that most of NHANES was consuming  

~60-70% of their energy in ultra-processed foods indicated that the American food system 

relies heavily on these products to feed the nation, suggesting that agriculture policy should be 

evaluated, particularly since higher consumption of these products continues to be associated 

with adverse health outcomes. Meanwhile, the NHANES A1 Subgroup (Reported CeD Diagnosis 

ϧ DC5ύ ΨƻƴƭȅΩ ŎƻƴǎǳƳŜŘ Ϥпл҈ ƻŦ ǘƘŜƛǊ ŜƴŜǊƎȅ ƛƴ ǳƭǘǊŀ-processed foodsτan amount closer to 

what our sample consumed. This sizable difference in ultra-processed food consumption again 
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suggested individuals with CeD adhering to a GFD have different behaviors (and likely reasons 

for those behaviors) compared with the general population. Since this study was conducted in 

2016, the availability of GF products has only increased. For instance, in 2021, GF Oreo cookies 

are expected to make a debut. As more well-known food manufacturers enter the GF market, 

this may mean that individuals with CeD are likely to have increased confidence in eating ultra-

processed products and consumption will increase. However, the researcher believes that until 

regulations are put in place that ensure a greater degree of confidence in products truly being 

GF, even if made more available, individuals who are adhering to a strict GFD will always 

consume less than the general population due to cross-contact concerns. However, the market 

may continue to increase because the vastness of the market appears to be catering more to 

those are eating these products who do not have CeD and may not have the same level of 

cross-contact concerns.  

Finally, differences in consumption of ultra-processed foods relative to the general 

population may be explained by other behaviors, like being more diet-focused, due to the 

restrictive nature of the disease, and as well as many (in this sample) consuming meals cooked 

from scratch, an ability to eat at higher-end restaurants which tend to cook from scratch, or 

attitudes towards health-promoting foods. The sample consumed more of their foods as 

minimally processed and processed versus ultra-processed, compared with the NHANES 

ǎǳōƎǊƻǳǇǎΦ ¢Ƙƛǎ ǎǳƎƎŜǎǘŜŘ ǘƘŀǘ ǘƘŜƛǊ ŜŀǘƛƴƎ ǇŀǘǘŜǊƴǎ ǿŜǊŜ ŎƻƳǇƻǎŜŘ ƻŦ ƳƻǊŜ ΨǎŎǊŀǘŎƘ-ŎƻƻƪŜŘΩ 

meals. Many were, in fact, prepared from scratch at home using recipes, often elaborate, or 

from restaurants that were not the typical chain/fast-food 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 

cookingτpossibly due to the food-related nature of CeD or to an increased ability to self-

regulate activities to promote health. A few participants also regularly consumed items known 

to be expensive but minimally processed, such as caviar and certain unusual (and known to be 

expensive) produce, or shopped at higher-end delis which they regularly visited and had 

assured them of their food being free of gluten cross-contact. Numerous participants visited 

high-end restaurants, which required an ability to pay and an inclination to frequent. Both 

suggested a higher level of income and/or wealth, which would be consistent with the higher 

educational attainment of the sample (often associated with higher income and wealth 

attainment in the U.S.). It also may suggest that markets near the partiŎƛǇŀƴǘǎΩ ƘƻƳŜǎ Ƴŀȅ 

provide greater opportunity for healthier options and lower levels of ultra-processing. The 

coding for ultra-processing was designed to align with prior NHANES results (provided by Dr. 

Martínez-Steele), which she coded assuming the lowest level of processing occurred in food 

preparation. Therefore, while it is possible that there could have been inconsistencies in coding 

that unintendedly produced a lower level of ultra-processing in the sample than NHANES, 

which would be considered a limitation due to different researchers assigning group level 

coding, the researcher feels this was less likely, especially given the level of guidance from Dr. 

Martínez-Steele. Rather, it is likely that they significantly consumed lower amounts of ultra-

processed foods. Overall, lower consumption of ultra-processed foods in this group appears to 

be related to more scratch-cooking, possibly higher awareness of a health-promoting diet, and 

access to capital and better-quality foods.  
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Universally labelling foods as GF and describing ingredients, including cereal grains and 

legumes (which are minimally processed), could potentially reduce the levels of ultra-

processing because it would increase the ability to choose more foods that would enable 

individuals with CeD to have increased availability to healthy, affordable, and palatable grain 

products and snacks that are less processed. However, it could also, incidentally, possibly 

increase the number of ultra-processed GF products because manufacturers would more easily 

identify a GF food supply inventory to turn it into shelf-stable ultra-processed products due to 

mandatory processes not currently in place. Thoughtful consideration should go into any push 

for policy changes. The solution does not necessarily have to be functional foods, nor are they 

wanted. Gluten-free product formulations have already been reported to reduce the bio-

availability of certain nutrients (Lasa et al., 2017), and processed dietary fibers common in 

these products may have adverse health risks also with their interactions with the microbiome 

(Singh & Vijay-Kumar, 2020), so there is no guarantee that more ultra-processed foods would 

address the underlying nutrient concerns without causing more harm to those adhering to a 

GFD. To limit reliance on ultra-processed foods, practitioners should emphasize nutrition 

education for individuals with CeDτencouraging individuals to cook, especially from scratch, 

with whole grains; limit prepackaged baked goods and prudently choose snacks (for example, 

instead of eating packaged granola, have unsalted seeds and fruit or make their own); 

combined with the ability to use food labels and become competent in identifying ultra-

processed products while shopping. As previously mentioned, this would require adjustments 

to insurance reimbursement policy. Comprehensive nutrition education could also help 

increase self-efficacy in scratch-cooking. In addition, U.S. agricultural policy needs to be 
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reassessed to determine how farm subsidies support ultra-processed food production and its 

role in health and well-being and how those subsidies may further impact others more globally. 

Implications of Ultra-Processing Findings 

There were several potential implications from these findings: (a) the drivers of ultra-

processed foods are interrelated and include socioeconomic factors, demographics, cultural 

norms, and the ubiquitous amount of ultra-processed food in the U.S. food environmentτ

driven by agricultural policy, and they 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 U.S., which makes it difficult to eat naturally GF 

minimally processed foods as well as to eat out at many places and limits product availability, 

affordability, and hedonic appeal; (c) more foods consumed in the sample were minimally 

processed or processed, rather than ultra-processed, which suggests more home cooking that 

may also be related to socioeconomic status, but also possibly to increased dedication to eating 

healthier, or even affiliating with a CeD-treatment center; and (d) as previously mentioned in 

the diet quality section, this suggests that a treatment paradigm needs to shift from simply 

providing basic dietary advice to learn to avoid gluten and cross-contact concerns, but also 

having greater access to dietitians to help individuals with CeD improve diet patterns through a 

reduction of ultra-processed foods. Comprehensive nutrition education could enable 

individuals to have basic culinary skills that would benefit the whole country. 

Nutrient Consumption 

There were many concerns around nutrient consumption 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 potential deficits 

that appeared to be related to the GFD, or the sample, were folate, iron (girls and women), 

magnesium (men), and lower carbohydrate consumption (as percent of energy). The few 

nutrients that were potentially consumed excessively may have been more related 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 healthy individuals. Individuals with CeD may 

have had prior nutrient deficits and possibly have additional nutrient requirements; serological 

values for some nutrients may have been instructive. In addition, foods consumed by the 

participants were not analyzed for nutrient bioavailability, which may 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 

supplement use were not assessed because the primary aim of this study was to evaluate diet 

patterns. Those aspects of nutrient status were not assessed in this study. However, this is the 

first study in over 15 years to report on dietary assessment of nutrients in an American 

population with CeD and with as much detail on individual nutrients in this population. 

The bulk of nutrient concerns was shared with NHANES, though the sample had fewer 

potential deficits or excesses (except for fats) than those in NHANES. These included potentially 

low consumption of dietary fiber, linoleic acid, linolenic acid, calcium, iron, magnesium, 

potassium, vitamin E, vitamin D, vitamin C, vitamin K, and choline for the overall sample. Of 

these, dietary fiber, calcium, magnesium (teens), potassium (teens), vitamin E, vitamin 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 above, the Study Teens had potential deficits in energy, phosphorus, 

zinc, vitamin A, vitamin B-12, thiamin, and riboflavin. As an example, in the study sample, nearly 

40% of girls, 10% of women, and 12% of men potentially consumed inadequate amounts of 

iron. This suggested that practitioners should be monitoring for multiple potential deficiencies. 

Most of the sample (adults and teens) also had unfavorably high consumption of added sugar, 

sodium, and saturated fat as a percent of energy, which were all nutrients of concern for those 

in NHANES as well.  

Differences in nutrient consumption seemed to be influenced by age and gender. 

Nutrient consumption paralleled the diet quality differences somewhat; teens, who generally 

had a poorer diet quality than adults, had many more nutrient deficienciesτwhich aligned with 

the hypothesized nutrients of concernτthan adults. Both adults 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, leafy greens, 

or whole grains, which are good sources of vitamin E (National Institutes of Health, 2020) and 

as shown in these AMED results. Men generally had a poorer diet quality than women, though 

nutrient differences with potential deficits or excesses were less noticeable for men as they had 

been with overall diet quality, possibly because in consuming more energy, men have more 

opportunities for increased nutrient consumptionτas micronutrient recommendations, which 

are used in the scoring, are based only on age and gender, not on activity requirements, as 

macronutrients are.  

Compared directly with NHANES, there was a lower proportion of those in the study 

sample with potential nutrient deficiencies, except for boys (where there were not a lot of 
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significant differences). This suggested that there may be 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 impact of the GFD on older teenage boys with CeD, as compared with older or 

younger cohorts and against representative populations. On the whole, teens were more likely 

to have concerns around nutrients than adults. This may be especially problematic given that 

teens are still growing, and nutrients are crucial to healthy development. One limitation of the 

comparison with the NHANES A1 Subgroup (Reported CeD Diagnosis & GFD) was that NHANES 

participants were asked after their 24-hour diet recall if they were adhering to a GFD. This 

meant that some items, like bread or pasta, may have been recorded as regular gluten-

containing items. These items are known to have different nutritional profiles than those which 

are GF, like having folate fortification or lower amounts of lipids. In addition, the nutrient 

database may have been limited in its nutritional analysis of GF products. 

This research aligned with many of the concerns of prior literature. Prior reviews have 

suggested that the GFD among those with CeD can be low in a number of nutrients. These 

include carbohydrates, fiber, certain B-vitamins (for example, folate, riboflavin, and B12), 

calcium, magnesium, zinc, iron, selenium, and polyunsaturated fat (Mager et al., 2019; Melini & 

Melini, 2019; Penagini et al., 2013; Taetzsch et al., 2018; Theethira et al., 2014; Vici et al., 2016). 

Iron was noted as a concern in a U.S. population with CeD adhering to a GFD (Thompson et al., 

2015) and in some reviews (Penagini et al., 2013; Theethira et al.,2014; Vici et al., 2016). 

Many of those same reviews found similar concerns for potential excesses. A high 

portion of the study 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, particularly the AMED fatty 
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acid index and the HEI added sugar components. It should be kept in mind, however, that the 

diet indices only reflect aspects of nutrient consumption but are not actually a measurement of 

nutrient amounts versus recommendations. AMED is a representation of how well individuals 

are doing relative to the mean. There would be no guarantee that 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 consumption, which has been recognized as poor and encourages 

slight behavior changes. 

Inadequate folic acid 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; Melini & Melini, 

2019; Penagini et al., 2013; Taetzsch et al., 2018; Theethira et al., 2014; Vici et al., 2016). 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 information from manufacturers (Thompson et al., 2005). More 

information on GF products has been made available in the interim period. Low folate has been 

linked to increased risk for increased plasma homocysteine, which has been associated with 

increased risk for cardiovascular disease but may be mitigated by low consumption of refined 

carbohydrates in a population with 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 

association with preventing neural tube and other defects in the early days of pregnancyτprior 

to when many women may be aware that 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.) (DGA, 2015). As 
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previously discussed, 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 studiesτwhere it is unclear whether 

folate status played a roleτkeeping in mind folic acid fortification varies by country (Abdul 

Sultan et al., 2014; Elliott, Czuzoj-Shulman, Spence, Mishkin, & Abenhaim, 2019; Greco et al., 

2004; Ludvigsson, Montgomery, & Ekbom, 2005; Nørgård, Fonager, Sørensen, & 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 with CeD (Rondanelli et al., 2019). 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 in grams of carbohydrates met 

ǊŜŎƻƳƳŜƴŘŀǘƛƻƴǎΦ ¢ƘŜŜǘƘƛǊŀ ŀƴŘ ŎƻƭƭŜŀƎǳŜǎΩ ǊŜǾƛŜǿ ŀƭǎƻ ŘƛǎŎǳǎǎŜŘ ǘƘŀǘ ƛƴŘƛǾƛŘǳŀƭǎ ǿƛǘƘ /Ŝ5 

consumed inadequate amounts of carbohydrates as a percent of total energy. Still, the 

importance of the percentage of carbohydrates making up total energy remains unclear. 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 needed to determine the impact of low carbohydrate intake as a 

percent of energy, given an adequate 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 of potential concern, total and saturated fat 
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have associations with specific adverse health effects, like dyslipidemia and cardiovascular 

disease. Current advisement for total fat is for 25%-35% and saturated fat <10%, where both 

the total amount and ratio of fatty acids are considered important (DGA, 2015). While many 

Americans may come close to these limits, nearly all of the sample exceeded both limits, 

ǇƻǘŜƴǘƛŀƭƭȅ ǇǳǘǘƛƴƎ ǘƘƛǎ ƎǊƻǳǇ ŀǘ Ǌƛǎƪ ƻŦ ŎŀǊŘƛƻǾŀǎŎǳƭŀǊ ƛǎǎǳŜǎΦ IƻǿŜǾŜǊΣ ǘƘƛǎ ƎǊƻǳǇΩǎ ƘƛƎƘ 

adherence to the Mediterranean diet, with a 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, Harris-Janz, & Jones, 2011). Prospective and randomized 

study would be necessary 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 synthetic 

fortification. However, excess 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 with CeD, such as 

headaches, abdominal pain, nausea, fatigue, and anorexia. However, if individuals consuming 

foods supplemented with niacin also consume niacin-containing supplements, this could be a 

concern for this population. Indeed, the incorporation of multivitamin mineral supplementation 

may make the nutritional profiles of the participants look very different. The correlation 

between nutrients and specific foods was beyond the scope of this dissertation. Thus, further 

analysis could be made to determine the impact of niacin consumption.  

As previously mentioned in the diet pattern discussion, careful label reading should be 

ŀŘǾƛǎŜŘ ŦƻǊ ƴǳǘǊƛŜƴǘǎ ƪƴƻǿƴ ǘƻ ōŜ ƘƛƎƘ ƛƴ ǘƘŜ ǎŀƳǇƭŜΩǎ ŘƛŜǘǎ ǘƻ ŀǾƻƛŘ ǳƴŜȄǇŜŎǘŜŘ ǎǳǊǇǊƛǎŜǎΦ CƻǊ 
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instance, coconut oil added to improve mouthfeel to vegetarian burgers can unwittingly add to 

high saturated fat consumption. Ideally, though, policy would encourage different labeling, 

perhaps on the front of the packaging, which would help consumers to better understand risks. 

These results suggested that many could use assistance with food choice and 

availability. Culturally, it may be easier for females and adults to eat more healthily. Both policy 

and nutrition educationτlike changes to product formulations to more closely align nutrients 

with those of gluten-containing products, ease of 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 GF)τcould increase affordability, availability, and acceptance 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 impacting this population and may require 

supplementation. Similar concerns apply to vitamin D (and possibly iron for females). It was 

unclear whether excess saturated fat or niacin in this population was harmful, but it was a 

concern. Customized recommendations should be encouragedτrecognizing that a general 

multivitamin mineral supplement could be harmfully due to excessive nutrient consumption or 

even inappropriate to meet individual nutrient needs. Teens, particularly boys, may be at high 

risk for concerns since there were multiple concerns and it is a crucial period in human 

development. As with the recommendations for diet quality and ultra-processing, having 

insurance provide access to registered dietitians for consultation on a more regular basis to 

help individuals with their diet beyond avoiding gluten could improve long-term outcomes. 
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Associations of Eating Patterns and QOL 

There were significant associations between higher diet quality, lower ultra-processing, 

and higher QOL in NHANES and the study sampleτmost consistently with ultra-processing as a 

percent of energy and AMED. There was a consistently reliable association with higher AMED 

scoring and lower levels of ultra-processing percent of energy, when modeled separately and 

together, for NHANES. For 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) and higher QOL. For both Study Adults and Study Teens, there was an 

association between low ultra-processing as a percent of energy and higher QOL. Notably, this 

is the first reporting on the relationship of diet measures and QOL in a population with CeD. It is 

also the first reporting of ultra-processed foods in a general population.  

Other than lack of variation in the underlying data due to small sample size, there were 

a few potential reasons why there might have been less robust relationships between diet 

quality and QOL for the Study Adults and ultra-processing and QOL for the Study Teens. As 

discussed in the literature review chapter, the hypothesis that higher diet quality would be 

associated with higher QOL was partially based on the assumption that higher diet quality 

contributes to higher bodily function and increased health (lower morbidity and mortality) in 

the general population. However, because the Study Adults were already experiencing 

morbidity (with lower QOL), perhaps this assumption did not fully apply, in part because the 

demographics revealed more with poor QOL scoring. Alternatively, the lack of association 

between diet quality and QOL in the Study Adults might suggest that many, including those 

with lower QOL, were intentionally seeking higher quality diets (again suggesting lack of 
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variation in underlying data), or possibly due to socioeconomic status, as they may have had 

greater access to higher quality diets (which harkens to variability in data collection again). It 

was also possible that the NHANES health-related QOL measure reflected different components 

of QOL than those measured in the CeD-specific QOL measure; validation studies for the CeD-

specific QOL survey tools were designed to only be moderately correlated with general health-

related QOL. Alternately, these results could suggest there was truly no relationship between 

diet quality and QOL to be found. More research with larger sample sizes may help to clarify 

this relationship. 

Meanwhile, the associations found between QOL and certain diet measures could have 

particular causes. They could have higher incomes or education, which can potentially lead to 

both higher diet quality, less ultra-processed food intake, and higher QOL. It may reflect 

prioritizing health-promoting behaviors like eating a healthier diet and cooking with fewer 

ultra-processed items, which may reflect an increased ability to self-regulate and can translate 

to higher general QOL scores. These types of behaviors have been associated in research in the 

general population with better health outcomes, including health-related QOL (Crace & Crace, 

2019). It is also possible that those who feel CeD was most burdensome consumed larger 

amounts of ultra-processed foods (kcal), which may have been perceived as easier/less 

challenging to prepare, or they gravitated towards more of these types of foods because they 

felt limited. It also might have been that the association found between lower ultra-processed 

foods and higher overall QOL (particularly with better scores in the dysphoria and limitation 

components) was related to some type of bio-chemical reaction. Still, it was also possible that 
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these results were found by chance. Due to the cross-sectional nature of the study, it was 

impossible to know. 

The eating choices of teens may be less motivated by health concerns than the adults. 

While adults likely take a more direct role in choosing their foods, teen eating patterns may be 

more impacted by parents, peers, and availability. Adolescence is a stage with lower incidence 

of overt chronic disease associated with diet, but it is still a period associated with rapid growth 

which relies on adequate nutrition. Thus, the association between increased AMED scoring and 

better (social, isolation, and overall) QOL component scores for the Study Teens after 

controlling for confounders may be reflective of greater nutrient intake over a significant period 

ǘƛƳŜ όǊŜƭŀǘƛǾŜ ǘƻ ǘƘŜ ǘŜŜƴǎΩ ƭƛǾŜǎύ. Increased nutrient intake may result in increased resilience 

and improved QOL among Study Teens. Teens with better diet quality may also be more likely 

to have other factors that might result in a higher QOL, such as more attentive parents or even 

wealthier/more highly educated families. It is also possible that this relationship was observed 

by chance.   

Similarly, the association between reduced ultra-processed foods (% kcal) and increased 

QOL scoring for the Study Teens may be related to increased nutrient intake, other biochemical 

factors, or environmental factors. However, that relationship was not as consistent as it was 

with AMED diet quality. This suggested that diet quality had a stronger association with QOL 

than ultra-processing for the Study Teens. In NHANES, the relationship with ultra-processed 

foods was found to be consistent, but less of a factor than diet quality also. 

Even though a number of studies in the general population have also found higher diet 

quality to be associated with higher QOL in adults (Bonaccio et al., 2013; Darviri et al., 2012; 
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Ford et al., 2014; Germain et al., 2013; Gopinath et al., 2014; Plaisted et al., 1999; Sánchez et 

al., 2012) and teens (Bolton et al., 2016; Costarelli et al., 2013; Esteban-Gonzalo et al., 2019; 

Muros et al., 2017; Schnettler et al., 2017; Zervaki et al., 2017), none specifically examined the 

impact of diet quality on QOL in individuals with CeD, nor the did they examine the relationship 

of ultra-processing to QOL. Larger observational studies, cohort, and perhaps eventually 

randomized trials following individuals with CeD adhering to GFD would be helpful to better 

understand this relationship. 

Prior research nonspecific to CeD has also associated different demographic 

characteristicsτsuch as gender, race/ethnicity, education, socioeconomic status, rural vs. 

urban environment, family diet patterns (children), maternal education (children), BMI, 

smoking status, and physical fitnessτwith differences in both diet quality and QOL for adults 

(Bonaccio et al., 2013; Darviri et al., 2012; Ford et al., 2014; Germain et al., 2013; Gopinath et 

al., 2014; Plaisted et al., 1999; Sánchez et al., 2012) and children (Bolton et al., 2016; Costarelli 

et al., 2013; Esteban-Gonzalo et al., 2019; Muros et al., 2017; Schnettler et al., 2017; Zervaki et 

al., 2017). This is consistent with other research that has suggested that some individuals with 

CeD may be impacted by the GFD differently and QOL may vary as a result; this may partially be 

related to demographics or environmental circumstances (Barratt et al., 2011; Biagetti et al., 

2015; Castilhos et al., 2015). That there was an association between ultra-processing and QOL 

independent of diet quality could indicate that certain aspects of these products could cause 

metabolic perturbations. Prior research has shown that food additives in ultra-processed 

products, like particular enzymes, may be particularly problematic for individuals with CeD 

(Matthias et al., 2016). Among the general population, researchers have found ultra-processing 
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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 randomized study, even after controlling 

for macronutrient consumption (Hall et al., 2019), having reduced telomere length in cross-

sectional studies (Alonso-Pedrero et al., 2020; Rafie et al., 2017), and increased risk of 

numerous morbidities and early mortality in cohort studies (Fiolet et al., 2018; Kim et al., 2019; 

Mendonça et al; 2016; Rico-Campà et al., 2019; Schnabel et al., 2019, Srour et al., 2019). The 

fact that ultra-processing remained significantly predictive even after accounting for diet 

qualityτwhich accounts for things like sodium, added sugars, and saturated fatsτsuggests that 

some aspect of ultra-processing itself may adversely impact health. It is possible that the results 

here reflect metabolic processes, but because the study was cross-sectional, further research 

would be needed to confirm those effects. 

Implications of Eating Patterns and QOL Associations Findings 

More research will be needed to understand the potential impact of diet patterns on 

QOL for individuals with CeD. These results suggested that adults and teens face differing 

factors that influence eating patterns and QOL; the results in the general population models 

suggested that individuals may impacted differently based on their life circumstances (gender, 

age, ethnicity/race, education, income, and marital status), which appear to interact with 

challenges to QOL, diet quality, and ultra-processed food intake differently. This may be the 

result of many factors, including policy directing food availability as well as cultural norms that 

encourage specific behavior. Ultra-processingτparticularly products that are high in energyτ

contributed to the models beyond diet quality. This may indicate that ultra-processing 

represents something other than diet quality or nutrients which can impact QOL, but due to the 
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cross-sectional nature of the study, more research would be needed to make that 

determination. As the food system becomes increasingly industrialized and global, more 

research will be needed to understand the impact of both diet quality and ultra-processing on 

health outcomes, particularly as the prevalence of CeD continues to increase. 

Limitations 

One limitation was that many items were self-reported, including that participants had 

biopsy-confirmed CeD. Participants may have been subject to desirability bias in their 

recollection of their diets. Not all GF products were available in the database and substitutions 

were made, which may have differed from actual individual intake. Multivitamin minerals and 

other supplements were not assessed, which may result in a different set of concerns. The 

sample size was limited. Male participation was limited. The population was drawn from an 

urban center affiliated with a CeD treatment center, which may have resulted in a population 

that was socioeconomically more advantaged as well as more knowledgeable about health and 

diet issues. Income/wealth was not directly measured, nor was physical activity. Comparisons 

with NHANES suggest a level of representativenessl however, the NHANES sampling was not 

designed to representatively sample individuals with CeD, but only non-institutionalized 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 collected on CeD status. In addition, 

NHANES samples much greater numbers of adults than teens. This became particularly 

problematic when comparing results for the teens who reported CeD Diagnosis & GFD, as there 

was only one participant in the teen range with at least one diet recall and this 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 limited, depending on whether the interviewer noted that the product 

was GF and an equivalent product was available in the database. There was some indication 

that the results may impact the nutrient profiles (fortified nutrients such as folate and lipid 

profile) as well as the HEI and AMED results (where saturated fats were included) determined 

for these individuals. The cross-sectional nature of the study did not 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. Although diagnosis of CeD was self-

reported, most of the participants were active or former patients in the Celiac Center and were 

known to have had a confirmed diagnosis of CeD. Three non-consecutive days of diet recalls 

have been deemed sufficient to determine nutrient status for a populationτthis may have 

helped to overcome differences in individual variability. Validated tools were used to assess 

diet, including the multiple pass method, QOL, adherence to the GFD, and adherence to the 

U.S. Dietary Guidelines, which likely increased reliability for estimating diet quality. The HEI and 

AMED scores, as well as the NOVA system, have been recognized for their associations with 

chronic diseases. The database used to determine nutrient values of the products was 

considered the gold standard in nutrient analysis, which has an extensive database of nutrient 

values for products which are updated regularly and include values for gluten-free foods. A 

large selection of over 8,000 entries (including food components) were made for over 700 

eating occasions. When substitutions were made, the vast majority had either nutrient fact 

labels or reliable recipes or equivalents in the NDSR database, providing nutrient information 
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on a wide variety of foods. Random verification based on 10% of the participantsΩ choices made 

of diet recalls that were input into the NDSR system and the NOVA categorization was 

conducted independently. Although the sample size was small for a diet study, for studies with 

a population of CeD involving detailed analysis of diet, it was among the largest with adults and 

older teens providing a detailed food analysis using multiple 24-hour recalls. For additional 

validity, results were compared with a nationally representative sample. Although the sample 

population was mostly White, female, and likely from a higher socioeconomic status, the results 

from NHANES from participants who reported CeD Diagnosis & GFD closely matched the 

sample, suggesting that differences were likely due to regionality and affiliation with a CeD 

center. NHANES did use a different measure of QOL; however, the CeD-specific measures of 

QOL were validated against general QOL measures and found to have moderate correlations, 

which may have increased the validity of the results. Although a large number of models were 

used in this analysis, the variables were defined a priori and QOL has been associated in 

numerous studies with diet quality.  

Implications and Applications 

Increased diet quality and decreased ultra-processed foods may positively impact 

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 with CeD from a variety of 

socioeconomic backgrounds to understand whether the associations could be causal. 

Individuals with CeD may currently be inadvertently consuming lower levels of ultra-processed 

foods due to lack of access to affordable and appealing products. Practitioners should take care 

to examine lipid profiles and nutritional status, with referrals to dietitians to ensure food group 
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balance and encourage scratch-cooking. Special efforts might be made to improve dietary 

choices among males, especially teenage boys. Policy that encourages agricultural production 

that aligns with U.S. Dietary Guidelines as well as makes clearer foods that contain gluten over 

a wider range of circumstancesτthat improve access to naturally GF foods like whole cereal 

grains and legumesτmay improve healthier eating choices in a population adhering to a GFD. 

Relatedly, advocating for policies which impact the global food supply in similar ways should be 

encouraged. In addition, policy changes that enable food labeling of nutrients of excess, like 

added sugar, saturated fats, and sodium, that changes behavior should be studied. 

Future Research 

The findings of this research suggested the benefit of numerous future studies, many of 

them nutrient- and food-focused, including more diet pattern research. Data from the current 

study could be used to better understand the source of saturated fats and other nutrients in 

foods. Teens appear to have poor dietary patterns. Teenage boys with CeD appear to be in dire 

need of dietary pattern improvementsτand perhaps a better understanding of the social 

pressures which they feel could be studied. Numerous other diet-related research topics could 

be explored among individuals with CeD: a greater examination of the sources of different 

types of fat in the GFD; better understanding of the impact of folate consumption in women of 

child-bearing age adhering to a GFD; better understanding of the consumption of folate in a 

population with low refined carbohydrate consumption; better understanding of the impact of 

multivitamin mineral usage on serum levels or potential excess nutrient intake; better 

understanding of whether niacin, including from supplements, may be problematic for a 

population adhering to a GFD; better understanding and enumerating of iron deficient anemia 
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in multiple ages and genders among individuals with CeD who are adhering to a GFD; or even 

more thoroughly probing the reasons why individuals with CeD are consuming less ultra-

processed foods. Meta-analysis of prior work could always prove helpful as well. In the general 

population, a better understanding of how different demographic characteristics interact with 

policy to determine the food environment and health outcomes would be worth pursuing. 

One line of research which the researcher is particularly interested in pursuing involves 

the interaction between dietary patterns, the gut microbiome, and gut integrity. Individuals 

with CeD may need additional focus on their eating patterns because of the need to repair 

damage to intestinal cells. In the general population, people who eat a diet with a variety of 

minimally processed produce, particularly vegetables and high-fiber foods, have more 

beneficial bacteria, suggesting differentiated increases of microorganisms based on human diet, 

which has been associated with better gut integrity (De Filippis et al., 2016; De Filippo et al., 

2010; Gibson & Roberfroid, 1995). Damaged intestinal epithelial cells, poor tight junction 

function, microbial dysbiosis, and poor diet have been related to a number of chronic diseases 

beyond CeD (Costantini, Molinari, Farinon, & Merendino, 2017; Desai et al., 2016; Holscher et 

al., 2018; Leone et al., 2015; Maynard, Elson, Hatton, & Weaver, 2012; Zhao et al., 2018). 

Individuals with intestinal epithelial dysfunction and specific microbial dysbiosis with low 

microbial diversity, not unlike profiles observed in CeD, have been associated with low QOL and 

depression, even impacting physical subcomponents of QOL (Valles-Colomer et al., 2019). One 

recent study suggested that individuals with CeD may have intestinal functionality impacted by 

diet quality that alters and interacts with the gut microbiome (Zafeiropoulou et al., 2020). More 

research should further address this question. 
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Appendix A: Sample Data Collection Documents 

 

This appendix contains all forms related to data collection for the sample. 
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Figure 20: Eligibility Checklist 
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Figure 20 (continued) 
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Figure 21. Adult Consent Form 
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Figure 21 (continued) 
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Figure 21 (continued) 
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Figure 22. Teen Assent Form 
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Figure 22 (continued) 
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Figure 22 (continued) 
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Figure 23. Parent Consent for Teen Participation 
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Figure 23 (continued) 
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Figure 23 (continued) 
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Figure 24. HIPAA Authorization 

 



 

 
353 

Figure 24 (continued) 
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Figure 25. Baseline Visit Forms 
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Figure 25 (continued) 
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Figure 26. Celiac Dietary Adherence Test (CDAT) 
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Figure 27. Celiac Disease-Specific Quality of Life (CDQOL) 
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Figure 28. Celiac Disease Specific Pediatric Health-Related Quality of Life (CDPQOL) 
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Figure 29. 24-Hour Dietary Recall (Intake Sheet) 
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Figure 29 (continued) 


