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ABSTRACT 

Both physical and mental health concerns are becoming increasingly prominent among 

youth with Type 1 Diabetes Mellitus (T1DM).  Nutrition has been identified as an element that 

influences these non-diabetes related outcomes, but the role of specific food groups and nutrients 

have not been elucidated in the T1DM population.  Thus, the purpose of this study was to 

examine the relations between dietary intake, physical health, and teacher-reported social-

emotional functioning in children with T1DM.  Canonical correlation analysis demonstrated a 

statistically significant multivariate shared relationship between these variable sets, and 

suggested that youth in this sample who had lower glycemic load, consumed more sugar, dairy, 

meat/poultry/fish, but less legumes, fruit, and saturated fat, were associated with less 

Externalizing Problems and higher BMI.  Additionally, multiple regression analysis implicated 

diet in uniquely accounting for a modest amount of variance in physical and emotional health 

while controlling for gender, race, age, socioeconomic status, duration of T1DM, and glycemic 

control.  These findings call for the need to emphasize diet in T1DM management, not only for 

healthful eating in maintaining glycemic control, but also to reduce the physical and mental 

health morbidities for which individuals with T1DM are most at-risk.  Moreover, physical and 

behavioral health services in the schools should be considered in supporting the social-emotional 

well-being of these students.  Given the novelty of the present study, directions for future 

research are also discussed, which include more exhaustive assessment of physical health 

parameters, multi-rater psychosocial functioning, and comprehensive dietary intake patterns, as 

well as dietary RCTs that utilize whole, nutrient-rich foods to investigate physical and behavioral 

outcomes.  

 



Running head: DIET, HEALTH, SOCIAL-EMOTIONAL IN T1DM  

 

 

 

11 

Chapter 1 

Introduction 

 Chapter 1 will provide a brief description and epidemiology of type 1 diabetes mellitus 

(T1DM), including a discussion of the role of dietary intake in T1DM.  An overview of the  

associated health and psychological risks, as well as disease management efforts with an 

emphasis on nutrition is reviewed.  The significance and purpose of the current study as well as 

research questions and hypotheses is presented.  

Overview of Proposed Study 

 Type 1 Diabetes Mellitus is a chronic disease that begins by an attack on insulin-

producing cells (beta cells) in the pancreas, ultimately resulting in complete destruction of these 

cells. Subsequently, the body is unable to produce insulin, a hormone needed to take energy (i.e., 

glucose) derived from food into the cells of the body.  This is detrimental for the body, as excess 

sugar remains in the blood with inadequate energy for cells (American Diabetes Association, 

2017).  Currently, T1DM is considered one of the most common childhood diseases, affecting 1 

in 300 children in the United States (Maahs, West, Lawrence, & Mayer-Davis, 2010).  Over the 

last few decades, most countries around the world have experienced significant increases in 

incidence rates, without a clear understanding of the disparate patterns between regions (Maahs 

et al., 2010).   

 Unfortunately, T1DM is usually not the only issue these children face.  Those with 

T1DM have a much higher risk for developing health-related complications, such as micro- and 

macrovascular issues (Cade, 2008; Daneman, 2006).  Additionally, a disproportionate number of 

children with T1DM are affected by psychiatric conditions compared to their healthy peers 

(Bernstein, Stockwell, Gallagher, Rosenthal, & Soren, 2013).  Both the physical and 
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psychological risks have been associated with dietary intake, although the relationship between 

diet and mental health is less clear in the T1DM population (Lamichhane et al., 2014; Maffeis et 

al., 2012; Nansel, Haynie, Lipsky, Laffel, & Mehta, 2012; Oddy et al., 2009; O’Neil et al., 2014).  

Dietary recommendations are included in the management of T1DM, and have been shown to be 

effective in improving diabetes-related outcomes (Bell, Barclay, Petocz, Colagiuri, & Brand-

Miller, 2014; Franz et al., 2010; Nansel, Lipsky, & Liu, 2016).  However, little is known about 

the impact of nutrition on non-diabetes related outcomes, such as social-emotional functioning.    

Food Consumption and T1DM 

 When carbohydrate-containing food is ingested, it is broken down into simple sugars—a 

large portion of these sugars are glucose or “blood sugar.”  In persons without T1DM, the 

pancreas produces insulin as blood sugar enters the blood stream.  The role of insulin is like a 

gate-keeper, allowing glucose to provide energy to bodily cells.  Glucose provides not only short 

term energy, but fat is also produced for long term storage (Matthews et al., 1985).  This is why 

insulin is taken before meals for persons with T1DM, in order for the nutrients in the food to be 

converted into energy.  

Three factors influence how food influences glucose levels: the composition of the food, 

portion, and timing (Chapman-Novakofski, 2014).  Foods with low carbohydrates are considered 

“low glycemic index” foods, and tend to have less of an effect on blood glucose levels 

(American Diabetes Association [ADA], 2017).  Larger amounts of food have a greater impact 

on glucose levels.  Eating around the same time assists in regulating glucose.  Although there are 

currently no specified nutrition guidelines for T1DM, youth are recommended to follow the same 

dietary standards as youth without T1DM (Silverstein, 2005).  Currently, the vast majority of 

children with T1DM fall below these expectations, and consume nutrient-sparse, highly-refined 
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foods (Bishop et al., 2014, Mayer-Davis et al., 2006; Mehta et al., 2014; Mosso, Halabi, Ortiz, & 

Hodgson, 2015; Rovner et al., 2009).  These dietary patterns are particularly problematic for the 

T1DM population, as they have been linked with a number of deleterious health consequences.  

Additionally, although there is a lack of research in the psychological consequences of dietary 

behaviors in T1DM, population-based studies of children and adolescents have revealed the 

negative impact of nutritional factors on psychosocial and behavioral functioning (Howard et al., 

2011; Oddy et al., 2009; O’Neil et al., 2014).  

Complications in T1DM    

 The purpose of this section is to briefly address common comorbidities identified in 

children with T1DM, with an emphasis on those that have known associations with dietary 

intake.  Although the following complications are not highly prevalent within the pediatric 

population, they pose substantial risk later in life.  These complications have been identified as 

direct causes of morbidity (e.g., renal disease and cardiovascular disease) and mortality among 

individuals with T1DM (Melendez-Ramirez, Richards, & Cefalu, 2010; Secrest, Washington, & 

Orchard, 2014).  Thus, it is important to address these complications early in life to prevent such 

detrimental outcomes.   

 Overweight and obesity.  Obesity is a complication that affects insulin absorption, 

which may contribute to insulin sensitivity in adolescence (Rosenbloom, 2003).  Currently, the 

prevalence of overweight and obesity affect up to one-third of youth with T1DM, with some 

studies indicating a higher prevalence in T1DM youth compared to controls (da Costa et al., 

2016; Frohlich-Reiterer, Rosenbauer, Bechtold-Dalla Pozza, Hofer, Schober, & Holl, 2014; Liu 

et al., 2010; Minges, Whittemore, & Grey, 2013).  Specific food groups, such as inadequate fruit 
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and whole grain consumption, and greater fat consumption has been associated with greater body 

mass index (BMI; Meissner et al., 2013; Nansel et al., 2012).  

 Cardiovascular disease (CVD).  CVD includes conditions affecting the heart and blood 

vessels.  Although CVD itself is not anticipated in childhood, youth with T1DM may experience 

arterial dilation, endothelial peripheral arterial tonometry, and arterial stiffness in the first decade 

after initial diagnosis (De Ferranti et al., 2014; Katz, Giani, & Laffel, 2015).  In youth with 

T1DM, dietary patterns that are high in saturated fats (derived from mostly meat and dairy 

products), and low in fiber (derived from mostly fruit and vegetables) raise the risk for CVD 

(Sundberg, Augustsson, Forsander, Cederholm, & Axelssen, 2013), and other CVD-related 

diseases including atherosclerosis (Overby, Flaaten, Veierod, Bergstad, Margeirsdottir, Dahl-

Jorgensen, & Andersen, 2006) and arterial stiffness (Lamichhane et al., 2014).  

 Pre-hypertension and hypertension. Pre-hypertension and hypertension is generally 

described as abnormally high blood pressure based on age, sex, and height (ADA, 2017).  Higher 

incidence of pre-hypertension and hypertension have been documented in youth with T1DM 

compared to peers without diabetes (Giacchi et al., 2016; Margeirsdottir, Larsen, Brunborg, 

Overby, & Dahl-Jorgensen, 2008; Rodriguez et al., 2010; Rohani, Hooman, Moradi, Mobarra, 

Najafizadeh, & Tatarpoor, 2014; van Vilet et al., 2010).  Adherence to diets rich in fruits and 

vegetables have been associated with lower blood pressure in youth with T1DM (Gunther et al., 

2009).   

 Dyslipidemia. Dyslipidemia is a condition that reflects abnormally high cholesterol (i.e., 

lipids) in the blood.  Generally, “bad” cholesterol is associated with low-density lipoprotein 

(LDL), while “good” cholesterol is associated with high-density lipoprotein (HDL); thus, a 

person strives for low amounts of LDL and higher amounts of HDL.  Studies have shown 



DIET, HEALTH, SOCIAL-EMOTIONAL IN T1DM  15 

undesirable lipid profiles among youth with T1DM, including low HDL, high LDL levels, and 

elevated triglycerides (da Costa et al., 2016; Margeirsdottir et al., 2008; van Vilet et al., 2010).  

Greater saturated fat and carbohydrate intake have been identified as being associated with 

higher total cholesterol and poorer HbA1c (Maffeis et al., 2012; Meissner et al., 2013; 

Michaliszyn, Shaib, Quinn, Fritschi, & Faulkner, 2009).  Drinking at least one sweetened-

beverage has also been tied to greater total cholesterol and higher triglycerides (e.g., fats) in 

youth with T1DM (Bortsov et al., 2011; Couch et al., 2013). 

 Mental health.  Aside from objective, health-related effects, psychological functioning 

has also been found to negatively impact youth with T1DM.  First, psychopathology has been 

described as an “adaptational difficulty” with one’s environment (Garber, 1984).  Successful 

adaptation requires utilization of both internal capabilities and external supports.  Behavioral 

pathology is determined when children struggle with adaptational attainment.  Additionally, 

behaviors are considered in light of 1) their severity, reoccurrence, and continuation across time, 

2) the developmental stage of the child, and 3) contextual influences (Mash & Barkley, 2014).  

Unfortunately, the T1DM literature on psychopathology is largely based on single-rater measures 

by the parent, or by self-report.  Multi-informant methodology is largely devoid.  The ecological 

systems model posits that social and behavioral functioning is dynamic, interacting with diverse 

environmental contexts (Bronfenbrenner, 1977).  Thus, it is essential to assess psychological 

adjustment outside of the child’s immediate environment, including classrooms, where youth 

spend most their time.  Currently, there are no studies that utilize teacher-based reports of social-

emotional functioning for youth with T1DM—rather, the T1DM literature within school 

environments has emphasized academic outcomes (Dahlquist, Kallen, & Swedish Childhood 

Diabetes Study Group 2007; Gaudieri, Chen, Greer, & Holmes, 2008). 
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 Research over the past few decades has shown that individuals with T1DM have an 

increased risk for the development of psychiatric disorders (Blanz, Rensch-Riemann, Fritz-

Sigmund, & Schmidt, 1993; Butwicka et al., 2016;  Kakleas, Kandyla, Karayianni, Karavanaki, 

2009; Wodrich, Hasan, & Parent, 2011).  Prospective studies, following individuals for up to 10 

years post-diagnosis, have shown that psychiatric disorders are more prevalent in persons with 

T1DM compared to community-based samples (Northam, Matthews, Anderson, Cameron, & 

Werther, 2004). 

  Mental health difficulties can be described on two main dimensions—“internalizing,” 

which represent behaviors that are directed inward, toward the self (e.g., withdrawal), and 

“externalizing,” which are overt behaviors directed outward (e.g., hyperactivity; Reynolds, 

1992).  Internalizing problems appear to be the most often endorsed set of difficulties in youth 

with T1DM (Reynolds & Helgeson, 2011).  Depression and anxiety symptoms and diagnoses are 

perhaps the most frequently studied in the literature (Buchberger, Huppertz, Krabbe, Lux, 

Mattivi, & Siafarikas, 2016; Dantzer, Swendsen, Maurice-Tison, & Salamon, 2003; Johnson et 

al., 2012; Majidi, Driscoll, & Raymond, 2015).  A closer look at these symptoms reveal that 

other factors, such as diabetes management, influences the development of internalizing 

symptoms (Polonsky et al., 1995; Reynolds & Helgeson, 2011; Weinger & Jacobson, 2000).  

Moreover, endorsement of clinical pathology, both internalizing and externalizing symptoms, 

have been associated with glucose control (Leonard, Jang, Savik, Plumbo, & Christensen, 2002), 

parent-child conflict (Luyckx, Seiffge-Krenke, Missotten, Rassart, Casteels, & Goethals, 2013), 

personality characteristics (Helgeson & Palladino, 2012), and other psychosocial factors, such as 

stress and coping (Bernstein et al., 2013; Hughes, Berg, & Wiebe, 2012; Luyckx, Seiffge-

Krenke, & Hampson, 2010; Polonsky et al., 1995; Weinger & Jacobson, 2000).  The role of 
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eating behaviors (Bernstein et al., 2013) and dietary adherence (Martinez, Frazer, Dempster, 

Hamill, Fleming, & McCorry, 2016) as they relate to psychopathology in T1DM have been 

investigated, but specific aspects of diets are lacking.  Moreover, the influence of individual food 

groups on social-emotional functioning in youth with T1DM is unknown at this point.  

 Dietary correlates of social-emotional functioning in non-T1DM youth.  Although there 

is a dearth of research linking diet to psychological adjustment in youth with T1DM, the 

connection has been established for youth without T1DM.  Greater endorsement of both 

internalizing and externalizing symptoms have been associated with consuming a “Western” diet 

(e.g., nutrient-sparse, takeaway, greater animal-based, and/or highly-processed foods) in children 

and adolescents (Franciole de Oliveira Silva & Vieira Cunha Lima, 2016; Howard, Robinson, 

Smith, Ambrosini, Piek, & Oddy, 2011; Oddy et al., 2009; Trapp et al., 2016; Weng et al., 2011).  

Conversely, greater consumption of plant-based foods, such as fruits and vegetables, have been 

associated with fewer emotional symptoms (Jackson, 2016; Khalid, Williams, & Reynolds, 

2017; Oddy et al., 2009; Renzaho, Kumanyika, & Tucker, 2010).  Dietary correlates in youth 

have been investigated in other settings, such as school; however, the majority of this work 

emphasizes the link between nutrition and cognitive effects (Edwards, Mauch, & Winkelman, 

2011; Glewwe, Jacoby, & King, 2001; Rampersaud, Pereira, Girard, Adams, & Metzl, 2005), or 

between specific mealtimes (e.g., breakfast) and behaviors (Adolphus, Lawton, & Dye, 2013; 

Hoyland, Dye, & Lawton, 2009).  The relationship between dietary patterns and social-emotional 

difficulties exhibited in school have yet to be elucidated.  

T1DM Management Efforts  

 The aforementioned associated adverse effects of T1DM, both physical and 

psychological, can be largely modified through diabetes management efforts.  The overarching 
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goal of diabetes management is to concentrate efforts toward obtaining blood glucose readings 

that are as close to normal as possible.  Direct methods, then, target glucose control.  

Conversely, indirect methods serve to improve diabetes management through other 

means, or to improve other diabetes-related outcomes.  A variety of indirect methods, such as 

family-based interventions, psychosocial and behavioral interventions, have shown to be 

effective in regulating blood glucose (Ellis, Frey, Naar-King, Templin, Cunningham, & Cakan, 

2005; Laffel et al., 2003; Nansel et al., 2015; Winkley, Landau, Eisler, & Ismail, 2006), reducing 

diabetes-related distress (Grey, Boland, Davidson, Li, & Tamborlane, 2000; Grey et al., 2009; 

Whittemore et al., 2012), and improving quality of life (Cochran & Conn, 2008; Delamater, 

2009).  Lastly, although school-based interventions in T1DM are lacking, specific supports 

within the school, such as staff education and behavioral and social-emotional aids, have been 

suggested (Kucera & Sullivan, 2011). 

Direct methods. Insulin injections are required for persons with T1DM, and are the 

primary management tool.  These are usually given several times throughout the day at meal 

times. Insulin delivery methods include injection methods, such as bolus (i.e., rapid-acting, 

determined by carbohydrate intake) insulin at meals, as well as daily basal (i.e., long-term, acting 

throughout the day) insulin.  Continuous subcutaneous insulin infusion is reflective of its name, 

as it provides continuous insulin throughout the day through an insulin pump. (ADA, 2017).  

 Self-monitoring behaviors are the target of intervention in assisting youth in their own 

self-management of diabetes.  It is recommended that self-monitoring of blood glucose (SMBG) 

includes at least four tests per day.  SMBG reveals patterns of hyper- and hypoglycemic events, 

so these can be avoided and anticipated (ADA, 2017).  Regular SMBG has been effective in 
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assisting children in achieving their blood glucose goals (Deiss et al., 2006; Ziegler, Heidtmann, 

Hilgard, Hofer, & Rosenbauer, & Holl, 2011).  

 Dietary interventions.  Although little emphasis is placed on lifestyle aspects in disease 

management for T1DM, dietary interventions are yet another direct method of diabetes care.  

Most often, dieticians are involved in creating a nutrition plan that is individualized to the child 

and family, which is integral part of medical nutrition therapy (MNT; Chiang, Kirkman, Laffel, 

& Peters, 2014; Delahanty & Halford, 1993; Franz et al., 2010).  Other interventions that have 

been developed specifically to target specific factors relevant in T1DM include carbohydrate 

counting (Bell et al., 2014), low glycemic index (GI) diets (Bell, Smart, Steil, Brand-Miller, 

King, & Wolpert, 2015), hypertension-reducing diets (Liese et al., 2011), and family-based and 

behavioral interventions (Pillay et al., 2015; Rovner & Nansel, 2009)—all of which have shown 

to be beneficial in improving diabetes-related outcomes.  Moreover, other interventions 

implement diets that are not diabetes-specific, including Mediterranean (Cadario et al., 2012), 

gluten-free (Scaramuzza, Mantegazza, Bosetti, & Zuccotti, 2013), and whole, plant-based diets 

(Nansel et al., 2015).  These explicit dietary regimens have demonstrated effectiveness in terms 

of improving glycemic control, lipid profiles, BMI, insulin sensitivity, and overall diet quality.  

However, there is no research to date regarding the impact of diet on mental health outcomes, 

including social-emotional functioning among individuals with T1DM.  Given the work that has 

demonstrated links between food consumption and the common physical and psychological 

comorbidities in T1DM, it would seem feasible, if not necessary, to implement nutrition-specific 

interventions for youth with T1DM in the prevention and remediation of these outcomes.  

Purpose of the Current Study 
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 The present study explored the relationships between dietary intake, physical health, and 

teacher reported social-emotional functioning in youth with T1DM.  The significance of this 

work is based on the following findings. First, the rising incidence rates of T1DM are irregular 

and convoluted, which suggests that T1DM cannot manifest based on genetic underpinnings 

alone.  Instead, epidemiological research is shifting towards a focus on environmental factors.  

Second, detrimental health risks pose a serious threat to persons with T1DM.  Overweight and 

obesity, as well as cardiovascular-related issues, are becoming more prominent in youth with 

T1DM compared to their peers without diabetes.  Additionally, adverse mental health problems 

are more frequent in youth with T1DM.  Longitudinal and prospective studies have shown that 

psychiatric issues affect this population long after their initial T1DM diagnosis.  

 Not much is known about the underpinnings of the aforementioned negative health 

outcomes and psychological adjustment among individuals with T1DM.  However, each of these 

outcomes have been associated with nutritional intake in such a way that higher-quality diets are 

related to better health outcomes in both youth with and without diabetes.  The current study 

seeks to fill the gaps in the T1DM literature by examining the dietary patterns, and its 

relationship with school-based social-emotional functioning and physical health parameters.  

This research can then be used to inform dietary interventions as part of routine diabetes care, 

and crucially, to reduce the impact of secondary medical and psychiatric risks associated with 

T1DM. 

Research Questions and Hypotheses  

1. To what extent can teacher behavioral ratings of students’ social-emotional functioning 

(i.e., internalizing problems, externalizing problems, school problems), as well as 

physical health parameters (i.e., BMI, blood pressure), be predicted or explained by a set 
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of dietary measures (i.e., fruit, vegetable, meat/poultry/fish, dairy, legume, saturated fat, 

sugar, glycemic load)? 

a. Hypothesis 1: Dietary measures will account for a modest amount of variance (r2 

≥ 0.20) in teacher reported behavioral ratings and physical health parameters.  

2. Which dietary variables provide the greatest explanatory power to the social-

emotional/physical health composite (i.e., internalizing problems, externalizing problems, 

school problems, BMI, blood pressure)?  

a. Hypothesis 2: Animal-based dietary variables (i.e., meat/poultry/fish, dairy) and 

variables heavily influenced by animal-based foods (i.e., saturated fat) will have 

the greatest explanatory power to the social-emotional/physical health composite. 

3. Do other factors (i.e., gender, race, age, socioeconomic status, duration of T1DM 

diagnosis, HbA1c) influence the relations between diet and social-emotional/physical 

health? 

a. Hypothesis 3: The relationship between diet and social-emotional/physical health 

will be attenuated by demographic characteristics such as gender, race, age, 

socioeconomic status, as well as diabetes-related factors such as duration of 

T1DM diagnosis and glycemic control.  
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Definition of Terms 

Animal-based foods: foods containing nutrients, additives, and/or compounds derived from 

animals  

Autoimmune disease: conditions in which the body creates antibodies that destroy its own cells 

and tissues 

Blood glucose: sugars in the blood stream that provide energy to cells 

Blood pressure: force exerted by blood upon the blood vessels in the circulatory system  

Body mass index (BMI): measurement derived by dividing weight in kilograms by height in 

meters squared 

Diabetic Ketoacidosis (DKA): condition that occurs when the body utilizes fat, instead of 

glucose, for energy 

Genetic susceptibility: presence of gene(s) that increases one’s likelihood for developing a 

particular condition  

Glycated hemoglobin (HbA1c): measurement of average blood sugar over the course of two to 

three months 

Glycemic index (GI): measurement of carbohydrates in a particular food  

Hyperglycemia: overabundance of blood sugar in the blood stream  

Hypoglycemia: inadequate blood sugar in the blood stream 

Insulin: hormone that converts sugar to energy  

Internalizing: feelings and behaviors directed inward toward the self (e.g., withdrawal, 

depression, anxiety) 

Externalizing: feelings and behaviors directed outward from the self (e.g., hyperactivity, 

aggression, conduct problems) 
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Legumes: fruits and/or seeds of foods within the pea and/or bean family 

Plant-based foods: foods derived only from plant sources (e.g., vegetables, fruits, nuts, seeds, 

legumes, whole grains) 

Root (as a food): edible plant roots (e.g., onions, carrots, beets) 

Type 1 diabetes mellitus: autoimmune condition whereby the pancreas is unable produce 

insulin  
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Chapter 2 

Review of the Literature 

 This chapter will first provide an examination of the nutritional risk factors that have 

contributed to the evolving epidemiology of Type 1 Diabetes Mellitus (T1DM).  Nutritional 

habits and identified correlates, as well as dietary interventions in T1DM, will be reviewed.  

Additionally, physical, psychological, and school functioning among youth with and without 

T1DM will be emphasized in the context of dietary influences.  

Type 1 Diabetes Mellitus (T1DM) 

 Type 1 Diabetes Mellitus is an autoimmune disease that destroys insulin-producing cells 

(beta cells) in the pancreas.  In most cases, beta cells are destroyed by an autoimmune-mediated 

pathway (type 1a); in some cases, beta cells “fail” or are destroyed through an idiopathic or 

unknown mechanism (type 1b;  Devendra, Liu, & Eisenbarth, 2004).  As a result, the beta cells 

in the pancreas are completely eliminated, resulting in the body being unable to produce insulin 

(ADA, 2005).  Without insulin, the body will fall into a state of diabetic ketoacidosis (DKA). 

DKA is a serious condition that occurs when the body must utilize fat, instead of glucose, for 

energy.  The body’s utilization of fat results in the production of ketones (i.e., byproducts 

produced by the liver from fatty acids), which build up and result in much higher blood acidity 

(Baldelli et al., 2016; Newton & Raskin, 2004).  DKA may be one of the ways in which children 

are later diagnosed with T1DM, because it typically leads to hospitalization.  Other symptoms of 

T1DM include extreme thirst and/or hunger, fatigue/sleepiness, headache, fast heart 

rate/sweating, vision problems, as well as gastrointestinal and urinary symptoms (ADA, 2017). 

Epidemiology of Type 1 Diabetes Mellitus 

Robust international registries of T1DM diagnoses have been established since the  
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1980’s.  Worldwide incidence rates of T1DM are remarkably diverse, ranging from an estimated 

.0001% in China, to .04% in Finland (Karvonen et al., 2000; Maahs, West, Lawrence, & Mayer-

Davis, 2010; Patterson et al., 2009; Soltesz, Patterson, & Dahlquist, 2007; Zimmet, Alberti, & 

Shaw, 2001).  Most countries have also been witnessing a rise T1DM diagnoses; for some, these 

numbers are rising at alarmingly high rate (Harjutsalo, Sjoberg, & Tuomilehto, 2008; Onkamo, 

Vaananen, Karvonen, & Tuomilehto, 1999; Silink, 2002).  Within the United States, the 

incidence of T1DM has increased over 2% over the last thirty years (Vehik et al., 2007).  Some 

researchers have predicted a continued rapid increase in incidence of T1DM, with lower-

incidence countries’ rates increasing at a faster rate, and attribute this to a convergence of 

lifestyle factors among certain countries (e.g., eating patterns) (Berhan et al., 2011; Harjutsalo, 

Sjoberg, & Tuomilehto, 2008; Patterson et al., 2009).  

It is important to note that T1DM is not believed to be preventable due to identified 

genetic underpinnings (Davies et al., 1994).  However, it is widely accepted that environmental 

factors may trigger the onset of T1DM (Knip, Veijola, Virtanen, Hyoty, Vaarala, & Akerblom, 

2005).  Interestingly, research has revealed migration effects of the disease: when individuals 

move to countries with higher incidence rates, immigrants adopt these incidence rates.  This 

suggests environmental factors are at play, when diet, lifestyle, and other behaviors shift to adapt 

with the new country (Bodansky et al., 1992; Burden, Samanta, & Chaun, 1990; Elliot & Ong, 

2002).  The disparity in incidence rates between countries, and perplexing increase in incidence 

rates within countries, have led researchers to investigate the possible environmental factors that 

could be contributing to this pattern (Knip et al., 2005).  

Risk factors.  Genetic inheritance of T1DM has been investigated for decades.  Over the 

years, concordance rates in monozygotic twin studies have ranged from 13-55% (Barnett, Leslie, 
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& Pyke, 1981; Kaprio et al., 1992).  However, shared environment is difficult to tease apart from 

genetic inheritance in twin studies.  As such, researchers have emphasized the external, 

environmental factors that trigger Β-cell autoimmunity, resulting in T1DM.  Although T1DM is 

not considered to be highly influenced by lifestyle, a number of environmental risk factors have 

been identified as contributing to the epidemiology of T1DM, which mainly emphasize the 

perinatal and postnatal periods of development (Cardwell et al., 2008; Dahlquist, Patterson, & 

Soltesz, 1999; Dotta et al., 2007; Hypponen, Laara, Reunanen, Javelin, & Virtanen, 2001; Stene, 

Magnus, Lie, Sovik, & Joner, 2001).  An in-depth discussion of these factors is out of the scope 

of the current study; thus, nutritional factors as a driving antigen will be the emphasis of this 

section.  

Ecological studies, which serve to elucidate prevalence and incidence of disease in a 

given population, have examined the role of dietary patterns in T1DM.  Nutrients such as protein 

and carbohydrates have been associated with increased T1DM risk, as well as carcinogens, such 

as nitrosamines (Dahlquist, Blom, Persson, Sandstrom, & Wall, 1990).  Animal-based food 

consumption has been shown to positively associate with T1DM incidence rates, whereas plant-

based foods have revealed the opposite effect (Muntoni, Cocco, Aru, & Cucca, 2000).  In 

particular, dairy and meat have also been identified as predictors of T1DM incidence rates 

(Gerstein, 1994; Muntoni & Muntoni, 2006; Savilahti, Akerblom, Tainio, & Koskimies, 1988; 

Scott, 1990).  

Cow’s milk.  Early research suggested a relationship between cow’s milk consumption 

and incidence of T1DM.  One landmark study revealed that over 90% of the variance in 

geographically divergent T1DM diagnoses could be attributable to cow’s milk consumption 

(Dahl-Jorgensen, Joner, & Hanssen, 1991).  The most studied mechanism by which cow’s milk 
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increases the risk of Β cell autoimmunity is the body’s immune response to cow milk proteins.  

Common antibodies in cow’s milk (i.e., Bovine Serum Albumin) have been shown to be higher 

in newly-diagnosed children with T1DM than controls (Karjalainen et al., 1992).  Inflammation 

of the intestinal mucosa after exposure to cow’s milk, also reflective of an immune response, has 

been evidenced in children with T1DM (Auricchio et al., 2004; Harrison & Honeyman, 1999; 

Westerholm-Ormio, Vaarala, Pihkala, Ilonen, & Savilahti, 2003). 

Similar findings have been revealed in children who were diagnosed with T1DM at 

younger ages.  As such, timing of cow’s milk exposure seems influential (Dahlquist, Savilahti, 

Landin-Olsson, 1992; Gerstein, 1994; Vaarala et al., 1999; Virtanen et al., 1994).  Other research 

has suggested that having a genetic predisposition for T1DM can interact with either early 

weaning from breast milk or early exposure to cow’s milk, and result in gut immune dysfunction 

(Kostraba et al., 1992; Verge, Howard, Irwig, Simpson, Mackerras, & Silink, 1994; Virtanen et 

al., 1998; 1999).  Importantly, not all work has supported the association between cow’s milk 

consumption and T1DM risk (Norris et al., 2003; Savilahti & Saarinen, 2009).  However, longer 

duration of breastfeeding has been shown to be a protective factor against T1DM, and may 

protect intestinal permeability (Catassi, Bonucci, Coppa, Carlucci, & Giorgi, 1995; Patelarou et 

al., 2012; Rosenbauer, Herzig, & Giani, 2007).  

Gluten.  Celiac’s disease, also an autoimmune disease, has been studied in the T1DM 

population based on high comorbidity and similar genetic susceptibilities (Cerutti, Bruno, 

Chiarelli, Lorini, Meschi, & Sacchetti, 2004; Not et al., 2001; Smyth et al., 2008; Volta, Tovoli, 

Caio, 2011).  Intestinal changes from gluten exposure have been observed in T1DM.  Gluten-

based diets have led to pathogenic alterations of the gut microbiome (i.e., microorganisms in the 

intestinal tracks). and later development of T1DM (Funda, Kaas, Tlaskalova-Hogenova, & 
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Buschard, 2008; Hansen, C. et al., 2014; Hansen, D. et al., 2006; Marietta et al., 2013).  These 

effects appear to be stronger for infants; thus, revealing the impact of the timing of exposure 

(Norris et al., 2003; Ziegler, Schmid, Huber, Hummel, & Bonifacio, 2003).  Conversely, gluten-

free diets have been found to be preventative both during fetal and postnatal development 

(Cosnes et al., 2008; Hansen, C. et al., 2014; Hansen, D. et al., 2006; Marietta et al., 2013).  

Relatedly, gluten-specific proteins (i.e., zonulin), implicated in intestinal permeability, are 

secreted to a greater extent in both animals and humans with T1DM (Sapone et al., 2006; Watts 

et al., 2005).  Heightened immune responses to gluten diets have been observed in newly 

diagnosed patients, albeit not to the expected extent (Klemetti, Savilahti, Ilonen, Akerblom, & 

Vaarala, 1998).  Moreover, not all studies have shown this effect upon exposure to gluten 

(Hummel, Bonifacio, Naserke, & Ziegler, 2002).  It is difficult to tease apart the impact of gluten 

itself on T1DM progression, versus wheat, or other nutrients that are contained in gluten diets.  

Meat.  The connection between meat consumption and T1DM have been primarily 

investigated in early childhood developmental periods.  Consumption of meat by breastfeeding 

mothers (Niinisto et al., 2015), as well as consumption by children in the first few years of life 

(Muntoni et al., 2013), has been associated with later development of T1DM.  Other studies 

examining maternal diet during pregnancy (Lamb et al., 2008; Niinisto et al., 2014; Virtanen et 

al., 2010) did not find this association.  Given the vast array of nutritional and nonnutritional 

elements in meat, it is difficult to determine the mechanism(s) by which meat is related to 

T1DM.  Some authors have asserted that nitrites and nitrates may play a role (Dalquist et al., 

1990; Feskens, Sluik, & van Woudenbergh, 2013; Niinisto et al., 2014; Virtanen et al., 1994), as 

well as proinflamatory advanced glycation end products (AGEs), which are both found in 

processed meats and have found to be associated with T1DM (Feskens et al., 2013; Yap, 
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Kantharidis, Coughlan, Slattery, & Forbes, 2012).  Alternatively, certain amino acids found in 

meat have been implicated (Feskens et al., 2013; Muntoni et al., 2013); these metabolic changes 

have shown to be precursors to T1DM (Bougneres & Valleron, 2008; Oresic et al., 2008), cause 

increased insulogenic reactions (van Loon, Saris, Verhagen, & Wagenmakers, 2000), thus 

implicating B-cells.  Inflammatory responses caused by present-day meat processing, or by 

saturated and trans-saturated fats in meats have also been proposed (Bendsen et al., 2011; 

Landin-Olsson, Hillman, & Erlanson-Albertsson, 2013). 

Fruits, berries, and roots.  Less is known about the association between fruit and root 

intake and T1DM.  Mechanisms are unclear, but toxic contaminants might play a role.  In a study 

following genetically susceptible newborns, results revealed that exposure to fruits, berries and 

roots prior to four months of age was associated with increased risk for developing T1DM 

(Virtanen et al., 2006).  Bafilomycin, which is found in root vegetables, is just one of the toxic 

contaminants that has been found to implicated in islet cells (Myers, Mackay, & Zimmet, 2003), 

in such a way that results in T1DM (Hettiarachchi, Zimmet, & Myers, 2004).  

Nutrition Recommendations for Type 1 Diabetes Mellitus 

 Persons with T1DM rely on exogenous insulin (i.e., basal and bolus), which is delivered 

by pump or injection.  Regardless of delivery method, individuals must give themselves bolus 

insulin—as mentioned earlier, amount of bolus insulin is based on anticipated carbohydrate 

intake (Samann et al., 2006).  Thus, youth must be especially cognizant of what and when they 

eat; bolus must to be accurate or they will experience hyper- or hypoglycemia (Patton, 2012).    

 It is also important to mention that individuals with T1DM are not instructed to follow a 

particular diet; rather, they are instructed to adhere to national guidelines (Silverstein et al., 

2005).  Currently, the United States Department of Health and Human Services (USDHHS) 
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emphasize a varied diet that includes nutrient dense foods, while monitoring calories and 

portions.  The American Diabetes Association (ADA) guidelines are considered the gold 

standard for all aspects T1DM care.  Nutrition therapy recommendations include provision of 

medical nutrition therapy (MNT) by a registered dietician for all patients.  Unlike T2DM, 

specific eating styles or dietary regimens have not been established for T1DM.  However, 

carbohydrates, proteins, and fats should be monitored to determine insulin dosing, and fibrous as 

well as low glycemic index (GI) foods are recommended (ADA, 2017).  Additionally, nutritional 

education, meal and insulin planning, and self-monitoring of blood glucose (SMBG) should be 

emphasized (Franz et al., 2002; Chiang, Kirkman, Laffel, & Peters, 2014).  Other than the 

general provision of MNT, specific nutrition guidelines for children and adolescents are lacking.  

Diet and T1DM  

Dietary reporting. It is essential to first acknowledge that findings from dietary research 

are not directly comparable, and are dependent on how food consumption is reported by 

participants, and how it is classified by the researchers.  The literature suggests that doubly 

labeled water (DLW) is the gold standard method for estimating energy expenditure, which 

essentially measures the metabolic rate of an individual.  While highly accurate, this method is 

inconvenient and costly.  As such, dietary recall methods are used to estimate dietary intake, 

despite the inherent bias in recall methods (McPherson, Hoelscher, Alexander, Scanlon, & 

Serdula, 2000).  Other limitations include reading and language difficulties as well as cultural 

loading (Cade, Burley, Warm, Thompson, & Margetts, 2004; Field, Peterson, Gortmaker, 

Cheung, Rockett, Fox, Colditz, 1999).  Dietary recall methods include 24-hour recalls, diet 

history interviews, estimated tool records, food frequency questionnaires (FFQs), and weighed 

food records.  Meta-analyses have indicated that three-day 24-hour recalls provided the best 
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estimates for children.  However, drawbacks for 24-hour methods include cost, considering that a 

single day is insufficient to draw conclusions on typical dietary intake, especially for 

infrequently consumed foods.  Time is a drawback of both methods (Burrows, Martin, & Collins, 

2010).  FFQs appear to get around these disadvantages, and assess the frequency and amount of 

foods consumed over a specified period of time (Subar, 2004; Thompson & Byers, 1994).  

Dietary patterns.  Dietary intake has been well-documented in youth without T1DM.  

Regardless of the dataset utilized (e.g., U.S. Department of Agriculture (USDA), National Health 

and Nutrition Examination Survey (NHANES)), findings are largely consistent.  Children 

overconsume total fats, saturated fats, sugar, and cholesterol, while under-consuming inadequate 

amounts of fruits, vegetables, and whole grains (Fox et al., 2016; Munoz, Krebs-Smith, Ballard-

Barbash, & Cleveland, 1997; Reedy & Krebs-Smith, 2010; Slining & Popkin, 2013).  The top 

sources of energy intake are composed of fats, fortified and highly processed foods (e.g., cereals, 

pastas), added sugar, nutrient sparse or “empty calorie” foods (e.g., pizza, desserts, sweetened 

beverages, candy).  Nutrient-dense foods, such as vegetable intake, are often obtained through 

other sources of food, such as mixed dishes (e.g., pizza, pasta).  Additionally, among the 

vegetables that are consumed, most are unhealthy and non-nutrient rich (e.g., white potatoes; 

Bachman, Reedy, Subar & Krebs-Smith, 2008; Branum & Rossen, 2014).  

The dietary habits of youth with T1DM are generally understudied, but are given more 

attention in the context of comorbid health conditions and dietary intervention studies.  However, 

research investigating the nutritional habits of youth with T1DM have revealed similarities to 

youth without T1DM.  Specifically, children and adolescents with T1DM have reported 

consuming inadequate fruits, vegetables, and grains, while overconsuming fat (Mayer-Davis et 

al., 2006; Mehta, Volkening, Quinn, & Laffel, 2014) and protein (Mosso, Halabi, Ortiz, & 
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Hodgson, 2015).  Moreover, meta-analyses have revealed that a large proportion of daily energy 

was comprised of saturated and total fat, and overall fat consumption was greater than youth 

without T1DM (Rovner & Nansel, 2009).  While the literature base provides a decent depiction 

of the diets of youth with T1DM, no study in the last decade has provided a comprehensive 

account of their dietary intake, in terms of individual food groups.  Without conceptualizing 

these foods individually, it is difficult to determine their impact on diabetes-related outcomes.  

Dietary correlates.  In order to obtain a more comprehensive understanding of the diets 

of youth with T1DM, it is necessary to investigate the factors that contribute to dietary intake.  

Demographic characteristics, such as gender, race, age, and socioeconomic status (SES) have 

been implicated in the diet quality of children with T1DM (Bortsov et al., 2011; Skinner & 

Hampson, 2001; Skinner, Hampson, Fife-Schaw, 2002).  Additionally, specific dietary variables, 

including inadequate fruits and vegetable consumption, have been associated with sedentary 

behaviors, such as watching television (Bortsov et al., 2011).  Dietary adherence, a component of 

diabetes care, has also been investigated.  Influences on dietary adherence include personality 

characteristics (Skinner, Hampson, & Fife-Schaw, 2002; Wheeler, Wagaman, McCord, 2012); 

autonomy and self-efficacy (Austin, Senecal, Guay, & Nouwen, 2011; Nouwen, Law, Hussain, 

McGovern, Napier, 2009), treatment expectations (Skinner & Hampson, 1998, 2001; Skinner, 

John, & Hampson, 2000), family functioning (Patton, Piazza-Waggoner, Modi, Dolan, & 

Powers, 2009), and social support (Austin, Guay, Senecal, Fernet, & Nouwen, 2013; Skinner et 

al., 2000).  While these correlates are useful, it is important to note the lack of psychosocial 

behaviors in the current literature base.  Moreover, additional research emphasizing unique food 

groups are needed to determine the unique impact on psychosocial functioning. 
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 Dietary interventions.  As discussed in Chapter 1, nutritional interventions play a role in 

standards of care in T1DM.  Dietary plans not only improve diabetes-related outcomes, but 

reduce the risk of developing other physical health consequences.  However, other health-related 

outcomes, including mental health, have yet to be established.  

 Carbohydrate counting.  Counting carbohydrates to be consumed at meals allows for 

accurate bolus dosing.  Possibly due to the time-intensive nature of this intervention, research has 

revealed that children and adolescents are largely inaccurate in their carbohydrate estimation 

(Bishop et al., 2009), even after intensive education and training (Spiegel et al., 2012).  

Moreover, perceptions of healthy eating as reported by children and their parents have over-

emphasized the importance of carbohydrate content, while neglecting other healthful aspects of 

nutrition.  In this study, youth reported to under-consume fruit, whole grains, and legumes 

(Mehta et al., 2009).  Despite these findings, behavioral family-based interventions that 

emphasize whole, plant-based foods along with carbohydrate counting have led to improvements 

in diet quality; namely, by increasing whole plant-based food consumption (Nansel et al., 2015).  

 Low glycemic index (GI) diets.  Glycemic index is a measurement of the impact of 

carbohydrates on blood glucose.  Youth who have been prescribed and adhered to a set 

carbohydrate intake have shown improvements in blood glucose control (Gilbertson et al., 2001; 

Nansel, Gellar, & McGill, 2008; Ryan et al., 2008) and higher HDL cholesterol (Buyken et al., 

2001).  Thus, due to the more flexible and less taxing method of low- GI diets compared to strict 

carbohydrate counting, this may be a more feasible option for youth with T1DM.  However, low-

GI diets have been shown to lead to hypoglycemic episodes (Bell et al., 2015; Nansel et al., 

2008). 
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 Hypertension reducing diets.  Diets targeting hypertension reduction promote high 

consumption of fruits and vegetables and low-fat dairy, while restricting sodium.  This diet is 

referred to as the Dietary Approaches to Stop Hypertension (DASH) in the diabetes literature.  

Adherence to the DASH is measured by dietary recall methods, with higher scores indicating 

higher consumption of the promoted foods, and lower consumption of poultry, fats, oils, and 

sweets (Appel et al., 1997).  Youth with T1DM who adhere closely to this diet have benefitted 

from blood pressure reductions (Gunther et al., 2009), as well as improved LDL/HL ratio (Liese 

et al., 2011).  Longitudinally, youth have improved their HbA1c by following the DASH diet 

(Barnes, Crandell, Bell, Mayer-Davis, & Liese, 2013). 

 Mediterranean-style diets.  The Mediterranean diet recommendations involve a high 

consumption of mainly plant-based foods, including fruits, vegetables, grains, and legumes.  

Animal-based foods, such as dairy, fish, poultry, eggs, and meat should be consumed 

infrequently.  The literature base is much stronger in T2DM and adults with T1DM, with 

findings supporting an association between this diet and better CVD profiles (Elhayany, 

Lustman, Abel, Attal-Singer, & Vinker, 2010; Gingras et al., 2015) and overall improved disease 

management (Ajala, English, & Pinkney, 2013; Esposito, Maiorino, Ceriello, & Guigliano, 

2010).  In youth with T1DM, adherence to a Mediterranean-style diet has led to improvements in 

overall diet quality, lipid profiles, and blood glucose readings (Cadario et al., 2012; Zhong et al., 

2016).    

Gluten-free (GF) diets.  Fewer gastrointestinal symptoms (e.g., bloating, pain, diarrhea) 

(Abid, McGlone, Cardwell, McCallion, & Carson, 2011; Scaramuzza, Mantegazza, Bosetti, & 

Zuccotti, 2013), as well as reductions in intestinal inflammation and normalization of gut mucosa 

(Acerini, Ahmed, Ross, Sullivan, Bird, & Dunger, 1997; Hansen et al., 2006) have been reported 
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in children who follow GF diets.  Widespread reports of improvements in HbA1c have also been 

revealed among youth with T1DM (Amin, Murphy, Edge, Ahmed, Acerini, & Dunger, 2002; 

Sanchez-Albisua, Wolf, Neu, Geiger, Wascher, & Stern, 2005; Svensson et al., 2016).  

Interestingly, some children went into partial remission after following a GF diet for at least one 

year (Sildorf, Fredheim, Svensson, & Buschard, 2012; Svensson et al., 2016).  

 Plant-based food diets (PBD).  Dietary interventions emphasizing consumption of whole, 

plant-based foods is largely lacking.  The vast majority of the literature supports the efficacy of 

these interventions in T2DM, revealing improvements in glycemic control (Barnard et al., 2009; 

Yokoyama, Barnard, Levin, & Watanabe, 2014), body weight parameters (Mishra et al., 2013; 

Nicholson et al., 1999; Tonstad, Butler, Yan, & Fraser, 2009) lipid profiles (Barnard et al., 2009; 

De Mello, Zelmanovitz, Perassolo, Azevedo, & Gross, 2006; Mishra et al., 2013), as well as 

insulin resistance and oxidative stress (Kahleova et al., 2011). Notably, PBD are the only diets 

that have shown improvements in psychological adjustment, including quality of life and 

depression (Kahleova, Hrachovinova, Hill, & Pelikanova, 2013).  Possible mechanisms for these 

wide range of physical and psychological benefits include greater fiber, nonheme iron, vegetable 

protein, andioxidants and plant sterols, and lower saturated fat consumption (Rinaldi, Campbell, 

Fournier, O’Connor, & Madill, 2016).  Additionally, significant improvements in cholesterol 

levels, and reduction in fasting plasma glucose and insulin requirements have been shown in 

adults with T1DM after consuming high fiber diets for just a few weeks (Anderson, 1986; 

Anderson, Chen, & Sieling, 1980).  

 To date, very few PBD interventions have been implemented in youth with T1DM.  In 

one program seeking to increase consumption of whole, plant-based foods, positive parental 

attitudes (e.g., self-efficacy, autonomous motivation) were associated with increased whole, 
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plant-based foods in youth with T1DM, whereas negative parental attitudes (e.g., perceived 

barriers, negative expectations) were associated with less whole, plant-based food consumption 

(Eisenberg, Lipsky, Gee, Liu, & Nansel, 2017).  Another PBD intervention targeting the entire 

family revealed improvements in diet quality, specifically for whole grains  (Nansel et al., 2015).  

Greater fiber, greater whole plant-based food, and lower GI food consumption were associated 

with better glycemic control (Nansel, Lipsky, & Liu, 2016).  In studies comparing diet quality to 

glycemic control outcomes, results have revealed better HbA1c values among youth with T1DM 

who consumed more vegetables, fruit, and fiber (Lodefalk & Aman, 2006; Nansel et al., 2015, 

2016; Overby, Margeirsdottir, Brunborg, Andersen, & Dahl-Jorgensen, 2007).  Other physical 

and psychosocial outcomes have yet to be established. 

Complications in T1DM 

 Physical morbidities.  The purpose of this section is to briefly address common health 

comorbidities identified in children with T1DM.  It does not include a discussion of common 

acute complications directly associated with T1DM, such as DKA and hypoglycemia, which are 

usually recurrent, and affect the majority of children with T1DM (Rewers et al., 2002).  

Additionally, metabolic syndrome (Kilpatrick, Rigby, & Atkin, 2007; Thorn et al., 2005), 

endothelial dysfunction (Jarvisalo et al., 2004), microvascular complications (i.e., nephropathy, 

retinopathy, neuropathy) (Eppens et al., 2006; Kilpatrick, Rigby, & Atkin, 2006; Klein et al., 

2004), while relevant, are much more infrequent and less studied in youth with T1DM.  Research 

on cause-specific mortality in T1DM has revealed that cardiovascular disease contributes to 

33.5% of deaths for youth ages 10-19, and 65% of deaths for those 30 years and older.  Renal 

disease has contributed to 46% of deaths for youth ages 10-19, and 55.5% of deaths for those 30 

years and older (Secrest et al., 2014).  The development of both morbidities, in addition to the 
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following complications, can be altered by diet.  Therefore, in the current study, only diet-related 

complications will be discussed.  

Overweight and obesity.  Due to their inherent shortage of insulin, obesity is generally 

expected to be lower among persons with T1DM; however, treatment with insulin increases 

obesity risk (Holl et al., 2003).  While excess weight is not necessarily a causal factor of T1DM, 

it has been implicated as a predictor of T1DM complications (Verbeeten, Elks, Daneman, & 

Ong, 2011).  Among youth with T1DM, the prevalence of overweight is up to 33.3% (BMI ≥ 

85th percentile; Minges, Whittemore, & Grey, 2013), whereas the prevalence of obesity has 

reached 12.6% ( BMI ≥ 95th percentile; DuBose et al., 2015; Liu et al., 2010).  Some research 

has indicated a higher prevalence of overweight status in T1DM youth compared to controls (da 

Costa et al., 2016).  Prospective data from the last two decades have reported dramatic increases 

of 47% for overweight status, and over 700% for obesity (Conway et al., 2010; Libman, 

Pietropaolo, Arslanian, LaPorte, & Becker, 2003).  Higher BMI has been associated with 

diabetes-related factors such as insulin therapy and higher insulin dosing, longer duration of 

diabetes (Frohlich-Reiterer et al., 2014), and increased prevalence of T1DM (Libman et al., 

2003).  Identified demographic factors for risk of overweight status include puberty (Frohlich-

Reiterer et al., 2014), racial minority status (Liu et al., 2010), older age (da Costa et al., 2016), 

and females (Frohlich-Reiterer et al., 2014).  

 Cardiovascular disease (CVD) and related conditions.  CVD remains the number one 

cause of death in the United States (Lloyd-Jones et al., 2009), and unfortunately, is also the 

leading cause of death in persons with T1DM (ADA, 1999; Laing et al., 2003).  CVD is not 

common in youth, but early signs of CVD have been identified in the T1DM population, 

including endothelial dysfunction (i.e., artery dilation problems; Faienza et al., 2013) and arterial 
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stiffness (Shah et al., 2015).  Both conditions have been found to be higher in youth with T1DM 

compared to controls (Haller et al., 2004; Maftei et al., 2014).  Increased risk for CVD among 

children with T1DM includes being female, older age, poorer glycemic control, and aspects of 

metabolic syndrome such as worse lipid profiles, higher blood pressure, greater BMI (Ferranti et 

al., 2014; Katz, Giani,  & Laffel, 2015; van Vilet et al., 2010). 

 Pre-hypertension and hypertension.  Pre-hypertension is defined as blood pressure above 

the 90th percentile for age, sex, and height.  True hypertension is defined as being above the 95th 

percentile (ADA, 2017).  Recent U.S. data have indicated that prevalence of hypertension ranges 

from 1-3.6% among youth; consequently, hypertensive youth are at risk for serious vascular 

damage (Barrios & Escobar, 2013; Falkner, 2010).  Prevalence rates among youth with T1DM 

have been higher than population samples for both pre-hypertension and hypertension (Giacchi 

et al., 2016; Margeirsdottir et al., 2008; Rodriguez et al., 2010).  Some studies have reported very 

high prevalence rates—13.1% for hypertension (van Vilet et al., 2010) and 25.8% for pre-

hypertension (Rohani et al., 2014).  Abnormally high blood pressure among youth with T1DM 

includes overweight status (van Vilet et al., 2010), ethnic minorities (Rodriguez et al., 2010), 

arterial stiffening (Dahl-Jorgensen, Larsen, Hanssen, 2005), older age, and higher BMI (Rohani 

et al., 2014).  

Dyslipidemia.  Dyslipidemia is a condition in which too many lipids (i.e., cholesterol, 

triglycerides) are present in the blood stream.  It is associated with increased risk for 

cerebrovascular events in persons with T1DM, such as coronary artery disease (Orchard, Forrest, 

Kuller, & Becker, 2001).  LDL thresholds above 2.6 mmol/l, and HDL thresholds below 1.1 

mmol/l are characteristic of dyslipidemia.  One proposed mechanism by which dyslipidemia 

presents is through nephropathic, or kidney disease, symptoms (Mooradian, Haas, & Wong, 
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2005; Raile et al., 2007).  Dyslipidemia disproportionally affects individuals with T1DM 

(Maffeis et al., 2012).  Specifically, studies have indicated prevalence rates ranging from 42.8% 

for overall high cholesterol, 6.9%-21.2% with low HDL levels, and 28.5-34.5% with high LDL, 

and 12.5-17.3% with high triglyceride levels (da Costa et al., 2016; Margeirsdottir et al., 2008; 

van Vilet et al., 2010).  Identified risk factors include being female (for high LDL only), being 

male (for low HDL only; Margeirsdottir et al., 2008), BMI (Maffeis et al., 2012), older age, and 

insulin resistance (da Costa et al., 2016).  Moreover, higher LDL has been associated with 

greater HbA1c readings in youth with T1DM (Guy et al., 2009).  Longitudinal studies with 2- 

and 3-year follow-ups have supported this finding; indicating worse HbA1c predicts poorer 

HDL, LDL, and triglycerides (Maahs et al., 2013; Reh, Mittelman, Wee, Shah, Kaufman, & 

Wood, 2011). 

 Psychological morbidities.  Greydanus and Hofmann (1979) were among the first to 

investigate the psychological difficulties that youth with T1DM commonly face.  Since then, 

their unique risk for social-emotional, behavioral, and psychiatric conditions have been well-

documented.  As a result, recent ADA Standards of Care guidelines have recommended 

screening for psychosocial disorders in children, citing their detrimental impact in diabetes 

management efforts and longterm psychological adjustment (ADA, 2017; Cameron, Northam, 

Ambler, & Daneman, 2007; Hilliard, De Wit, Wasserman, Butler, & Evans, 2017).  However, it 

is important to note that much of the research on psychological issues in T1DM have reported 

diabetes-related outcomes such as glycemic control, but neglect to investigate other incidental 

outcomes such as dietary adherence.  

 Earlier studies revealed prevalence rates for psychiatric conditions up to three times as 

high in youth with T1DM compared to same-age peers (Blanz, Rensch-Riemann, Fritz-Sigmund, 
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& Schmidt, 1993; Kokkonen, Taanla, & Kokkonen, 1997).  More recently, meta-analyses have 

reported that 47% of T1DM have met criteria for a psychiatric disorder (as defined by the 

Diagnostic and Statistical Manual of Mental Disorders, [DSM]) in their lifetimes, and the 

majority of these youth will have more than one disorder (Kakleas, Kandyla, Karayianni, & 

Karavanaki, 2009; Northam, Matthews, Anderson, Cameron, & Werther, 2005).  Cross sectional 

studies have reported that about one in four to one in three youth with T1DM met criteria for a 

DSM-IV disorder.  Anxiety (9-21.3%), behavioral (5.3-20%), mood (3.9-26%), and eating (7-

39.3%) disorders have been the most frequently endorsed (Bernstein, Stockwell, Gallagher, 

Rosenthal, & Soren, 2013; Butwicka et al., 2016; Kakleas et al., 2009; Kelly, Howe, Hendler, & 

Lipman, 2005; Young et al., 2013).  Additionally, prospective studies in adolescents 10 years 

post-diagnosis have revealed prevalence rates of 37% for DSM-IV diagnoses, which were nearly 

evenly split between mood, anxiety, eating, and behavior disorders.  Youth meeting DSM criteria 

were more likely to have elevated HbA1c (Bernstein et al., 2013; Butwicka et al., 2016; Leonard, 

Jang, Savik, Plumbo, & Christensen, 2002; Northam et al., 2004), lower quality of life (Stahl-

Pehe, Lnge, Bachle, Castillo, Holl, & Rosenbauer, 2014), and were more likely to be older and 

female (Northam et al., 2005).  

Externalizing problems.  Externalizing symptoms are those that are directed outward 

from the self, and are overt in nature (e.g., hyperactivity, impulsiveness, aggression; Reynolds, 

1992).  Despite prevalence data which indicates endorsement of externalizing problems in youth 

with T1DM, there is a lack of research assessing these issues and their relationship to various 

outcomes.  Based on the current literature, greater externalizing symptomology has been 

associated with poorer glycemic control (Fryt, Pilecka, & Smolen, 2013; Luyckx et al., 2013; 

Northam et al., 2005).  Additionally, longitudinal data has shown that externalizing problems 
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predict parent-child conflict (Luyckx et al., 2013), mental health referrals in the school setting, as 

well as other psychosocial maladjustment in the following years post-diagnosis (Northam, Lin, 

Finch, Werther, & Cameron, 2010).  Gender effects have also been reported, such that males 

endorse more externalizing problems; although externalizing symptoms may decrease over a 

two-year period, anger has shown to actually increase among both males and females (Helgeson, 

Snyder, Escobar, Siminerio, & Becker, 2007).  

 Internalizing problems.  Internalizing symptoms are those that are directed inwards 

toward the self, and are usually covert in nature (e.g., withdrawal, somatization; Reynolds, 

1992).  This cluster of problems have been endorsed most frequently among children with 

T1DM (Nardi et al., 2008; Northam, Anderson, Adler, Werther, & Warne, 1996).  Greater 

internalizing symptomology—particularly depression, anxiety, and distress—have been 

associated with diabetes-related outcomes, including higher HbA1c (Reynolds & Helgeson, 

2011) and blood glucose monitoring (Hood, Rausch, & Dolan, 2011).  Longitudinal data has 

suggested that internalizing problems generally decrease over time in the T1DM population, but 

remain higher for females (Helgeson et al., 2007).  

Depression.  Depressive symptoms are a more specific cluster of internalizing problems.  

Depressive traits fall in line with the DSM, and can include negative mood, decreased 

effectiveness and interest in activities, weight and sleep changes, and low self worth, and 

suicidality (American Psychiatric Association [APA], 2017).  These issues disproportionately 

impact children with T1DM compared to their peers (Grey, Whittemore, & Tamborlane, 2002; 

Hood, Huestis, Maher, Butler, Volkening, & Laffel, 2006; McGrady, Laffel, Drotar, Repaske, & 

Hood, 2009)  Relatedly, rates of suicidal behavior are higher among youth with T1DM (Grey et 

al., 2002; Hassan, Loar, Anderson, & Heptulla, 2006; Kakleas et al., 2009).  Gender effects have 



DIET, HEALTH, SOCIAL-EMOTIONAL IN T1DM  42 

suggested that females are more often affected by depression (Hood et al., 2006), and symptoms 

increase over time (Helgeson et al., 2007).  However, results are more inconclusive for men, with 

some work suggesting a decrease in symptoms across a few years (Helgeson et al., 2007), while 

others have reported an increase over longer periods of time (Jacobson et al., 1997).  Depression 

has been associated with poorer diabetes-related outcomes, both cross-sectionally and 

longitudinally (Buchberger et al., 2016), including worse HbA1c (Hood et al., 2006; Johnson, 

Eiser, Young, Brierley, & Heller, 2012; McGrady & Hood, 2010), BGM (Baucom et al., 2015; 

Hilliard, Herzer, Dolan, & Hood, 2011; Hood et al., 2006; Kakleas et al., 2009; McGrady et al., 

2009) hypoglycemia (Kakleas et al., 2009), greater medical visits and other health complications 

(Ciechanowski, Katon, & Russo, 2000; Fogel & Weissberg-Benchell, 2010).  Interestingly, 

poorer glycemic control has been associated with greater endorsement of depression symptoms 

(McGrady et al., 2009).  Thus, a feedback loop is created by which depression and diabetes 

management each contribute to the outcomes of the other.  Moreover, depression has also been 

related to more stress (Baucom et al., 2015), poorer quality of life (Hilliard et al., 2011), greater 

psychiatric care (Ciechanowski et al., 2000), and family characteristics such as high conflict 

(Fogel & Weissberg-Benchell, 2010; Hood et al., 2006; Kakleas et al., 2009) as well as low 

warmth and adaptability (Grey et al., 2002). 

 Anxiety.  Anxiety symptoms are yet another specific cluster of internalizing problems.  

Anxiety is predominately expressed as extreme worry, and typically includes other traits such as 

uneasiness and agitation.  Notably, anxiety shares some commonalities with depression in terms 

of symptom presentation (APA, 2017).  Anxiety can be displayed as more temporary and 

situational (i.e., state anxiety), or more stable and reflective of general susceptibility towards 

anxiety (i.e., trait anxiety; Spielberger, 1985).  Similarly to depression, anxiety affects youth with 
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T1DM to a greater extent compared to their peers (Buchberger et al., 2016; Liakopoulou et al., 

2001; Liakopoulou, Korvessi, Dacou-Voutetakis, 1992; Majidi, Driscoll, & Raymond, 2015; 

Maronian, Vila, Robert, & Mouren-Simeoni, 1999).  Anxiety symptoms among children have 

been associated with diabetes-related outcomes, including infrequent BGM, HbA1c, and fear of 

hypoglycemia (Buchburger et al., 2016; Herzer & Hood, 2009; Hilliard et al., 2011; Majidi et al., 

2015).  Moreover, unsatisfactory diabetes management, including poor glucose control has been 

associated with anxiety-like traits, including greater stress and maladaptive coping strategies in 

youth with T1DM (Delamater, Kurtz, Bubb, White, & Santiago, 1987; Martinez et al., 2016).  

Longitudinal data suggests that anxiety increases among females, but decreases for men over 

time (Helgeson et al., 2007).  

 School functioning.  The majority of the literature on T1DM in school settings 

emphasizes cognitive performance.  Processing speed and completion of simple arithmetic facts 

(Gonder-Frederick et al., 2009), as well as other cognitive domains—particularly memory, 

attention, and learning (Blasetti et al., 2011; Gaudieri, Chen, Greer, & Holmes, 2008)—are 

weaker among youth with T1DM, especially during hyperglycemic states.  Performance in 

academic subjects including mathematics, language, reading, and writing (Dahlquist, Kallen, & 

Swedish Childhood Diabetes Study Group 20007; Naguib et al., 2008) are poorer in youth with 

T1DM compared to healthy children.  Moreover, children with T1DM perform worse on other 

school-related outcomes such as lower standardized testing scores, letter grades, and overall 

grade point average (McCarthy, Lindgren, Mengeling, Tsalikian, & Engvall, 2003; Meo et al., 

2013; Persson, Dahlquist, Gerdtham, & Carlsson, 2013).  Identified correlates for academic 

underachievement include behavior and emotional problems (Potts, Nguyen, Ghai, Li, & 

Perlmuter, 2015), SES (McCarthy et al., 2003), trauma exposure (Turley, 2017), sleep (Caruso et 
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al., 2014), and glycemic control (Hannonen et al., 2012; Ohmann et al., 2010; Winnick, Berg, 

Wiebe, Schaefer, Lei, & Butner, 2017).  Although findings on cognitive performance are 

impactful, there is a dearth of research on how non-academic outcomes, such as social-emotional 

complications, present in the school setting.  A closer look at these outcomes is especially 

pertinent, due to previously established predictive effects of psychosocial health on scholastic 

achievement (Eklund, Kilgus, von der Embse, Beardmore, & Tanner, 2016; Flook, Repetti, & 

Ullman, 2005; Glew, Fan, Katon, Rivara, & Kernic, 2005; Steinberg, Elmen, & Mounts, 1989).  

That is, if students with T1DM experience poor psychological adjustment, their academic 

performance will likely suffer.  Moreover, teacher-based perceptions have not been studied in the 

T1DM population, which ultimately limits the perspective of how children with T1DM behave in 

settings outside the home.  Teachers have reported a lack of knowledge in T1DM (Aycan et al., 

2012), despite the fact that the school is a key setting in which these students spend a majority of 

their time and manage their diabetes.  Investigating childrens’ social-emotional behaviors from 

multiple sources and in various environments is integral to obtain a comprehensive picture of 

their psychological functioning (Kraemer et al., 2003).  Most often, teachers are the first to refer 

students for psychoeducational and related services (Hoge, 1983), highlighting their critical role 

in supporting students’ well-being.  

Complications in T1DM and Relations to Diet 

 As expected, much less research has examined the connection between common health 

and social-emotional conditions with diet in children with T1DM compared to youth without 

T1DM.  Therefore, this section will emphasize findings from T1DM samples, but will also 

integrate work from population samples.  
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 Physical morbidities. Many of the aforementioned health morbidities frequently 

reported in T1DM are associated with diet.  The low-quality diets of children with T1DM put 

them at an even higher risk for developing adverse health consequences.  

 Overweight and obesity.  Overweight status has been linked to the dietary patterns in 

children, specifically consumption of desserts, meats (Gillis & Bar-Or, 2003; Nicklas, Yang, 

Baranowski, Zakeri, & Berenson, 2003), as well as highly-processed, nutrient-sparse foods 

(Swinburn, Caterson, Seidell, & James, 2004).  Similar findings have been reported for youth 

with T1DM.  Moreover, issues with being overweight have shown to affect children with T1DM 

more often than their same-age peers.  This may be attributed to their overconsumption of 

saturated fats, which is often sourced from processed foods (Mehta et al., 2014).  Greater BMI 

has also been associated more often among children with diabetes compared to healthy 

population samples.  Due to the emphasis on low carbohydrate consumption in children with 

T1DM, these youth may be more likely to consume fats in the place of carbohydrates (Meissner 

et al., 2013).  While noting consumption of saturated fats as over twice the limit in youth with 

T1DM, other work has revealed an association between lower BMI and greater fruit and whole 

grain consumption (Nansel, Haynie, Lipsky, Laffel, & Mehta, 2012).    

 Cardiovascular disease (CVD) and related conditions.  CVD-related risk has been 

associated with overconsumption of saturated fats and total cholesterol in children (Frank, 

Berenson, & Webber, 1978).  Overconsumption of saturated and total fat, and underconsumption 

of fruits and vegetables in youth with T1DM has also been emphasized in research assessing for 

cardiovascular risk factors.  These dietary patterns have been associated with greater risk of 

atherosclerosis (Overby et al., 2007), arterial stiffness (Lamichhane et al., 2014), and CVD 

(Sundberg, Augustsson, Forsander, Cederholm, & Axelsen, 2014) in youth with T1DM.  
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Notably, each of these studies identified animal-based products (i.e., meat and dairy) as the 

primary sources for fat intake. 

 Pre-hypertension and hypertension.  Population-based studies of children have revealed a 

positive association among hypertension, saturated fat, and sodium; conversely, a negative 

association between hypertension and plant-based foods, including fruits and vegetables 

(Aeberli, Spinas, Lehmann, l’Allemand, Molinari, & Zimmermann, 2009; Couch & Daniels, 

2005; Couch, Saelens, Levin, Dart, Falciglia, & Daniels, 2008).  Only one study has reported a 

connection between diet and hypertension in T1DM.  Youth with T1DM who closely adhere to 

the DASH diet have revealed significantly less risk for hypertension, as measured by resting 

blood pressure.  Additionally, lower blood pressure was associated with greater consumption of 

dairy and vegetables among adolescent girls with T1DM (Gunther et al., 2009).  Importantly, 

The American National High Blood Pressure Education Program Working Group on 

Hypertension Control in Children and Adolescents (2004), and the ADA (2017), have 

recommended diets rich in fruits, vegetables, and limiting sodium and high fat intake.  

Dyslipidemia.  Fat intake has also been identified as a central predictor of poorer lipid 

profiles in youth with T1DM.  Specifically, increased fat has been associated with greater total 

cholesterol levels (Michaliszyn, Shaibi, Quinn, Fritschi, & Faulkner, 2009) and higher LDL 

cholesterol (Meissner et al., 2013) in among children with T1DM.  Moreover, higher fructose 

consumption from beverages has also been linked to higher triglycerides and overall cholesterol 

in older children and adolescents with T1DM (Bortsov et al., 2011; Couch et al., 2013).  

Alternatively, plant-based and low-saturated fat foods have been effective in reducing cholesterol 

levels in children (Jenkins et al., 2002; Kwiterovich et al., 1995).   
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 Psychological morbidities.  There is a dearth of research documenting psychological 

conditions and diet in youth with T1DM.  Currently, the literature suggests that internalizing 

symptoms, specifically depression (Ciechanowski et al., 2000) and anxiety (Di Battista, Hart, 

Greco, & Gloizer, 2009; Martinez et al., 2016) have been associated with poor adherence to 

dietary recommendations.  Moreover, diet quality has been shown to mediate the relationship 

between anxiety and HbA1c (Skinner & Hampson, 2001).  Thus, it is plausible that poor mental 

health can impede diabetes management, which includes diet.  However, these findings do not 

extend diet beyond adherence as part of diabetes self-care practices.  Additional research is 

needed to examine specific aspects of diet (e.g., food groups and nutrients) and its relationship to 

psychological functioning.  

Nonetheless, this relationship has been investigated among population-based samples of 

youth.  Much of this work has measured diet as it aligns to a “Western diet” (See Chapter 1).  

Diet has also been categorized as either “good” or “poor” in quality—“good quality” is generally 

defined as consuming adequate fruits, vegetables, and whole grains, and avoiding nutrient-

sparse, processed, and/or high-fat products, whereas “poor quality” is loosely defined as 

inadequate consumption of fruits, vegetables, and whole grains, while over-consuming nutrient-

sparse, processed, and/or high-fat products.  Meta-analyses have revealed an association between 

low-quality diets and poor mental health outcomes (O’Neil et al., 2014).  Diet has also been 

measured more specifically, in terms of food groups and nutrients, revealing unique effects on 

social-emotional functioning.  

Externalizing behaviors.  Poor diet quality has been associated with hyperactivity and 

inattentiveness (Franciole de Oliveira Silva & Lima, 2016; Kohlboeck et al., 2012), antisocial 

and other peer-related problem behaviors (Jackson, 2016; Oh, Ahn, Chang, Kang, & Oh, 2014) 
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among preschool and primary school-age youth.  High quality diets that emphasize whole, plant-

based foods have been associated with reduced risk for hyperactivity, inattention, and defiant 

problems in school-aged children (Oellingrath, Svendsen, & Hestetun, 2013).  Specific food 

groups have also been analyzed: takeaway foods, red meat, and desserts, have been associated 

with greater aggression and oppositional behaviors (Oddy et al., 2009).  Lower fruit intake has 

been associated with conduct and antisocial behaviors (Jackson, 2016; Renzaho, Kumanyika, & 

Tucker, 2010).  Lower vegetable intake has shown connections to externalizing symptoms, 

including prosocial difficulties (Oddy et al., 2009; Renzaho et al., 2010).  Robust prospective 

data indicated that children consuming a “Western diet” were more likely to have greater 

externalizing problems (Trapp et al., 2016), as well as an Attention-Deficit Hyperactivity 

Disorder (ADHD) diagnosis (Howard et al., 2011).  Various signs of malnutrition have also been 

studied over time, suggesting that underconsumption of nutrient rich foods is related to 

hyperactivity, aggression, and conduct problems (Galler, Bryce, Waber, Medford, Eaglesfiled & 

Fitzmaurice, 2011; Liu, Raine, Venables, Mednick, 2004). 

Internalizing behaviors.  The “Western diet” has been associated with greater 

internalizing symptoms among primary and secondary-age youth (McMartin, Willows, Colman, 

Ohinmaa, Story, & Veugelers, 2013; Oddy et al., 2009), particularly depression and anxiety 

symptoms (Franciole de Oliveira Silva & Lima, 2016).  Prospective data has shown that lower 

quality diets have been linked to both depression (Jacka et al., 2011; 2012) and anxiety 

(Kohlboeck et al., 2012).  Specific foods have been associated with anxiety traits, including 

inadequate fruit and vegetable intake (Renzaho et al., 2010), and overconsumption of desserts 

(Kohlboeck et al., 2012).  Poor quality diets have also been associated with endorsement of 

depression traits (Jacka et al., 2010; Jacka, Rothon, Taylor, Berk, & Stansfeld, 2013; Khalid, 



DIET, HEALTH, SOCIAL-EMOTIONAL IN T1DM  49 

Williams, & Reynolds, 2016).  Takeaway foods have been specifically linked with depression 

(Khalid et al., 2017).  Additionally, animal-based foods have been associated with both 

depression and anxiety (Weng et al., 2012). 

School functioning.  There is even less literature on the relationship between diet and 

scholastic performance in children.  The majority of the current research has investigated 

academic outcomes based on breakfast consumption and quality.  Breakfast consumption has 

been associated with fewer behavioral problems (Overby & Hoigaard, 2012), better mathematic 

performance (Edwards, Mauch, & Winkelman, 2011; Morales, Vilas, Vega, & Para, 2008), 

reasoning ability (Lopez-Sobaler, Ortega, Quintas, Navia, & Requejo, 2003) as well as attention 

and memory (Hoyland, Dye, & Lawton, 2009).  Better breakfast quality (e.g., greater variety of 

food groups and nutrients) has been connected to better reading scores (O’Dea & Mugridge, 

2012) among school-aged children.  It is plausible that breakfast consumption allows for a lower 

postprandial glycemic response (i.e., post-meal glucose change over three hours; Edefonti et al., 

2014), which is particularly desirable for youth with T1DM, because glucose can be metabolized 

more steadily over longer periods of time.  Additionally, low GI breakfasts have shown 

improved attention and memory performance compared to youth consuming higher GI breakfasts 

(Ingwersen, Defeyter, Kennedy, Wesnes, & Scholey, 2005).  

More comprehensive diet analyses have shown that low-quality “Western diets,” 

especially processed foods and meat, predicted poorer performance in reading, writing, and math 

(Haapala et al., 2016; Nyaradi, Foster, Hickling, Li, Ambrosini, Jacques, & Oddy, 2014; Nyaradi 

et al., 2015).  Greater consumption of saturated fats, sugars, and salts have been associated with 

more behavioral problems (Overby & Hoigaard, 2012) as well as math, reading, and language 

difficulties (Correa-Burrows, Burrows, Orellana, & Ivanovic, 2015; Edwards et al., 2011; 



DIET, HEALTH, SOCIAL-EMOTIONAL IN T1DM  50 

Overby, Ludemann, & Hoigaard, 2013).  Conversely, higher quality diets have supported a 

variety of executive functioning skills (e.g., attention, impulse control, planning) (Cohen, Gorski, 

Gruber, Kurdziel, & Rimm, 2016; Henriksson et al., 2017).  Additionally, greater fruit and 

vegetable consumption predicted improved cognitive performance (Nyaradi et al., 2014) and less 

behavioral problems (Overby & Hoigaard, 2012) among school-aged youth. 

There is virtually no research that assesses the relations between diet and school 

functioning among youth with T1DM.  Analyses of school behaviors is critical in this 

population, based on their increased risk for experiencing adverse scholastic outcomes.  For 

example, both boys and girls with T1DM have shown increased negative attitudes toward 

schools and teachers over time (Helgeson et al., 2007).  Furthermore, decreased participation in 

academic activities, early drop out, and school-based mental health referrals have been reported 

more often among students with T1DM compared to their peers (Northam et al., 2010).  

Altogether, the current literature reflects a need for investigation of school-based, social-

emotional behaviors in T1DM to prevent ensuing harmful psychosocial and academic outcomes. 

By the same token, physical, psychological, and scholastic functioning all share a relationship 

with dietary habits—a connection that has yet to be established in T1DM.  
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Chapter 3 

Method 

Participants 

The sample of participants for the current study were obtained from a larger randomized 

control trial (RCT; Perfect, Beebe, Levine-Donnerstein, Frye, Bluez, & Quan, 2016).  

Participants included a diverse sample of T1DM youth ages 9-17 (N = 111), and their primary 

teachers in the Southwestern United States.  Primary teachers were operationally defined as 

being the most familiar with the student.  Secondary teachers were defined as having a morning 

class period with the student.  Inclusion criteria for participation in the larger study includes: 

diagnosis of T1DM, 9-17 years of age, parent(s)/guardian(s) participation, and passing an initial 

English-language screening.  Exclusion criteria for the parent study includes: having a 

psychiatric, cognitive, genetic (e.g., Down Syndrome, Fragile X), and/or neurological condition 

(e.g., epilepsy); and hospitalization in the month prior to enrollment.  Additional inclusion 

criteria for the current study includes teacher(s) participation.  Teacher data were not 

incorporated for homeschooled youth; however, these children were not excluded from the 

present study, given that the statistical analyses could handle missing values.   

There is no statistical software to determine power analysis for canonical correlation.   

However, canonical correlation is simply a Pearson’s correlation—between two weighted sums, 

rather than two raw variables.  Thus, G*Power (Faul, Erdfelder, Buchner, & Lang, 2009) was 

used to conduct a power analysis for Pearson correlation coefficients.  With a modest effect size 

(p = .20) for a two-tailed alpha of .05, a sample size of 34 would be required to achieve sufficient 

power (1- β ≥ .80).  Thus, the potential pool of 111 participants provided ample power to 
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determine if a significant relation exists between diet, health, social-emotional functioning.  

Table 1 summarizes the descriptive statistics for the children in the present study.  

Table 1 

Demographic Statistics for the Sample of Youth With Type 1 Diabetes Mellitus 

Demographics n (%) Minimum Maximum Mean (SD) 

Gender 

     Male 

     Female 

 

58 (52.2%) 

53 (47.7%) 

- - - 

Race 

     White 

     Hispanic 

     Multiple races 

     Mexican 

 

55 (50.0%) 

25 (22.7%) 

22 (20.0%) 

8 (7.2%) 

- - - 

Socioeconomic status 

(median income) 

- $25,811.00 $101,888.00 $53,058.66 

($19,095.69) 

Duration of T1DM 

(months) 

- 1.00 178.00 58.85 (45.04) 

HbA1c - 5.40 14.00 9.05 (1.96) 

 

Table 2 summarizes the frequency of physical health conditions in the sample.  This 

information provides a useful context in understanding the physical health characteristics of the 

youth in the present study, apart from T1DM diagnoses.  Each category represents a cluster of 

related diagnoses: Other autoimmune and associated conditions (n = 46), behavioral-related 

conditions (n = 20), cardiovascular-related conditions (n = 17), respiratory-related conditions (n 

= 13), puberal and growth-related conditions (n = 9), integumentary-related conditions (n = 6), 

Central Nervous System-related conditions (n = 5), developmental delays and related conditions 

(n = 4), gastrointestinal-related conditions (n = 4), other inflammatory problems (n = 3),  and 

sleep problems (n = 2).  Lastly, 13.5% of children did not have an additional health diagnosis 

listed in their medical records.   
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Table 2 

Physical Health Conditions in the Sample of Youth With Type 1 Diabetes 

 

Condition category n (%) 

Vitamin D Deficiency 49 (44.1%) 

Other autoimmune and related conditions 

   Allergic rhinitis 

   Thyroiditis or Hashimoto’s disease 

   Celiac disease 

   Hypothyroidism 

   Elevated thyroid-stimulating hormone 

   Elevated Celiac antibodies 

   Positive 21-Hydroxylase antibodies 

 

15 (13.5%) 

11 (9.9%) 

8 (7.2%) 

8 (7.2%) 

2 (1.8%) 

1 (0.9%) 

1 (0.9%) 

Behavioral 

   Attention-Deficit Hyperactivity Disorder 

   Depression 

   Alcohol abuse 

   Anxiety 

   Obsesive-Compulsive Disorder 

   Unspecified behavioral disorder 

   Sensory integration problems 

   Suicidality 

Cardiovascular 

   Dyslipidemia 

   Hypercholesterolemia 

   Hypertriglyceridemia 

   Deep venous thrombosis 

   Hyperlipidemia 

   Intraventricular hemorrhage 

   Thoradic outlet syndrome    

   Ventricular septal defect 

 

12 (10.8%) 

2 (1.8%) 

1 (0.9%) 

1 (0.9%) 

1 (0.9%) 

1 (0.9%) 

1 (0.9%) 

1 (0.9%) 

 

8 (7.2%) 

2 (1.8%) 

2 (1.8%) 

1 (0.9%) 

1 (0.9%) 

1 (0.9%) 

1 (0.9%) 

1 (0.9%) 

Respiratory 

   Asthma 

   Adenoid dysfunction 

   Bronchiolitis 

 

8 (7.2%) 

4 (3.6%) 

1 (0.9%) 

Pubertal and growth 

   Short stature 

   Growth deceleration 

   Irregular menses 

   Excessive menstruation 

 

4 (3.6%) 

2 (1.8%) 

2 (1.8%) 

1 (0.9%) 

Integumentary 

   Acathosis nigricans 

   Eczema 

   Vitiligo 

   Warts 

 

2 (1.8%) 

2 (1.8%) 

1 (0.9%) 

1 (0.9%) 
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Central Nervous System 

   Benign rolandic epilepsy 

   Febrile seizure 

   Migraine 

   Scoliosis 

   Tethered spinal cord 

 

1 (0.9%) 

1 (0.9%) 

1 (0.9%) 

1 (0.9%) 

1 (0.9%) 

Developmental delays 

   Cerebral palsy 

   Developmental delays 

   Intellectual impairment 

Gastrointestinal 

   Constipation 

   Irritable bowel syndrome 

   Lactose intolerance 

   Pelvic floor dysfunction 

 

2 (1.8%) 

1 (0.9%) 

1 (0.9%) 

 

1 (0.9%) 

1 (0.9%) 

1 (0.9%) 

1 (0.9%) 

Other inflammatory 

   Bursitis 

   Costochondritis 

   Patellofemoral disorder 

 

1 (0.9%) 

1 (0.9%) 

1 (0.9%) 

Sleep problems 

   Nocturnal enuresis 

   Obstructive sleep apnea 

 

1 (0.9%) 

1 (0.9%) 

 

Measures  

 The following section includes a description of the measures used in the current study.  A 

complete list of measures from the larger RCT can be found elsewhere (Perfect et al., 2016).  

 Block Kids Food Screener (BKFS).  The earliest version of the Block food frequency 

questionnaires (FFQ), The Block Food Frequency Questionnaire, was developed with the intent 

to: 1) provide an accurate estimate of a typical diet, 2) be brief, 3) assess food groups as well as 

nutrient intake (Block, Hartman, Dresser, Carroll, Gannon, & Gardner, 1986; Block, Coyle, 

Hartman & Scoppa, 1994).  Since its development, the Block FFQ has been used in a number of 

studies utilizing T1DM populations (Couch et al., 2013; Gunther et al., 2009; Mayer-Davis et al., 

2006).  The food list was taken from the development of the 2002-2006 National Health and 

Nutrition Examination Survey (NHANES) 24-hour recall data.  Food codes are based on the 

USDA’s Food and Nutrient Database for Dietary Studies (FNDDS) and the USDA’s MPED 
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(Continuing Survey of Food Intakes by Individuals, 2012).  Food measurements are based on the 

USDA’s My Pyramid Equivalents Database (MPED; version 2.0 for USDA Survey Foods, 2003-

2004).  

The Block Kids FFQ (a similar measure to the BKFS) has been validated in youth ages 8-

10 years (Block, Murphy, Roulett, Wakimoto, Crawford, & Block, 2000).  Since then, the Block 

Kid’s FFQ has been validated against 24-hour dietary recall measures in youth ages 10-17.  Test-

retest reliability was reported as greater than .30 for most foods, but not for fruit and vegetables, 

possibly due to underconsumption of these food groups.  Deattenuated correlation coefficients 

for food groups ranged from .12 to.67, with the majority being at least .30.  For nutrients, 

deattenuated correlation coefficients ranged from .47 to .69 (Cullen, Watson, & Azkievi, 2008).  

Little work has been done to determine the appropriateness of the Block Kid’s FFQ in 

diverse populations.  Smith and Fila (2006) compared the Block Kid’s FFQ to 24-hour recall 

method with urban Native American youth.  No significant differences were found for a few 

nutrients (i.e., total energy, protein, fat, saturated fat), but the vast majority of nutrients were 

different—carbohydrates, iron, and sodium were lower in the Block Kid’s FFQ, whereas 

monounsaturated and polyunsaturated fat, viamins A, B, and E, thiamin, niacin, magnesium, 

phosphorus, zinc, and folate were higher.  The authors noted that traditional foods for this 

population (e.g., fry bread, wild rice meals) were not included, considering the Block was based 

on United States databases.  Mulasi-Pokhriyal and Smith (2012) utilized the Block Kid’s FFQ 

against 24-hour recall methods in Hmong-American children aged 9-18.  They found that the 

Block tended to overestimate nutrient intakes, including protein, as well as grains, meat, and 

legumes food groups.  
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The BKFS, utilized in the current study, was first developed by NutritionQuest 

(Berkeley, CA, USA) for use in a school-based type 1 diabetes study, created specifically for 

estimating dietary intake among children ages 2-17 (Garcia-Dominic et al., 2012).  The food list 

was derived from NHANES 2001-2004 data (Centers for Disease Control and Prevention, 2001).  

The development of the BKFS was intended to get around the drawbacks associated with the 

more exhaustive Block FFQ, such as length and reading comprehension.  Garcia-Dominic and 

colleagues (2012) validated the BKFS against the Block FFQ in an ethnically-diverse sample, 

and found that the BKFS provided better estimates of dietary intake in third-grade students.  

Test-retest reliability correlation was .73.  To date, only one study has validated the BKFS 

against 24-hour recall measures for the assessment of dietary consumption and patterns in 

children.  For food groups, validity with deattenuated Pearson correlation coefficients ranged 

from .53 for vegetables to .88 for potatoes.  Nutrient estimates ranged from .58 to .77 

(Hunsberger, O’Malley, Block, & Norris, 2012).   

The BKFS is accessed through an online web portal.  The BKFS queries about the 

individual’s consumption of food and beverages over the past week and includes 41-items.  A 

Likert scale is the response format, which includes how many days the child consumed the item 

aka frequency of consumption, with responses ranging from “none last week” to “every day last 

week.”  If the individual indicates consumption of the item, a follow up Likert scale addresses 

portion sizes in a single day, either by a number (i.e., 1 bowl, 1 egg, 1 slice) or by descriptor (i.e., 

a little, some, a lot).  Completion of this measure took about 20 minutes, depending on level of 

assistance needed.  Interview administration was offered if the child had difficulties reading.  

Raw diet data are quantified into specific nutrient and food group estimates, taking into 

account age and sex.  These include, fruit, vegetables, potatoes, whole grains, saturated fat, 
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meat/poultry/fish, dairy, legumes, sugar added, glycemic index, glycemic load.  Additional 

nutrient variables include, total calories, protein, fat, carbohydrates, and fiber.  See Table 3 for 

the complete list of variables.  

Table 3 

Block Kids Food Screener (BKFS) Nutrient and Food Group Estimates  

Variable Description Measurement 

Fruit* Fruit/fruit juice Cups 

Vegetables* Vegetables excluding potatoes and legumes Cups  

Potato Potatoes including French Fries Cups  

Whole Grains Whole grains Ounces 

Saturated Fat* Saturated fat Grams 

Meat Poultry Fish* Meat, poultry, fish Ounces 

Dairy* Dairy Cups 

Legumes* Legumes Cups 

Sugar Added* Sugar/syrup added to foods/beverages during 

processing or preparation 

Teaspoons 

Glycemic Index Average daily glycemic index  Glucose scale 

Glycemic Load* Average daily glycemic load Glucose scale 

Kilocalories Average daily kilocalories  Kilocalories 

Protein Total protein Grams  

Fat Total fat Grams  

Carbohydrate Total carbohydrate Grams 

Fiber Total fiber Grams 

* indicates variables selected for data analyses. 

The selected variables of interest were dairy, meat/poultry/fish, fruit, vegetables, 

legumes, saturated fat, added sugar, and glycemic load.  A preliminary analysis was conducted to 

determine if all eight of the variables hold sufficient predictive power.  Justification for this 

specific set aligns with the current literature, particularly with regard to aspects the “Western” 
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diet, which implicates these variables in the development of T1DM, mental, and/or physical 

health (see Chapter 2).  It is important to note that nutrient estimates may be over- (Mulasi-

Pokhriyal & Smith, 2012) or underestimated (Garcia-Dominic et al., 2012), and validity 

estimates for some nutrients, such as carbohydrates and fiber, have not been established 

(Hunsberger et al., 2012).  Although measurement is not comparable across dietary variables, 

higher values indicate greater consumption. 

 Behavior Assessment System for Children, Second Edition—Teacher Report Scale 

(BASC-2 TRS).  Due to several advantages of these measures, behavior rating scales have been 

used widely throughout the literature.  First, rating scales are cost effective in the sense that they 

require little training for provision and are timesaving.  Second, although direct behavior 

observations are beneficial in providing a more objective perspective, rating scales have the 

ability to assess for low frequency behaviors that may be missed by direct observation methods.  

Rating scales can assess for behaviors over a longer period in the “natural” environment.  Third, 

rating scales provide more objectivity than interviews and projective assessment methods.  

Fourth, rating scales for parents and teachers, who have the most contact with children, provide 

insight into behaviors that children may not be able to reliably or accurately report (Whitcomb & 

Merrell, 2013).  

 The current study includes data collected from the BASC-2 teacher questionnaire 

(Reynolds & Kamphaus, 2004), a rating scale that assesses the social-emotional functioning of 

youth.  Additionally, it measures school-related problems, behavioral concerns, and adaptive 

traits.  The BASC-2 also includes validity scales which serve to identify over- and under-

reporting and other inconsistences.  It was developed with the intention to aid in differential 

diagnosis, and to assist in educational placement decisions.  Forms are available for the 
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child/adolescent (Self-report of Personality; SRP), parents (Parent Rating Scale; PRS), and 

teacher (Teacher Rating Scale; TRS). 

For the current study, the TRS was used to measure school-related behaviors in 

particular.  The TRS has two separate forms for different ages—Child form (ages 6-11; TRS-C) 

and Adolescent form (ages 12-21; TRS-A) with 139 questions.  Regardless of the form used, 

each question targets the presence of specific thoughts and behaviors over the last six months.  

Although the length of this measure may be considered a drawback, the BASC-2 remains one of 

the most frequently used commercial comprehensive behavioral rating scales, and is highly 

marketable to schools (Whitcomb & Merrell, 2013).  The response format is based on a Likert 

scale, with responses ranging from “Never,” “Sometimes,” “Often ,” and “Almost always.”  

Thus, it is important to note that the BASC-2 captures chronicity and reoccurrence of behaviors 

instead of severity.  Each item has a raw score, and those scores are combined to represent 

broader domains.  For each domain, a computer-assisted scoring system converts raw scores to T 

scores based on age and gender, and the output is presented as T scores (M = 50, SD = 10).  For 

the variables used in the present study, higher T scores indicate higher levels of clinically-

significant behavior.  T scores between 60-69 are considered “At-risk,” and scores greater than 

69 are considered “Clinically Significant.”  

 The BASC-2 TRS forms were normed from 2002 to 2004 using a sample of 4,650 

children in various school settings throughout the United States.  The norming sample was 

selected to fit the March 2001 U.S. Census statistics.  The BASC-2 scales have impressive 

psychometric properties: scores on the TRS forms have a reported median internal consistency 

reliability (coefficient alpha) ranging from .93-.97 for the composites and .83-.88 for the scales, 

indicating scores on the BASC-2 are reliable enough for diagnostic use.  Temporal stability 
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indexes/ test-retest reliability coefficients range from .78-.93 for Composite Scores and .65-.90 

for Scale Scores.  Median interrater reliability coefficients range from .53-.61.  Validity evidence 

has also been reported, evidencing correlations between scores on the TRS and scores on other 

behavior rating scales—such as the original BASC, Achenbach System of Empirically Based 

Assessment (ASEBA), and Conners Rating Scales—revealing strong support for convergent and 

discriminant construct validity.  Predictive validity estimates in a two-year longitudinal study for 

a large sample of children grades 1-5 are adequate; with lower estimates for internalizing Scale 

Scores (.20-.40) and higher for externalizing Scale Scores (up to .50).  Additional specific figures 

can be found in the BASC-2 manual (Reynolds & Kamphaus, 2004).  

 Beyond strong psychometric properties, the BASC-2 was selected for this study due to its 

use in the T1DM literature.  The SRS and PRS have been used to assess the role of mental health 

symptomology with metabolic control (Aye et al., 2011; McDonnell, Northam, Donath, Werther, 

& Cameron, 2007; Naar-King et al., 2005; Naar-King, Podolski, Ellis, Frey, & Templin, 2006), 

various insulin regimens (Valenzuela et al., 2005), and intervention studies (Hoff, Mullins, 

Gillaspy, Page, Van Pelt, & Chaney, 2005).  It has also been used to compare social-emotional 

functioning in T1DM with the general population, and has been shown to be sensitive enough to 

detect internalizing and externalizing differences between the two (Caruso et al., 2014).  The 

TRS has only been used once in T1DM, specifically, to assess behavioral outcomes in a pre-post 

continuous subcutaneous insulin infusion (CSII) intervention (Knight et al., 2009).  

In the current study, the selected variables of interest included the following Composite 

Scores: Internalizing Problems (composed of Anxiety, Depression, and Somatization scales), 

School Problems (composed of Attention Problems and Learning Problems scales), and 

Externalizing Problems (composed of Hyperactivity, Aggression, and Conduct scales).  This 
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particular selection of variables was included based on the prevalence of internalizing and 

externalizing problems in youth with T1DM, and lack of research evidencing their school-related 

behavioral presentation (See Chapter 2).  Additionally, Composite Scores show greater reliability 

than individual Scale Scores (Reynolds & Kamphaus, 2004).  See Table 4 for a complete list of 

BASC TRS composites and scales. 
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Table 4 

Behavior Assessment System for Children (BASC-2) Scale and Composite Descriptions 

 

Variable Description 

Hyperactivity The tendency to be overly active, rush through work or activities, and 

act without thinking  

Aggression The tendency to act in a hostile manner (either verbal or physical) that 

is threatening to others 

Conduct Problems The tendency to engage in antisocial and rule-breaking behavior, 

including destroying property  

Externalizing 

Problems*  

Composite score includes: Hyperactivity, Aggression, and Conduct 

scales 

Anxiety  The tendency to be nervous, fearful, or worried about real or imagined 

problems 

Depression Feelings of unhappiness, sadness, and stress that may result in an 

inability to carry out everyday activities or may bring on thoughts of 

suicide  

Somatization The tendency to be overly sensitive to and complain about relatively 

minor physical problems and discomforts 

Internalizing 

Problems*  

Composite score includes: Anxiety, Depression, and Somatization 

scales 

Attention Problems The tendency to be easily distracted and unable to concentrate more than 

momentarily  

Learning Problems The presence of academic difficulties, particularly understanding or 

completing homework  

School problems* Composite score includes: Attention and Learning Problems scales 

Atypicality  The tendency to behave in ways that are considered odd or commonly 

associated with psychosis  

Withdrawal The tendency to evade others to avoid social contact  

Behavioral 

Symptoms Index 

Composite score includes: Atypicality and Withdrawal scales 

 Adaptability The ability to adapt readily to changes in the environment 

 Social Skills The skills necessary for interacting successfully with peers and adults in 

home, school, and community settings 

Leadership The skills associated with accomplishing academic, social, or 

community goals, including the ability to work with others  

Study Skills The skills that are conducive to strong academic performance, 

including organizational skills and good study habits  

 Functional 

Communication 

The ability to express ideas and communicate in a way others can easily 

understand  

Adaptive Skills Composite score includes: Adaptability, Social Skills, Leadership, and 

Functional Communication scales 

* indicates variables selected for data analyses. 
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 Medical evaluation.  A comprehensive medical evaluation is recommended by the ADA 

Standards of Care (ADA, 2018).  As part of this evaluation, a physical examination is conducted 

to assess disease management efforts, and to determine any complications and comorbidities.  

This includes assessment of various body parts, such as the eyes, feet, and skin.  Additionally, 

measurements of height, weight, body mass index (BMI), pubertal development, and blood 

pressure are obtained (ADA, 2017).  The current study utilized objective physical health 

parameters that are commonly associated with dietary-related morbidities in T1DM (See Chapter 

2); specifically, BMI and blood pressure estimates.  These estimates were obtained by one of two 

pediatric endocrinologists.  BMI estimates were derived from weight in pounds divided by height 

in centimeters.  BMI was converted into percentiles based on the 2000 CDC Reference Standards 

(Kuczmarski et al., 2002).  An automated oscillometric device (i.e., Welch Allyn 4200B-E1 Spot 

Vital Signs®) with varying cuff sizes was used to measure blood pressure, which was obtained 

from the right arm after the child had been sitting for a period of time.  One reading was 

collected, which will be used for data analyses.  Systolic and diastolic blood pressure readings 

were converted into percentiles based on the Pediatric Task Force Standards (American 

Academy of Pediatrics, 2004).  Real-time, objective measurement of these physical 

characteristics have been used widely throughout the T1DM literature (Frohlich-Reiterer et al., 

2014; Gunther et al., 2009; Maffeis et al., 2012; Meissner et al., 2013; Nansel, Haynie, Lipsky, 

Laffel, & Mehta, 2012; Rodriguez et al., 2010; van Vilet et al., 2010).  Table 5 describes the 

variables obtained from the medical evaluation.  
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Table 5 

Medical Evaluation Variables and Descriptions 

 

Variable Description Measurement 

Body Mass Index Measurement derived by dividing weight 

in kilograms by eight in meters squared 

Percentile (determined 

by age and sex)  

 

Blood Pressure Force exerted by blood upon the blood 

vessels in the circulatory system 

Systolic: amount of pressure in arteries 

during heart contraction 

Diastolic: blood pressure when heart is 

between beats 

Percentile (determined 

by age, sex, height; 

systolic, and diastolic 

readings) 

 

Participant intake form and medical records review.  The current literature suggests 

many characteristics that influence dietary intake, social-emotional functioning, and/or physical 

health.  Thus, in the present study, it is essential to consider these factors in investigating their 

role in the relationship between diet and social-emotional/physical health.  All participants 

completed a short intake questionnaire which assessed demographic aspects such as age, gender, 

ethnicity, and SES (as measured by median household income by zipcode).  Additional variables 

were drawn from the medical records review: glycemic control (as measured by average HbA1c 

approximately 3-4 months prior to study enrollment), duration of T1DM diagnosis in months, 

and other physical health conditions. 

Procedures 

The parent study from which the proposed study data was obtained involve youth ages 9-

17 with T1DM, their parents (for demographic information only), and teachers.  This study was 

approved by The University of Arizona’s Institutional Review Board (IRB).  This project was 

led by Dr. Michelle M. Perfect, Ph.D. and was funded by the American Diabetes Association 

(ADA).  Recruitment for this study took place in October, 2013 through the study duration, 
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which ended in June 2016.  In total, 111 children participated in the study from 2013 to 2016.  

Each child participated in data collection and intervention procedures for a duration of two 

weeks.  The first week was referred to as the Naturalistic Sleep Period, while the second week 

was the Intervention, where participants were randomly assigned to either the Sleep Extension 

condition, or Fixed Sleep Duration condition (Perfect et al., 2016).  The following procedures 

highlight the pertinent aspects of the parent study relevant to the current study.  For a more 

complete description of the study procedures for the RCT, see Perfect and colleagues (2016).  

 Recruitment.  Recruitment procedures occurred through two routes.  Most often, a 

research team member would meet with the potential eligible child and family at their regularly 

scheduled clinic appointment to provide an overview of the study and inquire about the family’s 

interest in participating.  If the child and family showed interest, they were scheduled for the 

consent and subsequent visits.  In some cases, if a team member was not present during a 

potentially eligible child’s appointment, the team member would later retrieve their contact 

information and discuss study details over the phone.  If the child and family showed interest, 

study procedures were discussed and appointments were scheduled.  Additional recruitment 

details, as well as data for the number of individuals sought out, and the number that agreed or 

declined can be found elsewhere (see Perfect et al., 2016).  

 Consent visit (Naturalistic Period).  Participants met with a study team member at their 

local pediatric endocrinology clinic to review the study procedures, as well as associated risks 

and benefits.  If the child and family agreed to these terms, written consent was obtained via the 

parent or guardian, while written assent was obtained via the child.  Additionally, demographic 

information was collected, and a release of information for medical health information was 

obtained.  Participants and parent/guardian were asked to identify two teachers to complete the 
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BASC-2 and other academic performance measures: the first teacher was identified as being the 

most familiar with the child, while the second teacher was identified as one who provides 

instruction during a morning academic course.  A separate release of information for these data, 

as well as other school records, were signed by the parent/guardian.  Teachers had a right to 

decline participation in the study.  

 During the consent visit, the attending endocrinologist or other nursing staff met with the 

child to complete a brief medical evaluation.  Values for height, weight, BMI, blood pressure, 

and tanner stage (i.e., puberty development scale) were obtained.  Upon completion of the 

consent visit procedures, participants were given study devices including the Actiwatch (measure 

of sleep and activity parameters), Continuous Glucose Monitor ([CGM], measure of glucose 

control), sleep diary, glucose meter and test strips.  Participants were instructed to adhere to their 

typical sleep habits for the upcoming week. 

 Evaluation #1.  It is important to note that the details of this visit, including 

randomization and consultation procedures, are summarized, as the current study is only focused 

on the assessment of dietary intake and teacher-based social-emotional functioning.  At the end 

of the first week, participants returned to the clinic and met with a trained interventionist.  The 

interventionist conducted academic and cognitive assessments with the participants.  Participants 

as well as the parent/guardian were given a number of psychosocial, behavioral, and diabetes-

related questionnaires to complete.  The BKFS was included in this battery.  Interventionists 

assisted participants regarding instruction and completion of the BKFS, and were supervised 

throughout its completion. 

 At the end of the evaluation, participants were equally randomized to a fixed sleep 

duration condition or to a sleep extension condition for the following week.  In the fixed 
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condition, participants were to try to maintain their current sleep schedules as much as possible.  

In the extension condition, participants were instructed to increase their total sleep time by one 

hour each night.  Sleep data, from the Actiwatch and diary, were discussed with the participant 

and parents. Problem-solving behavioral solutions regarding sleep behaviors were incorporated 

into the intervention, with more specific strategies discussed with participants in the intervention 

condition. 

 Additionally, at the end of the first week of the study or shortly after evaluation #1, a 

trained research team member made visits to the schools to deliver questionnaires, including the 

BASC-2 TRS, to teachers.  Interventionists instructed teachers on completion of the form, and 

asked that the forms be completed within the current week.  When interventionists returned to 

the schools to obtain all teacher data, they reviewed the TRS forms for completeness.  In most 

cases, two teachers filled out the BASC-2 for each participant.  For the purposes of the current 

study, data from the teacher who knew the child the longest was the primary source of 

information.  If both teachers knew the child for an equal duration, the primary source was based 

on the teacher who had the child in a core academic subject.  The rationale for this decision is 

based on literature which suggests that teacher respondents are most valid among teachers that 

are highly familiar with the student, and have likely seen a wide range of behaviors in the 

classroom (Johnston & Murray, 2003; Kamphaus, Thorpe, Winsor, Kroncke, Dowdy, & 

VanDeventer, 2007; Lett & Kamphaus, 1997; Molina & Pelham Jr., 2003).  However, data from 

the alternative teacher were used if data from the primary teacher (e.g., BASC-TRS incomplete, 

unknown course subject, or unknown duration of time spent together) was missing or 

incomplete.  There were some instances (n = 10) in which team members were not able to reach 
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either teacher within the timeframe of the students’ participation.  These students did not have 

teacher data, but were not removed for the present study.  

 Intervention Period.  The procedures followed during the intervention phase (including 

Evaluation #2) of the study are not relevant to the proposed study, which only utilizes baseline 

data.  Baseline data were analyzed due to the possible confounding effects of the intervention on 

data collected during the second evaluation.   

Statistical Analyses 

 The purpose of this study was to explore the relationships between a set of dietary 

variables, a set of teacher-reported social-emotional ratings, and physical health parameters in 

youth with T1DM.  All analyses were conducted using statistical software programs, R version 

3.3.1 (R Development Core Team, 2008) and IBM SPSS version 23.0 (IBM, Armonk, NY).  

 Research question 1.  To what extent can teacher behavioral ratings of students’ social-

emotional functioning (i.e., internalizing problems, externalizing problems, school problems), as 

well as physical health parameters (i.e., BMI, blood pressure), be predicted or explained by a set 

of dietary measures (i.e., fruit, vegetable, meat/poultry/fish, dairy, legume, saturated fat, sugar, 

glycemic load)?  

 Research question 1 analysis.  Multivariate techniques were considered in the selection 

of statistical analyses methods, due to the multivariate nature of the research question.  First, it 

important to note that there are no true independent and dependent variables in the research 

questions (i.e., the variables were not manipulated by the experimentation).  As such, 

Multivariate Analysis of Variance (MANOVA) could not be utilized in the current study.  

Conversely, Canonical correlation analysis (CCA) creates a linear equation for predictor 

variables (i.e., dietary intake set) and a linear equation for criteria variables (i.e., social-
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emotional and physical health set).  Those equations produce a synthetic variable for predictors, 

and a synthetic variable for criterion.  The resulting Pearson r yields the greatest possible 

correlation between those two synthetic variables.  

It is also important to note that all the weighted sums from different pairs are 

uncorrelated (orthogonal).  This reflects a major difference between CCA and Factor Analysis 

(FA); in FA, the variables are not independent of one another.  This is because FA factors are 

created to maximize the relationship within a variable set, while CCA works to maximize the 

relationship between two variable sets (Wimmer, 1977).  

Beyond this, CCA can be considered an exploratory technique.  That is, there are no 

theories that evidence the underlying dimensions among diet, social-emotional functioning, and 

physical health.  As such, Structural Equation Modeling (SEM) was not utilized in the current 

study, because SEM is a confirmatory technique.  While CCA has theoretical limitations, a major 

benefit in using this method is the ability to reveal the dimensionality among the predictor and 

criterion variables (Tabachnick & Fidell, 2013).  In the current study, diet is not a singular 

construct, and is made up of various food groups and nutrients.  Similarly, social-emotional 

functioning can be broken down into individual externalizing and internalizing symptoms, and 

then into even more specific behaviors.  Thus, CCA reveals the contributions of the many 

attributes within these constructs. 

 To determine how the diet variables map onto each of the behavioral problems and 

health parameters separately, five regressions would be required.  CCA allows multiple 

relationships to be viewed simultaneously while only running one analysis.  CCA also controls 

for the relationships within each set of variables, which is helpful because the dietary variables 

were related to each other, as were the social-emotional and health variables.  Lastly, canonical 
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correlation provides a holistic picture of the multivariate shared relationship between the two 

variable sets by creating new axes/weighted sums/linear combinations from each set (i.e., food 

consumption and social-emotional/health functioning).  

The full CCA model provides a wealth of information relevant to RQ1.  First, canonical 

variates (or canonical functions) signify the weighted sum of the variables.  The number of 

functions produced is the same number of variables in the smaller of the two variable sets.  After 

running a preliminary analysis, eight diet variables served as predictors of the five behavioral/ 

health variables, so a total of five functions were provided.  The first function represents the 

maximum correlation possible between the dietary set and the social-emotional/health set.  The 

residual or left over variance created the next strongest correlation— represented by the second 

function.  This process continued until all variance was accounted for.  When determining 

significance of the model, only the functions explaining a modest amount of variance should be 

interpreted (Sherry & Henson, 2005).  For the current study, the cutoff for practical significance 

is r2 ≥ 0.20.  

Second, the strength of the association between two canonical variates (e.g., the dietary 

composite and the social-emotional/health composite) were represented by canonical correlation 

coefficients.  Based on the direction of each canonical correlation, a pattern could be determined 

to suggest whether higher or lower scores on the dietary composite resulted in higher or lower 

scores on the social-emotional/health composite.  Third, squaring those canonical correlation 

coefficients provided a measure of effect size—specifically, how much of the variance in the 

social-emotional/health composite was explained by the dietary composite for each pair of 

weighted sums created. 
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 Research question 2.  Which dietary variables provide the greatest explanatory power to 

the social-emotional/physical health composite (i.e., internalizing problems, externalizing 

problems, school problems, BMI, blood pressure)?  

 Research question 2 analysis.  The same analysis was applied to address RQ2, but 

additional statistical output was utilized.  CCA provides three sets of weights: 1) raw weights, 2) 

standardized weights, and 3) structure coefficients.  Raw and standardized weights are like 

regression weights in the sense that they indicate how much influence each variable has on that 

weighted sum.  Accordingly, variables with the highest weights have the most predictive or 

explanatory power. 

Importantly, there are two groups of structure coefficients—correlations for each variable 

with weighted sum scores in its own composite or set, and correlations for each variable with 

weighted sum scores from the other variable composite.  The latter group of structure 

coefficients is particularly important for RQ2, which represents the shared relationship between 

each individual dietary variable and the social-emotional/health set.  Thus, structure coefficients 

can be utilized to determine which dietary variable(s) (e.g., fruits, vegetables, meat/poultry/fish, 

dairy, legumes) explain the most variance in the social-emotional/health composite.   

Research question 3.  Do other factors (i.e., gender, race, age, SES, duration of T1DM 

diagnosis, HbA1c) influence the relationship between diet and social-emotional/physical health? 

Research question 3 analysis.  CCA is inherently unable to control for possible 

confounding variables, and typically, follow-up analyses are not used in CCA.  However, as 

stated previously, a number of factors have been implicated in dietary intake and/or social-

emotional/physical health (see Chapter 2).  Many of these factors, particularly the ones that have 

known correlates between both of the variable sets (e.g., demographic characteristics) may 
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account for some of the variance between the variable sets.  Therefore, partial correlations were 

conducted to determine if gender, race, age, SES, duration of T1DM diagnosis, and HbA1c 

attenuate the relationship between diet and social-emotional/physical health.  The synthetic 

predictor (i.e., dietary set) and synthetic criterion (i.e., social-emotional/physical health set) from 

the CCA will be used in this analyses, with each of the possible confounders partialled out.  

Assumptions 

 Canonical correlation is considered one of the most robust multivariate statistical 

analyses due to its exemption of strict requirements for meeting assumptions (Seo, Kanda, & 

Fujikoshi, 1995; Thompson, 1984).  However, the strength of the results are far more useful if 

normality, linearity, and homoscedasticity issues are examined prior to running the analysis.   

Linearity should be considered when using CCA since correlation matrices represent linear 

relationships, and the linear relationships between predictors and criterion variates are 

maximized.  Additionally, results from CCA are most accurate when the variance of each 

variable is constant across the other variables, indicating the importance of homoscedasticity 

(Tabachnick & Fidell, 2013).   

Post-Hoc Analyses 

 Although follow-up analyses are typically not conducted with CCA, the present study 

conducted additional canonical correlations.  These included additional canonical correlations 

separating the physical health variables and social-emotional variables, BASC-2 Scale Scores, 

and including possible confounding factors (see Research Question 3) as predictor variables.   

 

 

 



DIET, HEALTH, SOCIAL-EMOTIONAL IN T1DM  73 

Chapter 4 

Results 

Data Screening 

Normality.  Both Mardia’s skew (1.50-36) and kurtosis (1.20-9) tests revealed that the data 

were multivariate non-normal using an alpha value of .01.  Given these findings, univariate 

normality for each of the variables of interest were assessed in attempts to improve multivariate 

normality.  All variables were within three standard deviations in both directions (positive and 

negative) for skewness.  With regard to kurtosis, the following variables exceeded three standard 

deviations: externalizing, internalizing, vegetables, meat, dairy, legumes, saturated fat, sugar, and 

glycemic load, with values ranging from 3.10 to 12.73.  

Outliers were then analyzed to improve normality.  Univariate outliers were removed for 

externalizing (n = 2), internalizing (n = 1), vegetables (n = 1), meat (n = 1), and legumes (n = 1) 

variables.  With regard to multivariate outliers, no additional participants were removed using 

Mahalnobis Distance, as the single participant identified was removed as a univariate outlier for 

externalizing problems (n = 0).  After removing outliers, the final subject size yielded 105 

participants (students without teacher data and those who were homeschooled (n = 16) were still 

included for data screening and all analyses).  Results from Mardia’s skew (5.50-23) and kurtosis 

(1.5-6) improved significantly following their removal.     

 Linearity and homoscedasticity.  By visually inspecting regression plots, the amount of 

error (i.e., distance from fit line to points) remained relatively consistent along the fit line; thus, 

the data are considered homoscedastic.  Plots also revealed that data points for each predictor 

variable (e.g., dietary intake variables) had relatively straight-line relationships for the outcome 
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variables (i.e., social-emotional and physical health set).  Thus, the data represent linear 

relationships.  

Preliminary Analyses 

Table 6 reveals descriptive statistics, which provide simple features and basic summaries 

of the sample.  

Table 6 

Descriptive Statistics for the Sample of Youth With Type 1 Diabetes Mellitus 

Variable Measurement n Minimum Maximum Mean Median Standard 

Deviation 

Externalizing 

problems 

T-scores 88 41.00 66.00 45.99 44.00 5.15 

Internalizing 

problems 

T-scores 89 39.00 83.00 51.47 50.00 9.98 

School 

problems 

T-scores 89 37.00 73.00 49.31 50.00 8.96 

Body Mass 

Index (BMI) 

Percentile 105 5.00 99.10 69.48 75.00 25.78 

Blood 

Pressure 

Percentile 101 11.10 97.20 68.45 73.75 21.16 

Fruit Cups 104 .00 3.06 .94 .74 .76 

Vegetables Cups 104 .08 2.13 .66 .48 .46 

Meat, 

poultry, fish 

Ounces 104 .03 10.55 2.54 2.16 1.96 

Dairy Cups 104 .01 4.69 1.52 1.40 .97 

Legumes Cups 104 .00 .60 .08 .03 .11 

Added sugar Teaspoons 104 .05 22.49 6.09 4.55 4.75 

Saturated fats Grams 104 1.02 60.76 17.36 14.79 9.89 

Glycemic 

load 

Glucose 

scale 

104 8.63 161.80 61.07 58.32 31.49 

 

Mean T-scores for social-emotional problems were in the Average range.  After 

removing outliers, only two children were identified as being at-risk for Externalizing Problems, 

whereas 16.9% of the sample were flagged as either at-risk or clinically significant Internalizing 

Problems.  Relatedly, 14.6% of the sample was either at-risk or clinically significant for School 
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Problems.  These figures removed outliers (see above), homeschooled youth (n = 6), and 

students without teacher data (n = 10).  Within the health variables, 20.7% of the sample were 

overweight, and 18.9% were obese.  Additionally, 11.1% of youth qualified for hypertension, 

while 19.6% met criteria for pre-hypertension.   

Prior to looking at the multivariate shared relationship between variables, it is also 

helpful to look at the univariate relationships.  Figure 1 displays a graphical image of the 

correlations between the diet variables (X correlation; fruit, vegetables, meat/poultry/fish, dairy, 

legumes, sugar, saturated fat, and glycemic load from left to right), correlations between the 

social-emotional/physical health variables (Y correlation; Externalizing Problems, Internalizing 

Problems, School Problems, BMI, and blood pressure from left to right), as well as cross 

correlations between the variable sets.   
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Figure 1. Images of Correlation Matrices 

 

Note: Increasing values are translated into colors from blue (negative correlation) to red (positive correlation).  

As shown in Table 7, there were very few significant univariate relationships between the 

dietary intake variables and the emotional and physical health functioning variables.  Weak 

relationships were revealed between both fruit and BMI, and glycemic load and BMI, such that 

greater fruit consumption and higher glycemic load were associated with lower BMI, r(104) = -

.24, p = .019 and r(104) = -.22, p = .025, respectively.  Lastly, greater dairy consumption was 

associated with lower blood pressure, r(100) = -.22, p = .030. 
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Table 7 

Correlation Coefficients for Dietary Intake, Physical and Behavioral Health Variables 

Physical and 

Behavioral 

Health 

Functioning 

 

Dietary Intake 

Fruit Vegetables* Meat, 

Poultry, 

Fish* 

Dairy* Legumes* Added 

sugar* 

Saturated 

fat* 

Glycemic 

load* 

Externalizing       

 Problems * 

.07 .07 .11 -.05 .21 -.02 

 

-.04 -.03 

Internalizing  

 Problems * 

-.07 .01 -.07 -.15 .04 -.17 -.17 -.15 

School     

 Problems 

-.01 .00 .05 -.02 .06 -.03 .04 -.04 

Body mass     

 index 

-.24** .01 -.09 -.01 -.01 -.13 -.13 -.22** 

Blood  

 pressure 

-.11 -.06 -.03 -.22** -.07 -.10 -.15 -.13 

* spearman correlation coefficients used for non-normally distributed variables  

** p < .05 
 

Many dietary variables were considered for inclusion in the CCA due to previous work 

that suggested implications in social-emotional functioning, and/or physical health of youth with 

T1DM (See Chapter 2).  Therefore, a preliminary analysis was conducted to determine which 

dietary variables were substantial in creating the synthetic variables, or variables that held the 

most predictive power.  Output from standardized coefficients (see Table 9) was used because 

these values reveal the unique contribution of each individual variable.  Structure coefficients 

(see Table 10) were also analyzed, as these values represent the contribution of each dietary 

variable on the social-emotional/physical health set, as well as the dietary set.  The selected 

cutoff or predictor rate was set at .10 for standardized coefficients and both sets of structure 

coefficients, because variables with both values close to zero indicate very little unique 

contribution, and non-unique contribution to the social-emotional/physical health and diet 

composites, respectively.  All standardized and structure coefficients for dietary variables were 

greater than .10; thus, no variables were removed for the final analysis.  
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Research Question 1 

 The first hypothesis predicted that dietary intake (i.e., fruit, vegetable, meat/poultry/fish, 

dairy, legume, saturated fat, added sugar, glycemic load) would account for a modest amount of 

variance (r2 ≥ 0.20) in teacher reported behavioral ratings (i.e., internalizing problems, 

externalizing problems, school problems) and physical health parameters (i.e., BMI, blood 

pressure).  Table 8 represents the canonical functions of this analysis, with all functions 

representing the total variance accounted for between the dietary set and social-emotional/health 

set.  The full model was statistically significant, Wilk’s Λ = .49, F(40, 403.81) = 1.78, p = .003.  

Moreover, all canonical correlate pairs explained a substantial amount of variance (η2 =.51).  

Figure 2 provides a visual depiction of the canonical correlations and variance for each function 

(i.e., dimension).   

As discussed in Chapter 3, practical significance guides interpretation of the canonical 

functions; thus, only functions yielding an effect size of  r2 ≥ 0.20 were interpreted.  Only the 

first function—representing the maximum correlation possible between the two variable sets—

explained a modest amount of variance (r2 = .26).  Therefore, in response to the first research 

question, the dietary composite explained 26% of the variance in the health composite, 

(RCan=0.51).   

Table 8 

Results of Canonical Correlations 

Function RCan r2 Eigenvalue % Λ F Hypothesis df Error df p 

1 .51 .26 .36 45.17 .49 1.78 40 03.81 .003** 

2 .40 .16 .19 24.22 .67 1.42 28 336.74 .080 

3 .38 .14 .17 21.30 .80 1.24 18 266.36 .228 

4 .23 .05 .05 6.88 .93 .70 10 190.00 .726 

5 .14 .02 .02 2.44 .98 .46 4 96.00 .763 
** p < .01.   
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Figure 2. Barplot of Canonical Correlations and Variance 

  

 

Standardized canonical coefficients describe the unique influence of each variable on the 

composite score, controlling for all other variables.  Using a cutoff loading of .30 (Lambert & 

Durand, 1975), nine out of the fourteen variables provided significant contributions to the first 

canonical variate.  As shown in Table 9, youth who had lower glycemic load (b = -.75), 

consumed more sugar (b = .89) , dairy (b = .63), and meat/poultry/fish (b = .62), and less 

legumes (b = -.80), saturated fat (b = -.63), and fruit (b = -.51), had higher BMI (b = .52) but less 

externalizing problems (b = -.89).  The opposite pattern would also be true—youth with higher 

glycemic loads who consumed less sugar, dairy, and meat/poultry/fish, but more legumes, 

saturated fat, and fruit, had lower BMI, but greater externalizing problems.  
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Table 9 

Standardized Coefficients for Dietary Intake, Physical and Behavioral Health Variables 

Variable Standardized Coefficients 

Fruit -.51 

Vegetables .09 

Meat, poultry, fish .62 

Dairy .63 

Legumes -.80 

Added sugar .89 

Saturated fat -.63 

Glycemic load -.75 

Externalizing problems -.89 

Internalizing problems .12 

School problems .01 

Body mass index .52 

Blood pressure -.01 

 

Research Question 2 

The second research question utilized additional information from the CCA output to 

determine which specific dietary variables provide the greatest explanatory power (or explain the 

most variance) to the social-emotional/physical health composite.  Structure coefficients are used 

to determine the correlation between the Composite Scores (i.e., social-emotional/physical health 

and diet) and the scores on the variables themselves (i.e., meat/poultry/fish, dairy, fruit, 

vegetables, legumes, saturated fat, added sugar, glycemic load).  Squaring these values provides 

overlapping variance between the variables and the composite.  As shown in Table 10, fruits (r = 

-0.26, r2 = 0.07), vegetables, (r = -0.18, r2 = 0.03) and legumes (r = -0.16, r2 = 0.03) provided the 

greatest explanatory power in the social-emotional/physical health composite; although when 

applying a strict cutoff of .3, these correlations are weak, and shared variance results are not 

meaningful.  The remaining variables—meat/poultry/fish (r = -0.03, r2 <.01), dairy (r = -0.03, r2 
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<.01), added sugar (r = 0.06, r2 < .01), saturated fat (r = -0.04, r2<.01), and glycemic load (r = -

0.1, r2 = 0.01) did not significantly contribute to the social-emotional/physical health composite.  

Table 10 

Structure Coefficients for Dietary Intake Variables 

Variable Structure Coefficients 

(Health) 

Structure Coefficients 

(Diet) 

 

Fruit -.26 -.62  

Vegetables -.18 -.31  

Meat, poultry, fish -.03 -.15  

Dairy .03 .02  

Legumes -.16 -.66  

Added sugar .06 .12  

Saturated fat -.04 -.19  

Glycemic load -.10 -.24  

 

 Figure 3 provides a visual depiction of the correlations between each of the X (i.e., fruit, 

vegetables, meat/poultry/fish, dairy, legumes, sugar, saturated fat, glycemic load) and Y (i.e.,  

Externalizing Problems, Internalizing Problems, School Problems, BMI, blood pressure) 

variables with the canonical dimensions (i.e., Ycan1, Ycan2, Xcan1, Xcan2).  The first two Y 

dimensions (or functions) are shown on the X and Y axes, while the first two X dimensions are 

depicted as ellipses.  For the present study, only the lengths and angles with the first Y canonical 

dimension (i.e., Ycan1) are relevant.  Relative lengths of each of the variables correspond to 

variance accounted for in the Y dimensions (i.e., r2 values discussed above).  The variable 

vectors and canonical axes angles correspond to the structure coefficients (i.e., values found in 

Table 10).  
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Figure 3. CCA Summary  

 

Research Question 3 

The purpose of the third research question was to determine if demographic or diabetes-

related factors influenced the relations between dietary intake, physical, and social-emotional 

functioning.  Therefore, partial correlations were conducted as a follow-up procedure to test how 

much the relationship between diet and health is attenuated by the following control variables: 
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gender, race, age, SES (median income), duration of T1DM diagnosis (months), and HbA1c (at 

baseline). Tables 11 and 12 display these findings. 

Table 11 

Multiple Regression Model Summaries With and Without Diet 

Model R R2 Adjusted 

R 

Std. 

Error of 

Estimate 

Sum of 

Squares 

df Mean 

Square 

F Sig 

Without 

diet 

.289 .083 .024 .936 7.331 6 1.222 1.395 .225 

Including 

diet 

.436 .190 .128 .884 16.743 7 2.392 3.058 .006** 

** p < .01  

 

Table 12 

Control Variables and Diet in Predicting Physical and Behavioral Health 

Model Unstandardized 

coefficients 

Standardized 

coefficients 

Correlations  

 B SE B β Partial  Semi-partial  Sig 

(Constant) -1.036 .873    .238 

Gender .445 .183 .236 .248 .230 .017* 

Race .010 .028 .036 .037 .033 .726 

Age .030 .045 .068 .071 .064 .500 

Socioeconomic 

status 

<.001 <.001 .084 .085 .077 .418 

Duration of 

D1TM diagnosis  

-.002 .002 -.084 -.085 -.077 .414 

HbA1c -.025 .046 -.054 -.056 -.050 .594 

Diet composite .273 .079 .337 .342 .327 .001** 
Dependent variable: Physical/social-emotional health composite   

* p < .05,  ** p < .01  

 

The model summary, including all control variables, was non-significant, R2  = .083, F (6, 

92) = 1.395, p = .225.  The model became statistically significant when diet was included, R2  = 

.190, F (7, 91) = 3.058, p = .006, and the total variance increased from 8.3% to 19.0%.  As 

shown above, race, age, SES, duration of D1TM and glycemic control did not contribute to the 
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multiple regression model.  Partial correlations reveal that gender shares a weak correlation with 

the health composite after controlling for all other independent variables, r = .248, p = .017.  

Likewise, diet is moderately correlated with physical and social-emotional health after 

controlling for all other independent variables, r = .342, p = .001.  Moreover, semi-partial 

correlations represent the unique relationship between each variable and the health composite.  

As such, diet accounts for 10.7% of the variance that is not explained by the other predictors in 

the model.   

Post-Hoc Analyses 

 The first set of post-hoc analyses was conducted to determine if separating the physical 

health variables (i.e., BMI, blood pressure) and the social-emotional health variables (i.e., 

Internalizing Problems, Externalizing Problems, School Problems) elucidated differences in the 

contribution of individual dietary variables on these different outcomes.  First, the dietary 

measures explained a modest proportion of variance in the social-emotional health set (r2 = .22), 

but the full model was not statistically significant, Wilk’s Λ = .71, F(24, 273.23) = 1.44, p = 

.088.  When applying a cutoff loading of .3, structure coefficients revealed that none of the 

dietary variables provided significant contribution to the social-emotional health set.  

Additionally, the dietary variables did not account for a modest amount of variance in the 

physical health set (r2 = .15), but the full model was statistically significant, Wilk’s Λ = .76, 

F(16, 190) = 1.79, p = .035.  When applying a cutoff loading of .3, structure coefficients 

revealed that none of the dietary variables provided significant contribution to the physical health 

set.  

 The second set of post-hoc analyses was conducted to determine whether gender 

differences existed.  Among males, the dietary measures explained a substantial proportion of 
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variance in the health set (r2 = .46), and the full model was statistically significant, Wilk’s Λ = 

.26, F(40, 181.51) = 1.64, p = .016.  When using a cutoff loading of .3, standardized coefficients 

revealed a pattern, such that males who consumed less legumes (b = -1.30), and more 

meat/poultry/fish (b = .84), had lower externalizing problems (b = -1.09) but higher internalizing 

problems (b = .63).  However, when applying a cutoff loading of .3, structure coefficients 

revealed that none of the dietary variables provided significant contribution to the health set.  

Among females, the dietary variables accounted for a substantial proportion of variance in the 

health set (r2 = .40), but the full model was not statistically significant, Wilk’s Λ = .30, F(40, 

168.43) = 1.33, p = .113.  When using a cutoff loading of .3, standardized coefficients revealed a 

pattern, such that females who consumed less saturated fat (b = -.96) and more dairy (b = .89) 

and sugar (b = .65), had lower externalizing problems (b = -.86) and blood pressure (b = -.32), 

but higher BMI (b = .72) and internalizing problems (b = .57).  However, when applying a cutoff 

loading of .3, structure coefficients revealed that none of the dietary variables provided 

significant contribution to the health set.   

 Lastly, an additional CCA was conducted by replacing the BASC-2 TRS Composite 

Scores with the Scale Scores (i.e., Anxiety, Depression, Somatization, Hyperactivity, 

Aggression, Conduct Problems).  The dietary measures accounted for a modest proportion of 

variance in the health set, (r2 = .36), and the full model was statistically significant, Wilk’s Λ = 

.41, F(48, 451.82) = 1.89, p = .0005.  When using a cutoff loading of .3, standardized 

coefficients revealed that youth who consumed more meat/poultry/fish (b = .34), and less 

legumes (b = -.93), had higher Depression (b = .77) and Somatization (b = .71), but less Anxiety 

(b = -.90), Hyperactivity (b = -.55), and Aggression (b = -.33).  When applying a cutoff loading 
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of .3, structure coefficients revealed that legumes (r2 = -.40) and sugar (r2 = -.31) provided 

significant contribution to the social-emotional health set.   
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Chapter 5 

Discussion 

The current study explored the role of dietary intake in physical health and teacher-

reported social-emotional functioning in youth with T1DM.  Insight into the multivariate shared 

relationship between these sets was possible using CCA.  Overall, results revealed that 

behavioral ratings of students’ social-emotional functioning (i.e., Externalizing Problems, 

Internalizing Problems, School Problems), as well as physical health parameters (i.e., BMI, 

blood pressure), can be explained by a set of dietary measures (fruit, vegetable, 

meat/poultry/fish, dairy, legume, saturated fat, sugar, glycemic load).  Further investigation 

revealed that although no single food group or nutrient accounted for substantial unique variance, 

these variables as a set significantly predicted behavioral and physical outcomes above and 

beyond possible confounding variables (i.e., gender, race, age, SES, duration of T1DM 

diagnosis, HbA1c).  

Preliminary Analyses 

 Descriptive statistics provided a wealth of information that summarized basic features of 

the sample.  With respect to social-emotional functioning, prevalence rates for internalizing 

problems were largely consistent with the literature (see Chapter 2).  Externalizing problems 

were significantly lower, but these rates were influenced by the removal of outliers—if they had 

not been removed, approximately 5.3% would meet criteria for externalizing problems.  This 

figure is more aligned with previous research (Butwicka et al., 2016), which suggests that 

externalizing problems occur at lower rates than internalizing issues (Northam et al., 2004).  

 Significant variability existed in both health variables.  Both blood pressure and BMI 

averages were quite high, but these statistics were likely influenced by children with very high 
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values.  However, the median estimates for both health variables were about five percentile 

points higher than the average values.  Nonetheless, the percentage of children qualifying for 

hypertension is nearly five-fold the observed prevalence rates for youth in the United States (see 

Chapters 1 and 2).  Pre-hypertension rates were over three times the documented prevalence in 

children and adolescents (Ma, Zhang, & Xi, 2016).  However, these findings are actually 

comparable to some reports among youth with T1DM (van Vilet et al., 2010; Rohani et al., 

2014).  Additionally, the obesity rates in the present study aligned with prevalence rates among 

youth with (Liu et al., 2010) and without T1DM (CDC, 2014).  Although these figures may 

becoming more commonplace, especially in the T1DM population, these conditions (e.g., pre-

hypertention/hypertension, overweight/obesity) are primary causes of diet-related chronic 

disease (see Chapter 2).  This is particularly pertinent for individuals with T1DM, given that the 

most frequently occuring physical health conditions (i.e., cardiovascular disease and renal 

disease) contribute to mortality far more often than acute complications (ADA, 2010). 

Daily averages for dietary intake were also provided.  First, children reported to consume 

less than one cup on average of fruits and vegetables.  Based on the USDHHS 2010 guidelines, 

children in this age group are eating only 47% of the fruits and 26% of the vegetables they 

should be consuming.  Protein foods, which are not directly comparable as USDHHS combines 

meat, poultry, fish, and legumes, are also under-consumed on average by 58% of the 

recommended amounts.  Similarly, children are only consuming an average of 51% of 

recommended dairy.  Lastly, children in this sample are over-consuming saturated fats by an 

average of 482%.  Overall, these findings generally correspond with current estimates for 

children in the United States (see Chapter 2), and suggest that children are both undernourished 

and over-consume nutrient sparse, unhealthy foods.  
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Research Question 1 

The first hypothesis predicted that dietary measures would explain a modest amount of 

variance in the health composite—teacher reported behaviors and physical health parameters.  

The effect size of the full model suggested that diet, health, and classroom behaviors were highly 

related (η2 =.51).  Although only the first out of five canonical variates were statistically 

significant, the first hypothesis was supported in that dietary measures accounted for a significant 

portion of variance in physical health and social-emotional functioning (r2 = .26).  The first 

function also suggested that children in this sample who reported lower glycemic load, consumed 

more sugar, dairy, meat/poultry/fish, but less legumes, fruit, and saturated fat, were associated 

with higher BMIs and less externalizing problems.  Post-hoc analyses also revealed a similar 

dietary pattern for individual BASC-2 scale sores—youth who consumed more 

meat/poultry/fish, but less legumes were associated with higher depressive and somatization 

symptoms, but less anxiety, hyperactivity, and aggression.  

These findings provide new insight, support, and also refute previous research on BMI in 

T1DM.  Despite the surmounting evidence that saturated fat consumption is associated with 

greater BMI (Mehta et al., 2014; Micha & Mozaffarian, 2010; Siri-Tarino, Sun, Hu, & Krauss, 

2010), the present study found the opposite.  Conversely, the relationship between higher BMI, 

under-consumption of fruit and greater intake of processed meats is upheld in other studies 

(Gillis & Bar-Or, 2003; Nansel et al., 2012; Nicklas et al., 2003).   Moreover, the current study is 

the first in the T1DM literature to suggest links between greater BMI with higher sugar and dairy 

intake and less legume consumption.  There are a number of potential reasons for this pattern of 

findings.  First, it is possible that certain dairy and meat products negatively affect BMI through 

a mechanism(s) not accounted for by fat content—perhaps in the way these foods are processed. 
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For example, BMI values have shown to systematically increase alongside the consumption of 

increasingly processed foods (Asfaw, 2011; da Costa Louzada et al., 2015).  Processed foods 

also contain more sugar (Monteiro, Levy, Claro, de Castro, & Cannon, 2010; Moubarac, Martins, 

Claro, Levy, Cannon, & Monteiro, 2013), which would also contribute to higher BMI.  Thus, 

less processed and whole foods may be healthier alternatives to takeaway foods in terms of 

reducing BMI.  Additionally, legumes (e.g., beans, lentils) may also be a better source of protein 

in controlling BMI, which are inherently low in sodium and high in fiber, and have shown to 

reduce LDL cholesterol (Duane, 1997).   

 Surprising relationships between dietary intake and externalizing problems were also 

revealed.  The current study indicated that fruit consumption was related to greater 

externalization; however, post-hoc analyses did not reveal any unique contribution of fruit on 

individual externalizing problems (i.e., Hyperactivity, Conduct Problems, Aggression).  Several 

possibilities may explain this finding.  First, fruit consumption was low overall and had reduced 

variability, which impacted its univariate distribution and therefore the CCA.  Second, it is 

conceivable that fruit consumption may be related to some externalizing problems not included 

in the BASC-2 (e.g., antisocial behaviors, defiance) (Jackson, 2016; Renzaho et al., 2010), or 

related to behaviors in the classroom, but not in other environments (e.g., home, unstructured 

settings).  Additionally, fruit may be consumed in other dishes (e.g., desserts), or the fruit may be 

more processed or contain added sugar (e.g., canned fruit, smoothies).  If fruit was consumed in 

generally unhealthy contexts such as this, then these findings would align with previous research 

that has identified relationships between low quality, nutrient-sparse foods with aggression, 

oppositional and conduct problems, as well as ADHD symptoms (Galler et al., 2011; Liu et al., 

2004; Oddy et al., 2009; Trapp et al., 2016).  However, this does not account for the present 
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study’s finding between externalizing problems (e.g., Hyperactivity and Aggression, 

specifically) and legume consumption, which are largely characterized as nutritious (e.g., low in 

fat, sodium, and glycemic index, high in B-vitamins and fiber, contain phytonutrients, anti-

inflmmatory, gluten-free; Messina, 1999).  One possibility may be related to the amino acid 

content of legumes (e.g., high in lysine, low in methionine).  Previous research has identified 

amino acid imbalances as contributors to behavioral changes (Arnold, Hyman, Mooney, & 

Kirby, 2003; Kaplan, Fisher, Crawford, Field, & Kolb, 2004).  Overall, the findings from the 

present study suggest that dairy, meat, poultry, and fish products that are non-processed, 

nutrient-rich, and low in saturated fat may be better choices for reducing externalizing behaviors. 

 Meat/poultry/fish was also associated with specific BASC-2 Scale Scores, including 

Depression, Somatization, Anxiety, Hyperactivity, and Aggression.  Among youth without 

T1DM, only one study has shown that greater red meat consumption was associated with more 

aggression and oppositional behaviors (Oddy et al., 2009).  However, the present study 

suggested that greater meat/poultry/fish was related to less aggressive behaviors.  Future research 

should parse out the unique effects of meat, poultry, and fish separately, as well as level of 

processing, and nutrient/additive content in order to elucidate specific effects of meat products 

on social-emotional functioning.  

Lastly, vegetable consumption, internalizing problems, school problems, and blood 

pressure did not provide meaningful contributions to the first canonical variate.  It is important to 

note, however, that these variables were important for other canonical pairs.  As shown in Figure 

2, functions 2-5, while not practically significant and thus not interpreted, explained a substantial 

proportion of variance not accounted for by the first canonical variate.  In functions 2-5, the 

unique contributions (i.e., loadings or weights ) of the dietary variables were arranged differently 
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to maximize leftover variance in the model—thus rendering some variables more substantial than 

others compared to the first canonical variate.  Additionally, these variables were also 

meaningful in post-hoc analyses, particularly with regard to gender differences, which is 

explained in Research Question 3. 

Research Question 2 

The second hypothesis predicted that animal-based dietary variables (i.e., 

meat/poultry/fish, dairy) would have the greatest explanatory power to the health composite.  

Results revealed that individual dietary variables were not distinctly and meaningfully related to 

physical and social-emotional functioning as a whole.  That is, all of the dietary variables had 

very little shared variance with health.  However, it is important to note that fruit, vegetables, and 

legumes all shared weak correlations with the physical/social-emotional health composite.  This 

suggests that these plant-based foods are indeed related to health—just not enough to suggest any 

practical contribution.  Figure 3 provides a visual depiction of these findings: the short line 

lengths of each of the dietary variables indicates very little shared variance.  Fruits, vegetables, 

and legumes are somewhat longer and are thus more essential to the model.  The remaining 

dietary variables are much shorter, clustering around the center, which is reflective of minimal 

unique contribution.  Additionally, meat, poultry, fish, dairy, sugar, saturated fat, and glycemic 

load shared virtually no direct relationship with social-emotional functioning and physical health.  

There are several plausible explanations for these findings which suggest that no 

individual dietary variable provided meaningful contribution to the health set.  First, it is 

reasonable to consider that certain combinations of dietary variables (e.g., diary, glycemic load) 

may have been related to classroom behaviors, while others (e.g., saturated fat, sugar) may have 

been related to physical health.  However, post-hoc analyses separating the physical health 
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variables and the social-emotional health variables revealed no such differences.  Another factor 

that should be taken into account is univariate distributions—plant-based foods (i.e., fruits, 

vegetables, legumes) were primarily affected, reflecting the vast underconsumption of these 

foods.  As such, each of these three variables had the greatest negative loadings, which could 

explain why they were the most significant in the model.  As discussed in Chapter 4, kurtosis in 

these dietary variables could not be fully corrected for as it represented actual intake.  Moreover, 

each of the dietary variables had reduced variability.  Such low variance of these variables 

inherently limits their explanatory power potential, given the nature of how canonical loadings 

are computed.  Regardless of whether these possibilities affected the results for research question 

2, these findings support the decision to examine other variables that may be more meaningfully 

related to physical and social-emotional health.  These outcomes are discussed below.  

Research Question 3 

 The third hypothesis predicted that control variables (i.e., gender, race, age, SES, 

duration of T1DM diagnosis, and HbA1c) would attenuate the relationship between food 

consumption and physical/social-emotional functioning.  In other words, these factors would also 

account for a significant proportion of variance between food consumption and physical/social-

emotional functioning.  Results from the follow-up analysis did not support this hypothesis—this 

set of control variables as a whole was not statistically significantly related to social-emotional 

functioning and physical health.  The non-significance of these control variables disputes 

previous work that has implicated race, age, SES, duration of T1DM, and glycemic control in 

social-emotional functioning and health-related outcomes.  First, some studies have found that 

ethnic minorities have worse health parameters, including high blood pressure (Rodriguez et al., 

2010) and BMI (Liu et al., 2010).  In the present study, a substantial portion of youth identified 
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as Mexican and Hispanic.  Research on food consumption among adolescents with similar ethnic 

backgrounds have shown that Hispanic students consume less fruits and vegetables (Batis, 

Hernandez-Barrera, Barquera, Rivera, & Popkin, 2011; Beech, Rice, Meyers, Johnson, & 

Nicklas, 1999).  Additionally, factors such as acculturation into the Western diet or obesogenic 

environment may contribute to disproportionate rates of physical health problems in youth of 

minority status (Gordon-Larsen, Harris, Ward, & Popkin, 2003).  

Second, puberty and older age have been identified as risk factors for high BMI and CVD 

risk (da Costa et al., 2016; Ferranti et al., 2014; Frohlich-Reiterer et al., 2014; Katz et al., 2015; 

van Vilet et al., 2010).  BMI has also been correlated with duration of T1DM (Frohlich-Reiterer 

et al., 2014).  Lastly, poor glycemic control has known associations with increased rates of 

psychiatric disorders (Bernstein et al., 2013; Butwicka et al., 2016; Leonard, Jang, Savik, 

Plumbo, & Christensen, 2002; Northam et al., 2004), particularly internalizing symptoms (e.g., 

depression, anxiety, distress; Buchburger et al., 2016; Herzer & Hood, 2009; Hilliard et al., 

2011; Hood et al., 2006; Johnson, Eiser, Young, Brierley, & Heller, 2012; Majidi et al., 2015; 

McGrady et al., 2009; McGrady & Hood, 2010; Reynolds & Helgeson, 2011).  Greater 

externalizing problems have also been documented in youth with poor HbA1c (Fryt, Pilecka, & 

Smolen, 2013; Luyckx et al., 2013; Northam et al., 2005).  

Within the model, gender was the only variable statistically significantly associated with 

psychosocial and physical health.  This supports previous research in T1DM that reported gender 

differences on both externalizing and internalizing problems, particularly with depression and 

anxiety (Helgeson et al., 2007; Hood et al., 2006).  Additionally, gender differences have been 

documented in health characteristics such as BMI, high blood pressure, and CVD risk (Ferranti 

et al., 2014; Frohlich-Reiterer et al., 2014; Katz et al., 2015; Maffeis et al., 2012; Rohani et al., 
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2014; van Vilet et al., 2010).  Although the present study did not analyze males and females 

separately as a primary outcome, post-hoc analyses revealed specific patterns.  First, males who 

consumed less legumes and more meat/poultry/fish had lower externalizing problems, but higher 

internalizing problems.  Among females, those who consumed less saturated fat and more dairy 

and sugar had less externalizing problems and blood pressure, but higher BMI and internalizing 

problems.  Although these unique patterns have not been documented in the current literature 

base, these findings suggest that males and females’ consumption of various foods and nutrients 

are differentially related to both physical and social-emotional health.  Thus, future research 

would be needed to identify possible mediating effects, given previous work that has identified 

the impact of gonadal hormones on inflammation and oxidative stress (Kher et al., 2005).  

 Perhaps the most profound finding from this analysis was the multiple regression that 

suggested diet (all dietary variables included) as the only other factor statistically significantly 

related to physical health and social-emotional functioning.  Additionally, a moderate correlation 

existed while holding all other control variables constant.  Moreover, dietary intake accounted 

for a modest proportion of variance above and beyond the control variables.  Including the 

dietary set resulted in doubled variance, and thus improved goodness of fit for how well the 

model explained the health composite.  All together, this finding has implicated this set of 

dietary variables as uniquely influencing physical health and classroom behaviors.   

 The role of diet in directly impacting both physical and psychological well-being has 

been supported primarily in youth without T1DM.  Poor eating habits and diet quality  

(characterized broadly as overconsumption of saturated fats, processed and takeaway foods, and 

underconsumption of whole, nutrient-rich foods) have led to increased risk for cardiovascular-

related conditions such as atherosclerosis (Overby et al., 2007) and arterial stiffness (Lamichhane 
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et al., 2014).  These conditions are largely induced by chronically poor vitals, including blood 

pressure and BMI—which have also been tied to diet quality (Gunther et al., 2009; Mehta et al., 

2014; Swinburn et al., 2004).  The “Western diet” has also demonstrated links with depression 

and anxiety (Franciole de Oliveira Silva & Lima, 2016; Jacka et al., 2012; Kohlbeck et al., 2012) 

and behavioral disorders (Howard et al., 2011; Trapp et al., 2016); however, causal contributions 

of diet have not yet been elucidated among youth with T1DM.  

 This finding also supports continued research regarding the efficacy of dietary 

interventions among youth with T1DM.  Within the literature, gluten-free diets (Amin et al., 

2002; Svensson et al., 2016), medterranean-style diets (Cadario et al., 2012; Zhong et al., 2016), 

low-GI diets (Nansel et al., 2008; Ryan et al., 2008), and various carbohydrate counting diets 

(Nansel et al., 2015) have shown to promote health parameters as well as diet quality.  However, 

outcomes of dietary interventions in T1DM have been restricted to diabetes-related effects and 

physical health profiles.  One plant-based diet, applied in a sample of adults with T2DM, is the 

only published dietary intervention that demonstrated improvements in depressive symptoms and 

overall quality of life (Kahleova et al., 2013).  Future dietary RCTs, such as those that emphasize 

whole, nutrient-dense foods, can be used among youth with T1DM to assess influences on 

behavior.  

Limitations and Further Study  

Statistical analyses.  In the current literature base, non-diabetes related predictors and 

outcomes have been neglected with regard to food consumption in T1DM research.  This study 

was the first to examine the shared relations between diet, physical health, and social-emotional 

functioning in children with T1DM.  The CCA analysis offered a unique perspective by 

revealing the dimensionality among these larger constructs, taking a closer look at specific 
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components within diet (e.g., food groups and nutrients), physical health (e.g., blood pressure 

and BMI), and social-emotional functioning in the classroom (e.g., school problems, 

externalizing, internalizing).  Moreover, CCA captured the holistic nature of this relationship, 

which is a major advantage over multiple regression.  Multiple regression only allows for one 

depedent variable; thus, this method would have required five separate analyses.  Importantly, 

the application of multiple regression was useful in subsequent analyses (i.e., Research Question 

3), as it provided a way to control for possible confounding effects. 

Although these findings provided a first step in understanding the role of nutritional 

intake, it is important to discuss the inability to draw causal influences of diet, which 

demonstrates the need for dietary RCTs in T1DM.  The literature base for intervention studies 

have primarily targeted diabetes-related outcomes, such as glycemic control (Barnes et al., 2013; 

Gellar, & McGill, 2008; Nansel et al., 2015; Svensson et al., 2016; Zhong et al., 2016).  Given 

the findings from the present study, future work warrants a closer look at specific food groups in 

determining their direct impact on non-diabetes related outcomes, including physical and mental 

health.  

Exclusion of potentially influential variables.  It is also important to discuss the factors 

that were not included in the present study.  Other physical health conditions (see Chapter 3) 

were available from the parent study (e.g., frequency of dyslipidemia, hypertriglyceridemia, 

hypercholesterolemia, hyperlipidemia, deep venous thrombosis); however, these data, obtained 

from medical records reviews, were categorical in nature.  In CCA, continuous variables are 

required to derive canonical weights (Tabachnick & Fidell, 2013); thus, numeric estimates of 

lipid profiles, for example, would be necessary.  Future dietary research in T1DM should include 
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a more comprehensive set of physical health parameters, such as lipid profiles and other 

cardiovascular measures, in tracking changes based on food consumption.  

In the parent study, sleep parameters (e.g., quality, consistency, duration) were examined 

to determine if increased sleep would result in improved glycemic control, as well as other 

factors such as neurobehavioral functioning (e.g., cognitive, memory, behaviors, mood, diet, and 

physical activity).  Although the present study did not focus on dietary relations with sleep, 

previous research has documented the effects of restricted sleep on dietary intake.  For example, 

chronic shortened time in bed (i.e., sleep duration plus time in bed prior to falling asleep and 

after awakening) has resulted in increased consumption of calories, carbohydrates as well as 

higher glycemic index among adolescents (Beebe, Simon, Summer, Hemmer, Strotman, & 

Dolan, 2013).  Weight gain has also been associated with inadequate sleep (O’dea, Dibley, & 

Rankin, 2012; Seegers et al., 2011).  Thus, future models could include the sleep parameters 

collected to determine possible moderating or mediating effects between the dietary set and the 

physical/behavioral health set. 

Dietary assessment.  Analyzing dietary intake is a difficult task for researchers for 

several reasons, including cost, convenience, and validity issues (i.e., dietary recall, 

developmental stage and cognitive ability of participants; McPherson et al., 2000; Cade et al., 

2004; Field et al., 1999).  Unlike the cross-sectional nature of the present study, the parent study 

was an intervention design that did not emphasize diet as a primary outcome; consequently, 

dietary assessment was not a priority.  It did not assess dietary intake in younger children (<9 

years of age), or consider factors that contributed to diet.  Additionally, this measure does not 

truly reflect dietary patterns—it does not account for when and how children are consuming 

foods.  For example, some children may fast on some days, or might eat healthier in certain 
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environments than others.  Similarly, the timing of food consumption may correspond to 

behavioral disruptions or influence the way that emotional regulatory behaviors manifest.  

Lastly, future research should capitalize on comprehensive dietary information, such as specific 

aspects of foods that have known connections with mental health, including immune dysfunction 

(Pasco et al., 2010) food coloring (Stevens, Kuczek, Burgess, Hurt, & Arnold, 2011), additives 

(Boris & Mandel, 1994), oxidative stress (Ng, Berk, Dean, & Bush, 2008), vitamin content 

(Herbison et al., 2012), and inflammation (Zunszain, Hepgul, & Pariante, 2012).  Continued 

validation of cost-effective, child-friendly measures is necessary, particularly to elucidate the 

role of dietary intake on a detailed level.  Recent research has shifted from interview-type 

measures to real-time food records.  For example, photographic images of meals and snacks can 

be taken on Smartphones and uploaded to servers that estimate food and nutrient intakes.  These 

methods have shown to be as accurate as actual dietary intake, and more acceptable among study 

participants compared to food diaries (Higgins et al., 2009; Illner, Freisling, Boeing, Huybrechts, 

Crispim, & Slimani, 2012; Martin et al., 2012).  Additionally, although there are no published 

findings to date in children, dietary intake can also be held constant in lab or camp-like settings 

to determine influences on behavior.  A residential setting could also allow youth to eat foods of 

their choice, but specially capture their intake and combination of foods. 

 Psychosocial assessment.  The current study attempted to fill gaps in the literature 

around behaviors of youth with T1DM in the school setting; thus, teachers were chosen as the 

sole respondents.  Teacher ratings have shown to be more reliable, valid, and predictive 

compared to parent or multi-respondent reporters (Reynolds & Kamphaus, 1992; Johnston & 

Murray, 2003), possibly due to teachers’ understanding of typical developmental behaviors 

among many children over time (Lett & Kamphaus, 1997).  However, although the goal of the 



DIET, HEALTH, SOCIAL-EMOTIONAL IN T1DM  100 

present study was to analyze data from teachers who were most familiar with the child, that was 

not always the case.  Some teachers had very little interaction with these students, may have 

taught a non-core subject but knew the child longer than the primary teacher, and not all teachers 

completed the questionnaires.  Moreover, teachers were self-selected by the parent and/or child, 

which carries its own potential for bias.  For example, if families identified teachers they had 

stronger relationships or connections with, teachers may interpret the child’s behavior in a more 

positive light (i.e., halo effect; Nisbett & Wilson, 1977).  Future research could include 

exhaustive, triangulated social-emotional data to better conceptualize many social-emotional 

issues that disproportionately affect the T1DM population, both short-term and chronically 

(Butwicka et al., 2016; Helgeson et al., 2007; Kakleas et al., 2009; Northam et al., 2010).   

Implications for Practice 

Nutrition in standard care.  Results from this study emphasize the need for both dietary 

assessment and recommendations in standard clinical care of youth with T1DM.  Although the 

ADA currently suggests an annual nutrition assessment for all individuals with diabetes (ADA, 

2018; Bantle et al., 2008), it is unclear what this might look like in a typical clinical setting—

there is currently no research to suggest if, how often, or to what extent, nutritional assessment is 

used in practice.  One older study nearly 20 years ago that investigated the use of ADA Nutrition 

Practice Guidelines reported that dieticians who discussed nutrition with individuals with T1DM 

focused primarily on glycemic control (Kulkarni et al., 1998).  There have not been any 

published findings on nutrition in standard care since the practice guidelines were updated.  

Given the findings from this study that suggest diet is related to non-diabetes related outcomes, 

namely physical and social-emotional health, nutrition assessment and discussion should also 
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take place in the context of these factors.  For example, asking families to keep food diaries may 

elicit patterns in children’s behavioral and physical functioning.   

 Currently, there are no specific diets or macronutrient distribution suggestions for 

individuals with T1DM.  Although results from this study cannot be generalized to the T1DM 

population as a whole in adjusting specific intake patterns, recommendations can model 

nutritional guidelines for all youth, which underscore the nutritional quality of foods, rather than 

food types or calories (USDHHS, 2015).  For example, nutrition education in T1DM has 

historically emphasized carbohydrate counting, which has distorted families’ perceptions of 

healthy eating to primarily attend to glycemic effects of foods (Mehta et al., 2009).  Results from 

this study show that diet impacts youth with T1DM apart from postprandial response.  These 

findings, in addition to the literature on diet-related disease mortality, comprehensive nutrition 

assessment and recommendations for youth with T1DM can concurrently reduce the impact of 

secondary medical and psychiatric problems while supporting both mental and physical well-

being.  

 Even if the Standards of Care are updated with more specific dietary recommendations, a 

number of barriers exist for families.  Practical issues such as motivation, ability, and social 

support have all been identified as determinants to consuming high-quality diets (Brug, 2008; 

Conner, Norman, & Bell, 2002; Verplanken & Faes, 2002).  Beyond these factors, perhaps the 

greatest hindrance is accessibility.  Persons of low SES are principally affected: healthy food 

choices are far less available in smaller communities, and the cost of healthy foods are greater 

than less nutritious options (Drewnowski & Darmon, 2005; Drewnowski & Specter, 2004; Jetter 

& Cassady, 2006; Merchant, Dehghan, Behnke-Cook, & Anand, 2007; Patton, Goggin, & 

Clements, 2015).  Low SES, in conjunction with racial minority status, also creates unique 
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challenges for these individuals in maintaining healthy eating habits.  For example, fast food 

restaurants have shown to be more concentrated in low-income neighborhoods, particularly in 

African American communities (Block, Scribner, & DeSalvo, 2004).   Food security has also 

been investigated as a causal factor in poor quality diets of low SES, minority groups (Nord, 

Andrews, & Carlson, 2010).   

So, unless the issue of accessibility is targeted across multiple levels (e.g., family, 

community, state, nationally), these barriers may preclude adoption of positive health changes.  

Recent work has taken an ecological approach in developing goals for policy changes, 

highlighting the importance of inducing systemic change to improve access to healthy foods 

(Rao, Afshin, Singh, & Mozaffarian, 2013; Story, Kaphingst, Robinson-O’Brien, & Glanz, 

2008).  

 School-based psychoeducation and supports.  School-based research has been largely 

neglected in T1DM, despite how much time youth spend in schools, in addition to findings that 

indicate poor academic and mental health outcomes (see Chapter 2).  Within the literature base, 

there has been a general consensus that has suggested teachers are not knowledgeable about 

T1DM or its management (American Association of Diabetes Educators, 2014; Hayes-Bohn, 

Neumark-Sztainer, Mellin, & Patterson, 2004; Klingensmith, Kaufman, Schatz, & Clarke, 2004; 

Wodrich, Hasan, & Parent, 2011).  A more recent project investigating teacher perceptions of 

T1DM indicated that nearly all teachers believed written information about T1DM would be 

helpful (Amillategui, Mora, Calle, & Giralt, 2009).  Although cultural factors (e.g., 

race/ethnicity, SES) and age were not statistically signficiant in the multiple regression model, 

weak relationships still existed; thus, teacher education should include these factors that 

contribute to classroom behavior.  Teachers can then work with students individually to identify 
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what factors they can work with to support students in removing obstacles, and ultimately feel 

more successful in the classroom.   

 Importantly, children with T1DM may be eligible to receive services under Section 504 

of the Rehabilitation Act (34 C.F.R. 104) or the Individuals with Disabilities Education Act 

(IDEA, 2004) under the eligibility category of Other Health Impairment if it is determined that 

T1DM negatively impacts the student’s school performance.  Results of the present study 

support the call for school psychologists and other special educators to consider accommodations 

(i.e., alternatives to teaching and learning, and students have the same expectations as their 

peers) for students with T1DM that support physical and social-emotional health.  These may 

include: snack breaks, movement breaks, providing a space in the classroom for emotional 

“cooling off,” creating a positive relationship with a school-based adult to visit as needed, 

preferential seating, and many other academic accommodations (e.g., recording lessons, using an 

outline, testing in a non-distracting setting, alternative scheduling) based on the individual needs 

of the student.  Other supports from Individualized Education Plans (IEPs) include modifications 

(i.e., changes in the environment, material, and expectations of the student), such as: social-

emotional and/or social skills groups, direct instruction of relaxation and anxiety/stress-reduction 

techniques, functional behavior assessments, and behavior intervention plans or contracts.  

Additionally, nurturance of the parent-school connection is critical to coordinate adequate 

nutrient intake (e.g., importance of breakfast, school or home lunches), monitor social-emotional 

functioning, as well as changes in diabetes management.  Lastly, although race and age were not 

statistically significant in the multiple regression model, weak relationships still existed with 

physical and behavioral health.  Therefore, culturally-responsive and developmentally 

appropriate accommodations and modifications are warranted.  For example, social-emotional 
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and dietary supports should align with the child’s cultural background, family practices, and 

adaptive abilities, which should never be assumed.  Frequent, direct communication between the 

student, guardian(s), and the school multidisciplinary team is recommended.    

Conclusion 

 The results of this study illustrate the holistic shared relationship between diet, physical 

and psychological well-being in youth with T1DM.  First, at the simplest level, the dietary habits 

of children in this sample are representative of both a larger dietary problem and physical health 

problem in the United States:  Children are undernourished, over-consume nutrient sparse foods, 

and contribute to increasingly high rates of overweight, obesity, and hypertension—all of which 

are known to precipitate chronic, life-threatening health conditions.  Second, diet alone uniquely 

influences psychosocial and physical health above and beyond the effects of other variables 

previously shown to impact well-being.  This finding stresses the importance of attention to 

diet—nutrients, food groups, intake patterns— among youth with T1DM.   

 While the results from the present study do not offer specific diet recommendations for 

children with T1DM, it calls for parents, educators, and other key stakeholders to observe the 

effects of foods on childrens’ psychosocial and physical health.  Keeping track of food 

consumption may reveal patterns in physical and/or social-emotional functioning that can easily 

be adjusted.  Moreover, the results of this study echo national movements that urge families to 

shift from their previous understandings of healthful eating (e.g., monitoring calories, 

carbohydrate content) to consuming more nutrient-dense, non-takeaway foods.  Future research 

in dietary interventions in T1DM can capitalize on these healthful eating patterns to examine the 

effects on both diabetes (e.g., glycemic control) and non-diabetes related outcomes (e.g., 

physical and behavioral health characteristics).  
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