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Abstract 

Background and Objective: Type 1 diabetes mellitus (T1DM) is one of the most common 

pediatric chronic illnesses. Youth with T1DM have been shown to be at risk for internalizing 

problems and obtaining insufficient sleep. An emerging body of literature has demonstrated the 

feasibility and potential benefit of increasing sleep duration as a strategy to improve 

psychological outcomes in nondiabetic school age populations. The current study seeks to 

investigate the relationship between sleep and internalizing symptoms and empirically examine 

the effect of a sleep extension intervention on internalizing symptoms in youth with T1DM. 

Methods: The sample consisted of 106 youth with T1DM (mean age = 13.5 ± 2.1 years) who 

were part of a larger study recruited over a three-year period. Participants were 52.8% male and 

50.9% identified as non-white. The primary outcome measure was the Behavior Assessment 

System for Children, Second Edition (BASC-2), both parent and self-report. Other behavioral 

and sleep measures included actigraphy, sleep diary, the School Sleep Habits Survey (SSHS), 

Pediatric Symptoms Checklist (PSC), and the Child Sleep Habits Questionnaire (CSHQ). 

Participants were randomly assigned to either the Sleep Extension condition (n = 50), in which 

they were asked to extend their sleep duration, or the Fixed Sleep Duration condition (n = 56), in 

which they were asked to maintain the same amount of sleep as their baseline.  

Results: Average sleep durations varied across measures, with all values falling in the lower 

range or below national recommendations. More than a third (34.5%) of the sample had elevated 

scores for internalizing problems based on parent report, and 17.7% were elevated based on self-

report. Pearson correlations indicated that parent reported sleep duration was negatively related 

to self-reported anxiety, r(106) = -0.237, p = 0.018, as well as parent-reported depression, r(106) 

= -0.218, p = 0.028, and emotional self-control, r(106) = -0.232, p = 0.018. No other measure of 
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sleep duration was significantly correlated with internalizing symptoms. Secondary analyses of 

measures of sleep quality including sleep efficiency (SE), wake after sleep onset (WASO), and 

sleepiness, were significantly related to internalizing problems based on both parent and self-

report (all p < 0.05), whereas more variability in sleep duration (CV) was related to higher self-

reported depression, r(106) = 0.210, p = 0.033. Following the sleep intervention, participants in 

the Sleep Extension condition increased their average sleep duration by 26.71 minutes based on 

actigraphy, while participants in the Fixed Sleep duration decreased by 0.14 minutes from pre- to 

post-intervention. Participants in the Sleep Extension condition had significantly lower scores on 

the BASC-2 Internalizing Problems Composite than participants in the Fixed Sleep Duration 

condition following the intervention, after controlling for sex and baseline internalizing 

symptoms, F(1, 98) = 4.18, p = 0.044. On average, the Internalizing Problems Composite score 

of participants in the Sleep Extension condition decreased by almost half a standard deviation 

(4.65 ± 6.41 points), compared to a decrease of 2.31 ± 6.59 points for participants in the Fixed 

Sleep Duration condition. There were no significant effects for self-report.  

Conclusions: Youth with T1DM obtained insufficient sleep and experienced high rates of 

internalizing symptoms. The results also suggest that relations between sleep and internalizing 

symptoms exist; however, these associations may be more driven by other aspects of sleep rather 

than actual sleep loss, such as nighttime sleep disturbance, daytime sleepiness, and variability of 

the sleep schedule. The findings further indicated that a sleep extension intervention was 

effective in increasing sleep duration, as well as reducing parent-reported internalizing symptoms 

in a sample of children and adolescents with T1DM. This intervention has the potential to be 

utilized as a cost effective, and relatively easy to implement method for reducing internalizing 

symptoms in youth with T1DM.  
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Chapter 1 

Introduction 

 Chapter 1 will provide a general overview of type 1 diabetes mellitus (T1DM) and 

potential risks associated with the condition. Emphasis is placed on the relationship between 

glycemic control, sleep, and internalizing symptomology. This chapter also includes the purpose 

of the study, research questions, and proposed hypotheses.  

Overview of Proposed Study 

T1DM is the third most common pediatric chronic illness affecting approximately 1 in 

400 youth, with over 18,000 new diagnoses in the United States each year (Betts, Buckley, 

Davies, McEvilly, & Swift, 1996; Centers for Disease Control, 2012; Hamman et al., 2014). It is 

an autoimmune condition in which the body attacks insulin producing beta cells in the pancreas. 

Without these beta cells, the body creates an insufficient amount of insulin or ceases production 

of insulin entirely. Insulin is necessary to transport glucose into cells so that the body can store it 

and use it for energy. The lack of insulin production leads to an excess of glucose in the 

bloodstream and urine, which can have devastating effects on the body (Centers for Disease 

Control, 2012). Onset is most common in childhood, but can occur from infancy through 

adulthood, with the average age of diagnosis being around age 14 (American Diabetes 

Association, 2016).  

Although T1DM is a lifelong condition that currently has no cure, it is medically 

manageable. Proper management of T1DM is time and effort intensive, involving the frequent 

monitoring of blood glucose levels (at least 4 times per day) and the administration of insulin to 

attain glycemic control (American Diabetes Association, 2016; Perfect & Frye, 2014). The 

consequences of failing to properly manage diabetes include hospitalization, coma, diabetic 
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ketoacidosis, limb amputation, and even death (Diabetes Control and Complications Trial 

Research Group, 1994; U.S. Department of Health and Human Services, 2003). Due to the 

demands of proper diabetes management, T1DM is characterized as one of the most 

psychologically and behaviorally demanding chronic diseases (Katon, 2008). The responsibility 

of management is placed on the diagnosed individual, adding an extra level of stress to the child. 

Children and adolescents may feel alienated and stigmatized by the demands of consistent 

management. The burden of T1DM is associated with increased risk of developing psychological 

difficulties (Guo, Whittemore, & He, 2011; Perfect, Levine-Donnerstein, Archbold, Goodwin, & 

Quan, 2014).  

Internalizing Symptoms and T1DM 

With regard to psychological functioning, youth with T1DM have been shown to be 

primarily at increased risk for internalizing symptomatology (Butwicka et al., 2016; Wodrich, 

Hasan, & Parent, 2011). Internalizing symptoms are those that are focused inwards towards the 

self, such as depression, anxiety, and withdrawal, as opposed to outward towards others. These 

problems include disturbances in emotions and mood that may be indicative of larger problems 

or may lead to clinically significant psychological disorders (Eklund, Tanner, Stoll, & Anway, 

2014).  

Regarding clinical psychopathology, T1DM is most often associated with depression 

(Reynolds & Helgeson, 2011) and anxiety (Dantzer, Swendsen, Maurice-Tison, & Salamon, 

2003). Landmark studies were conducted in the 1990s documenting the higher prevalence of 

psychiatric conditions in youth with T1DM compared to the general population. A study by 

Blanz, Rensch-Riemann, Fritz-Sigmund, and Schmidt (1993) found that 33.3% of participants 

with T1DM had psychiatric disorders (with primarily internalizing symptoms), versus just 9.7% 
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of healthy controls. A recent meta-analysis supported these findings and reported pooled 

prevalence across 14 studies to be 30% for depression and 32% for anxiety in youth with T1DM 

(Buchberger, Huppertz, Krabbe, Lux, Mattivi, & Siafarikas, 2016). The presence of a 

diagnosable internalizing disorder in youth is associated with a host of negative outcomes such 

as increased risk of substance abuse, teen pregnancy, and academic difficulties (Fergusson & 

Woodward, 2002; Woodward & Fergusson, 2001). Furthermore, evidence has suggested that 

individuals with poor glycemic control are at risk for increased impairments compared to 

individuals in good control (Wodrich & Cunningham, 2008). 

Internalizing Problems and Diabetes Management 

In addition to negative outcomes associated with internalizing problems, research has 

suggested that youth with diabetes may experience additional risks due to the relationship 

between psychological functioning and diabetes management. Specifically, internalizing 

problems are associated with worse glucose control (Hood, Rausch, & Dolan, 2011; McGrady & 

Hood, 2010; Peyrot, 2003) and poorer adherence (Baucom et al., 2015; Ciechanowski, Katon, & 

Russo, 2000). Youth with depressive symptoms have been found to experience poorer glycemic 

control, more emergency room visits, more frequent hospitalizations, worse treatment adherence, 

and a higher risk of complications (Fogel & Weissberg-Benchell, 2010). Conversely, there is 

evidence that individuals with poor diabetes management experience more psychopathology 

(Wodrich et al., 2011). This research emphasizes the cyclical nature of the relationship between 

diabetes control and psychological functioning and highlights internalizing symptomatology as a 

potential barrier to proper management.  

Although numerous studies have shown an association between internalizing symptoms 

and diabetes, there is evidence that the relationship may be more complex than originally 



SLEEP TO FEEL BETTER: INTERNALIZING SYMPTOMS IN T1DM 14 

hypothesized. A recent study by Caruso and colleagues (2014), established that the relation 

between the two variables was mediated by sleep quality. Thus, it appears that sleep may be an 

important component in understanding how youth with T1DM are impacted by internalizing 

problems. 

Sleep Disturbances and Internalizing Problems 

In the general population, sleep disturbances have been implicated as contributing to 

negative psychological outcomes. Inadequate sleep duration in otherwise healthy youth was 

related to poor psychological functioning including high rates of depressive symptoms (El-

Sheikh, Erath, & Keller, 2007), internalizing symptoms (Paavonen, Porkka-Heiskanen, & 

Lahikainen, 2009; Sadeh, Tikotzky, & Kahn, 2014) and emotional problems (Bagley & El-

Sheikh, 2013). The National Sleep Foundation (Hirshkowitz et al., 2015) currently recommends 

9 to 11 hours of sleep for school aged children (ages 6-13) and 8 to 10 hours for teenagers (ages 

14-17).  Yet, an estimated two-thirds of children and adolescents do not get adequate sleep 

(Perfect et al., 2014). A body of longitudinal research has shown that sleep problems reliably 

precede and predict the development of internalizing disorders, whereas psychopathology does 

not necessarily precede sleep difficulties (Alvaro, Roberts, & Harris, 2013; Gregory & 

O'Connor, 2002; Hasler et al., 2005; Johnson, Roth, & Breslau, 2006). Therefore, the 

directionality of the relationship is such that sleep may exert a powerful influence on the 

development or expression of internalizing symptomology.  

Sleep and T1DM 

The link between internalizing problems and sleep is particularly important for youth 

with T1DM, given the high prevalence of sleep difficulties in this population. Youth with T1DM 

often experience sleep disturbances related to routine disease management (e.g., multiple 
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episodes of measuring and administering glucose during nocturnal hours) as well as symptoms of 

the disease itself (e.g., nocturia), leading to less sleep overall and lower quality of sleep. Caruso 

et al. (2014) reported that sleep problems such as insomnia and chronic sleepiness were 

significantly more prevalent in individuals with diabetes compared to healthy controls. In 

comparison to non-chronically ill youth, children with T1DM have been found to get less sleep, 

have more arousals related to glucose fluctuations, and have higher rates of sleep-disordered 

breathing (Matyka, Crawford, Wiggs, Dunger, Stores, 2000; Perfect et al., 2012; Villa et al., 

2000). As such, sleep difficulties may predispose an already at-risk population to psychological 

impairment, leading to greater negative outcomes. The relationship between these variables may 

also suggest that increasing sleep could improve outcomes for individuals with T1DM. The 

potential for reducing internalizing symptomology in youth with T1DM via a sleep extension 

intervention has yet to be explored. 

Interventions for T1DM 

Interventions for T1DM have typically focused on improving disease management 

through direct or indirect methods (Kucera & Sullivan, 2011). Direct methods have included 

interventions related to metabolic control such as improving diet (Patton, Odar, Midyett, & 

Clements, 2014), promoting physical activity (Wong et al., 2011), or increasing self-monitoring 

behaviors (Kirwan, Vandelanotte, Fenning, & Duncan, 2013). In general, these methods have 

been shown to produce significant improvements in diabetes management. Alternatively, indirect 

methods have also been shown to be effective and focus on aspects such as improving family 

functioning (Nansel et al., 2015), teaching coping skills (Grey et al., 2009; Whittemore et al., 

2012) and promoting resilience (Rosenberg et al., 2015). However, many of these interventions 

are time intensive and availability is limited.  
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Interventions for Internalizing Symptoms 

Traditionally, internalizing symptoms are addressed with psychotherapeutic and 

psychopharmacological treatments (Compton, Burns, Egger, & Robertson, 2002). 

Psychotherapy, such as cognitive behavioral therapy (CBT), has been shown to be an effective 

treatment for internalizing disorders. However, therapy generally involves weekly or bi-weekly 

sessions with a skilled clinician, which may limit accessibility for families. 

Psychopharmacologic interventions have also been found to be effective for treating 

internalizing disorders (Walkup et al., 2008). However, medications often have undesirable side 

effects and require prolonged use to maintain improvements. Thus, there exists a need for 

alternative treatments to address internalizing symptoms in youth with diabetes.  

Sleep as an Intervention for Internalizing Problems 

Some promising evidence has emerged investigating the utility of sleep-based 

interventions aimed at improving psychological functioning in non-medically involved youth. A 

study conducted by Dewald-Kaufmann and colleagues (2014) supported the use of a sleep 

extension intervention to improve psychological outcomes in nondiabetic school-age populations 

(Dewald-Kaufmann, Oort, & Meijer, 2014). After two weeks of extended sleep, adolescent 

participants reported significantly less depressive symptoms. These results suggest that sleep 

duration is not only modifiable through intervention, but that extending sleep in youth has the 

potential to reduce internalizing symptoms and improve functioning.   

Purpose of the Present Study 

The current study sought to first elucidate the relations between sleep and internalizing 

symptoms in a sample of youth with T1DM. The second aim of this research was to fill a gap in 

the literature by empirically examining the effect of a sleep extension intervention on the 
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internalizing symptoms of children and adolescents with T1DM. The data used in this study were 

collected as part of a larger, randomized control trial (RCT) examining sleep, diabetes, glucose 

control, and educational outcomes. The study utilized an experimental procedure in which 

participants were randomly assigned to either extend or maintain their typical sleep duration 

following a sleep consultation. The results of this study can be used to understand the 

associations between sleep and psychological functioning, inform treatment, and potentially 

reduce the occurrence of internalizing symptoms in children and adolescents with T1DM. The 

intervention has the potential to serve as a relatively low effort, but effective, treatment aimed at 

improving psychological outcomes for youth with T1DM that can easily be integrated into 

patients’ existing treatment regimens and diabetes standards of care.  

Research Questions and Hypotheses 

1. What is the relationship between sleep duration and internalizing symptoms in a sample 

of youth with T1DM? 

a. Hypothesis 1: Sleep duration will be negatively correlated with measures of 

internalizing symptoms, such that less sleep will be related to more internalizing 

symptoms.  

2. What is the effect of a sleep extension intervention on parent and self-reported 

internalizing symptoms of youth with T1DM who participated in a sleep intervention in 

an intent to treat model? 

a. Hypothesis 2: Controlling for baseline internalizing symptoms, participants in the 

Sleep Extension condition will have lower parent and self-reported BASC-2 

Internalizing Problems Composite scores than participants in the Fixed Sleep 

Duration condition following the intervention.  
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3. What is the effect of increasing sleep duration on parent and self-reported internalizing 

symptoms of youth with T1DM? 

a. Hypothesis 3a: In an analysis of study compliers, participants in the Sleep 

Extension condition who were compliant with intervention instructions and 

extended their sleep by more than 15 minutes will have lower parent and self-

reported BASC-2 Internalizing Problems Composite scores post-intervention in 

comparison to participants in the Fixed Sleep Duration condition who maintained 

a consistent sleep duration from baseline to intervention (± 15 minutes), after 

controlling for baseline internalizing symptoms.  

b. Hypothesis 3b: Participants who increased their sleep duration, regardless of 

study condition, would have lower parent and self-reported BASC-2 Internalizing 

Problems Composite scores in comparison to participants who maintained a 

consistent sleep duration from baseline to intervention (± 15 minutes).  
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Definition of Terms 

Actigraphy: wristwatch sized device that records activity and light information used to 

determine sleep/wake behaviors 

Blood glucose: sugar present in the bloodstream that is used to provide energy to cells 

Chronic illness: medical condition with a long duration that impacts an individual’s daily 

functioning 

Glycated hemoglobin (HbA1c): measure of diabetic control over a three-month period 

Hyperglycemia: excess glucose in the bloodstream 

Hypoglycemia: deficiency of glucose in the bloodstream 

Internalizing symptoms: symptoms that are focused inwards towards the self, such as 

depression, anxiety, and withdrawal, as opposed to outward towards others 

Medically involved youth: children and adolescents diagnosed with a chronic condition that 

requires continued medical involvement  

Sleep insufficiency: broad term that encompasses sleep problems that result in either reduced 

sleep quality or quantity 

Type 1 diabetes mellitus: autoimmune condition in which the body fails to produce enough 

insulin to regulate blood glucose 
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Chapter 2 

Review of the Literature 

 This chapter will provide background information on pediatric chronic illness, with a 

focus on T1DM. It will summarize relevant literature on T1DM, sleep, and internalizing 

symptomology, as well as relationships between these variables. Information will also be 

provided about the design and outcomes of sleep modification studies, with a focus of the effects 

of manipulating sleep duration in natural environments.  

Pediatric Chronic Illness 

To understand the risks associated with having T1DM, it is important to have knowledge 

of the impact of pediatric chronic illnesses as a whole. An estimated 15% of youth have been 

diagnosed with a chronic illness (Ferro & Boyle, 2013). Chronic illness is defined as a medical 

condition with a long duration that impacts an individual’s daily functioning. These illnesses 

involve extensive treatment regimens necessary to manage the various symptoms of the 

condition (Compas, Jaser, Dunn, & Rodriguez, 2012). In addition to T1DM, conditions classified 

as pediatric chronic illnesses include cancer, epilepsy, juvenile arthritis, sickle cell, and others. 

Due to advances in medical treatments, many children with previously life threatening illnesses 

are now able to recover from, or treat, their conditions. As a result, many more children are now 

living with chronic illnesses and experiencing previously unknown consequences (Newacheck & 

Taylor, 1992). The direct impact of chronic conditions on diagnosed youth includes a multitude 

of physiological symptoms and medical outcomes that are well documented. However, the 

indirect impact of such conditions on children and adolescents is less understood and has become 

a growing area of interest in the field of psychology. Research has suggested that medically 

involved youth are at risk for serious psychological difficulties (Ferro & Boyle, 2013; Zashikhina 
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& Hagglof, 2007). For example, illnesses such as childhood cancer, diabetes, epilepsy, and 

asthma have all been associated with negative outcomes related to the emotional well-being of 

the child (Wallander, Thompson, & Alriksson-Schmidt, 2003). In addition to the growing 

literature documenting how pediatric chronic illnesses impact youth psychologically, it is also 

critical to conduct research to identify variables that can be targeted through intervention to 

improve social-emotional functioning for medically-involved youth.  

Type One Diabetes Mellitus (T1DM) 

As noted in Chapter 1, T1DM is the one of the most common pediatric chronic illnesses 

that affects youth. Prior to diagnosis, individuals may notice increased thirst, hunger, and 

urination with unexplained weight loss, blurred vision, muscle cramps, and extreme fatigue. It is 

also common for some individuals not to notice symptoms at all and instead experience a sudden 

onset of diabetic ketoacidosis (DKA) and be diagnosed as T1DM while hospitalized. DKA 

occurs when the body does not have enough insulin to use glucose for energy so fat is broken 

down instead. When fat is burned by the body it produces an excess of ketones, which make the 

blood acidic. DKA is a very serious condition that can lead to diabetic coma and is the greatest 

cause of mortality in T1DM (Cameron & Wherrett, 2015). After DKA, or when diabetes is 

suspected, a finger stick or blood test is used to measure the individual’s blood glucose level. 

Diagnostic criteria for T1DM, as defined by the American Diabetes Association (2016), is based 

on a fasting plasma glucose level at or above 126mg/dL (7.0 mmol/L), greater or equal to 200 

mg/dL (11.1 mmol/L) 2-hour plasma glucose test during a 75g oral glucose test, or a random 

plasma glucose greater than or equal to 200 mg/dL (11.1 mmol/L) accompanied by symptoms of 

hyperglycemia.  
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T1DM currently has no cure and effective treatment is crucial to survival. Currently, the 

primary treatment for T1DM is insulin therapy. Prior to the discovery of insulin in 1921, having 

T1DM was considered fatal. The only treatment involved diet changes, such as carbohydrate 

restriction, which could prolong the life of the patient, but only for a short amount of time until 

the individual would succumb to the disease. Today, insulin is readily available for patients with 

diabetes and can be delivered in several ways. Patients utilize either shots or an insulin pump to 

administer insulin to the body as a way of regulating glucose levels. The recommended range for 

blood glucose is 80 mg/dL to 130 mg/dL (American Diabetes Association, 2016). Although the 

availability of insulin revolutionized treatment for individuals with T1DM, diabetes management 

is still an imperfect and complex process. Insulin therapy involves estimation based on several 

factors such as carbohydrate intake, and is therefore not always precise. Failure to administer 

enough insulin results in hyperglycemia in which there is an excess of glucose in the 

bloodstream. Alternatively, excess insulin causes blood sugar to drop too low, leading to 

hypoglycemia. Although the primary treatment for T1DM is insulin therapy, current standards of 

practice also include recommendations about diet and physical activity, which can impact blood 

glucose levels (Reynolds & Helgeson, 2011).  

Diabetes management. T1DM is unique from other chronic diseases in that significant 

self-care is needed to manage the symptoms of the disease and patients have a lot of control over 

their condition. Diabetes management is not one procedure, but rather a complex process based 

on multiple factors that interact with personal, social, and environmental variables (Cosma & 

Baban, 2015). Research has indicated that an estimated 75-80% of youth with T1DM have 

HbA1c levels above 7.5%, which is considered suboptimal control. Additionally, there is 

evidence that lower socioeconomic status (SES) and minority youth have worse diabetic control 
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(as measured by HbA1c results) compared to Caucasian youth (Borschuk & Everhart, 2015). In 

adolescence, females have worse metabolic control compared to males (Korbel, Wiebe, Berg, & 

Palmer, 2007).  Suboptimal control significantly increases the risk for serious diabetes-related 

complications (De Wit et al., 2007; Moore, Hackworth, Hamilton, Northam, & Cameron, 2013). 

A landmark study published in 1993 demonstrated the importance of diabetes control in 

preventing diabetes related complications and established HbA1c as the gold standard indicator of 

metabolic control. The Diabetes Control and Complications Trial randomly assigned participants 

with T1DM to either standard or intensive treatment (e.g., keeping HbA1c levels at six percent or 

lower). The results showed that intensive blood glucose control reduced the risk of eye disease 

by 76%, kidney disease by 50%, and nerve damage by 60% (Diabetes Control and 

Complications Trial Research Group, 1993). Although the risk of complications decreased 

significantly with tight diabetic control, the potential for hypoglycemia increased. Hypoglycemia 

can result in confusion, unconsciousness, coma, and even death. There is also growing evidence 

that suggests repeated episodes of hypoglycemia can have negative cognitive impacts for youth, 

specifically on memory and learning (Blasetti et al., 2011).  

Given the serious consequences of poor glucose control, proper diabetes management is 

of the utmost importance. To effectively manage T1DM, the individual must be informed about 

proper care and trained in self-management techniques. Training in diabetes management is 

generally accomplished through diabetes education, which is provided to patients, and in the case 

of minors, their parents. Education sessions are typically incorporated into regular endocrinology 

appointments or following clinic appointments. Diabetes education has been found to be 

effective in improving clinical short-term outcomes for patients with diabetes (Funnell et al., 
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2009). The content of these meetings surround self-care techniques such as the use of insulin 

pumps, as well as environmental or individual factors that can impact diabetes management.  

Managing T1DM is a large undertaking that is typically handled by the parent, youth, or 

in combination. Diabetic control worsens in adolescence compared to childhood. Deterioration in 

metabolic control may be related to physiological changes, as well as behaviorally related to the 

transfer of management from parent to child (Chien, Larson, Nakamura, & Lin, 2007; Grey, 

Cameron, & Thurber, 1991). Some research has suggested that responsibility for diabetes 

management is often placed on the child before they are psychologically mature enough (Palmer 

et al., 2004). Aside the physiological impact of diabetes, the stress associated with youth burden 

of diabetes management can lead to negative psychological consequences.  

Psychological Functioning in T1DM 

The concern that individuals with T1DM may be at risk for developing psychological 

issues has been present in the literature for decades. One of the first investigations of this 

relationship was published by Greydanus and Hofmann (1979) and concluded that diabetes 

management and patient outcomes are impacted by psychological factors. This finding was an 

important first step in understanding the interaction between psychological functioning and 

diabetes, and paved the way for future research. Since its publication, numerous studies have 

been conducted to further elucidate the relationship between T1DM and psychological 

difficulties. A comprehensive review by Helz and Templeton (1990) summarized published 

research examining the relationship between psychosocial factors and diabetes. The authors 

concluded that when working with individuals with diabetes an investigation of psychological 

factors is crucial, as such associations significantly impact functioning. This review also 

suggested that psychological functioning can impact glucose control, though the authors noted 
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that more evidence was necessary. It was not until the 1990s that studies documented the 

psychological difficulties observed in this population reflected actual diagnosable psychiatric 

conditions (Butwicka et al., 2016), and that youth with T1DM had greater psychiatric morbidity 

compared to the typical population (Eiber, Berlin, Grimaldi, & Bisserbe, 1997). To date, a 

substantial amount of research has concluded that individuals with T1DM are at high risk for 

developing psychological problems.  

Internalizing problems in T1DM. A majority of research on psychological difficulties 

in T1DM has found internalizing disorders to be the most prevalent psychiatric condition in this 

population. Dantzer et al. (2003) evaluated the findings of eight studies conducted on the 

psychological functioning of youth T1DM. Included studies utilized a variety of methods to 

measure internalizing symptoms, such as clinical interview, single construct measures, and 

omnibus rating scales. The overall conclusion was that significant evidence exists for the 

association between internalizing problems and T1DM, primarily anxiety and depression. Blanz 

and colleagues (1993) were among the first to examine rates of psychiatric disorders in a youth 

with T1DM. Using structured clinical interviews, the authors found the rate of psychiatric 

disorders in participants with T1DM was three times that of healthy control participants (33.3% 

versus 9.7%). Further, participants with T1DM had significantly more internalizing symptoms, 

including depressed mood, somatic complaints, and sleep disturbances, compared to non-diabetic 

controls (Blanz et al., 1993). Two separate studies found that adolescents with T1DM scored 

significantly higher on the internalizing problems scale of the Child Behavior Checklist (CBCL) 

compared to a normative sample (Nardi et al., 2008; Northam, Anderson, Adler, Werther, & 

Warne, 1996). In the general population, the prevalence of internalizing symptoms is reported to 

be higher in females (Crick & Zahn–Waxler, 2003), in adolescents compared to children 
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(Kovacs & Devlin, 1998), and in persons with lower SES (Lewinsohn, Hops, Roberts, Seeley, & 

Andrews, 1993).  

Depression. Although research has indicated that anxiety and depression are highly 

related in youth (Dobson, 1985; Tannenbaum, Forehand, & Thomas, 1992), it is important to 

understand both the overlap and differences between these two conditions. Depression is a 

cluster of symptoms that together are classified as a mood disorder. Core symptoms include 

depressed mood, irritability (in youth), loss of interest or pleasure in activities, weight loss or 

gain, changes in sleep (e.g. sleeping too much or too little or excessive fatigue), psychomotor 

agitation, feelings of worthlessness or guilt, impaired concentration, and suicidal ideation or 

persistent thoughts about death. To meet criteria for major depressive disorder, a minimum of 

five symptoms (one of which must be depressed mood or loss of interest) must be present for a 

period of at least two weeks (American Psychiatric Association, 2013). In youth, depression can 

be conceptualized as existing on a continuum instead of an all or nothing diagnosis (Hankin, 

Fraley, Lahey, and Waldman, 2005). Research has demonstrated that youth with T1DM do not 

need to meet full criteria for a depressive disorder to experience negative psychological and 

diabetes-related outcomes. Instead, the presence of subthreshold depressive symptoms (i.e., 

endorsing core symptoms of depression but not meeting full criteria with regard to number of 

symptoms or duration) has been found to be just as disabling in youth as diagnosable depressive 

disorders, especially in individuals with T1DM (Lewinsohn, Solomon, Seeley, & Zeiss, 2000; 

Stewart, Rao, Emslie, Klein, & White, 2005).  

In general, the presence of depressive symptoms has been found to be higher in youth 

with T1DM compared to the general population. Research has estimated the risk for depression 

in children and adolescents with T1DM to be two and three times higher than non-chronically ill 
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youth respectively (Grey, Whittemore, & Tamborlane, 2002). A large, multi-site study by 

Lawrence and colleagues (2006) found that 14% of a sample of youth with T1DM reported being 

mildly depressed and 8.6% were moderately to severely depressed. In comparison, an estimated 

2-5% of non-chronically ill children and adolescents experience a major depressive episode 

(Kashani et al., 1987). In the literature, estimations vary based on how depression is measured 

and the criteria being used. In general, studies have relied on information gathered from clinical 

interviews (Blanz et al., 1993; Kovacs, Mukerji, Iyengar, & Drash, 1996; Maronian, Vila, 

Robert, & Mouren-Simeoni, 1999) and single construct measures, such as the Children’s 

Depression Inventory (CDI; Grey et al., 1991; Kuttner, Delamater, & Santiago, 1990; Lernmark, 

Persson, Fisher, & Rydelius, 1999). A meta-analysis conducted in 2011 examined 22 studies that 

compared the psychological functioning of youth with T1DM to healthy controls (Reynolds & 

Helgeson, 2011). Most of the studies included in the review relied on self and parent reported 

symptoms in which cutoff scores based on normative samples were used. The authors concluded 

that in comparison to healthy controls, youth with T1DM experience significantly higher rates of 

depression and internalizing problems (Reynolds & Helgeson, 2011). Youth with T1DM and 

depression are more likely to be female, older adolescents, and ethnic minorities (Grey, 

Whittemore, & Tambolane, 2002; Hood et al., 2006; Lawrence et al., 2006).  

The implications of depression for youth with T1DM appear to be more complex than for 

healthy peers, given the relationship between poor psychological functioning and diabetic 

control. Depressive symptoms have been found to be a risk factor for poor glycemic control and 

medical complications (De Groot, Anderson, Freedland, Clouse, & Lustman, 2001; Lustman et 

al., 2000). Korbel and colleagues (2007) examined gender differences in diabetes management 

and found that females had both higher rates of depression and poorer adherence compared to 
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males, which may partially explain why females in general have worse diabetic control. Further, 

the relationship between depression and metabolic control appears to be bi-directional. Research 

has indicated that depression predicts later difficulties with diabetes management (Helgeson, 

Siminerio, Escobar, & Becker, 2009). Conversely, another study found a 27% increase in the 

probability of having depression with every one unit increase in HbA1c (Hassan, Loar, Anderson, 

& Heptulla, 2006). There is also alarming evidence that youth with T1DM are more likely to 

experience longer depressive episodes and have more suicidal thoughts than non-medically 

involved youth with depression (Goldston et al., 1997; Kovacs, Goldston, Obrosky, & Bonar, 

1997). The risk for suicide and suicidal ideation is estimated to be ten times that of non-diabetic 

youth (Kanner, Hamrin, & Grey, 2003). Given these adverse effects, there exists a dire need to 

develop and implement interventions aimed at decreasing these symptoms in youth with T1DM 

to improve glycemic control and reduce the risk for dangerous outcomes.  

Anxiety. Similar to the research on depression, high rates of anxiety have also been 

reported in children and adolescents with T1DM. Anxiety refers to “a class of internalizing 

responses that may involve subjective feelings (e.g., discomfort, fear, dread), overt behaviors 

(e.g., avoidance, withdrawal), and physiological responding (e.g., sweating, nausea, general 

arousal)…” (Whitcomb & Merrell, 2013, p.314). Like depression, anxiety is conceptualized as a 

collection of symptoms that form a range of anxiety disorders. Differences in the various anxiety 

disorders are based on types of situations or stimuli that lead to feelings of anxiety. For example, 

social anxiety disorder relates to anxiety primarily in social interactions while generalized 

anxiety disorder refers to feelings of anxiety across a host of situations (American Psychiatric 

Association, 2013). It is important to note that anxiety is a normative experience. The presence 

of anxiety is only problematic when it becomes excessive or it is developmentally inappropriate.  
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The prevalence of anxiety disorders in non-chronically ill children and adolescents is 

estimated to be between 5-10%, making anxiety the most frequently occurring psychopathology 

for youth (Essau, Condradt, & Petermann, 2000). In T1DM, the prevalence of anxiety has been 

found to be higher than the general population. In a sample of youth with T1DM, 19% were 

found to have a diagnosable anxiety disorder (Maronian et al., 1999). Herzer and Hood (2010) 

found that 17% of adolescents with T1DM in the study had clinically significant trait anxiety 

symptoms and 13% had significant state anxiety symptoms. State anxiety refers to a temporary 

distressing emotional arousal, generally in response to a stimulus, whereas trait anxiety is 

susceptibility to experiencing anxiety in response to future anticipated threats (Grös, Antony, 

Simms, & McCabe, 2007). Research has suggested that trait anxiety can negatively affect 

diabetes management and control (Herzer and Hood, 2010). Furthermore, higher anxiety, as 

measured by self-report, has been associated with poorer diabetic control (e.g., higher HbA1c 

values) and less frequent blood glucose monitoring (Herzer & Hood, 2010; Hilliard, Herzer, 

Dolan, & Hood, 2011) placing youth at risk for diabetes-related complications.  

Psychological functioning over time. To date, several longitudinal studies have 

investigated how psychological problems develop and persist over time in this population. One 

study followed a cohort of youth recently diagnosed with T1DM and a group of healthy peers 

longitudinally for a period of two years. Participants with T1DM were significantly more 

depressed at baseline and the two year follow up compared to participants without T1DM. (Grey, 

Cameron, Lipman, & Thurman, 1995). A study by Kovacs and colleagues (1997) was one of the 

first to track the development of psychiatric disorders in youth with T1DM over a long period of 

time. Ninety-two newly diagnosed youth with T1DM, ages 8-13, enrolled in the initial study. 

Participants and their parents were interviewed and completed questionnaires at two time points, 
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with the median time between initial evaluation and follow up being 9.1 years. At the initial 

evaluation, 16% of participants were diagnosed with a psychiatric condition, which was within 

the estimated base rates for the general population. At follow up, 42% of the participants had 

developed a psychiatric disorder. Depressive disorders were the most prevalent at 26%, followed 

by anxiety (20%) and behavior (16%) disorders. Additionally, the onset of a psychiatric 

condition occurred most frequently at one year post diagnosis suggesting that the diagnosis of 

T1DM acted as a significant stressor (Kovacs et al., 1997).  

Longitudinal research has provided further evidence of the association between T1DM 

and internalizing problems and suggested that psychological dysfunction can persist years 

beyond the initial diagnosis. The adult T1DM literature has also supported that the diagnosis of 

diabetes can lead to long lasting psychological consequences. A meta-analysis estimated the 

prevalence of clinical depression in adults with T1DM to be 12% compared to 3.2% for healthy 

controls (Barnard, Skinner, & Peveler, 2006). In addition, the interaction between internalizing 

problems and diabetes management has been shown to place individuals with T1DM at risk for 

life-threatening complications. Given these findings, there exists a crucial need to develop 

interventions aimed at preventing and reducing internalizing symptomology in this population, as 

these problems can be unremitting and have dangerous consequences.  

Interventions in T1DM 

According to Savage, Farrell, McManus, and Grey (2010), interventions for youth with 

T1DM are typically categorized into three groups: educational, family-based, and psychosocial.  

Educational interventions. Education interventions focus on increasing knowledge of 

T1DM and self-management skills. Research using education-based interventions has had mixed 

results. Of the seven studies reviewed in Savage et al. (2010), only three had significant effects 
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including reducing hypoglycemic events (Nordfeldt, Johansson, Carlsson, & Hammersjö, 2005), 

improving adherence (Howe et al., 2005), and increasing quality of life (Graue, Wentzel-Larsen, 

Hanestad, & Sovik, 2005).  

Family-based interventions. Family interventions address relationship dynamics to 

indirectly improve outcomes for the child with T1DM. A RCT implemented behavioral family 

systems therapy for diabetes and found that following intervention, participants in the treatment 

group had decreased HbA1c, increased adherence, and improved family interactions (Wysocki et 

al., 2007). Multisystemic Therapy (MST) has been examined in multiple RCTs. MST is an 

evidence-based, family focused psychotherapy that has been adapted for treating chronically ill 

youth. A key component of the therapy is to incorporate individuals from all aspects of the 

child’s life, including teachers and medical professionals. Sessions frequently include a focus on 

increasing parent and child knowledge of diabetes, improving communication with the school on 

diabetes-related matters, enlisting the support of peers to assist with diabetes management, and 

resolving barriers to accessing healthcare (e.g., making sure appointments were kept and 

improving child-doctor relationships). MST has been found to be effective in improving diabetes 

management (e.g., increasing frequency of glucose monitoring, decreasing hospitalizations), 

reducing diabetes-related stress, and promoting psychological wellbeing (Ellis et al., 2005; Ellis 

et al., 2008; Ellis et al., 2012). 

Psychosocial interventions. Psychosocial interventions aim to improve skills such as 

coping, problem-solving, or communication to help the individual better manage challenges 

associated with T1DM. Research has supported the use of these types of interventions to 

improve outcomes in T1DM. An intervention using motivational interviewing was shown to be 

effective in decreasing HbA1c values and improving quality of life, including life satisfaction, life 
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worry, and anxiety (Channon et al., 2007). A coping skills training intervention conducted with 

children ages 8-12 years old with T1DM improved quality of life ratings, but failed to decrease 

HbA1c (Ambrosino et al., 2008). Additionally, consultation based intervention has been shown to 

produce significant improvements in psychosocial well-being, including increased self-esteem 

and mental health (De Wit et al., 2008).  

Interventions for Internalizing Symptoms  

 Treatment of internalizing problems in youth without diabetes has evolved over time. In 

general, interventions for internalizing disorders include psychotherapeutic and 

psychopharmacological approaches (Compton et al., 2002).    

 Cognitive behavioral therapy (CBT). CBT is considered the gold standard evidence-

based treatment for internalizing disorders. Numerous randomized controlled studies have shown 

CBT to be effective in treating various internalizing disorders in children and adolescents (Chu 

& Harrison, 2007). Additionally, specific manualized versions of CBT have been classified as 

“well-established” treatments for childhood anxiety (Silverman, Pina, & Viswesvaran, 2008) and 

depression (David-Ferdon, & Kaslow, 2008). Broadly, the goal of CBT is to teach individuals to 

modify maladaptive thoughts, attitudes, and beliefs to influence behavior, and thus improve 

functioning. This type of therapy requires a skilled clinician trained in CBT and can be delivered 

in individual or group formats. CBT-based interventions are generally provided in hour long 

sessions across 8- 12 weeks. Research has supported the use of CBT over psychiatric 

medications, specifically selective serotonin reuptake inhibitors (SSRIs), as it has been shown to 

be more effective, cheaper, and have less side effects (Haby, Tonge, Littlefield, Carter & Vos, 

2004). Although CBT is recommended as first line treatment in children and adolescents with 
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psychiatric disorders, it can be utilized in conjunction with psychopharmacology (Benjamin et 

al., 2011). 

 Psychopharmacology. The use of psychopharmacologic treatment for internalizing 

disorders is supported by a body of research showing the effectiveness of medication, 

particularly SSRIs in reducing anxiety and depressive symptoms in children and adolescents 

(Walkup et al., 2008). Generally, medication is considered second-line treatment for 

internalizing problems, behind psychosocial interventions (Haby, Tonge, Littlefield, Carter & 

Vos, 2004). In instances where symptoms are treatment resistant or more severe, medication is 

recommended in conjunction with therapy. Despite the positive outcomes associated with use of 

psychopharmacologic medication, there are also downsides to its use. Specifically, the use of any 

medication introduces the risk of adverse side effects. Also, parents may be resistant to putting 

their child on medication, particularly when symptoms are mild. Additionally, there exists a need 

for more research on the long-term effects of medication and sustainability of the effects 

(Compton et al., 2002).  

It is important to note that all the interventions discussed for both T1DM and the general 

population require a substantial amount of time and effort to produce changes. For the 

psychotherapeutic interventions that have been shown to be successful, most involve numerous 

sessions lasting months, and required skilled clinicians to deliver the interventions. 

Psychopharmacologic interventions often require multiple medication trials to find the 

appropriate drug and dosage, and prolonged use to maintain improvements. Furthermore, these 

treatments place addition burden on youth who may already struggle with diabetes management. 

Given the prevalence of internalizing problems in T1DM, the potential negative impact on 

glycemic control, and the limited availability of mental health services, there exists a critical 
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need for brief and effective interventions that can be implemented as part of existing diabetes 

care. Thus, the following sections address the literature on sleep and the potential for sleep-based 

interventions to be used with this population.   

Sleep  

Sleep is a universal phenomenon with broad implications for both biological and 

psychological functioning. The act of sleep is controlled by the release of neurochemicals and 

involves the activation of several brain regions (Jones, 2005). Sleep is classified into two types: 

Rapid Eye Movement (REM) and Non-Rapid Eye Movement (NREM). Within NREM, there are 

three sleep stages referred to as stage N1, stage N2, and stage N3. Stage N1 is a transition stage 

between wake and sleep that accounts for approximately 5% of total sleep time. The largest 

proportion of total sleep time (i.e., 45-50%) is spent in stage N2, which is thought to be crucial 

for memory consolidation and information processing. The primary function of Stage N3, also 

known as slow wave sleep (SWS), is thought to be recovery. During SWS, which accounts for 

approximately 15-20% of sleep, sympathetic nerve activity (e.g., fight or flight response) 

decreases, while parasympathetic activity (also known as “rest and digest”) increases (McCorry, 

2007). Additionally, the body releases growth hormones which work to repair tissue. Following 

NREM, the body enters REM sleep, which accounts for 20-25% of total sleep time and occurs 

mostly in the latter part of the night. Dreaming generally takes place during REM sleep when the 

body is effectively paralyzed. REM sleep is important for numerous physiological functions 

including memory consolidation and emotional processing. Recent evidence has suggested that 

REM sleep beneficially reduces reactivity of the amygdala to emotional experiences, which has 

beneficial implications for emotional regulation (van der Helm et al., 2011). Collectively, the 

stages of sleep are crucial for many physiological and psychology processes. Obtaining sufficient 
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sleep allows for these processes to take place and prepare the individual both physically and 

mentally for the next day.  

The need for sleep changes across development, with the most sleep needed in infancy. 

Current recommendations from the National Sleep Foundation are separated into age categories. 

Newborns require 14-17 hours of sleep per night. The recommended amount of sleep for 

children (ages 6-13) and adolescents (14-17) is 9-11 hours and 8-10 hours respectively. In 

adulthood, the recommended amount of sleep decreases slightly to 7-9 hours through age 64 and 

7-8 hours after age 65 (Hirshkowitz et al., 2015). Based on these recommendations, children and 

adolescents are expected to spend approximately more than a third of their day sleeping. 

However, research has shown that this is not the case for a majority of youth.   

Inadequate sleep duration. Despite the overwhelming evidence that sleep is crucial, an 

estimated 60% of children and adolescents fail to achieve the recommended amount of sleep 

(Perfect, Levine-Donnerstein, Archbold, Goodwin, & Quan, 2014). Additionally, up to 80% of 

adolescents are considered “chronically sleep deprived” (Pasch, Laska, Lytle, & Moe, 2010) with 

almost a quarter of adolescents reporting less than six hours of sleep per night (Wolfson & 

Carskadon, 1998). The cause of such restricted sleep, particularly in adolescence, has been 

attributed to multiple factors, including biological changes during puberty, as well as the 

demands of school, extracurricular activities, and work schedules (Bryant & Gomez, 2015; 

Carskadon, 2002). In general, sleep problems are more prevalent in females, individuals with 

lower SES, and ethnic minorities (Katz & McHorney, 2002). 

The consequences of failing to obtain sufficient sleep are widespread. Sleep loss is 

associated with negative outcomes across multiple areas of functioning. Research has shown that 

both short term and cumulative sleep deprivation can result in impaired cognitive, 
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neurobehavioral, and academic performance in school age children (Roberts, Roberts, & Duong, 

2009; Sadeh, Gruber, & Raviv, 2003). Behavioral consequences of insufficient sleep include 

inattention, alcohol and illicit substance usage, and conduct problems (Roberts et al., 2009). 

Additionally, there is growing evidence that obtaining insufficient sleep can have a substantial 

negative impact on social and emotional functioning.  

Sleep and Psychological Functioning 

A vast literature has supported the association between sleep and psychological 

functioning. Sleep problems are highly comorbid with mood disorders, suggesting that sleep and 

mood are closely related (van der Helm & Walker, 2009). Specifically, sleep has been shown to 

play a critical role in regulating and processing emotions (Deliens, Gilson, & Peigneux, 2014). 

Lack of sleep is associated with irritability, excessive emotional reactions, and disposition 

changes (Kahn-Greene, Lipizzi, Conrad, Kamimori, Killgore, 2006). In children, insufficient 

sleep can impact emotional regulation leading to problems with mood. In a study by Vriend and 

colleagues (2013), children’s sleep was manipulated over a period of four nights in which they 

were asked to either go to bed one hour earlier (Long Sleep) or one hour later (Short Sleep) than 

their typical bedtime. Sleep duration was measured using actigraphy. The results showed that 

when participants restricted their sleep (Short Sleep), they had poorer emotional regulation, as 

reported by their parents, and lower scores on a measure of positive affect compared to the Long 

Sleep condition. Additionally, participants in the restricted sleep condition showed impaired 

performance on measures of attention and memory. The authors concluded that even small 

differences in sleep duration over a period of a few nights can have a substantial negative impact 

on daytime functioning, including emotional regulation, attention, and memory (Vriend et al. 

2013).  
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Research has also highlighted a potential direct link between decreased sleep duration 

and psychiatric problems. From a physiological standpoint, a number of brain regions are 

associated with both sleep and psychological functioning. Namely, the prefrontal cortex and the 

hypothalamic-pituitary-adrenal (HPA) axis play a role in regulating emotions. Using brain-

imaging, Walker and colleagues (2007) demonstrated that lack of sleep results in the over-

activation of the amygdala, which is the part of the brain responsible for processing emotions. 

The amygdala has been implicated as playing a central role in the expression of psychiatric 

problems, such as clinical depression and anxiety. Loss of sleep interrupts processes in the brain 

responsible for regulating emotions and therefore may contribute to psychological maladjustment 

(Gregory & Sadeh, 2012). In fact, the presence of sleep problems is related to increased risk for 

developing mental health problems later on (Gregory & O'Connor, 2002). Some research has 

suggested that sleep and psychological dysfunction are reciprocal in that emotional problems 

result in disrupted sleep, which then lead to further emotional dysregulation, exacerbating the 

initial problem (Dahl, 1999). 

Additionally, internalizing symptoms (e.g., anxiety and depression), as well as anger and 

frustration are frequently reported following periods of sleep deprivation in experimental studies 

(Kahn-Greene et al. 2006; Tempesta et al. 2010). Research has suggested that depression in 

youth may be accompanied by hypoactivation of the prefrontal cortex (Davidson et al., 2002). 

Furthermore, numerous studies have linked inadequate sleep to higher rates of internalizing 

symptoms (El-Sheikh et al., 2007; Paavonen et al., 2009; Sadeh et al., 2014) and emotional 

problems (Bagley & El-Sheikh, 2013). Much of this research is correlational and based on self-

report sleep and internalizing symptoms. However, some studies have attempted to determine 

directionality using longitudinal data. Pieters and colleagues (2015) examined the self-reported 
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sleep and internalizing symptoms of 725 adolescents in the Netherlands over two time points a 

year apart. The results were that sleep problems predicted internalizing problems across time, but 

internalizing symptoms did not predict the development of sleep problems (Pieters et al., 2015). 

Fredriksen and colleagues (2004) also investigated the directionality of the relationship between 

psychological wellbeing and sleep in a sample of 2,259 middle school students in Illinois. Based 

on self-report measures, the results indicated that shorter sleep predicted future depressive 

symptoms, but depressive symptoms did not reliability predict later decreased sleep (Fredriksen, 

Rhodes, Reddy, & Way, 2004). Although these studies do not allow for causal conclusions, the 

results suggest that sleep difficulties may be partially responsible for the development of 

internalizing problems in youth.  

T1DM and Sleep 

The literature on sleep in T1DM is limited. Very few studies have reported data on the 

sleep habits of youth with T1DM, and even fewer have specifically examined sleep as a main 

outcome variable. Caruso et al. (2014) reported that based on a review of existing literature, 

youth with T1DM have more sleep issues than non-chronically ill peers, including problems with 

quantity, as well as quality (Caruso et al., 2014).  

Sleep duration. In general, the research on sleep duration has indicated that individuals 

with diabetes do not get enough sleep. A recent meta-analysis reported that across published 

studies, youth with T1DM slept an average of 26.40 minutes less than healthy controls 

(Reutrakul et al., 2016). Similarly, a study of adolescents and adults with T1DM or type 2 

diabetes mellitus (T2DM) found that participants slept an average of 6.5 hours per night (below 

the recommended amount of sleep for both age groups) and a majority reported reduced sleep 

quality (Perfect, Elkins, Lahroud, & Posey, 2010). These findings have been supported in other 
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research that found that 96% and 85% of children (ages 10-13) and adolescents (ages 14-16) 

respectively slept less than recommended based on objective measures (Perfect et al., 2012; 

Perfect, 2014). Importantly, insufficient sleep may interfere with an individual’s ability to 

properly manage their diabetes. In healthy youth, experimental studies that imposed sleep 

restriction over several nights resulted in impaired neurobehavioral functioning, including 

reduced memory and reaction time, both of which are critical for effective diabetes management 

(Sadeh et al., 2003). Youth who obtain insufficient sleep may also lack the energy or motivation 

to monitor their blood glucose or follow their treatment regime (Hood et al., 2011). 

Sleep quality. Youth with T1DM also experience problems related to sleep quality. 

Given the nature of the disease, it is not surprising that individuals with T1DM often experience 

substantial sleep disturbances. The demands of proper diabetes management apply even across 

sleep. Youth with T1DM must check their blood glucose during the night which leads to 

disrupted sleep for the child and potentially the parent (Monaghan, Hilliard, Cogen, & Streisand, 

2009). A study utilized polysomnography (PSG) to examine the sleep of youth with T1DM 

versus healthy control participants. Youth with T1DM had more disturbed sleep, as evidenced by 

more frequent and longer nighttime awakenings, in comparison to sex and aged matched controls 

without diabetes (Matyka et al., 2000).  

Sleep and metabolic control. In addition to the behavioral impact that diabetes 

management has on sleep, there also appears to be a physiological connection between sleep and 

metabolic control. Specifically, research on both T1DM and T2DM has shown that sleep and 

glycemic control are related, and poorer sleep is associated with worse glucose control (Barone 

& Menna-Barreto, 2011). Perfect and colleagues (Perfect et al., 2012; Perfect, 2014) found that 

as sleep duration decreased, blood glucose and HbA1c levels increased. Furthermore, nighttime 
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awakenings have been associated with increased glucose variability across sleep (Matyka et al., 

2000). Research has also suggested that diabetes may impact sleep architecture, which can have 

implications for glucose control. PSG, actigraphy, and self-report were used to assess sleep and 

glucose in a sample of youth with and without T1DM. Youth with T1DM had less slow wave 

sleep (SWS) compared to healthy controls, but more stage 2 sleep (N2). More time in N2 sleep 

correlated with poorer daytime functioning, sleepiness, lower quality of life, worse grades, and 

social-emotional difficulties, including depressed mood (Perfect et al., 2012). Despite the 

apparent relationship between sleep and diabetes, current clinical recommendations for T1DM 

patients lack any recommendations about sleep.  

Sleep Modification as an Intervention 

The effects of sleep modification have been studied in natural environments in both adult 

and pediatric populations. A majority of these studies have focused on behavioral effects and 

neuropsychological outcomes of sleep restriction. Fallone et al. (2005) experimentally examined 

the effects of sleep restriction on the behavior of healthy youth with no history of behavioral or 

academic problems. One week of restricted sleep resulted in increased academic problems and 

increased teacher reported attention problems in comparison to baseline, suggesting that less 

sleep, even over a short period of time, can have dramatic implications for students’ functioning 

at school. Furthermore, Sadeh et al. (2003) found that sleep restriction (average = 41 minutes) 

resulted in significant negative effects on neurobehavioral functioning, including reduced 

reaction time and memory. The results of sleep restriction research have also provided ample 

evidence that restricted sleep negatively impacts psychological functioning, including reduced 

positive affect, (Dagys et al., 2012), mood disturbance (Dinges et al., 1997), and increased 

emotional liability (Gruber, Cassoff, Frenette, Wiebe, & Carrier, 2012). Although these findings 
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are important as they allow for causal conclusion to be drawn about sleep and behavior, a more 

clinically significant question is to examine the impact of increasing sleep duration on 

psychological outcomes.  

To date, very few studies have experimentally examined the effects of sleep extension on 

adolescents’ psychological functioning. Sleep extension interventions generally focus on 

lengthening sleep opportunity through the use of prescribed sleep schedules. The premise of this 

method is that increasing the amount of time in which an individual attempts to sleep will result 

in increased sleep duration. Sleep schedules are typically altered in one of two ways: later wake 

times or earlier bedtimes. For example, a growing body of literature has explored delayed school 

start times and the impact on student functioning. Owens and colleagues (2008), examined high 

school students’ sleep and mood after school start time changed from 8:00am to 8:30am. Two 

months after the 30-minute delay was implemented, students’ weekday sleep duration increased 

by an average of 45 minutes. In addition to decreased sleepiness and fatigue, students also 

reported a significant reduction in depressive symptoms, suggesting that obtaining more sleep is 

beneficial for emotional wellbeing (Owens, Belon, & Moss, 2010). Although research has 

indicated the outcomes of later school start times to be overwhelmingly positive, these changes 

present logistical issues that have prevented many districts from adopting such schedules.  

Despite the success of studying delayed wake times in school-based research, it is often 

difficult for participants to postpone wake times in experimental designs, due to work and school 

schedules. Instead, many studies have opted to advance bedtimes. A RCT by Gruber and 

colleagues (2012) examined the impact of moderate sleep extension and restriction on the 

behavior of children. Sleep was manipulated in the natural home environment by instructing 

participants to either extend or restrict their baseline sleep duration by 1 hour for five 
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consecutive weekdays. No other instructions regarding sleep were provided to participants. A 

counterbalanced design was employed so all participants completed both conditions. Participants 

extended their sleep an average of 26 minutes, which resulted in reduced emotional liability and 

behavioral impulsivity. In the sleep restriction condition, participants slept an average of 54 

minutes less than baseline and scores on both emotional liability and behavioral impulsivity 

increased, indicating worse emotion and impulse control (Gruber et al., 2012). Research by 

Beebe and colleagues (2008), compared behavioral effects of both sleep restriction and extension 

in a sample of adolescents. Intervention instructions were to spend 10 hours in bed in the sleep 

extension condition versus just 6.5 hours in the sleep restriction condition. No other instructions 

were provided other than prescribed time in bed, not to nap, and to avoid caffeine consumption. 

Participants averaged 99 more minutes of sleep during the sleep extension week in comparison to 

the sleep restriction period. Parent-reported inattention, hyperactivity/ oppositional, irritability, 

and behavior dysregulation plus self-reported inattention and behavior dysregulation were 

significantly reduced in the sleep extension condition compared to sleep restriction. Together 

these findings demonstrate the negative consequences of sleep restriction and highlight the 

potential of sleep extension to reduce emotional and behavioral difficulties.  

Although multiple studies have examined the effects of restricted versus extended sleep, 

very few study designs have compared getting more sleep to participant’s average sleep duration. 

Thus, the benefits of extended sleep relative to typical sleep are relatively unknown in youth. 

Dewald-Kaufmann et al. (2014) was one of the first studies to utilize a sleep extension versus 

typical sleep design, in which sleep restriction was not used. The study investigated the effect of 

a gradual sleep extension intervention on the internalizing symptoms of healthy youth. Fifty-five 

adolescents (mean age = 15.44 years) with chronic sleep reduction (i.e., one standard deviation 
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above the mean on the Chronic Sleep Reduction Questionnaire) were included in the study. After 

a week of baseline data collection using actigraphy, each participant was randomly assigned to 

one of two conditions: gradual sleep extension or control (i.e., no instructions about sleep). In the 

sleep extension condition, participants were given a personalized sleep schedule in which their 

bedtime was moved 5 minutes earlier each night (10 minutes for the first night) such that by the 

end of the intervention period, participants’ bedtimes were 55 minutes earlier than at baseline. A 

set of sleep hygiene instructions were also provided in this condition, which outlined rules about 

technology use, caffeine consumption, napping, and tips for optimizing the sleep environment. 

Participants in the control group received no instructions about sleep. In both conditions, 

participants completed several questionnaires about sleep and mood, including the CDI as a 

measure of depressive symptoms. At the end of the study (1 week of baseline, 2 weeks of 

intervention), participants in the sleep extension condition had extended their sleep by an average 

of 15 minutes, whereas the control group did not extend their sleep. With regard to depression, 

participants in the sleep extension condition had significantly less depressive symptoms post 

intervention compared to participants in the control group (Dewald-Kaufmann et al., 2014). 

Thus, the results suggest that even just 15 more minutes of sleep per day may be sufficient to 

reduce internalizing symptoms.   

As a whole, sleep extension studies have demonstrated that when provided with sufficient 

opportunity, youth can lengthen their sleep duration. In comparison to restricted sleep, youth 

who extended their average sleep duration experienced reduced behavioral and emotional 

difficulties. Additionally, there is evidence that even a small increase in typical sleep duration 

over a short period of time can produce significant improvements in psychological outcomes in 

non-chronically ill populations. Despite increased risks for psychological maladjustment, almost 
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no studies have examined sleep extension as an indirect method for improving psychological 

functioning in chronically ill youth. Therefore, the question remains whether sleep extension as 

an intervention is beneficial in comparison to typical sleep and whether more sleep can reduce 

internalizing symptoms in youth with T1DM.  

The present study will be the first to examine the effect of sleep extension on the 

internalizing symptoms of youth with T1DM. It is proposed that sleep is a modifiable factor that 

has the potential to improve psychological functioning in youth with T1DM by reducing 

internalizing symptoms.  
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Chapter 3 

Methods 

 The following chapter describes the methodology employed in the current study, 

including a description of the study participants, measures, procedures, and statistical analyses.  

Participants 

The sample of participants in the current study included youth between the ages of 10 and 

16 years. The study sample was drawn from a large RCT examining the effect of a sleep 

extension intervention on glucose control in youth with T1DM. Participants were recruited from 

a pediatric endocrinology clinic, based in a large urban hospital in the southwest, to participate in 

the larger clinical study for which the data utilized in the current study were collected. Inclusion 

criteria for participants in the larger study were: (1) diagnosis of T1DM (confirmed by medical 

records); (2) having a parent willing to participate; (3) youth can speak and understand English; 

and (4) are between the ages of 10-16 years old. Participants were excluded if they had 

psychiatric, cognitive, genetic (e.g., Down syndrome), or neurological conditions that would 

interfere with their ability to participate in the study or if they were hospitalized within one 

month prior to participation. To be included in the present study, participants needed to have 

completed relevant measures (see measures section), and participated in both the naturalistic and 

intervention portions of the study.  An a priori power analysis conducted using G*Power, version 

3.1.9, determined that a sample size of 90 participants would be needed to obtain power at 0.80, 

based on a medium effect size of 0.30, α = 0.05, 2 conditions, and 5 covariates. Covariates, 

including age, sex, race/ethnicity, annual household income, and HbA1c were selected based on 

theoretical or empirical evidence (see Chapter 2) suggesting a potential relationship with the 

dependent variable.  
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Measures 

This section describes the measures collected as part of the larger clinical trial that are 

relevant to the purpose of the present study. For a description of all measures included in the 

larger study, see Perfect et al. (2016).   

In the T1DM literature, researchers have almost exclusively relied on single measures 

often completed by the parent only. For the present study, a multi-method and multi-informant 

approach was selected to gain a better understanding of internalizing symptoms and sleep in this 

population. Thus, several parent and self-report measures were selected to examine the 

internalizing symptoms of youth with T1DM and sleep was measured using objective, as well as 

parent and self-report measures.  

Behavior Assessment System for Children-Second Edition (BASC-2). The BASC-2 

(Reynolds & Kamphaus, 2004) is a widely-used assessment tool that is considered both a reliable 

and valid measure for evaluating emotional and behavioral difficulties in children and 

adolescents. The BASC-2 measures a variety of problem behaviors, school problems, and 

adaptive challenges. Separate forms exist for parent (Parent Rating Scale; PRS), teacher (Teacher 

Rating Scale; TRS), and self-report (Self-report of Personality; SRP). Several subscales of the 

BASC-2 PRS and SRP were used for research question 1, including the Internalizing Problems 

Composite, Anxiety Scale, Depression Scale, Withdrawal scale, Negative Emotionality Scale 

(PRS only), Emotional Self-Control Scale (PRS only), and Emotional Symptoms Index (SRP 

only). The BASC-2 PRS and SRP Internalizing Problems Composite were the main outcomes for 

research questions 2 and 3, with secondary analyses utilizing the Anxiety, Depression, and 

Withdrawal scales.  
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The BASC-2 was normed on 3,400 children and adolescents and population 

characteristics were comparable to the United States regarding ethnic and gender breakdown. 

The questionnaires consist of 139-176 items (depending on which form is used), each intended to 

measure the presence of targeted behaviors or thoughts. The individual responds to each question 

in either a true/false format or on four-point Likert scale, that is anchored by 1 (never), 2 

(sometimes), 3 (often), and 4 (almost always) based on the past month. The BASC-2 yields 

nationally representative T-scores (with a mean of 50 and a standard deviation of 10), for each 

participant's Internalizing Problems Composite score. T-scores of 70 or above indicate clinical 

significance and scores between 60 and 69 are considered “At-Risk”. Coefficient alpha 

reliabilities range from .81 to .96. The test-retest reliabilities are adequate (.77 to .90) for 

Internalizing Problems Composite scores. Concurrent validity measures indicate that the BASC-

2 is comparable to other established systems with moderate to high correlations with the 

Achenbach System of Empirically Based Assessment (ASEBA) and Connors’ Rating Scales 

forms for the behavior/emotional scales. More information and specific figures for the reliability 

and validity measures can be found in the test manual (Reynolds and Kamphaus, 2004).  

The BASC-2 was selected based on its strong psychometric properties and because it has 

previously been used in both the T1DM and sleep literature. A study conducted in Australia 

utilized the BASC-2 Parent Rating Scale (BASC-2 PRS) at two time points to examine 

hyperglycemia and psychosocial functioning, specifically internalizing and externalizing 

problems, in youth with T1DM (McDonnell, Northam, Donath, Werther, & Cameron, 2007). 

The BASC-2 PRS was also used to compare behavioral and emotional functioning between a 

sample of adolescents with T1DM and healthy controls. The results indicated that the BASC-2 

was sensitive to significant differences between the groups (Caruso et al., 2014). Perfect and 
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colleagues (2014) also utilized the BASC in a sample of healthy youth and found that measures 

of sleep significantly predicted scores on the Internalizing Problems Composite of the BASC 

SRP and PRS. Thus, based on its previous use in relevant research and wide-spread 

acceptability, the BASC-2 was used as the main outcome measure of internalizing 

symptomology.  

Pediatric Symptoms Checklist (PSC). The PSC is a validated measure of children and 

adolescent’s emotional and behavioral difficulties that is widely used in pediatric settings 

(Jellinek et al., 1999). The questionnaire is completed by the parent and consists of 35 items 

rated as being never (0), sometimes (1) or often (2) present for their child in general. The sum of 

the item scores is used to identify psychosocial impairment, as indicated by scores above 28 for 

children ages 6-16 years old. There are also subscales of internalizing, externalizing, and 

attention problems. The PSC has relatively high rates of agreement with other well-validated 

measures such as the Screen for Child Anxiety and Related Emotional Disorders (SCARED), 

Children’s Depression Inventory (CDI), and attention scale for ADHD on the Child Behavior 

Checklist (Jellinek et al., 1999). In addition to being a well-validated measure, the PSC has also 

been shown to be sensitive to changes in psychosocial functioning across treatment (Kamin et 

al., 2015). Therefore, the Internalizing Subscale (PSC-IS), consisting of five items, was utilized 

as a measure of internalizing symptomology for research question 1.  

School Sleep Habits Survey (SSHS). The SSHS is a self-report measure of participants’ 

sleep habits (Wolfson & Carskadon, 1998). To date, no published articles have used SSHS to 

examine internalizing symptoms in a population of youth with T1DM, although it has been used 

previously to examine sleep in this population (Perfect et al., 2012). Variables relevant to the 

present study include self-reported weekday and weekend sleep duration, which was assessed by 
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asking the participant to write in their usual amount of sleep on weeknights and weekends, 

respectively. In addition, the Sleepiness 1 Scale was utilized as a measure of daytime sleepiness. 

The scale is derived from items on the questionnaire assessing the likelihood of dozing during 

various activities and has been shown to have acceptable internal consistency (Carskadon, Seifer, 

& Acebo, 1991). Finally, a six item Depressed Mood Scale was adapted from Kandal and Davies 

(1982) and included in the SSHS. Questions within this scale inquire about how often the 

respondent was “bothered or troubled by the following” including “feeling unhappy, sad, or 

depressed” and “feeling hopeless about the future.” Responses are rated using a three point 

Likert scale of “not at all”, “somewhat” and “much”. This scale was utilized as a measure of 

participants’ internalizing symptoms for research question 1.  

Child Sleep Habits Questionnaire (CSHQ). The CSHQ was completed by each 

participant’s parent/ guardian. The questionnaire was developed by Judith Owens and colleagues 

and is used to screen for pediatric sleep disorders (Owens, Spirito, & McGuinn, 2000). Only 

parent reported sleep duration was utilized in the present study, which was assessed by asking 

parents to report the number of hours and minutes for the child’s usual amount of sleep each day. 

This value was utilized as a measure of parent reported sleep duration in research question 1.    

Sleep diary. Participants completed a daily sleep diary each morning for the duration of 

the study. Information provided on the sleep diary included: napping onset and duration, sleep 

onset and duration, night time awakenings frequency and duration, use of sleep medication, and 

self-reported sleep quality. Sleep diaries are commonly used in both adult and adolescent sleep 

research and have been found to be well correlated with objective sleep measures (Beebe et al., 

2008; Wolfson et al., 2003). Average sleep duration in minutes was calculated from sleep onset 

and wake time, subtracting any awakenings. The sleep diary, in conjunction with actigraphy 
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data, was used to determine sleep duration for both weeks of the study, as well as a measure of 

sleep duration for research question 1.  

Actigraphy. Sleep was measured objectively using actigraphy. Participants wore an 

Actiwatch Spectrum (Respironics), which is a wristwatch-sized device that records activity and 

light information that is used to determine sleep/wake behaviors. Actigraphy has been correlated 

with PSG and validated in the literature as a way to estimate sleep-wake behaviors in pediatric 

populations (Meltzer, Montgomery-Downs, Insana, & Walsh, 2012). The device was placed on 

participant’s non-dominant hand and set to collect data continuously. Automatic scoring with 

algorithms from the company’s software was utilized and manual adjustments were made on an 

individual basis, as needed. Sleep parameters were computed based on the activity counts 

recorded by the device’s built-in accelerometer. The primary sleep parameters computed from 

the data were rest period (e.g., time spent in bed attempting sleep), sleep duration (e.g., from 

sleep onset to offset), and sleep time (e.g., sleep onset to offset minus any awakenings). 

Secondary variables included sleep efficiency (SE), wake after sleep onset (WASO), and sleep 

onset latency (SOL). SE is calculated as sleep duration divided by time in bed (TIB). WASO 

refers to the number of minutes awake after the onset of sleep (e.g., nighttime awakenings). SOL 

is the number of minutes it took participants to fall asleep. The coefficient of variation of sleep 

duration (CV) was calculated as the standard deviation of sleep duration measured divided by the 

mean sleep duration. CV of sleep duration was used as a measure of night to night sleep 

variability, with higher values indicating more variability. Actigraphy data was utilized in 

research question 1 and to determine compliance with the intervention instructions.    

Glycosylated hemoglobin (HbA1c). HbA1c reflects the average blood glucose level over 

a three-month period. HbA1c is regarded as the medical standard for evaluating diabetes control, 
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with lower values reflecting better control (Berg, King, Butler, Palmer, & Wiebe, 2011; Bryden 

et al., 2001). It was obtained via finger stick at clinic appointments and analyzed by clinic staff 

using a processing kit. HbA1c values are reported in percentages with <7.5% indicating good 

diabetic control (American Diabetes Association, 2016). Participants’ HbA1c values were 

collected from participants’ medical records. The HbA1c test that occurred closest to the 

beginning of the participant’s participation in the study was used and no results more than three 

months from the time of enrollment were included.  

Medical records. The participant’s medical records were examined to confirm a 

diagnosis of T1DM. Information such as HbA1c values, date of diagnosis, and other conditions 

(e.g., diagnoses of medical or mental health conditions that would make the participant ineligible 

for the study) were also obtained from the participant’s medical records.  

Participant intake form. Each participant’s parent/guardian completed a brief 

questionnaire in which they provided information such as the participant’s age, gender, 

race/ethnicity, medical conditions, and special education status. SES was represented through 

multiple variables, including self-reported annual household income and highest level of parental 

education. 

Procedures 

The University of Arizona’s Institutional Review Board (IRB) approved the larger 

clinical trial from which the data for this study were collected. Participants were recruited during 

regularly scheduled appointments at a pediatric endocrinology clinic. Each participant was 

enrolled in the larger study for approximately two weeks during which time there were three 

clinic visits, one home visit, and two school visits (see Perfect et al., 2016 for a full description 

of study procedures for the clinical trial). The first week of the study was referred to as the 
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Naturalistic Sleep period (baseline). For the Sleep Modification period, also approximately one 

week, participants were randomly assigned to one of two conditions: Sleep Extension or Fixed 

Sleep Duration. Figure 1 provides a flow diagram of procedures for the present study.  

 

Figure 1 

Flowchart of Study Procedures 

 

Figure 1. Summary of study procedures 

 

Recruitment. Recruitment for the larger study followed one of two procedures. Each 

potentially eligible patient was asked by clinic staff at their regularly scheduled clinic 

appointment if they would be interested in hearing about a research study being conducted in the 
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clinic. If they were interested, a team member was brought into the room to describe the study 

and schedule study appointments if they agreed to participate. Alternatively, if a team member 

was not at the clinic, contact information was collected so a team member could contact them 

with more information at a later time. These participants were informed of study procedures and 

scheduled over the phone if they indicated that they were interested in participating. Information 

about recruitment efforts, including the number of individuals who are approached, participated 

or declined to participate in the study has been published previously (see Perfect et al., 2016).   

Initial visit (consent). During the initial visit, the youth and their parent/guardian were 

reminded of the study procedures, which were first described during recruitment. If they elected 

to participate, the youth provided written assent and their parent/guardian signed a consent form, 

release of information for school data, and a release for private health information. The 

participant was fitted with the study devices (i.e., Actiwatch) and asked to provide demographic 

information. Participants were instructed to follow their typical schedule during the first week of 

the study (baseline) by going to sleep and waking up as they normally would. They were also 

provided with a sleep diary to record their daily sleep habits, a glucose meter, and 50 test strips. 

Naturalistic sleep period (baseline). At the end of the Naturalistic Sleep period, 

participants returned to the clinic for Neurobehavioral Evaluation #1, which lasted approximately 

3.5 hours. During this appointment, participants and their parent/guardian completed a battery of 

questionnaires related to sleep, diabetes, and psychological functioning, including measures that 

served as the primary outcome variable for the present study. The actiwatch data was 

downloaded and the sleep diary was collected. Participants were provided with a newly 

initialized actiwatch, a new sleep diary, and more test strips. The evaluator, a graduate research 
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assistant trained on neurobehavioral assessment as part of a doctoral program of study, 

administered several standardized assessments to the participant.  

At the end of the appointment, the participant was randomly assigned to one of two study 

conditions: Fixed Sleep Duration or Sleep Extension. Random assignment included stratification 

based on Tanner Staging. Each participant was grouped into pre-pubertal (Stage I), early puberty 

(Stages II-III), and late puberty (Stage IV-V). These groupings were based on research on insulin 

resistance and accounted for changes in circadian rhythm that typically occur during puberty 

(Moran et al., 1999). The intervention was delivered by the same individual who conducted the 

evaluation. The participant was not randomized until the completion of the evaluation. 

Evaluators were balanced as to the number of Naturalistic and Sleep Modification evaluations 

they completed and no evaluator completed both evaluations for the same participant to ensure 

that they remained blinded to the study condition.  

Sleep consultation. The sleep consultation served as the primary intervention tool. The 

intervention was delivered by the same individual that conducted the neurobehavioral evaluation. 

The interventionists were trained to deliver the individualized sleep consultation to each 

participant, based on their assigned condition. Each consultation contained the same elements, 

but was customized based on the individual needs of each participant. Both the participant and a 

parent/guardian were present during the consultation. The decision to include parents and 

families in the intervention was supported by evidence that parental involvement plays a role in 

the metabolic control and psychological functioning of youth with T1DM. Specifically, the 

parent-child relationship has been implicated as an important factor in diabetes management 

(Berg et al., 2011). There is also evidence that collaborative parenting, characterized by a 

supportive relationship that encourages independence and involves open communication, may be 
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protective against negative outcomes, including psychological problems (Gruhn, Lord, & Jaser, 

2016). Parent-child collaboration is also associated with better metabolic control (Shorer et al., 

2011). Therefore, a parent/guardian was included in the consultation in both conditions of the 

study. 

At the beginning of the sleep consultation, interventionists reviewed actigraphy data with 

the participant and their parent/guardian. The review included sleep/wake patterns, sleep onset 

and offset, sleep disruptions (e.g., longer latency and frequent/long awakenings), and light 

exposure (e.g., blue light suggesting technology usage). The graduate research assistant 

described each element of the actigraph to the participant using their data. For example, the 

graduate research assistant might explain that the black lines represent movement and then 

identify periods of high or low activity specific to that individual (e.g., soccer practice versus 

watching television). Additionally, this time was used to clarify with the participant any 

discrepancies between the sleep diary and actigraphy data. In the rare instance that the sleep 

diary and actigraphy data were completely discrepant, the interventionist conferred with another 

team member and/or the principle investigator to determine which data would be used to 

determine baseline sleep duration, consistent with the procedure used by Ashworth et al. (2015).  

Following the review of the actigraphy data, participants and their parent/guardian were 

informed of their baseline sleep duration (e.g., the average number of hours of sleep during the 

Naturalistic Sleep period) based on an average between the actigraphy and sleep diary data. The 

decision to incorporate both methods of assessing sleep was intended to reduce inaccuracies 

inherent in both methods (i.e., underestimation of sleep by actigraphy based on variability in the 

children’s movements and unknown credibility of self-reported sleep on the sleep diary) and 

produce the most accurate representation of the participant’s sleep (Short, Gradisar, Lack, 
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Wright, & Carskadon, 2012). Based on the condition of the participant, the interventionist 

developed a “sleep prescription” that included a sleep schedule mutually agreed upon by the 

family and the consultant.  

Sleep Extension condition. Participants in the Sleep Extension condition were instructed 

to increase their sleep duration relative to their baseline sleep duration. Each participant was 

instructed to spend a minimum of 10 hours per night in bed or one hour more than their baseline 

sleep duration, whichever was greater, with the aim of obtaining more sleep (Beebe et al., 2008; 

Fallone, et al., 2002). The areas targeted during the sleep consultation were developed to 

improve the likelihood of participants being successful in extending their sleep. Components of 

the sleep consultation are provided in Figure 2 and were adapted from research on sleep hygiene 

and factors that contribute to sleep difficulties (Dewald-Kaufmann et al., 2014; Dworak, Schierl, 

Bruns, & Strüder, 2007; Jones, Owens, & Pham, 2013; Paterson, Nutt, Ivarsson, Hutson, & 

Wilson, 2009; Perfect et al., 2012). Topics included knowledge, nightly routine, competing 

activities, environmental conditions, lifestyle, technology, stress, and parental monitoring.  

During the consultation, the interventionist inquired about the participant’s typical 

schedule and focused on information relevant to the individual. The interventionist worked with 

the family to create a “sleep prescription,” which included a bedtime and wake time based on the 

number of hours the participant was assigned to be in bed. The participant, their parent/guardian, 

and interventionist also worked together to troubleshoot any barriers to complying with the set 

sleep schedule. The consultation procedure was based on previous sleep studies with youth 

(Beebe et al., 2008; Beebe et al., 2013; Sadeh et al., 2003). The sleep consultation lasted 

approximately 20 minutes.  



SLEEP TO FEEL BETTER: INTERNALIZING SYMPTOMS IN T1DM 57 

 

Fixed Sleep Duration condition. Participants in the Fixed Sleep Duration condition 

were instructed to maintain the same amount of sleep they averaged at baseline (Naturalistic 

Sleep Period). Just as in the Sleep Extension condition, the graduate research assistant worked 

with the family to create a “sleep prescription” including a set bedtime and wake time such that 

they got the same amount of sleep each night as their average sleep duration during baseline (i.e. 

if they slept eight hours on average during the Naturalistic Sleep Period, they would be assigned 

to eight hours of sleep each night during the Sleep Modification Period). Participants in this 

condition were not provided with information from Table 1. Instead, the consultation was neutral 

and focused on resolving barriers to following the prescribed sleep schedule and complying with 

study instructions.  
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Integrity checks. Treatment fidelity was objectively measured via fidelity checks, in 

which a trained individual observed a subset of sleep consultations and coded for intervention 

content. These data was utilized to determine the extent to which the treatment was implemented 

as planned, as well as the degree to which the control and treatment groups differed. Treatment 

fidelity was assessed using a standardized checklist of the treatment components associated with 

the 8 domains of the intervention (Figure 2).  

Midweek check-in. A mid-week check-in phone call was conducted in both conditions 

during the Sleep Modification period. The interventionist called the family at a previously 

discussed time to inquire about compliance with intervention instructions and to troubleshoot any 

difficulties in adhering to prescribed sleep schedule (if needed). The duration of the phone call 

was approximately 5-10 minutes.  

Sleep modification period. Approximately one week after the sleep consultation, the 

participants returned to the clinic for Neurobehavioral Evaluation #2, conducted by a different 

evaluator who was blinded to participant’s condition. During this appointment, participants 

completed the same measures as the first evaluation, with the addition of a brief cognitive 

assessment. Participants returned study devices, which were then downloaded. At the conclusion 

of the second evaluation, participants were compensated for their participation.  

Statistical Analyses 

 The purpose of this study was to investigate the relationship between sleep and 

internalizing symptomology and examine the effect of a sleep extension intervention on 

internalizing symptoms in a population of youth with T1DM. Participant characteristics were 

assessed using analysis of variance (ANOVA) or Chi-squared tests (χ2) for continuous and 

categorical variables, respectively. When homogeneity of variance was violated, the p-value for 
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Welch test was reported, which does not require the assumption of normality. Data are presented 

as mean ± SD unless otherwise indicated. All analyzes were conducted using IBM SPSS, 

Version 23.0 (IBM, Armonk, NY).  

Research question 1. What is the relationship between sleep duration and internalizing 

symptoms in a sample of youth with T1DM?  

Research question 1 analysis. Pearson product-moment correlations were used to 

examine the relations between measures of sleep and internalizing symptoms. A Pearson 

correlation is a measure of the strength of the linear relationship between two variables. 

Correlation coefficients (r) are reported as a positive or negative number ranging from -1 to +1, 

in which a value of less than zero indicates a negative relationship (i.e., as one value increases, 

the other decreases), zero is no relationship, and more than zero is a positive relationship (i.e., as 

one value increases, the other increases). The strength of the association is interpreted as being 

small (r = 0.1-0.3), medium (r = 0.3-0.5) or large (r = 0.5-1.0) based on the value of r (Cohen, 

1988). Prior to conducting the analysis, the data were checked to ensure no assumptions were 

violated. In Pearson correlations, the variables must be continuous and normally distributed. 

Additionally, the relationship between the two variables must be linear, there must be 

homoscedasticity of the data, and outliers must be removed from the data.  

Primary analyses were conducted between sleep duration variables and measures of 

internalizing symptoms. Sleep duration variables included reported sleep duration (self-reported 

weekday and weekend sleep duration from the SSHS and parent reported average sleep duration 

from the CSHQ to reflect participants' sleep in general, as well as objective and subjective 

average sleep duration for the Naturalistic Sleep Period (e.g., actigraphy sleep duration and self-

reported sleep diary average sleep duration). Secondary analyses were conducted to determine 
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the relationship between measures of sleep quality (SE, WASO, SOL, and self-reported 

sleepiness) and internalizing symptoms. Analyses were also conducted to examine the 

relationship between sleep duration variability and internalizing symptoms. Night to night 

variability in sleep duration was measured by the coefficient of variation (CV) of sleep duration. 

Internalizing symptoms variables included in primary and secondary analyses were the 

Internalizing Problems Composite, Anxiety Scale, Depression Scale, Withdrawal Scale (PRS 

only), Negative Emotionality Scale (PRS only), and Emotional Self-Control Scale (PRS only), 

and Emotional Symptoms (SRP only) from the BASC-2 PRS and SRP, as well as the PSC 

Internalizing Scale and the SSHS Depression Scale. Only data from the Naturalistic Sleep Period 

(baseline) was used in these analyses. Significance was determined at p < 0.05.  

Research question 2. What is the effect of a sleep extension intervention on parent and self-

reported internalizing symptoms of youth with T1DM who participated in a sleep intervention in 

an intent-to-treat model? 

Research question 2 analysis. All participants with scores on the BASC-2 (PRS and SRS) 

were included in the analysis, regardless of compliance, to assess the effect of the intervention in 

an intent to treat analysis. An intent-to-treat strategy was selected as it is considered a more 

conservative approach (Newell, 1992) and provides a perspective on the expected outcomes of 

individuals who participated in the intervention (Jacobs, Pace-Schott, Stickgold, & Otto, 2004). 

Identical analyses were conducted to examine parent and self-reported internalizing symptoms 

separately. The primary independent variable (IV) of interest was the experimental condition. 

This IV had two levels (i.e., Sleep Extension or Fixed Sleep Duration) that each participant was 

assigned to randomly. The outcome variable, internalizing symptomology, was operationally 
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defined as the score (calculated as a T-score) on the Internalizing Problems Composite of the 

BASC-2 PRS and SRP.  

Internalizing symptoms (score on the Internalizing Problems Composite of the BASC-2 SRS 

and PRS) were analyzed using a one-way analysis of covariance (ANCOVA) with condition 

(Sleep Extension versus Fixed Sleep Duration) as the between subjects factor and baseline score 

on the BASC-2 Internalizing Problems Composite as a covariate. Repeated measures ANOVA 

was considered, but ultimately ANCOVA was selected to determine the size of the effect of the 

treatment, while ensuring that post-test scores reflect change from the intervention and not 

variation in pre-intervention scores. ANCOVA is considered the preferred statistical method 

when comparing outcomes in a randomized control trial as it has more power than comparing 

change from baseline and accounts for regression to the mean (Van Breukelen, 2006).  

First, the data were checked for violations of the assumptions including: (1) normality; (2) 

homogeneity of variance; and (3) independent samples. Additionally, ANCOVA requires 

homogeneity of regression slopes, meaning that the slope of both groups cannot differ, and the 

relationship between the dependent variable and the covariate is linear. Other variables, 

including age, sex, race/ethnicity, annual household income, parental education, duration of 

T1DM diagnosis, and HbA1c were identified by either theoretical or empirical evidence (see 

Chapter 2). To maximize power, covariates were only included in the final analysis if they were 

significantly correlated with the dependent variable. Participants with missing data on variables 

included in the model were excluded from the analysis in a listwise manner. Effect size was 

reported at partial eta-squared (η2), with values of 0.01, 0.06, and 0.13 considered small, 

medium, and large, respectively (Cohen, 1988). Significance was determined at p < 0.05. Given 

that the analysis included only two groups, post-hoc testing was not required, as a significant 
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finding would indicate a significant difference exists between the two conditions. Secondary 

analyses were conducted using the same methods with the Anxiety Scale and Depression Scale 

on the BASC-2 PRS and SRP and the Withdrawal scale from the PRS, as the dependent 

variables. 

Research question 3. What is the effect of increasing sleep duration on parent and self-

reported internalizing symptoms of youth with T1DM? 

Research question 3 analysis. To address the Research Question 3, the same empirical 

approach was utilized as in Research Question 2, with the exception of the participants included 

in the analyses. For hypothesis 3a, an analysis of study compliers was used, which is based on 

procedures commonly used in insomnia research and provides an estimate of the average 

outcome achieved by individuals who completed the intervention (Jacobs et al., 2004). 

Participants were included if they were compliant with intervention instructions based on their 

assigned condition, which was determined by the change in sleep duration from the Naturalistic 

Sleep period to the Sleep Modification period. Compliance in the Sleep Extension condition was 

defined as participants who achieved > 15 minutes of additional sleep compared to their baseline. 

This threshold is based on a previous study in which an increase of 15 minutes of sleep produced 

significant improvements in psychological functioning (Dewald-Kaufmann et al., 2014). 

Additionally, efficacy studies of pharmaceutical treatments for sleep disorders have been deemed 

effective if they result in an approximate 15-minute increase in sleep duration (Roth, Hull, 

Lankford, Rosenberg, & Scharf, 2008). Compliance in the Fixed Sleep Duration condition was 

defined as participants whose average sleep duration was within ± 15 minutes from baseline. 

Thus, participants who slept 15 minutes more (extended) or less (restricted) than their baseline 

sleep duration were not included.  
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For hypothesis 3b, the same analyses were conducted except that participants were grouped 

based on the change in sleep duration from the Naturalistic Sleep period to Sleep Modification 

period, regardless of their assigned condition. The two resulting groups were Sleep Extension 

(>15 minutes from baseline) and Sleep Maintenance (± 15 minutes from baseline). This question 

was designed to capture the effect of changes to sleep duration not as a function the intervention. 

For all analyses, participants with missing data on variables included in the model were excluded 

from the analysis in a listwise manner. The same assumptions were examined as in the previous 

analyses. Significance was set at p < 0.05.  
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Chapter 4 

Chapter 4 presents the results of the current study. First, the characteristics of the 

participants will be described, including differences in internalizing symptoms and sleep, 

followed by the results of the analyses for each research question.   

Sample Characteristics 

The sample was drawn from participants (n =111) who participated in the larger RCT. 

Five participants were excluded from the present study. One participant did not meet inclusion 

criteria of the larger study due to an intellectual disability (n = 1). Three participants were 

excluded due to deviations in study protocol (n = 3). One participant withdrew from the study (n 

= 1) prior to the intervention. The final sample (n = 106) had a mean age of 13.5 ± 2.1 years, 

with 23.5% being pre-pubertal, 39.7% being in early puberty, and 36.8% being in late puberty. 

Approximately half (50.9%) of participants identified as non-white, with 29.9% identifying as 

Hispanic/Latino, 1.0% as Black/African American, 1.0% as Asian, 3.9% as Native 

American/American Indian, and 15.1% as multiracial, which is comparable to the overall 

demographic characteristics of the clinic from which participants were recruited. Approximately 

fifty-three percent (52.8%) of participants were male, which approximates the general population 

as the ratio of males to females diagnosed with T1DM in adolescence is estimated to be roughly 

equivalent (Gale & Gillespie, 2001). Approximately half of participants (51.0%) reported an 

annual household income of less than $50,000. Approximately a third (33.6%) of participants' 

parents reported their highest level of education to be a high school diploma or less. The average 

duration of T1DM diagnosis was 4.9 ± 3.6 years prior to the study. Participants had an average 

HbA1c of 8.9% ± 1.9%, which is considered poor diabetic control (>7.5%). Participant 

characteristics by condition are presented in Table 1. The data indicated that participant 
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characteristics did not significantly differ based on the randomly assigned condition prior to the 

intervention (all p > 0.05). 

Table 1 

Characteristics of the Sample by Condition  

 

 Total  

(n=106) 

Fixed Sleep Duration 

(n=56) 

Sleep Extension 

(n=50) 

p-value 

†Age (years) 13.5 (2.1) 13.5 (2.1) 13.4 (2.1) 0.825 

Sex (%)    0.537 

Male 52.8 50.0 56.0  

Female 47.2 50.0 44.0  

Ethnicity/Race (%)    0.854 

White 49.1 48.2 50.0  

Ethnic Minority  50.9 51.8 44.0  

Tanner Stage    0.874 

Pre-pubertal  23.5 25.7 21.2  

Early puberty 39.7 37.1 42.4  

Late puberty 36.8 37.1 36.4  

Annual Household Income (%)    0.834 

<$50K 51.0 50.0 52.1  

>$50K 49.0 50.0 47.9  

Parental Education (%)    0.160 

Less than high school 19.2 16.1 22.9  

High school graduate 14.4 16.1 22.9  

Some college/ specialized 

training 

32.7 41.1 22.9  

Bachelors and above 33.7 26.8 41.7  
†Duration of Diagnosis (years) 4.9 (3.6) 4.9 (3.7) 5.0 (3.6) 0.845 
†HbA1c  8.9 (1.9) 9.1 (1.9) 8.8 (1.8) 0.482 

 

Note. HbA1c = glycated hemoglobin. Means (standard deviations) are provided for continuous 

variables. P-value for chi-square test of independence or analysis of variance (ANOVA)† calculated 

for differences between two conditions.  

 

Internalizing Symptoms in T1DM 

Measures of internalizing symptoms completed during the Naturalistic Sleep period 

represent baseline levels of participants’ functioning. Percentages for internalizing symptoms 

classified by T-score values are presented in Table 2. Over a third of the sample (34.5%) was 

rated as being in the At-Risk range (T-score ≥ 60) or higher for internalizing problems by parent 
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report, with 12.7% being in the Clinically Significant range. In contrast, 17.7% of participants 

were in the At-Risk range or higher based on self-report, with 9.3% in the Clinically Significant 

range. Similar patterns emerged for individual scales, with 24.5% and 30.9% being in the At-

Risk range or higher by parent report on the Anxiety and Depression Scales, respectively. Based 

on self-report, the rates were 17.7% on the Anxiety Scale and 17.6% on the Depression Scale. 

Additionally, 25.5% were rated as being in the At-Risk range or higher by parent report on the 

Withdrawal Scale, with 5.5% in the Clinically Significant range. 

Table 2  

Internalizing Symptoms of the Sample by Category at Baseline 

 

 Within Normal 

Limits (%) 
At Risk (%) 

Clinically 

Significant (%) 

At Risk or 

Above (%) 

BASC-2 Parent Report     

Internalizing Problems  65.5 21.8 12.7 34.5 

Anxiety  75.5 12.7 11.8 24.5 

Depression 69.1 17.3 13.6 30.9 

Withdrawal 74.5 20.0 5.5 25.5 

Negative Emotionality 72.0 17.8 10.3 28.1 

Emotional Self-Control 75.7 15.0 9.3 24.3 

BASC-2 Self Report     

Internalizing Problems 82.2 8.4 9.3 17.7 

Anxiety  82.2 9.3 8.4 17.7 

Depression 82.4 11.1 6.5 17.6 

Emotional Symptoms Index 81.0 9.5 9.5 19.0 

 

Note. BASC-2= Behavioral Assessment System for Children, Second Edition. Categories are defined 

by T score values on the BASC-2. Within Normal Limits T ≤59; At Risk T= 60-69; Clinically 

Significant T ≥70.  

 

When compared across conditions (Table 3), there were no statistically significant 

differences in any measure of internalizing symptoms across conditions (all p > 0.05). Baseline 

scores for internalizing symptoms during the Naturalistic Sleep period were controlled for in all 

analyses for research questions 2 and 3. 
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Table 3 

Internalizing Symptoms of the Sample by Condition at Baseline 

 

 Total  

(n=106) 

Fixed Sleep Duration 

(n=56) 

Sleep Extension 

(n=50) 

p-value 

BASC-2 Self Report     

Internalizing Problems 49.6 (11.6) 51.2 (13.2) 47.9 (9.4) 0.145 

Anxiety  49.7 (11.9) 50.3 (13.1) 49.0 (10.5) 0.591 

Depression 49.0 (10.9) 50.7 (11.7) 47.1 (9.8) 0.095 

Emotional Symptoms Index 50.1 (12.0) 51.3 (13.0) 48.9 (10.9) 0.326 

BASC-2 Parent Report     

Internalizing Problems 54.9 (12.8) 56.1 (13.6) 53.5 (11.8) 0.287 

Anxiety  52.3 (12.2) 52.7 (13.1) 51.9 (11.3) 0.727 

Depression 55.0 (13.5) 56.1 (13.9) 53.8 (13.0) 0.385 

Withdrawal 51.9 (10.5) 52.5 (10.4) 51.2 (10.6) 0.539 

Negative Emotionality 54.6 (11.6) 54.9 (11.8) 54.2 (11.5) 0.741 

Emotional Self-Control 54.5 (12.0) 55.0 (12.3) 53.9 (11.7) 0.651 

SSHS Depression Scale 9.1 (3.1) 9.2 (3.1) 9.0 (3.1) 0.789 

PSC Internalizing Composite 3.0 (2.5) 3.3 (2.7) 2.6 (2.2) 0.140 

 

Note. BASC-2 = Behavioral Assessment System for Children, Second Edition. SSHS= School Sleep 

Habits Survey. PSC= Pediatric Symptoms Checklist. Means (standard deviations) are provided for 

continuous variables. P-value provided for analysis of variance (ANOVA) calculated for differences 

between two conditions.  

 

When compared between sexes (Table 4), self-reported symptoms were similar across 

males and females (all p > 0.05). In contrast, parent report indicated statistically significant 

differences between sexes. Higher scores for Internalizing Problems, F(1, 104) = 14.77,  p < 

0.001, Anxiety, F(1, 104) = 20.41, p < 0.001, Depression, F(1, 104) = 7.62,  p = 0.007, and 

Negative Emotionality, F(1, 104) = 6.07,  p = 0.015, were reported for females in comparison to 

males, with a trend for higher reported Withdrawal, F(1, 104) = 3.37, p = 0.069, and Emotional 

Self-control, F(1, 109) = 3.38, p = 0.069. These data are consistent with literature showing 

higher rated of internalizing problems in females, as compared to males (Crick & Zahn–Waxler, 

2003). Given these differences, sex will be controlled for in all relevant analyses. It should be 

noted that there was no significant difference for sex across conditions, as males and females 

were equally distributed in both conditions.  
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Table 4 

Internalizing Symptoms of the Sample by Gender at Baseline 

 

 Males Females p-value 

BASC-2 Self Report    

Internalizing Problems 48.9 (10.2) 50.3 (13.0) 0.553 

Anxiety  48.4 (11.2) 51.1 (12.5) 0.236 

Depression 47.8 (9.6) 50.4 (12.2) 0.230 

Emotional Symptoms Index 49.0 (10.3) 51.5 (13.7) 0.284 

BASC-2 Parent Report    

Internalizing Problems 50.6 (11.5) 59.6 (12.6) <0.001 

Anxiety  47.6 (9.4) 57.5 (13.0) <0.001 

Depression 51.7 (12.4) 58.7 (13.8) 0.007 

Withdrawal 50.2 (9.9) 53.9 (10.9) 0.069 

Negative Emotionality 52.0 (11.0) 57.4 (11.7) 0.015 

Emotional Self-Control 52.5 (11.4) 56.7 (12.3) 0.069 

SSHS Depression Scale 8.6 (2.8) 9.7 (3.3) 0.087 

PSC Internalizing Composite 2.6 (2.6) 3.4 (2.5) 0.110 

 

Note. BASC-2 = Behavioral Assessment System for Children, Second Edition. SSHS= School Sleep 

Habits Survey. PSC= Pediatric Symptoms Checklist. Means (standard deviations) are provided for 

continuous variables. P-value provided for analysis of variance (ANOVA) calculated for differences 

between two conditions. 

 

Sleep in T1DM 

 Sleep duration varied across objective and subjective measures, as well as parent versus 

self-report. Average sleep durations derived from each measure for the total sample are reported 

in Table 5. Questionnaires inquired as to how much sleep participants usually obtained nightly. 

The average self-reported weekday sleep from the SSHS was 538.69 ± 72.92 minutes for 

children (<14 years old) and 481.22 ± 66.88 minutes for teenagers (>14 years old), compared to 

576.07 ± 100.13 minutes and 532.83 ± 109.94 minutes on weekends for children and teenagers, 

respectively. Parent reported average nightly sleep duration was 523.47 ± 61.71 minutes for 

children and 473.65 ± 53.79 minutes for teenagers. Sleep diary and actigraphy data reflect 

average sleep during the Naturalistic Sleep period of the study. Data from the sleep diary 

completed by participants indicated average sleep duration to be 517.57 ± 54.60 minutes for 
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children and 489.30 ± 50.10 minutes for teenagers. Actigraphy data indicated an average rest 

period (e.g., time spent in bed attempting sleep) of 522.84 ± 36.88 minutes for children and 

502.11 ± 48.98 minutes for teenagers. Average sleep duration from sleep onset to offset was 

497.95 ± 38.20 minutes for children and 470.88 ± 48.52 minutes for teenagers. Finally, actual 

sleep time (e.g., sleep onset to offset minus any awakenings) was 458.06 ± 38.12 minutes and 

430.49 ± 45.25 minutes for children and teenagers, respectively.  

Table 5 

Sleep Characteristics of the Sample by Condition at Baseline 

 

 Total  

(n=106) 

Fixed Sleep Duration 

(n=56) 

Sleep Extension 

(n=50) 

p-value 

Actigraphy     

Rest (mins) 513.8 (43.6) 513.9 (48.8) 513.6 (37.3) 0.967 

Sleep Duration (mins) 486.1 (44.9) 486.9 (48.0) 485.2 (41.5) 0.847 

Sleep Time (mins) 446.0 (43.4) 447.7 (46.1) 444.0 (40.4) 0.666 

SE (%) 86.9 (3.3) 87.2 (3.4) 86.6 (3.2) 0.361 

SOL (mins) 14.8 (10.1) 14.4 (9.4) 15.2 (10.9) 0.698 

WASO (mins) 39.5 (11.7) 39.1 (11.3) 40.0 (12.3) 0.718 

CV (%) 14.9 (8.5) 15.2 (8.9) 14.6 (8.1) 0.723 

Sleep Diary Sleep Duration 505.4 (54.3) 511.6 (53.1) 498.1 (55.4) 0.213 

SSHS Self-Report     

Weekday Sleep Duration (mins) 513.3 (75.6) 515.9 (72.1) 510.4 (79.9) 0.712 

Weekend Sleep Duration (mins) 556.9 (106.3) 552.5 (112.1) 561.9 (100.2) 0.653 

Sleepiness (score) 14.4 (6.1) 14.3 (5.5) 14.5 (6.8) 0.864 

CSHQ Parent Reported      

Average Sleep Duration (mins) 502.5 (63.3) 506.9 (59.2) 497.4 (67.8) 0.451 

 

Note. SE= sleep efficiency. SOL= sleep onset latency. WASO= wake after sleep onset. 

CV=coefficient of variation of sleep duration. SSHS= School Sleep Habits Survey (self-report). 

CSHQ= Child Sleep Habits Questionnaire. Means (standard deviation) are provided for continuous 

variables. P-value provided for analysis of variance (ANOVA) calculated for differences between 

two conditions. 

 

Secondary sleep measures from actigraphy provided information on the quality of sleep 

obtained by participants based on several factors. Participants took an average of 14.8 ± 10.1 

minutes to fall asleep (i.e., SOL) and spent an average of 39.5 ± 11.7 minutes awake following 
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sleep onset (i.e., WASO). Average sleep efficiency was 86.9 ± 3.3%. Sleep variability, as 

measured by CV of sleep duration was 14.9 ± 8.5%. There were no statistically significant 

differences across sleep characteristics between participants in the Fixed Sleep Duration and 

Sleep Extension conditions at baseline (all p > 0.05).  

Research Question 1: Relative Associations between Sleep and Internalizing Symptoms  

Sleep duration. The relationship between questionnaire-based and objectively measured 

sleep duration and internalizing symptoms was examined using Pearson correlations (Table 6). It 

was hypothesized that sleep duration would be negatively correlated with measures of 

internalizing problems, such that less sleep will be related to higher rates of internalizing 

symptoms. Both reported (e.g., questionnaire-based) and objectively measured (e.g., actigraphy) 

were analyzed.  

The results indicated that self-reported average sleep duration, across weekdays and 

weekends, did not significantly relate to any measure of internalizing symptoms. In contrast, 

parent reported sleep duration was negatively associated with self-reported anxiety, r(106) = -

0.237, p= 0.018, as well as parent reported depression, r(106) = -0.218, p = 0.028, and emotional 

self-control, r(106) = -0.232, p = 0.018, on the BASC-2. Additionally, there was a trend towards 

higher self-reported internalizing symptoms, r(106) = -0.184, p = 0.066, and emotional 

symptoms, r(106) = -0.183, p = 0.068, on the BASC-2 as sleep duration decreased. There were 

no significant correlations between actigraphy or sleep diary sleep duration from the Naturalistic 

Sleep Period and any measure of internalizing symptoms (all p > 0.05).  
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Table 6 

Relationship between Sleep Duration Variables and Internalizing Symptoms  

 

 

Reported Average Sleep Durations Naturalistic Week 

Self-report 

Weekday 

Self-

report 

Weekend 

Parent 

Report 

Actigraphy 

Rest 

Actigraphy 

Sleep Duration 

Actigraphy 

Sleep Time 

Sleep  

Diary 

BASC-2 Self-report        

Internalizing Problems -0.093 -0.122  -0.184T -0.072 -0.008 -0.059 -0.078 

Anxiety -0.072 -0.148   -0.237* -0.057 -0.040 -0.070 -0.119 

Depression -0.059 -0.056 -0.152 -0.109 -0.032 -0.066 -0.123 

Emotional Symptoms 

Index 
-0.081 -0.069 

 -0.183T 

-0.084 -0.025 
-0.066 -0.117 

BASC-2 Parent report        

Internalizing Problems -0.029 0.006 -0.151 0.107 0.040 0.012 -0.079 

Anxiety -0.057 -0.046 -0.091 0.077 0.014 -0.004 -0.041 

 Depression -0.083 -0.045   -0.218* 0.033 -0.004 -0.032 -0.096 

 Withdrawal -0.182 -0.123 -0.178 -0.037 -0.062 -0.030 -0.063 

Negative Emotionality -0.022 0.031 -0.152 0.060 0.036 0.002 -0.048 

Emotional Self-Control -0.070 -0.017   -0.232* 0.050 -0.029 -0.068 -0.055 

SSHS Depression  -0.096 -0.030 -0.165 -0.106 -0.056 -0.112 -0.065 

PSC Internalizing 0.024 -0.063 -0.173 0.136 0.117 0.077 0.026 

 

Note. BASC-2 = Behavioral Assessment System for Children, 2nd Edition. SSHS= School Sleep 

Habits Survey. PSC= Pediatric Symptoms Checklist. Self-report data is from the SSHS. Parent report 

data is from the Child Sleep Habits Questionnaire (CSHQ). Data are Pearson correlation coefficients.  
T = p ≤ 0.10  *= p ≤ 0.05  **= p ≤ 0.01 

 

Sleep quality. Secondary analyses were conducted to determine the relationship between 

other measures of sleep quality (SE, WASO, and SOL from actigraphy, and self-reported 

sleepiness from the SSHS) and internalizing symptoms (Table 7). Lower SE was associated with 

higher self-reported internalizing problems, r(106) = -0.239, p = 0.015, as well as higher parent 

reported depressive symptoms, r(106) = -0.229, p = 0.019, and worse emotional self-control, 

r(106) = -0.228, p = 0.019, on the BASC-2. Additionally, there was a trend towards higher self-

reported depression, r(106) = -0.182, p = 0.064, and emotional symptoms, r(106) = -0.190, p = 

0.054, on the BASC-2 and higher parent reported internalizing symptoms on the PSC, r(106) = -

0.182, p = 0.064, as SE decreased. Higher WASO was related to higher self-reported 
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internalizing symptoms on the BASC-2, r(106) = 0.216, p = 0.029, and self-reported depression 

on the SSHS, r(106) = 0.244, p = 0.013, as well as parent reported internalizing problems on the 

PSC, r(106) = 0.216, p = 0.029, and emotional self-control, r(106) = 0.226, p = 0.021, on the 

BASC-2. There was also a trend for higher parent reported internalizing problems on the BASC-

2, r(106) = 0.188, p = 0.056. SOL did not significantly relate to any measure of internalizing 

symptoms (all p > 0.05). Finally, more sleepiness was significantly associated with higher parent 

reported internalizing symptoms, r(106) = 0.214, p = 0.038, and anxiety, r(106) = 0.245, 

p=0.017, as well as higher self-reported depression, r(106) = 0.360, p < 0.001.  

 

Table 7 

Relationship between Sleep Quality Variables and Internalizing Symptoms  

 

 

Actigraphy  

SE 

Actigraphy  

SOL 

Actigraphy 

WASO 

SSHS  

Sleepiness 

CV 

BASC-2 Self-report      

Internalizing Problems -0.239* -0.030 0.216* 0.143 0.129 

Anxiety -0.145 -0.125 0.144 0.118 0.047 

Depression -0.182T -0.038 0.153 0.122 0.142 

Emotional Symptoms Index -0.190T -0.011 0.162 0.135 0.161 

BASC-2 Parent report      

Internalizing Problems -0.157 -0.149 0.188T 0.214* 0.011 

Anxiety -0.025 -0.133 0.135 0.245* -0.049 

Depression -0.229* -0.155 0.161 0.143 0.037 

Withdrawal -0.160 -0.030 -0.073 0.006 0.081 

Negative Emotionality -0.075 -0.066 0.174 0.073 0.020 

Emotional Self-Control -0.228* -0.011 0.226* 0.092 0.057 

SSHS Depression  -0.080 -0.128 0.244* 0.360** 0.210* 

PSC Internalizing -0.182T -0.121 0.216* 0.114 0.009 

 

Note. BASC-2 = Behavioral Assessment System for Children, Second Edition. SSHS= School Sleep 

Habits Survey (self-report). PSC= Pediatric Symptoms Checklist (parent report). SE= sleep 

efficiency. SOL= sleep onset latency. WASO= wake after sleep onset. CV= coefficient of variation of 

sleep duration from actigraphy. Data are Pearson correlation coefficients. T =p ≤ 0.10 *=p ≤ 0.05 

**=p ≤0.01 
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Sleep duration variability. Secondary analyses were also conducted to examine the 

relationship between sleep duration variability and internalizing symptoms Table 7. Night to 

night variability in sleep duration was measured as CV of sleep duration using actigraphy data. 

More variability in sleep duration (CV) was associated with higher self-reported depression 

scores on the SSHS, r(106) = 0.210, p = 0.033. 

Effects of Sleep Intervention on Sleep  

 Differences in sleep from pre- to post intervention are presented in Table 8.  

Table 8 

Sleep Characteristics of the Sample by Condition from Pre- to Post-Intervention 

 

 Fixed Sleep Duration  Sleep Extension  

 Pre Post p-value Pre Post p-value 

Actigraphy       

Rest (mins) 513.9 (48.8) 512.17 (48.2) 0.742 513.6 (37.3) 540.4 (52.1) <0.001 

Sleep Duration (mins) 486.9 (48.0) 487.0 (42.3) 0.981 485.2 (41.5) 511.9 (53.4) <0.001 
Sleep Time (mins) 447.7 (46.1) 441.6 (48.5) 0.248 444.0 (40.4) 465.7 (54.5) <0.001 
SE (%) 87.2 (3.4) 86.0 (8.3) 0.273 86.6 (3.2) 86.1 (4.5) 0.247 

SOL (mins) 14.4 (9.4) 13.2 (9.9) 0.510 15.2 (10.9) 12.3 (8.2) 0.091 

WASO (mins) 39.1 (11.3) 41.7 (11.7) 0.023 40.0 (12.3) 46.2 (16.0) <0.001 
CV (%) 15.2 (8.9) 10.1 (7.0) <0.001 14.6 (8.1) 12.1 (7.1) 0.028 

 

Note. SE= sleep efficiency. SOL= sleep onset latency. WASO= wake after sleep onset. 

CV=coefficient of variation of sleep duration. Means (standard deviation) are provided for continuous 

variables. P-value provided for t-test for dependent groups. 

 

Sleep duration. Average sleep duration following the intervention was significantly 

higher for participants in the Sleep Extension condition versus the Fixed Sleep Duration 

condition, F(1, 103) = 7.09, p = 0.009. The average sleep duration based on actigraphy for 

participants in the Sleep Extension condition was 485.18 ± 41.46 minutes at baseline and 511.89 

± 53.36 minutes after the intervention, which is an increase of 26.71 minutes (range= -84.62 to 

+99.57 minutes). In comparison, participants in the Fixed Sleep Duration condition averaged 
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486.89 ± 48.04 minutes at baseline and 487.03 ± 42.32 minutes following the intervention, 

which is a decrease of 0.14 minutes (range= -87.58 to +78.7 minutes).  

Secondary sleep variables. Sleep efficiency did not change significantly as a result of 

the sleep intervention in either the Sleep Extension or Fixed Sleep Duration conditions (both p > 

0.05). Similarly, there was no difference in amount of time to fall asleep (SOL) from pre- to post 

intervention in either condition (both p > 0.05). There was a significant increase in WASO 

following the sleep intervention in both the Sleep Extension (p < 0.001) or Fixed Sleep Duration 

conditions (p = 0.023). However, the increases were minimal (i.e., + 2.6 minutes and + 6.2 

minutes, respectively).   

 Sleep variability. Both conditions of the intervention resulted in significant decreases in 

night to night variability in participants’ sleep duration, as measured by CV of sleep duration 

(Table 8). The effect of being in the Fixed Sleep Duration condition was a significant decrease 

in CV of sleep duration from 15.22 ± 8.87% to 10.13 ± 6.99, t(55) = 4.17, p = 0.0001. Similarly, 

there was a significant decrease in CV of sleep duration in the Sleep Extension condition from 

baseline (14.63 ± 8.09%) to intervention (12.11 ± 7.11%), t(46) = 2.27,  p = 0.028.  

Research Question 2: Effect of Sleep Intervention on Internalizing Symptoms 

 It was hypothesized that participants in the Sleep Extension condition would have lower 

parent and self-reported internalizing scores than participants in the Fixed Sleep Duration 

condition, controlling for baseline internalizing symptoms. Two separate ANCOVAs were 

conducted for parent and self-report on the BASC-2 Internalizing Problems Composite. The 

assumptions for an ANCOVA analyses were met.  

As previously stated, participants did not significantly differ by condition based on 

demographic variables (Table 1). Pearson correlations were conducted to determine which 
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variables were related to the dependent variable to determine which variables should be included 

as covariates in analyses (Table 9). The only variable that correlated with the dependent variable 

(i.e., BASC-2 Internalizing Problems Composite score at baseline) was participant sex, r(106) = 

0.31, p = 0.001, thus it was included in the analyses as a covariate, even though there were no 

sex differences pre- or post-intervention. Baseline scores on the BASC-2 Internalizing Problems 

Composite from the Naturalistic sleep period were also included as a covariate to control for 

participants’ level of internalizing symptoms prior to the intervention. 

Table 9 

Relationship between the Dependent Variable and Potential Covariates 

 

 Correlation Coefficient p-value 
†Age  0.122 0.222 
*Sex 0.312 0.001 
*Ethnicity/Race 0.056 0.576 
^Annual Household Income -0.108 0.290 
^Parental Education -0.022 0.824 
†Duration of Diagnosis 0.149 0.170 
†HbA1c 0.015 0.878 

 

Note. HbA1c = glycated hemoglobin. Data are †Pearson, ^Spearman, or *point-biserial correlation 

coefficients between the Behavioral Assessment System for Children, Second Edition (BASC-2) 

Internalizing Problems Composite and potential covariates.  

 

Parent reported internalizing symptoms. For the parent report, there was a significant 

effect of condition on internalizing symptoms, after controlling for sex and baseline internalizing 

symptoms, F(1, 98) = 4.18, p = 0.044. The average Internalizing Problems Composite score for 

the Sleep Extension condition (adjusted mean = 49.78 ± 0.93) was statistically lower compared 

to the Fixed Sleep Duration condition (adjusted mean = 52.40 ± 0.87). The strength of the 

relationship was estimated to be a small to medium effect (partial η2 = 0.04). On average, the 

Internalizing Problems Composite score of participants in the Sleep Extension condition 



SLEEP TO FEEL BETTER: INTERNALIZING SYMPTOMS IN T1DM 76 

decreased by 4.65 ± 6.41, compared to a decrease of 2.31 ± 6.59 for participants in the Fixed 

Sleep Duration Condition (Figure 3).  

Secondary analyses using one-way repeated measure ANOVA showed that participants 

in both the Sleep Extension, F(1, 47) = 25.22, p = <0.001, and Fixed Sleep Duration,  F(1, 53) = 

6.67, p = 0.013, conditions experienced significant reductions on the BASC-2 Internalizing 

Problems Composite from pre- to post intervention, though the effect was largest for the Sleep 

Extension condition.  

Figure 3 

Mean Parent-Reported Internalizing Problems Composite Score by Condition 

 

 
 

Figure 3. Data are adjusted means on the Behavioral Assessment System for Children, Second 

Edition (BASC-2) Parent Report Internalizing Problems Composite for pre- and post-

intervention.  
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Self-reported internalizing symptoms. For self-report, there was no significant effect of 

condition on the BASC-2 Internalizing Problems Composite, after controlling for sex and 

baseline internalizing symptoms, F(1, 99) = 0.004, p = 0.949. The average BASC-2 Internalizing 

Problems Composite score for the Fixed Sleep Duration condition (adjusted mean= 47.35 ± 0.62) 

was roughly equivalent to the Sleep Extension condition (adjusted mean= 47.41 ± 0.64).   

Anxiety, depression, and withdrawal symptoms. Secondary analyses were conducted 

using BASC-2 Clinical Scales for parent and self-reported anxiety and depression, and parent 

reported withdrawal to examine the effect of the intervention on these individual constructs. For 

parent report, there was a significant effect of condition on anxiety, after controlling for sex and 

baseline anxiety symptoms, F(1, 98) = 8.31, p = 0.005. Participants in the Sleep Extension 

condition (adjusted mean= 47.04 ± 1.03) had significantly lower scores on the parent reported 

BASC-2 Anxiety scale compared to those in the Fixed Sleep Duration condition (adjusted mean= 

51.11 ± 0.97), after controlling for baseline scores on the Anxiety Scale. The strength of the 

relationship was estimated to be a medium effect (partial η2 = 0.08). On average, the BASC-2 

Anxiety Scale score of participants in the Sleep Extension condition decreased by 4.77 ± 7.50, 

compared to a decrease of 0.98 ± 7.33 for participants in the Fixed Sleep Duration Condition. 

However, there was no difference on anxiety symptoms based on self-report, F(1, 100) = 0.29, p 

= 0.590, with estimated marginal means being roughly equivalent between the Fixed Sleep 

Duration (adjusted mean= 47.92 ± 0.78) and Sleep Extension conditions (adjusted mean= 47.31 

± 0.81).  

For depressive symptoms, there was no significant difference between conditions based 

on either parent, F(1, 98)= 0.95, p = 0.333, or self-report, F(1, 101) = 0.03, p = 0.868, BASC-2 

Depression Scale, after controlling for sex and baseline scores on the Depression Scale. 
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Estimated marginal means were not statistically different across the Fixed Sleep Duration and 

Sleep Extension conditions for parent (adjusted mean= 53.49 ± 0.95 and 52.14 ± 1.01, 

respectively) and self-report (adjusted mean= 47.08 ± 0.75 and 47.27 ± 0.79, respectively).   

For withdrawal symptoms, there was a significant effect of condition, after controlling for 

sex and baseline scores on the Withdrawal Scale, F(1, 102) = 4.23, p = 0.042. Participants in the 

Sleep Extension condition (adjusted mean= 49.84 ± 0.82) had significantly lower scores on the 

parent reported BASC-2 Withdrawal Scale compared to those in the Fixed Sleep Duration 

condition (adjusted mean= 52.16 ± 0.78), after controlling for sex and baseline scores on the 

Withdrawal Scale. The strength of the relationship was estimated to be a small to medium effect 

(partial η2 = 0.04). On average, the BASC-2 Withdrawal Scale score of participants in the Sleep 

Extension condition decreased by 2.00 ± 6.20, compared to a decrease of 0.39 ± 5.67 for 

participants in the Fixed Sleep Duration condition.  

Change in symptoms from pre-to post-intervention. Secondary analyses examined 

differences in BASC-2 parent report scale scores from pre- to post-intervention which are 

represented as change scores in Figure 4. The difference between change scores on the BASC-2 

Internalizing Symptoms Composite for the Sleep Extension and Fixed Sleep Duration conditions 

was only marginally significant, F(1, 101) = 3.26, p = 0.074. However, there was a significant 

difference in change score between conditions on the BASC-2 Anxiety Scale, F(1, 101) = 6.65, p 

= 0.011, and Withdrawal Scale, F(1, 101) = 3.99, p = 0.049, scales. The difference in change 

scores for the BASC-2 Depression scale was not significant, F(1, 101) = 0.725, p = 0.397. 
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Figure 4 

Change in BASC-2 Parent Report Scores 
 

 

Figure 4. Data are change from Naturalistic Sleep period to Sleep Modification period on the 

Behavioral Assessment System for Children, Second Edition (BASC-2) Parent Report 

Internalizing Problems Composite, Anxiety Scale, Depression Scale, and Withdrawal Scale.  

*p-value = < 0.05 for analysis of variance (ANOVA) between two conditions. 

 

Research Question 3: Effect of Changes to Sleep Duration on Internalizing Symptoms 

 Exploratory analyses were conducted to examine the effect of changes to sleep duration 

on internalizing symptoms both as a function of the sleep intervention, in an analysis of study 

compliers, and regardless of study condition.  

Analysis of study compliers (Hypothesis 3a). It was hypothesized that participants in 

the Sleep Extension condition who were compliant with intervention instructions and extended 

their sleep by more than 15 minutes would have lower parent and self-reported internalizing 
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were compliant with intervention instructions and maintained a consistent sleep duration from 

baseline to intervention (± 15 minutes) after controlling for baseline internalizing symptoms.  

Compliance. Participants were included in the analyses if they complied with 

intervention instructions based on their assigned conditions (e.g., increased > 15 minutes for the 

Sleep Extension condition and within ± 15 minutes of baseline sleep duration for the Fixed Sleep 

Duration condition). Within the Sleep Extension condition, 75.0% of participants were compliant 

with intervention instructions. There was no significant difference in compliance based on 

participants’ sex (p > 0.05). The average increase in sleep duration was 48.30 ± 25.07 minutes. 

Of those who did not extend, 12.5% were within ± 15 minutes of their baseline actigraphy sleep 

duration and 12.5% decreased their sleep duration. In the Fixed Sleep Duration condition, 53.7% 

of participants were compliant with intervention instructions. Of those who did not maintain their 

sleep duration, 19.5% extended their sleep duration and 26.8% experienced a decrease in sleep 

duration. The two resulting groups were Sleep Extenders (n=36) and Fixed Sleepers (n=29).  

Intervention effects. Just as in the main analyses for research question 1, there was a 

significant effect based on parent report, in which participants in the Sleep Extenders group had 

significantly lower scores on the BASC-2 Internalizing Problems Composite following the 

intervention (adjusted mean= 48.80 ± 1.08), as compared to participants in the Fixed Sleepers 

group (adjusted mean= 53.53 ± 1.20), F(1, 65)= 8.55, p = 0.005, after controlling for sex and 

baseline scores on the Internalizing Problems Composite. The strength of the relationship was 

estimated to be a medium effect (partial η2 = 0.12). For self-report, the difference between groups 

was not significant, F(1, 65) = 0.13, p = 0.991, as the mean BASC-2 Internalizing Problems 

Composite scores for participants in the Sleep Extenders group and Fixed Sleepers group were 
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roughly equivalent, after controlling for baseline scores on the Internalizing Problems Scale 

(adjusted mean= 46.77 ± 0.64 and 46.66 ± 0.74, respectively).  

Effect of sleep extension versus sleep maintenance (Hypothesis 3b). It was 

hypothesized that participants who increased their sleep duration (>15 minutes), regardless of 

study condition, would have lower parent and self-reported BASC-2 Internalizing Problems 

Composite scores in comparison to participants who maintained a consistent sleep duration (± 15 

minutes) from baseline to intervention (Hypothesis 3b). Participants were grouped based on the 

change in sleep duration from the Naturalistic Sleep period to Sleep Modification period. The 

two resulting groups were Sleep Extension (n = 48) and Sleep Maintenance (n = 33). For parent 

report, there was a non-significant trend, F(1, 77) = 2.76, p = 0.101, in which participants in the 

Sleep Extension group (adjusted mean = 50.30±0.91) had lower scores on the BASC-2 

Internalizing Problems Composite relative to those in the Sleep Maintenance group (adjusted 

mean = 52.68 ± 1.10), controlling for sex and baseline BASC-2 Internalizing Problems 

Composite scores. For self-report, the difference between groups was not significant, F(1, 77) = 

1.25, p = 0.267, as the mean BASC-2 Internalizing Problems Composite score for Sleep 

Extension and Sleep Maintenance were not significantly different, after controlling for sex and 

baseline scores (adjusted mean= 46.18± 0.54 and 45.22 ± 0.67, respectively).  
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Chapter 5 

Discussion 

 The final chapter will discuss the present study, including conclusions that can be drawn 

from results and how these findings contribute to the larger body of literature. This chapter will 

also present limitations of the present study, future directions for research, and implications for 

practitioners working with youth diagnosed with T1DM.   

Purpose 

 Type 1 diabetes mellitus (T1DM) is one of the most common pediatric chronic illnesses. 

Youth with T1DM have been shown to be at risk for internalizing problems and obtaining 

insufficient sleep. An emerging body of literature has demonstrated the feasibility and potential 

benefit of increasing sleep duration as a strategy to improve psychological outcomes in 

nondiabetic school age populations. The purpose of the present study was to investigate the 

relationship between sleep and internalizing symptoms in a sample of youth with T1DM. 

Additionally, this study was the first to utilize an experimental design to empirically examine the 

effect of a sleep extension intervention on parent and self-reported internalizing symptoms.  

Overview of Findings  

Overall, the data supported prior research indicating that youth with T1DM obtain 

insufficient sleep and experience high rates of internalizing symptoms. The results partially 

supported the first hypothesis, indicating that relationships between sleep and internalizing 

symptoms exist; however, these associations may be more driven by other aspects of sleep rather 

than actual sleep loss, such as nighttime sleep disturbance and daytime sleepiness. Furthermore, 

the findings partially supported the second hypothesis by demonstrating that a sleep extension 

intervention was effective in increasing sleep duration, as well as, in reducing parent-reported 
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internalizing symptoms in a sample of children and adolescents with T1DM. In contrast, the 

intervention did not produce significant changes in self-reported internalizing symptoms. Finally, 

the results showed a stronger magnitude of effect in an analysis of study compliers, such that 

participants who successfully completed the intervention and increased their sleep duration 

experienced decreases in internalizing symptoms, as measured by parent report. There was no 

significant effect when examining changes to sleep duration not tied to the intervention, 

suggesting that the intervention itself was a key factor in reducing participants’ internalizing 

symptoms. These findings suggest that, indeed, the proposed sleep extension intervention 

produced meaningful improvements in internalizing symptomology in youth with T1DM. 

Internalizing symptoms in T1DM 

Consistent with previous literature, the prevalence of internalizing problems in this 

sample was higher than would be expected based on estimates from the general pediatric 

population (Butwicka et al., 2016). Over a third of the sample was elevated for internalizing 

problems based on parent report, indicating that this population is at increased risk for 

psychological difficulties, particularly anxiety and depression. Furthermore, differences in 

ratings were present between participants and their parents, with parents rating their children as 

being higher across all measures. These data are consistent with prior research showing poor 

parent-child agreement on internalizing symptomology (Barbosa, Tannock, & Manassis, 2002; 

Manassis & Monga, 2009; Nauta et al., 2004). There is some evidence that parents of children 

with T1DM may perceive more internalizing symptoms than the children themselves endorse 

and that rates of anxiety and depression may be higher based on parent report compared to self-

report (Nardi et al., 2008). Thus, obtaining both parent and child report are considered critical 

when evaluating intervention effects.  
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The data were also notable for sex differences, with females being rated by their parents 

as higher across internalizing problems, including anxiety, depression, and negative 

emotionality, which is consistent with prior studies (Korbel et al., 2007). However, no sex 

differences were present based on self-report, suggesting that female participants did not 

perceive themselves as having more internalizing symptoms than their male counterparts. 

Furthermore, intervention effects did not differ as a function of sex. Together, these findings 

affirm the results of prior studies, while also supporting the need for interventions targeting 

internalizing problems in this population.  

Sleep in T1DM 

The present study is one of the first studies to report on multiple measures of sleep 

duration in a sample of youth with T1DM. Regardless of which method was used, the results 

indicated that on average, participants obtained less than the recommended amount of sleep. As 

previously mentioned, the recommended amount of sleep for children ages 6-13 years old is 9-11 

hours, while 8-10 hours of sleep is recommended for teenagers ages 14-17 years old 

(Hirshkowitz et al., 2015). Based on actual sleep time measured via actigraphy, 98.3% of 

participants under age 14 got inadequate sleep (e.g., < 9 hours), compared to 84.8% of 

participants over age 14 (e.g., <8 hours). Children averaged 82 minutes below the lower end of 

the amount of sleep recommended each night for their age, compared to 50 minutes less sleep 

than recommended for teenagers. Compounded over one week, this discrepancy results in hours 

of missed sleep that cannot be recouped even with extended sleep periods that often occur on 

weekends. Research has suggested that the consequences of chronic sleep debt are long lasting, 

and may result in impaired daytime functioning (Cohen et al., 2010). There is evidence that 

prolonged partial sleep debt may interfere with metabolic processes in adults, which has adverse 
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implications for individuals with diabetes (Buxton et al., 2012). Thus, these findings provide 

evidence of the critical need for interventions aimed at increasing sleep duration in this 

population.  

In addition to concerns about not obtaining enough sleep, the results also highlight 

inconsistencies in reported and objectively measured sleep duration in youth. Parent and self-

reported sleep durations were remarkably similar, suggesting that parents and participants have 

similar perceptions regarding sleep. Additionally, reported sleep duration was comparable to 

objectively measured time in bed measured via actigraphy. However, total sleep time, as 

measured by actigraphy, was approximately one hour less than both self and parent report. These 

data are consistent with data from the first 79 participants published by Perfect and colleagues 

(2016) and suggest that participants and their parents may fail to account for the time it takes the 

child to fall asleep and any disruptions occurring after sleep onset when estimating sleep 

duration. It is important to note that these differences may also reflect the sensitivity of the 

actigraphy to movement, in that the device may underestimate sleep in children who are restless 

(Short et al., 2012). Importantly, these data suggest that youth may be getting less sleep than 

either they or their parents realize, which may indicate that they are less likely to recognize sleep 

as a problem in need of intervention.  

Effect of Sleep on Internalizing Symptoms 

Overall, parent reported sleep duration was significantly related to internalizing 

symptoms, indicating that participants who slept less on average had higher anxiety and 

depression and worse emotional self-control. Although objectively measured and self-reported 

measures of sleep duration did not significantly relate to internalizing symptoms, secondary 

analyses indicated that self-reported sleepiness did predict self- and parent reported anxiety, 
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depression, and overall internalizing symptoms. Furthermore, greater sleep efficiency (SE) and 

less time spent awake in the middle of the night (WASO) both related to lower levels of 

internalizing symptoms. The results suggest that indeed, a relationship between sleep and 

internalizing symptoms exist, however, it may be more driven by other aspects of sleep rather 

than actual sleep loss. Specifically, nighttime sleep disturbance and subjective feelings of 

sleepiness, as opposed to sleep duration, may have a greater impact on internalizing symptoms, 

particularly with regard to mood and anxiety. Conversely, internalizing symptoms may interfere 

with sleep leading to nighttime sleep disturbance and daytime sleepiness. As a whole, these 

findings suggest that sleep and internalizing symptoms are related in youth with T1DM and thus, 

changes in one may produce meaningful changes in the other. Thus, future research should 

consider the interactive effects of mood disorders and sleep disturbance.  

Sleep Extension as an Intervention  

Sleep duration. One of the primary aims of this study was to investigate the effects of 

sleep extension on the internalizing symptoms of youth with T1DM. This question was based on 

prior research demonstrating the potential benefit of increasing sleep duration as a strategy to 

improve psychological outcomes in nondiabetic school age populations. Dewald and colleagues 

(2014) showed that chronically sleep deprived youth without diabetes extended their sleep by 

approximately 13 minutes following a 2-week intervention in which participants’ time in bed 

was gradually increased by 5 minutes each night. The authors argued that gradual sleep 

extension was critical to prevent negatively impacting sleep quality. However, in the present 

study, participants in the Sleep Extension condition were assigned to 10 hours in bed or one hour 

more than baseline if greater than 10 hours. This change was implemented immediately 

following the sleep consultation and continued each night for one week. At the end of the 
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intervention, participants extended their sleep duration by an average of 26.71 minutes nightly, 

without decreasing sleep efficiency or increasing sleep onset latency (e.g. amount of time to fall 

asleep). Thus, the results suggest that youth who experience partial sleep debt can achieve more 

sleep when provided with increased sleep opportunity, without sacrificing sleep quality.    

Internalizing symptoms. The main finding of this study was that there were significant 

differences between internalizing symptom scores of participants across conditions following the 

intervention. Specifically, participants in the Sleep Extension condition experienced a significant 

decrease in internalizing symptoms equivalent to almost half a standard deviation. Based on 

these results, it can be concluded that the intervention was effective in increasing sleep duration, 

as well as reducing parent reported internalizing symptoms in a sample of youth with T1DM. 

This study supports prior research by Dewald and colleagues (2014) which showed that 

increased sleep duration led to reductions in depressive symptoms in youth without diabetes. The 

present study also expands these findings to youth with T1DM, who are at higher risk for these 

difficulties. With regard to the directionality of the relationship between sleep and internalizing 

symptoms, the present findings support that improvements in sleep duration can produce 

improvements in internalizing symptoms. Together, these results have potentially broad 

implications for treatment. Future interventions targeting internalizing symptoms should consider 

the impact of sleep on functioning and may benefit from including sleep as a target outcome.     

Differential effects of sleep extension on internalizing symptoms. The main study 

outcome was internalizing symptoms measured via the BASC-2 Internalizing Problems 

Composite. The decision to examine internalizing symptoms broadly was based on the literature 

indicating increased risk for both anxiety and depression associated with T1DM. Additionally, 

studies with both clinical and community samples have established that depression and anxiety 



SLEEP TO FEEL BETTER: INTERNALIZING SYMPTOMS IN T1DM 88 

are highly comorbid in youth. For instance, a meta-analysis indicated an estimated 69% of youth 

diagnosed with an anxiety disorder also meet criteria for depression, while up to 75% of youth 

with a primary depression diagnosis have a comorbid anxiety disorder (Chu & Harrison, 2007). 

The degree of overlap provides justification to develop treatments targeting multiple 

internalizing symptoms. Although several treatments have been found to be effective for both 

depression and anxiety, namely CBT, there is some evidence the specific mechanisms of 

treatment may not be the same for different conditions. Differences in how the treatment targets 

symptoms may explain why the sleep extension intervention was more effective in reducing 

anxiety and withdrawal, as opposed to depressive symptoms.  

Sleep duration variability. The primary findings showed that participants in the Sleep 

Extension condition had significantly lower scores on measures of internalizing problems 

compared to the Fixed Sleep duration condition. However, the results also showed that 

participant scores for the overall internalizing problems composite, decreased significantly from 

baseline to the end of the intervention week in both conditions of the study. The findings 

illustrate the positive effects of obtaining additional sleep, but also suggest a potential benefit of 

maintaining a consistent sleep-wake schedule. Although not the primary aim of the intervention, 

participants in both conditions experienced significant decreases in night-to-night sleep duration 

variability as a result of being assigned a set bed time and wake time. The results suggest that 

sleep consistency may also be beneficial for reducing internalizing symptoms in this population. 

A main component of cognitive behavioral treatment for insomnia (CBT-i) is sleep restriction or 

compression, in which time in bed is limited to the patient’s average sleep duration to increase 

the likelihood of them falling asleep more easily. This treatment has been shown to lead to 

improvements in patient mood, which is essentially what was achieved by assigning participants 
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to consistent sleep-wake schedule, regardless of sleep duration. Thus, reduced sleep variability 

could also have contributed to improvements in internalizing problem scores. 

Effect of sleep extension on parent versus self-report. The results of the present study 

showed that internalizing symptoms were significantly lower in the Sleep Extension versus Fixed 

Sleep Duration conditions following the sleep extension intervention, based on parent report, but 

not based on self-report. The latter lack of effect is potentially due to differences in how parents 

and youth rate internalizing symptoms. Research has suggested that parents and children may 

conceptualize anxiety and depression differently, thus impacting how they rate symptoms over 

time (Nauta et al., 2004). Scores for overall internalizing problems, as well as anxiety and 

depression separately, were significantly lower for self-report in comparison to parent report. 

There is some evidence in the literature to support that children may underreport internalizing 

symptoms (Kolko & Kazdin, 1993). It is also possible that participants did not report a difference 

in internalizing symptoms following the intervention because they did not perceive themselves as 

having difficulties in these areas. Thus, there may not have been room for improvements as their 

scores were already within the normal range.  

Another possibility is that the one week intervention period was not sufficient for robust 

differences to emerge, particularly regarding difficulties that may be resistant to change. It is 

important to note that unlike other interventions such as CBT for internalizing problems, this 

intervention did not directly target participants’ thoughts and beliefs underlying the presence of 

their internalizing symptoms. Thus, parents may have noticed tangible differences in how 

anxious or depressed their child appeared, while the children themselves may require more time 

to perceive any changes in how they felt. Conversely, parents’ expectation about the intervention 

(e.g., that it may lead to improvements) could potentially have influenced outcomes scores, as 
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they were present for the intervention. However, such effects cannot explain all post-intervention 

differences. Participants and their parents were blinded to whether they were assigned to the 

condition of interest (sleep extension) or the other condition. They were also not told that the 

intervention was targeting internalizing symptoms, but rather examining sleep and diabetes 

broadly. Additionally, condition was randomly assigned and internalizing scores were 

significantly lower in the Sleep Extension condition compared to the Fixed Sleep Duration 

condition following the intervention. 

Diversity of the Study Sample 

A great strength of the present study is the diversity of the sample. Participants varied 

with regard to race and ethnicity, in that over half the sample identified as non-white. This is 

unique in that many of the prior studies on sleep extension included a primarily Caucasian 

sample. Additionally, participants were from diverse socioeconomic groups, representing a range 

of incomes and levels of parental education. Together, these factors greatly improved the 

generalizability of the results. Additionally, a major concern about more traditional treatments 

for internalizing symptoms, such as psychotherapy, is accessibility of the intervention. The 

present intervention was brief (i.e., one 20-minute session) and could easily be implemented into 

a regular endocrinology appointment where these individuals are already receiving medical care, 

which greatly improves the number of families that could participant and benefit from the 

intervention.  

Review of Hypotheses 

  For Research Question 1, the data partially supported the first hypothesis demonstrating 

that sleep duration was negatively correlated with internalizing symptoms based on parent report, 

but not by self-report or objectively measured sleep duration from actigraphy. Hypothesis 2 was 
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also partially supported by the results, which indicated that the sleep intervention was effective 

in reducing internalizing symptoms in a sample of youth with T1DM, based on parent report, but 

not self-report. Finally, the third hypothesis was partially supported by data showing that 

participants who complied with the intervention and increased their sleep duration experienced 

reductions in internalizing symptoms relative to those whose sleep duration did not change from 

baseline to post-intervention. However, there was no significant effect of sleep extension for 

self-reported internalizing symptoms. Overall, the results of this study build upon prior research 

to further elucidate the relationship between sleep and internalizing symptoms in youth with 

T1DM. Furthermore, this study is the first to investigate effect of a sleep extension intervention 

on internalizing symptoms in youth with T1DM. The strengths of this study were the 

experimental design, as well as the multimethod and multi-informant approach used to examine 

relationships between variables. Additionally, the intervention itself was quick, easy to 

implement, and relatively low cost. However, there are some potential limitations to the findings.  

Study Limitations 

Measurement. With regard to measurement, there are several considerations. Given that 

the BASC-2 is an omnibus rating scale that measures a variety of behaviors using a small 

number of questions for each construct, it is also possible that this measure was not sensitive 

enough to detect changes in individual constructs, such as depression at the end of the week-long 

intervention. The use of single construct measures in the future will be important to disentangle 

the relative impact of the intervention on different symptoms. For example, Dewald and 

colleagues (2014) utilized the CDI and found a significant decrease in scores following their 

sleep extension intervention. Additionally, the questionnaires utilized in the present study were 

only administered at two time points and focused more on traits, which are considered more 
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stable characteristics, as opposed to states, which are more temporary. Therefore, it is not 

possible to examine the variability of internalizing symptoms across the week long intervention. 

Furthermore, the BASC-2 Internalizing Problems Composite contains items related to 

somatization, which is the presence of physiological symptoms (e.g., stomach aches, dizziness, 

etc.) without a discernable cause, such as an illness. Somatic symptoms are commonly attributed 

to anxiety or depression. However, youth with T1DM may experience the same symptoms due to 

their medical condition. Thus, this should be taken into consideration when interpreting the 

results.  

Although the BASC-2 has been used in prior research with T1DM, it was not necessarily 

intended for repeated measurements over such a short amount of time. Longer intervention 

period will allow for more time between administrations. It should also be noted that the present 

study utilized the second edition of the BASC, as it was the most current version at the time. The 

third edition is now available and includes updated normative data for use in future studies.  

Sustainability of effects. Although the study found immediate effects of the sleep 

extension intervention on internalizing symptoms, there are no data to support that these benefits 

would be sustained, as the study design did not include a follow-up period. Thus, it is unknown 

whether the reductions in internalizing symptoms participants experienced would persist over 

time. Given the brevity of the interventional period, it is also unclear what effect the intervention 

would have if participants were to achieve more nightly sleep over a longer period of time.  

Additionally, the midweek check-in phone calls were not systematically examined 

regarding frequency of contact (e.g., how many attempts to contact participants) and content of 

the conversation (e.g., how much trouble shooting was required). The study would have 

benefited from maintaining a contact log and tracking whether midweek check-ins influenced 
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compliance with intervention instructions. Such information is necessary in future research to 

fully evaluate the benefits of the sleep extension intervention and determine if there is a need for 

booster sessions to maintain gains.  

Intervention components. Interventionists utilized the intervention components 

checklist (Figure 2) to develop an individualized sleep prescription for each participant. 

However, information on which components of the intervention were implemented by 

participants (e.g., reducing use of electronics, psychoeducation on the importance of sleep, etc.), 

was not systematically obtained. Thus, it is not possible at this time to determine which 

components were most beneficial in increasing sleep duration and decreasing internalizing 

symptoms. Although compliance with the main intervention objectives (i.e., extend of maintain 

sleep duration) was assessed and revealed that the intervention as a whole was effective, future 

research should investigate the benefit of each components. Specific components of the sleep 

intervention itself, such as encouraging parental involvement (Component 8), may have played a 

role in reducing internalizing symptoms in the Sleep Extension Condition above and beyond 

changes to sleep duration. Additionally, fidelity of the intervention itself was accessed in a subset 

of participants, but it was not systematically collected for all participants.  

Generalizability. A strength of this study was the diverse sample of participants, of 

which over half identified as ethnic minorities. Despite the diversity of the study sample, 

participants were only recruited from one pediatric endocrinology clinic in the southwest, and 

thus may not be representative of all youth with T1DM. Furthermore, the sample included a 

small number of individuals from certain racial/ethnic groups. Thus, this must be taken into 

consideration when evaluating the generalizability of the findings. The results would be 

strengthened with future research conducted at multiple sites to better capture the demographics 
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of the country as a whole. Future research should also systematically investigate the effect of the 

intervention for participants of different socioeconomic, cultural, and ethnic backgrounds, as 

results may as a function of participant characteristics. The intervention may also need to be 

adapted to reflect different cultural practices regarding sleep.  

Furthermore, although over a third of participants had elevated scores for internalizing 

symptoms, the sample itself was not drawn from a clinical population of youth with internalizing 

disorders. Thus, it is unclear how the results generalize to youth with severe internalizing 

disorders. Regardless, the findings provide support for the utility of the intervention as a way of 

targeting this population of youth at high risk for internalizing problems either as preventative or 

before symptoms become severe.    

Future Directions 

The results of the present study are promising and suggest that sleep extension based 

interventions have the potential to be used to target and reduce internalizing symptoms in youth 

with T1DM, a population at high-risk for such difficulties. A primary goal of this research and of 

future research is to influence T1DM clinical care guidelines to reflect the importance of sleep 

on patient outcomes, as current guidelines lack information of sleep (American Diabetes 

Association, 2017). The ultimate objective is to demonstrate the feasibility of implementing 

sleep-based interventions as part of standard clinical care appointments. Thus, there exists a 

critical need for more research to further evaluate the effectiveness of the proposed sleep 

intervention. Future studies should seek to examine the sustainability of the intervention effects 

and determine the need for, and effect of, booster sessions, in addition to the initial sleep 

consultation. It may also be important to investigate the effect of individual intervention 

components in order to strengthen the intervention and eliminate any unnecessary elements.  
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A strength of the present study was the use of multiple measures targeting internalizing 

symptoms, as well as multiple informants, unlike prior research that utilized single measures 

from one perspective (Dewald et al., 2014; Fredriksen et al., 2004; Pieters et al., 2015). The 

findings of the study support that it is critical to take multiple perspectives into account when 

evaluating the effectiveness of psychological interventions. Future studies would benefit from 

taking the same multi-informant approach, as well as considering other informants such as 

teachers. The inclusion of teachers’ perspectives may provide further inside into youth’s 

functioning, as well as have the advantage of teachers being blinded to the intervention (Fallone 

et al., 2005). Future research may also require the use of single construct measures to specifically 

target changes in symptoms, such as the CDI, which has been used in other intervention studies 

(Dewald et al., 2014). Additionally, the use of questionnaires targeting states, instead of traits, 

and multiple administrations would be warranted in future studies to examine the variability of 

symptoms and the sustainability of the intervention effects over time. 

Sleep variability is another area in critical need of future research. Although the target of 

the intervention was to increase sleep duration, both conditions required participants to maintain 

a consistent sleep-wake schedule, which may have also been beneficial in reducing internalizing 

symptoms. There is a body of research examining sleep extension, but very little information is 

available about the effects of sleep duration variability. It is possible for two children to obtain 

an average of eight hours of sleep, but have differing degrees of variability. The first child might 

receive eight hours nightly, while the other may get insufficient sleep on some nights and then 

“crash” on other nights, still resulting in an average of eight hours. More research is necessary to 

investigate how these two individuals may differ across outcomes. The present study was 

designed to prevent participants in the Fixed Sleep Duration condition from inadvertently 
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extending their sleep by assigning them to maintain their baseline amount of sleep. The inclusion 

of a group in future studies in which sleep duration is not manipulated would help further 

elucidate the relative contribution of consistent sleep versus increased sleep duration in reducing 

internalizing symptoms in this population. Furthermore, future studies should consider a within 

subjects design such that participants in both groups eventually receive the intervention and any 

potential benefits.  

Finally, future research should explore the potential mechanisms underlying the effects of 

the intervention. Given the complex relationship between these variables, there are several 

potential pathways for sleep to contribute to the reduction of internalizing symptoms in this 

population.  There is potentially a direct relationship in which neurological processes during 

sleep are responsible for decreasing internalizing symptoms. Sleep is implicated in several 

physiological processes that help regulate mood (van der Helm & Walker, 2009). Increasing 

sleep may allow for these processes to take place and, therefore, result in improvements in 

reported psychological wellbeing. It is also possible that increased sleep improves metabolic 

functioning, which indirectly improves psychological functioning by reducing internalizing 

symptoms. This process could occur through physiological changes (e.g., more sleep directly 

results in better glucose control) or behavioral changes (e.g., sleep improves self-management 

behaviors). Components of the intervention itself could also contribute to psychosocial changes 

that promote emotional wellbeing. The daily stress associated with having diabetes is thought to 

contribute to the presence of internalizing symptoms (Hankin, & Abramson, 2001; Whittermore 

et al., 2002). Increasing sleep may serve to decrease this stress, and therefore reduce internalizing 

symptoms. It is likely that multiple factors associated with the intervention are responsible for 
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directly or indirectly reducing internalizing symptoms in youth with T1DM. Additional research 

is required to further tease apart the potential pathways driving the effects of the intervention.  

Implications for Practitioners  

 Assessing and addressing internalizing symptoms in T1DM. One of the implications 

of the present study is the critical need to assess internalizing symptoms in youth with T1DM. 

Clinicians working with this population must take into consideration how youth are coping with 

having a pediatric chronic illness and the potential effect on their psychological functioning. 

Parents and practitioners should be watchful for internalizing problems immediately following 

diagnosis, but the data support that the risks for these issues do not disappear over time as the 

average length of diagnosis in the sample was over five years. Thus, all youth with T1DM should 

be monitored for internalizing symptoms, regardless of how long ago they were diagnosed. 

Additionally, clinicians working with youth should consider multiple perspectives (e.g., parent 

and self -report) as information may differ across sources. Given the limited time physicians 

have with patients, other clinicians in the child’s life may need to take on this responsibility. 

School psychologists are in a unique position as they possess specialized knowledge of 

psychological functioning and assessment procedures, and youth spend a large portion of their 

day at school.  

Assessing and addressing sleep in T1DM. The present study also highlighted the need 

to assess the sleep habits of youth with T1DM as almost all participants in the sample did not 

achieve the amount of sleep recommended by the National Sleep Foundation. Just recently, the 

clinical care recommendations for type 2 diabetes mellitus were updated to state that all 

individuals with T2DM should be assessed for sleep disordered breathing and other sleep 

disturbances (American Diabetes Association, 2017). However, no such recommendations exist 
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for T1DM, despite mounting evidence that youth with T1DM get insufficient sleep. Given the 

evidence that insufficient sleep can impact not only psychological functioning, but also interfere 

with diabetes management, assessment of sleep should be included in standards of diabetes care 

at a minimum. Furthermore, if future research continues to support the use of sleep based 

interventions for this population, such interventions could potentially be incorporated into 

clinical practice. Again, school psychologists may be the first to encounter youth following 

diagnosis, aside from their physicians. Thus, they may be able to assess and intervene before 

clinically significant internalizing problems develop. As demonstrated in the present study, data 

on sleep are easily obtained via questionnaires and can serve as outcomes for intervention. 

Conclusions 

 In summary, T1DM is a chronic condition that has been shown to impact both 

psychological functioning and sleep in youth. The results of this study suggest that a relationship 

exists between sleep internalizing symptoms, particularly regarding quality of sleep and daytime 

sleepiness. These findings also highlight the importance of obtaining not only sufficient sleep 

duration, but also maintaining a consistent sleep-wake schedule. Importantly, interventions 

designed to address sleep, both duration and consistency, may produce meaningful changes in 

internalizing symptomology for youth with T1DM. This study was also the first to indicate that 

consistently getting more sleep can reduce internalizing symptoms, particularly with regard to 

anxiety and withdrawal, in youth with T1DM. These findings have significant clinical 

implications for children and adolescents with T1DM. This is particularly important as this 

population has been shown to be at higher risk for internalizing problems and insufficient sleep, 

results that were replicated by this study. Practitioners should be aware of these risks when 

evaluating and treating youth with T1DM, and attempt to intervene when needed. Furthermore, 
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the present study indicates that youth with T1DM can extend their sleep for a period of one week 

following a brief sleep consultation. Sleep extension as an intervention is promising as quick and 

easy to implement treatment for reducing internalizing symptoms in youth with T1DM.   
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