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Abstract 

 

Adolescence is often a time of diabetes mismanagement and poor metabolic control in 

adolescents with type 1 diabetes. Symptoms of depression are related to poor metabolic control, 

but the mechanism that links them is under debate. Because depression tends to be associated 

with poorer adherence and poor adherence has been shown to be related to poor metabolic 

control, it is possible that adherence serves as a mediator between the two.  The present study 

tested this mediation pathway in a sample of adolescents with type 1 diabetes.  Participants 

(N=252) were recruited from endocrinology clinics in Utah during their routine diabetes clinic 

visits. Participants fell between the ages of 10 and 14, were able to read and write in either 

English or Spanish, had a diagnosis of type 1 diabetes for at least one year, and did not have a 

condition that would interfere with measurement completion. Participants were drawn from a 

larger longitudinal observational study.  This study analyzed the first three time points of data, 

which were obtained six months apart.  Demographic and illness information was obtained from 

self-report and participant medical files. Questionnaires were used to assess depression and 

adherence. Metabolic control was measured through HbA1c levels retrieved from medical 

records. Data were analyzed to test the mediation hypotheses. Higher levels of depression were 

correlated with poorer metabolic control in cross-sectional analyses at study entry, and in 

longitudinal analyses measured one year later.   Adherence was found to be a partial mediator in 

cross-sectional analyses, but did not mediate changes in metabolic control across time.  

Keywords:  Type 1 Diabetes, depression, metabolic control, adherence, adolescents. 
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CHAPTER ONE 

 

Introduction 

 

Managing type 1 diabetes during adolescence is difficult but important. It requires an 

intensive management regimen combining insulin injections with diet, exercise, blood glucose 

monitoring, and other behavioral changes in order to assure that blood glucose levels remain 

close to a normal range (Silverstein et al., 2005). Poor diabetes management that does not 

regulate blood glucose levels puts individuals with type 1 diabetes at a higher risk for future 

serious health complications, including cardiovascular disease, neuropathy, retinopathy, and 

nephropathy (Diabetes Control and Complications Trial Research Group [DCCT], 1996). 

Though management is important across all age groups, solidifying a proper regimen during 

childhood and adolescence may promote better diabetes management later in life (Orr, Fineberg, 

& Gray, 1996). Unfortunately, however, adolescence is often a time of diabetes mismanagement 

(La Greca et al., 1995). This is evidenced by poorer adherence to a diabetes regimen, heightened 

emotional distress, and deteriorating blood glucose control across this developmental period 

(Helgeson, Snyder, Escobar, Siminerio, & Becker, 2007; Korbel, Wiebe, Berg, & Palmer, 2007; 

King, Berg, Butner, Butler, & Wiebe, in press).  

Depression in individuals with type 1 diabetes may impact the difficulties of managing 

diabetes. Research in adults has found depression to be significantly associated with a variety of 

poor diabetes-related health outcomes, including neuropathy, macrovascular complications, and 

retinopathy (de Groot, Anderson, Freedland, Clouse & Lustman, 2001). The literature has mainly 

focused on the adult population, but a growing literature has also linked depressive symptoms to 

poor health outcomes among adolescents with type 1 diabetes (Grey, Whittmore, & Tamborlane, 
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2002; Hood et al., 2006). Specifically, there is a relationship of adolescent depression with 

poorer metabolic control (i.e., higher HbA1c levels) and recurrent diabetes ketoacidosis (Kovacs 

et al., 1990; Grey, Cameron, & Thurber, 1991; Korbel et al., 2007; Smaldone, Judy, Raymond, & 

Weinger, 2004; Stewart, Rao, Emslie, Klein & White, 2005).  

 The associations of depression with poor health outcomes is concerning in light of the 

prevalence of depression among adolescents. Among the general population of adolescents, 

studies have suggested that early adolescence presents a rapid decrease in emotional well-being 

(Larson, Moneta, Richards, & Wilson, 2003). A recent meta-analysis examined this literature 

and found that children with diabetes are at slightly elevated risk for depression relative to those 

without diabetes (Reynolds & Helgeson, 2011). Approximately 11% of healthy adolescents will 

be diagnosed with a depressive disorder by the age of 18 (Merikangas, et al., 2010). 

Comparatively, depression rates in children and adolescents with type 1 diabetes have been 

estimated as high as 20 to 33% (Grey, Whittemore & Tamorlane, 2002; Kovacs et al., 1996; 

Blanz, Rensch-Riemann, Fritz-Sigmund, & Schmidt, 1993).  

The mechanisms that link adolescent depression to physical health outcomes are not well 

understood, but may involve adherence. Some research has focused on the direct physiological 

effects of depression. Depression has been found to be associated with the increase in counter-

regulatory hormones and modifications in the function of glucose transport. These biological 

changes are thought by some to lead to dysfunction in the pancreatic B-islet cells (Musselman, 

Betan, Larsen & Phillips, 2003). Though some research has suggested the biological implications 

of depression’s role of HbA1c levels, it is important to consider the role of behavioral mediators 

as well. Since research has suggested that non-adherence to a diabetes related medical regimen 
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may be associated with HbA1c levels, this is an important variable to consider. Understanding 

the relationship between depression, adherence and HbA1c may give insight into potential 

treatment and intervention opportunities. The present study examined the relationship between 

depression and HbA1c among adolescents with type 1 diabetes, and  investigated whether 

adherence mediates this relationship. 
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CHAPTER TWO 

 

Review of the Literature 

 

Type 1 Diabetes Management During Adolescence 

Etiology and Management 

Type 1 diabetes, also known as juvenile diabetes or insulin-dependent diabetes, is an 

auto-immune disorder that is diagnosed in roughly one out of every 400 children and adolescents 

in the United States, and accounts for approximately 13,000 new cases each year (Center for 

Disease Control and Prevention [CDC], 2012).  Type 1 diabetes occurs when the body’s immune 

system attacks and destroys the beta cells in the pancreas.  These cells are responsible for the 

production of insulin, a hormone that moves glucose into the body’s cells to be metabolized for 

energy.  Without insulin, carbohydrates cannot be metabolized and utilized as energy for the 

body. This leads to the accumulation of glucose in the blood resulting in elevated glycosylated 

hemoglobin (HbA1c) levels, while the cells and tissues in the body are starved of energy. 

Without an exogenous source of insulin the person with diabetes will eventually die. In order to 

regulate these glucose levels, insulin must be administered, either through injection or a pump. 

This intake of insulin must be carefully coordinated with diet, exercise, and blood glucose 

monitoring so as to regulate blood glucose levels as close to the normal range as possible.  

Type 1 diabetes is a particularly difficult chronic illness to manage, requiring a 

complicated regimen that is often difficult to maintain. The regimen usually includes checking 

blood glucose levels multiple times per day, maintaining an appropriate diet and physical activity 

schedule, determining the appropriate insulin dosage and administering that insulin multiple 

times daily (Helgeson et al., 2007). Adherence to and coordination of each component is an 
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essential part of the regimen. Despite its importance, adolescents often experience difficulty in 

adhering to the diabetes regimen. These management activities are often considered to be a 

nuisance to the adolescent, and some can even be painful (Morris et al., 1997). When combined 

with the hassles of an adolescent’s daily routine, adherence to these steps can often be negatively 

impacted. This negative impact is evidenced by the deterioration of adherence behaviors across 

adolescence (Rausch et al., 2012; Ingersoll, Orr, Herrold & Golden, 1986; Drotar & Ievers, 

1994). 

Physical and Psychological Complications of Type 1 Diabetes 

 There are many diabetes related complications that can occur, often without much 

warning. When too much insulin is taken relative to carbohydrate intake and exercise patterns, 

blood glucose may become too low, a condition known as hypoglycemia, potentially resulting in 

loss of consciousness and seizures.  When too little insulin is given, glucose accumulates in the 

blood, hyperglycemia occurs, and can lead to a multitude of further complications if left 

untreated. One of these serious short-term complications is ketoacidosis. This occurs when 

diabetes is mismanaged and the body begins to break down fat for energy because insulin 

insufficiency makes glucose unavailable.  As these fats are broken down, ketones are released 

and begin to accumulate in the blood and urine.  Ketones are toxic and can become poisonous as 

they build up within the body (A.D.A.M. Medical Encyclopedia, 2011), resulting in 

hospitalization, a diabetic coma or even death if left untreated. 

 Chronically elevated blood glucose levels also create many of the long-term 

complications associated with type 1 diabetes, and ensuring proper blood glucose levels over 

time can drastically reduce many of the risks associated with diabetes. The Diabetes Control and 



ADHERENCE AS A MEDIATING VARIABLE 13 

 

 

Complications Trial found that a vigilant effort to ensure that HbA1c levels remain as close to 

normal as possible may reduce the risk of retinopathy by 76%, nephropathy by 50%, and 

neuropathy by 60% (1993). The follow up study, Epidemiology of Diabetes Interventions and 

Complications, added to this by finding that the risk of cardiovascular events were reduced by 

42% and more specifically nonfatal heart attack, stroke, or death from cardiovascular causes 

were reduced by 57% when blood glucose was controlled well (The Diabetes Control and 

Complications Trial/Epidemiology of Diabetes Interventions and Complications (DCCT/EDICT) 

Study Research Group, 2005).  Similar findings were observed when intensive diabetes treatment 

was applied in the lives of adolescents. The progression of retinopathy and nephrological disease 

was slowed significantly in the intensive treatment group when compared to the control group 

(White et al., 2001). If left untreated, diabetes will eventually lead to premature death. Ensuring 

that HbA1c, a measurement of average blood glucose levels, remains as close to normal as 

possible will greatly reduce the presence of these long-term complications. Thus the goal of 

medical management is to ensure the maintenance of proper HbA1c levels.   

Studies have also suggested that the challenges of type 1 diabetes and poor metabolic 

control are strongly correlated with psychiatric conditions, such as anxiety and depression 

(Lustman et al., 2000; Grigsby, Anderson, Freedland, Clouse, & Lustman, 2002; DeVries, 

Snoek, & Heine, 2004). These symptoms can begin as early as diagnosis. Some children and 

adolescents, and even their families, appear to go through a sense of grief when initially faced 

with the task of managing their diabetes (Lowes & Lyne, 2000). Many of these symptoms 

dissipate as the adolescent and their families settle into the routine of managing their diabetes. 

For some, however, psychological symptoms may persist. These psychological symptoms are of 



ADHERENCE AS A MEDIATING VARIABLE 14 

 

 

concern in this population, as research has suggested that depression and anxiety may lead to 

more difficult psychosocial adjustment into adulthood as well as poorer metabolic control 

(Jacobson et al., 1994; Kovacs et al., 1985).  

Deterioration in Hba1c During Adolescence 

 Adolescence is a period of marked deterioration in metabolic control and HbA1c levels 

(Helgeson, Siminerio, Escobar, & Becker, 2009). Cross-sectional studies have consistently found 

that HbA1c levels are higher (indicating poorer metabolic control) in older adolescents than 

younger. Longitudinal data appear to support this idea. Longitudinal data collected in 2010 found 

that one-third of their participants started with an HbA1c level at approximately 9% and 

increased to approximately 10.5% across the adolescent period (Helgeson et al., 2010). A similar 

study found that the majority of their adolescent participants had either moderate control with 

slight deterioration across adolescents or poor control with rapid deterioration (King et al, 2012). 

Though there is limited research, studies examining HbA1c trajectories have begun to pinpoint 

specific groups that may be at a greater risk of decline. Adolescents who report a low level of 

parental support or high family restrictiveness, for example, show a greater decline in metabolic 

control across adolescence (Seiffge-Krenke, Laursen, Dickson & Hartl, 2013). Adolescents who 

are considered to have poorer metabolic control tend to have a steeper decline in HbA1c levels 

than those who are in the optimal control group (Luyckx & Seiffge-Krenke, 2009; Helgeson, 

Snyder, Seltman, Escobar, Becker & Siminerio, 2010). One study found conflicting results, that 

there were no trajectory difference between those adolescents who met the American Diabetes 

Association’s ranges and those who were outside of them (Hilliard, Wu, Rausch, Dolan & Hood, 
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2013).  Overall, however, there is compelling evidence that adolescence is a time of risk for poor 

type 1 diabetes management. 

There are a myriad of reasons for this deterioration in diabetes management across the 

adolescent period such as risky behaviors (Scaramuzza et al., 2010), transition from parent to 

adolescent management of care (Hanna & Guthrie, 2000), and metabolic dysregulation caused by 

puberty (Goran & Gower, 2001). A recent focus in the literature has begun to examine the role of 

psychiatric symptomology, such as depression, in this deterioration (Lustman et al., 2000; 

Hassan, Loar, Anderson & Heptulla, 2006).  

Relationship Between Depression and HbA1c 

Depression is an important variable to study among individuals with type 1 diabetes, 

especially when one considers the prevalence rates of depression in this population. A meta-

analysis of depression in adults with type 1 diabetes found a 12.0% prevalence rate of depression 

in those with type 1 diabetes versus 3.2% in control subjects. The meta-analysis also included 

studies with no control groups, which found a prevalence rate of 13.4% (Barnard, Skinner, & 

Peveler, 2006). A later meta-analysis examined the presence of psychological difficulties in 

children and adolescents with type 1 diabetes. Though there was no significant difference in the 

presence of clinical levels of depression between those with and without type 1 diabetes, there 

was a significant difference in the level of depressive symptoms between the groups, suggesting 

an increase in psychological distress for children with type 1 diabetes (Reynolds & Helgeson, 

2011).  

 The elevated symptoms of depression in adolescents with type 1 diabetes are concerning 

because of the potential relationship between depressive symptoms and HbA1c levels. Though 
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the majority of studies that have examined the relationship between depressive symptoms and 

glycemic control have been focused on adults, the past decade has shown an increase in the 

adolescent literature. This relationship has been most evident in cross-sectional studies. In 2006, 

a study was conducted to examine this relationship further, and discovered that youth with higher 

depressive symptoms were more likely to have higher HbA1c levels than their peers with lower 

depressives symptoms (Hood, Huestis, Maher, Butler, Vokening & Laffel, 2006). A recent study 

found that adolescents with type 1 diabetes who had positive screens for a mental health 

disorder, specifically depression, anxiety, or disordered eating, were twice as likely to have poor 

glycemic control than those with negative screens (Bernstein, Stockwell, Gallagher, Rosenthal, 

& Soren, 2013). While helpful at establishing this relationship, these studies fail to explain the 

nature of the relationship.  

 Longitudinal studies help begin to fill in information as to the nature of this relationship. 

A longitudinal study conducted by McGrady and Hood (2010) found that depressive symptoms 

were associated with HbA1c concurrently, but did not find any predictive relationship across 

time. In a one-year follow-up, higher depressive symptoms were correlated with higher HbA1c 

levels at baseline and at the 12 month-follow up, but were not significant predictors of HbA1c 

across time (Hilliard, Herzer, Dolan & Hood, 2011). Hood, Rausch & Dolan (2011) also found 

that for every 5 point score increase on measure of depressive symptoms (Children’s Depression 

Inventory, Kovacs, 1992), HbA1c would raise a half-percent, a clinically meaningful increase in 

metabolic control. Results were similar across adolescence, regardless of age, illness duration, or 

family structure. Another study found that for every unit rise in HbA1c there was a 27% increase 

in the probability of depression (Hassan, Loar, Anderson & Heptulla, 2006). The presence of 
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psychiatric disorders, such as depression, have been shown to be associated with an increased 

risk of ketoacidosis, a complication marked by higher HbA1c levels, as well as hypoglycemia in 

adolescents (Rewers et al., 2002). Although such findings provide a compelling argument that 

depressive symptoms in adolescents are associated with poor metabolic control, there are some 

inconsistent findings.  Cohen and colleagues found opposite results, reporting that the presence 

of internalizing behavior problems, such as depression and anxiety, actually predicted better 

metabolic control (Cohen, Lumley, Naar-King, Partridge, & Cakan, 2004). The authors found 

this finding to be surprising and suggested that internalizing behaviors such as anxiety may lead 

adolescents to adhere to a strict monitoring regimen due to heightened concern about their 

health.  It is also possible that by grouping several symptom clusters together under the umbrella 

of “internalizing symptoms” the study did not capture the specific influence of depressive 

symptoms.  

 There has been little research done as to the direction of the relationship. Though the 

literature shows that the relationship exists, it rarely explores whether this relationship is causal. 

The strongest evidence of a causal relationship is shown in intervention studies. A meta-analysis 

conducted in 2006 found that, to date, no intervention has focused specifically on depression in 

children or adolescents with type 1 diabetes (Northam, Todd & Cameron, 2006). 

Adherence as a Mediator 

Although the literature indicates that higher levels of depression are associated with 

poorer glycemic control (i.e., higher HbA1c levels), the process linking these two variables has 

not been clearly identified (McGrady, Laffel, Drotar, Repaske, & Hood, 2009; McGrady & 

Hood, 2010). Some suggest that there are biological mediators such as more direct involvement 
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of the hypothalamic-pituitary-adrenal axis and the immunoinflammatory processes associated 

with depression (Musselman, Betan, Larsen & Phillips, 2003; Ramasubba, 2002; Boden & 

Hoeldtks, 2003). Others consider a more behavioral pathway, suggesting that certain behaviors 

may serve as mediators between depressive symptoms and metabolic control, though these have 

been primarily addressed in the type 2 diabetes population (Chiu, Wray, Beverly, & Dominic, 

2010). It is the hypothesis of this project that adherence mediates the association between 

depressive symptoms and metabolic control in adolescents with type 1 diabetes.  For mediation 

to be supported, two associations must exist.  First, depression should be associated with 

adolescents’ level of adherence; second, adherence should be associated with adolescents’ 

HbA1c levels.  Below, I describe research examining each of these associations among 

adolescents with type 1 diabetes. 

Relationship Between Depression and Adherence Among Adolescents With Type 1 

Diabetes 

 In recent literature, there have been a number of studies examining whether depressive 

symptoms are related to poor adherence to a medical regimen for a variety of chronic illnesses 

(Gilbar and DeNour, 1989; Lebovits et al, 1990; Katz et al., 1998; Kiley et al, 1993; Rodriguez et 

al, 1991; Schneider et al, 1991; Taal et al, 1993). This literature suggests that the relationship 

between depression and adherence is applicable across many different types of chronic illness. 

Several studies have looked at this relationship in adults with type 1 diabetes, and many cross-

sectional studies have found that higher levels of depressive symptoms predict lower levels of 

adherence to treatment (Ciechanowski, Katon, & Russo, 2000; DiMatteo, Lepper. & Croghan, 

2000; Kyrios, Nankervis, Reddy, & Sorbello, 2006). In fact, a recent meta-analysis of this 
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relationship found that depressed patients are three times more likely to be noncompliant with 

their treatment recommendations (DiMatteo, Lepper. & Croghan, 2000). This trend is not only 

true in the adult population; it appears to exist within the adolescent population as well. Several 

cross sectional studies have found that depressive symptoms are strongly correlated with lower 

adherence (Cohen et al., 2004; Hood et al., 2006; Naar-King et al., 2006; Kyrios, Nankervis, 

Reddy, & Sorbello, 2006). Longitudinal studies have generally supported these findings 

(McGrady & Hood, 2010).   

Relationship Between Adherence and HbA1c 

 The second requirement for adherence to be a mediator between depression and HbA1c is 

that adherence levels must predict HbA1c. A great deal of the literature examining this 

relationship concludes that there is a relationship between the two variables. The better one’s 

adherence behaviors are, the lower the HbA1c levels will be (Cohen, Lumley, Naar-King, 

Partridge, & Cakan, 2004). This has been shown to be true in the adolescent population (Lewin 

et al., 2006; Wiebe et al., 2005). In a meta-analysis of this relationship in the pediatric and 

adolescent population, it was found that 90% of the studies had a negative association between 

adherence behaviors and glycemic control (Hood, Peterson, Rohan & Drotar, 2009). 

Contribution to the Literature 

 Though it appears that all three variables are connected, little research has been done on 

the role of adherence as a mediator between depressive variables and HbA1c. There has been 

some literature examining similar variables as a mediator (e.g. health-related behaviors) (Chiu, 

Wray, Beverly, & Dominic, 2010), but few have addressed adherence. Lustman et al. (2005) 

examined this relationship in adults. Though they did not find that adherence was a mediating 
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variable, they only conducted a cross-sectional study addressing the variable in the adult 

population. The adolescent literature is equally sparse. A study conducted in 2011 found that 

adherence had a protective effect in adolescents with type 1 diabetes, suggesting the role of 

adherence as a moderator but not testing whether it served as a mediator (Hood, Rausch, & 

Dolan, 2011). In other words, the study found that levels of adherence may alter the relationship 

between depression and metabolic control, but it did not explain the process through which this 

relationship occurred. There has been one study conducted that found blood glucose monitoring 

to be a mediator between depressive symptoms and glycemic control in adolescents with type 1 

diabetes, but this was only examined cross-sectionally (McGrady, Laffel, Drotar, Repaske & 

Hood, 2009). The lack of literature suggests the need to further examine this possibility. If 

adherence were to be found as a mediating variable, it would help researchers and medical 

professionals more accurately aid adolescents in maintaining healthy A1c levels, especially in 

light of the fact that current practice recommendations for children and adolescents with type 1 

diabetes include regular screening for depressive symptoms (Silverstein et al., 2005). 

Demonstrating this relationship longitudinally is exceptionally important as it provides a more 

compelling demonstration of how this relationship unfolds across time.   

Aims and Hypotheses 

 Aim 1: To examine the relationship between depression at study entry and HbA1c at a 

one year follow up. 

o Hypothesis 1: Higher levels of depression will be associated with higher 

subsequent HbA1c levels. 
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 Aim 2: To examine the relationship between depression at study entry and adherence at 

six-month follow-up; and to examine the relationship between adherence at six-month 

follow-up and HbA1c at one-year follow-up. 

o Hypothesis 2A: Higher level of depression will be associated with lower 

subsequent levels of adherence. 

o Hypothesis 2B: Lower levels of adherence will be associated with higher 

subsequent HbA1c levels. 

 Aim 3: To examine the potential mediating role of adherence between depression and 

HbA1c. 

O Hypothesis 3: Lower levels of adherence will mediate the relationship between 

higher depressive symptoms and poorer HbA1c levels.  
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CHAPTER THREE 

 

Methodology 

Participants and Procedures 

Participants.  Participants were recruited from Pediatric Diabetes Program at the Utah 

Diabetes Center and a diabetes clinic conducted by an additional pediatric endocrinologist in 

Utah during their routine diabetes clinic visits. Participants were included in the study if they fell 

between the ages of 10 and 14, were able to read and write in either English or Spanish, lived 

with their mother (because a purpose of the larger study was to examine mother-child 

transactions related to diabetes management), had a diagnosis of type 1 diabetes for at least one 

year (M=4.13, SD=3), and did not have a condition that would interfere with measurement 

completion (N=252). At study entry, adolescents’ average age was 12.49 years (SD=1.53) and 

53.6% of the population was female. Adolescents were mostly Caucasian (94%) and middle 

class (73% of household incomes averaged $50,000 or more annually). 

Procedure. Data were collected through a two-and-a-half year study, with measurements 

being assessed every six months. The present project examined data from the first three time 

points across the first year of the study (time 1 or T1 = study entry, time 2 or T2 = six month 

follow-up, time 3 or T3 = one year follow-up). Written parental consent and adolescent assent 

were obtained prior to beginning the study. At each time point, participants came to a laboratory 

session where they completed a structured interview and a set of questionnaires.  To reduce 

participant burden, some questionnaires were mailed to participants prior to their laboratory 

session, with instructions that they were to be completed individually without consulting parents; 
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a phone number was provided to contact the researchers with questions. Data for the present 

study were drawn from the questionnaires across the first three time points.   

Measures 

 Demographic and illness information. Demographic data and illness information (e.g., 

diabetes regimen, date of diagnosis) were extracted from maternal and adolescent report, as well 

as a review of the adolescent’s medical records. Prior authorization to access these records was 

obtained. 

 Depression. Participants were given the Children’s Depression), a 27-item questionnaire 

to assess depressive symptoms (Kovacs, 1992). Children were given the option of three response 

choices to rate the degree of their depressive symptoms- 0 (symptoms absent), 1 (symptoms 

mild) or 2 (symptoms definite). The scores were then totaled and interpreted. Total scores on this 

scale have adequate reliability for both elementary and junior high students (alphas > .84) 

(Smucker, Craighead, Craighead, & Green, 1986). This measure has been used in a variety of 

studies examining depression in type 1 diabetes, lending further validity to its use in this 

population (e.g. Hassan, Loar, Anderson & Heptula, 2006; Korbel, Wiebe, Berg & Palmer, 2007; 

McGrady & Hood, 2010). A high degree of internal consistency was shown in these studies 

[alphas = .84 (McGrady & Hood, 2010) & .87 (Korbel, Wiebe, Berg & Palmer, 2007)]. 

 Adherence. Children completed a 16-item Self-Care Inventory (La Greca et al., 1988) to 

assess diabetes regimen adherence over the past month. Participants were presented with a list of 

diabetes related tasks and asked to rate to what degree they completed each on a 1 (Never do it) 

to 5 (Always do it, without fail) scale. Final scores were found by averaging the ratings across 

items. Total scores on this scale have adequate internal consistency (alphas > .76 for adolescent 
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and parent reports; Wiebe et al., 2005; Wysocki, Greco, Harris, Bubb, & White, 2001). Test-

retest reliability was strong (r = .9, p < .001) and it has been shown to have strong convergent 

and construct validity (Lewin et al., 2009).  

Metabolic control. Metabolic control was indexed using HbA1c (glycosylated 

hemoglobin) from medical records.  HbA1c is a measure of average blood glucose levels over 

the previous three to four months and is the current standard in medical practice. The higher the 

HbA1c levels, the poorer the metabolic control. This measurement was obtained as part of the 

adolescent’s routine diabetes related clinic visits.  These data were available through their 

medical records. HbA1c levels were obtained at enrollment and at the one-year assessment (time 

3). 

Statistical Analyses 

The data were evaluated for normality and outliers, and the need to covary potential 

demographic and illness-related variables was explored through correlation analyses.  The 

potential covariates considered included age, sex, illness duration, and use of pump versus daily 

multiple injections because these variables have been associated with depressive symptoms and 

diabetes management in prior studies.  All analyses also explored whether adolescent age and/or 

sex moderate the associations, given evidence that depressive symptoms increase across 

adolescence for girls more than for boys (Korbel, Wiebe, Berg, & Palmer, 2007).  Because few 

studies have examined whether adherence mediates associations between depression and 

metabolic control, we initially examined the associations using cross-sectional data collected at 

time 1.  We then completed the more compelling longitudinal analyses described in more detail 

below.   
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All aims were examined using the bootstrapping techniques developed by Preacher and 

Hayes (2008).  This is the recommended approach because of the higher power one has while 

maintaining reasonable control over type I error rate compared to other tests of mediation.  

Mediation exists when a predictor affects a dependent variable indirectly through at least one 

intervening variable, or mediator.  Bootstrapping is a technique used to determine whether direct 

and indirect paths between all variables are significantly different from zero.  Mediation exists 

when the indirect path through the mediator is significantly different from zero.  Establishing 

relationships between variables is important because correlation is a necessary, but not sufficient, 

condition for claiming that two variables are causally related.  Of even greater scientific interest 

is explaining how or by what means a hypothesized causal effect occurs.  Mediation hypotheses 

posit how, or by what means, an independent variable (depressive symptoms) affects a 

dependent variable (metabolic control) through one or more potential intervening variables, or 

mediators (adherence). In this case, the bootstrapping technique was used to determine whether 

or not the relationship between depressive symptoms and metabolic control is mediated by 

adherence. 

 Two mediation models were examined.  First, we examined whether adherence mediated 

associations between depressive symptoms and metabolic control when all variables were 

measured concurrently at time 1.  Second, we examined whether depressive symptoms at time 1 

were associated with metabolic control at time 3 through adherence measured at time 2, while 

covarying the time 1 values of the mediating or outcome variables.   
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CHAPTER FOUR 

 

Results 

 

Correlations Among Study Variables 

 Analyses were initially conducted to examine the correlational relationship between the 

primary study variables, both within time points and across time (see table 2). Within each time 

point, higher levels of depression were related to higher levels of HbA1c, or poorer metabolic 

control. Thus, consistent with hypotheses, adolescent depressive symptoms were associated with 

increased risk for poorer metabolic control.  Higher levels of depression were also correlated 

with poorer adolescent report of adherence, and poorer adherence levels were associated with 

poorer metabolic control (i.e., higher HbA1c) within each time point. The three variables were 

correlated with themselves across time. That is, a high score at time 1 was strongly indicative of 

a high score of that same variable at both time 2 and time 3. This indicates that each variable 

showed a fair amount of stability across time.  Importantly, the variables were also correlated 

with each other across time. Specifically related to the hypotheses, depression at time 1 was 

associated with both adherence at time 2 and HbA1c at time 3, and adherence at time 2 was 

associated with HbA1c at time 3.  Finally, there was evidence that older participants had poorer 

diabetes management (e.g., poorer adherence and metabolic control at time 1), while those on an 

insulin pump had better diabetes management, although these associations were not consistently 

significant at each time point.   

Cross-Sectional and Longitudinal Mediation Analyses 

 Although these correlation analyses indicate depressive symptoms are associated with 

poorer adherence and metabolic control, they do not directly test whether depressive symptoms 



ADHERENCE AS A MEDIATING VARIABLE 27 

 

 

are associated with poorer metabolic control through deterioration in adherence.  Bootstrapping 

analyses were conducted to determine if adherence served as a mediating variable between levels 

of depression and HbA1c at the cross-sectional level when all variables were measured at Time 

1.  In these analyses, both age and pump status at time 1 were included as covariates in the 

model, given their associations with metabolic control at time 1.  As displayed in Figure 1, the A 

path tests whether or not levels of depression predicts adherence, B path tests whether adherence 

predicts metabolic control when covarying for levels of depression, and the C Path demonstrates 

the total effect of depression on metabolic control (i.e. the direct and indirect effect). The C’ Path 

ignores the indirect path and shows only the direct effect of depression levels on metabolic 

control.  

As can be seen in Figure 1, depressive symptoms were associated with poorer metabolic 

control (total effect coefficient = .064 (.018), t = 3.52, p = .005), and with poorer adherence, 

(coefficient = -.023 (.007), t = -3.35, p = .0009), and poorer adherence was associated with 

poorer (higher) metabolic control (coefficient = -.647 (.167), t = -3.866, p = .0001).  The direct 

effect of depression on metabolic control (i.e., removing the indirect path through adherence) 

was also significant (coefficient = .0495 (.018), t = 2.73, p = .007).  The full model explained a 

significant amount of the variance in metabolic control, [R squared = .1786, F (4, 243) = 14.42, p 

< .0001, and the indirect path through adherence was significant (90% CI = .0056, .0280); note 

that the indirect path explains a significant amount of variance if the confidence interval does not 

cross zero].     

 Bootstrapping analyses were also conducted to examine the mediational model 

longitudinally. In these analyses, we tested whether depressive symptoms at time 1 were 
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associated with metabolic control at time 3 indirectly through adherence at time 2.  We 

conducted these analyses while statistically controlling for adherence and HbA1c at time 1. As 

shown in Figure 2, there was no evidence of mediation in the longitudinal model.  In fact, 

depression and metabolic control were not associated across time once time 1 levels of metabolic 

control and adherence were statistically controlled. Specifically, the paths from depressive 

symptoms time 1 to adherence time 2 (total effect coefficient= -.0069 (.007), t=-.98, p= .326), 

from adherence time 2 to metabolic control time 3 (total effect coefficient= .036 (.175), t = .208, 

p= .036), and from depressive symptoms time 1 to metabolic control time 3 were insignificant 

when controlling for prior levels of these variables (total effect coefficient= .011 (.017), t= .621, 

p= .535).  

As a final step, we also conducted the mediation analysis with variables across time, but 

without controlling for prior levels of the mediator and outcome variables. This analysis showed 

a significant relationship between depressive symptoms at time 1 and metabolic control at time 

3, but the indirect path through adherence at time 2 was not significant (total effect coefficient= 

.010 (.017), t= .621, p= .535; Figure 3).   

Supplemental Analyses Examining Age or Sex as Moderating Variables 

Analyses were also conducted to explore potential differences between subgroups. Research has 

shown that depressive symptoms increase across adolescence for girls more than for boys, and 

these age and sex differences in depression may be linked to diabetes management (Korbel et al., 

2007).  Thus, both age and sex were examined as moderating variables to determine if these 

variables influenced the relationships represented by each path in the mediation model.  

Specifically, we determined whether age or sex interacted with depression to predict adherence 
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or metabolic control, and whether age or sex interacted with adherence to predict metabolic 

control.  Hierarchical linear regressions were conducted including age, sex, and the relevant 

predictor variable (centered on its mean) at step 1, the two-way interactions at step 2, and the 

three-way interaction at step 3 to determine whether moderation effects should be considered 

further.  As displayed in Tables 3-5, there was no evidence that age or sex moderated the 

associations between depressive symptoms, adherence and metabolic control in any analysis. 

Thus, the absence of some of the expected associations does not reflect age or sex effects. 
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CHAPTER FIVE 

 

Discussion 

 

 The present study examined whether heightened adolescent depressive symptoms were 

associated with poorer metabolic control both concurrently and prospectively, and specifically 

examined whether this association was behaviorally mediated through poorer adherence.  

Consistent with prior cross-sectional research, higher depressive symptoms were associated with 

poorer concurrent metabolic control and mediational analyses indicated this association occurred 

at least partially because those with higher depressive symptoms displayed poorer adherence.  

Results from the longitudinal analyses, however, were less conclusive.  Although depressive 

symptoms were correlated with subsequent levels of metabolic control, there was no evidence 

that adherence mediated this association.  In fact, when initial levels of adherence and metabolic 

control were statistically controlled, depressive symptoms were unrelated to subsequent 

adherence and metabolic control.  Such findings raise questions about the meaning of cross-

sectional associations between depressive symptoms and diabetes management, and point to 

important future directions for research. 

 Depressive symptoms were correlated cross-sectionally and across time with poorer 

metabolic control. The cross-sectional findings are consistent with the existing literature (Hood, 

Huestis, Maher, Butler, Vokening & Laffel, 2006; Bernstein, Stockwell, Gallagher, Rosenthal, & 

Soren, 2013) and suggest that heightened depressive symptoms tend to co-occur with poorer 

HbA1c. The literature regarding the longitudinal relationship between the two variables is not as 
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straightforward. Several longitudinal studies found a relationship between the two variables 

across time, but are difficult to interpret because of different analytic approaches.  For example, 

several studies have examined associations between depression and subsequent metabolic control 

without covarying baseline levels of metabolic control (McGrady Hood, 2010; Hilliard, Herzer, 

Dolan & Hood, 2011).  These findings are similar to the longitudinal associations that were 

supported in the present study without time 1 variables covaried, but do not provide information 

about change across time. Our findings that these across time correlations do not hold when time 

1 levels are covaried raises questions about these prior findings.  Nevertheless, there have been 

some studies of adolescents with type 1 diabetes that reported associations between depressive 

symptoms and changes in metabolic control across time  (Rausch & Dolan, 2011; Hassan, Loar, 

Anderson & Heptulla, 2006). The present study found similar correlations, but only found a 

predictive relationship when prior levels of the mediator and outcome variables were not 

controlled for. The presence of these relationships is part of why practice recommendations for 

pediatric diabetes recommends screening for depression (Silverstein, et al 2005). 

 Though the above findings do show an assocation between depression and metabolic 

control, they do not explain why the association exists. At present, there are two main theories as 

to the cause of this relationship: behavioral and biological. Some research has suggested that 

biological mediators may help to explain the relationship. Specifically, it has been suggested that 

the immunoinflammtory processes of depression or the hypothalamic-pituitary-adrenal axis may 

be playing a role (Musselman, Betan, Larsen & Phillips, 2003; Ramasubba, 2002; Boden & 

Hoeldtks, 2003). Other studies have suggested that behavioral pathways may play a more 

important function. Specific to this study, adherence may be a behavior that helps to explain the 
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relationship between depression and metabolic control by undermining an adolescent’s ability to 

self-manage their illness.  

Concurrent analyses supported that at least part of the association is related to adherence. 

This is an important contribution given the inconsistencies and sparseness of the literature. 

Although depressive symptoms have been associated with both adherence (Ciechanowski, 

Katon, & Russo, 2000; DiMatteo, Lepper. & Croghan, 2000; Kyrios, Nankervis, Reddy, & 

Sorbello, 2006) and metabolic control (Hood, Huestis, Maher, Butler, Vokening & Laffel, 2006; 

McGrady and Hood, 2010; Herzer, Dolan & Hood, 2011), few studies have directly examined a 

mediation model.  McGrady, Laffel, Drotar, Repaske and Hood (2009) found glucose monitoring 

to be a mediator between depressive symptoms and HbA1c in a cross sectional sample of 

adolescents, but Lustman and colleagues (2005) did not find adherence to serve as a mediating 

variable. Thus, the partial mediation found in the present study provides an important perspective 

on the question of how depressive symptoms contribute to poorer metabolic control.   

Longitudinal evidence, however, was far less indicative of a mediational role for 

adherence in the relationship between depressive symptoms and metabolic control.  Bivariate 

correlations between depression and subsequent adherence and metabolic control were found, 

but mediation analyses conducted even without covarying baseline levels of HbA1c did not 

support a mediation role for adherence.  More importantly, longitudinal associations between 

depression and metabolic control failed to exist once the baseline rates were statistically 

controlled.    

 As mentioned previously, little research has been done to examine the longitudinal 

implications of depressive symptoms on future levels of HbA1c. Studies that have examined 
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depressive symptoms with longitudinal outcomes have had varying results. Some studies have 

not found a relationship at the longitudinal level (e.g. McGrady & Hood 2010) while others have 

found a relationship, but only when including baseline levels of HbA1c (e.g. Luyckx, Seiffge-

Krenke & Hampson, 2010). There is a distinct lack of literature which controls for variables at 

baseline. The present study was conducted to fill this gap, though there was no evidence that 

depression predicts changes in diabetes management in adolescents over a one-year period. 

There are a variety of potential explanations for why the hypothesized mediation effect was not 

found in the longitudinal data.  Because HbA1c is a fairly constant variable, it is possible that a 

one-year time span was not long enough for the change in HbA1c to be significant.  The strong 

correlations between HbA1c levels across time indicate that this was a fairly stable variable, 

even across the adolescent years when diabetes management is known to deteriorate (Korbel, 

Wiebe, Berg, & Palmer, 2007).  It is also possible that stronger effects would have been found 

with a more select sample.  Because this sample was not chosen based on the presence or 

severity of depression, it is possible that there was not a high enough level of depression to show 

the effect. An additional possibility is the age range of this sample was not conducive for 

capturing the severity of depressive symptoms needed to show an effect. Depressive symptoms 

increase across adolescence (Hankin et al, 1998) so it is possible that the young age of this 

population did not capture the developmental period of highest risk.     

 Although there are multiple alternative explanations for the lack of an association 

between depressive symptoms and changes in metabolic control over time, it is important to 

consider the possibility that these associations exist only at the concurrent cross-sectional level.  

The absence of a longitudinal association amongst variables raises questions about the presence 
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of cross sectional associations, in that it is possible that depressive symptoms do not play a 

causal role in diabetes management.   For example, poor metabolic control could contribute to 

the experience of depressive symptoms in a reverse causation manner. It is also possible that the 

relationship between metabolic control and depression are linked through associations of both 

variables with a different third variable.  For example, levels of parental involvement (Wiebe et 

al, 2005), maternal depression (Eckshtain, Ellis, Kolmodin & Naar-King, 2010) or levels of 

stress (Delamater, Kurtz, White, & Santiago, 1987) have all been associated with both adolescent 

depression levels and diabetes management.  Although such possibilities do not explain away the 

finding of a mediational role for adherence in the cross-sectional findings, they do raise 

important questions that should be considered in future studies on the relationships between 

these variable.  

 The current study has both strengths and limitations. The data collected for this project 

are self-reported. While the measures used have excellent reliability and validity, self-report bias 

cannot be completely ruled out. This is especially true for adherence, where depressive 

symptoms could have created a negative bias in their subjective evaluations of their adherence 

behaviors. Additional data, such as number of blood glucose monitors or food logs may have 

made the argument stronger. Finally, the results of this study may be restricted by 

generalizability, as the majority of the sample was White, English-speaking and middle class. 

The longitudinal nature of the study and the relatively large sample, however, strengthens the 

findings.  

 The results of this study have several real world implications. The average age-of-onset 

for clinical depression is 32 years old (Kessler, Berglund, Demler, Jin, & Walters, 2005) and its 
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potential presence is often overlooked in adolescents, specifically in younger adolescents. 

However, this study found mediation even in the young sample, and age did not moderate the 

associations of depressive symptoms with diabetes management. This suggests that, even in 

children as young as ten years of age, depressives symptoms appear important in understanding 

concurrent diabetes management. The presence of a cross-sectional mediation also has an 

important clinical implication. By suggesting that there may be variables that mediate the 

pathway between depressive symptoms and metabolic control, it gives practitioners additional 

avenues when working on metabolic control with patients experiencing heightened depression. 

This behavioral pathway suggests developing supports to enhance or maintain adherence while 

treating depression may be useful. Future research should be conducted examining this 

relationship in different populations. Similar results in a more ethnically diverse population, for 

example, would increase the generalizability of these results. Examining other potential 

behavioral mediators will also be an important next step. By determining the variety of variables 

that impact the pathway between depression and metabolic control, researchers and practitioners 

can collaborate to determine better care practices.  

 In conclusion, the research presented in this paper shows the importance of the role of 

mental health in the management of type 1 diabetes in adolescents. By examining the direct role 

of depression on metabolic control, this study has further strengthened the literature that suggests 

such a relationship. Due to the lack of prior longitudinal data regarding these variables, 

specifically adherence in the role of the mediator, this research has begun to address an 

unanswered question. Although the research is far from complete, it adds to the understanding of 

the pathway between depression and metabolic control. 
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Table 1 

 

Descriptive Statistics 

  N Minimum Maximum Mean Std. Deviation Skewness 

            Statistic 

Std. 

Error 

T1 hba1c 251 4.9 13.9 8.3657 1.57615 1.215 0.154 

CDI Teen Report Time 1 251 0 23 5.3982 5.15034 1.049 0.154 

SCI-teen mean adherence T1 252 1.06 4.88 3.9444 0.57565 -1.02 0.153 

SCI-mom mean adherence T1 250 1.63 4.88 3.6124 0.54923 -0.602 0.154 

SCI-dad mean adherence T1 186 1.94 4.88 3.6411 0.58075 -0.504 0.178 

        T2 HBa1C Level (e.g. 7.5=7.5%) 242 5 14 8.453 1.5362 1.31 0.156 

CDI Teen Report Time 2 212 0 29 5.5938 6.20251 1.593 0.167 

SCI-teen mean adherence T2 211 2.07 5 3.904 0.53302 -0.345 0.167 

SCI-mom mean adherence T2 212 1.94 4.73 3.5631 0.53735 -0.543 0.167 

SCI-dad mean adherence T2 167 2 4.75 3.6134 0.57119 -0.316 0.188 

        CDI Teen Report Time 3 193 0 27 5.6642 6.21846 1.638 0.175 

Teen age in days time 3 from clinic date 229 4011 5929 4929.7773 567.1019 -0.041 0.161 

SCI-teen mean adherence T3 192 1.25 5 3.9138 0.57427 -0.672 0.175 

SCI-mom mean adherence T3 193 1.69 5 3.4884 0.58107 -0.545 0.175 

SCI-dad mean adherence T3 138 2 4.94 3.6206 0.54444 -0.346 0.206 
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Table 2 

Correlations Matrix 

  

Depression 

(T1) 

Adherence 

(T1) 

HbA1c      

(T1)   

Depression 

(T2) 

Adherence 

(T2) 

HbA1c      

(T2)   

Depression 

(T3) 

Adherence 

(T3) 

HbA1c      

(T3) 

Depression 

(T1) 1 

          Adherence 

(T1)  -0.21** 1 

         HbA1c   

(T1)  0.233**  -0.311** 1 

                    Depression 

(T2)  0.742**  -0.161* 0.235** 

 

1 

      Adherence 

(T2)  -0.169*  0.385**  -0.237** 

 

 -0.227** 1 

     HbA1c  

(T2)  0.31**  -0.227**  0.741** 

 

 0.35**  -0.198** 1 

                Depression 

(T3) 0.718**  -0.191**  0.311** 

 

 0.771**  -0.226** 0.377** 

 

1 

  Adherence 

(T3)  -0.189**  0.432**  -0.365** 

 

 -0.183* 0.602**  -0.192** 

 

 -0.368** 1 

 HbA1c  

(T3) 0.157*  -0.201**  0.714** 

 

0.195** -0.154 0.635** 

 

0.313**  -0.249** 1 

            Sex .128* 0.058 -0.061 

 

0.085 0.01 0.014 

 

0.101 0.024 -0.004 

Age at 

Time 1 -0.013  -.198** .145* 

 

-0.108  -.176* 0.082 

 

0.005  -.230** 0.065 

Time Since 

Diagnosis  -0.045 -0.101 0.115 

 

-0.057 0.024 0.085 

 

0.056 -0.084 0.098 

Pump 

Status  0.09 -0.095 .280** 

 

0.096 -.147* .246** 

 

0.1 -0.133 .169* 

Sex: 1=Male, 2=Female; Pump Status: 1=Yes, 2=No 

        **Correlation is significant at the 0.01 level (2-tailed) 

        *Correlation is significant at the 0.05 level (2-tailed) 
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Table 3 

Hierarchical Regression Analyzing Depression X Sex X Age predicting HbA1c at Time 1 

Predictor Variables Unstandardized Coefficient B SE β 

  

Step 1 ∆ R
2
 = .081, F (3,244) = 7.165** 

Depression 0.074 0.019 .241** 

Age 0.146 0.063 .142* 

Sex -0.236 0.197 -0.075 

  

Step 2 ∆ R
2
 = .081, F (6,241) = 4.051** 

Depression -0.089 0.164 -0.289 

Age 0.248 0.093 .241** 

Sex 2.246 1.633 0.708 

Depression X Age 0.000032 0 0.477 

Depression X Sex 0.025 0.042 0.065 

Sex X Age -0.001 0 -0.782 

Step 3 ∆ R
2
 = .009, F (7,240) = 3.838** 

Depression .298 .297 .970 
Age .224 .094 0.217* 
Sex 2.125 1.630 .670 
Depression X Age -4.907E-05 .000 -.721 
Depression X Sex -.507 .345 -1.324 
Sex X Age -.001 .000 -.752 
CDI X Sex X Age .000 .000 1.314 
    
**Correlation is significant at the 0.01 level (2-tailed)   
*Correlation is significant at the 0.05 level (2-tailed) 
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Table 4 

Hierarchical Regression Analyzing Depression X Sex X Age predicting Adherence at time 1 

Predictor Variables Unstandardized Coefficient B SE β 

  

Step 1 ∆ R
2
 = .087, F (3,244) = 7.799** 

Depression -.024 .007  -0.219** 

Age -.072 .023  -0.195** 

Sex .066 .071 .058 

  

Step 2 ∆ R
2
 = .011, F (6,241) = 4.376** 

Depression .011 .059 .099 

Age -.042 .034 -.112 

Sex .738 .588 .644 

Depression X Age -9.013E-06 .000 -.367 

Depression X Sex .007 .015 .052 

Sex X Age .000 .000 -.588 

Step 3 ∆ R
2
 = .002, F (7,240) = 3.838** 

Depression -.054 .107 -.486 

Age -.038 .034 -.101 

Sex .758 .589 .662 

Depression X Age 4.685E-06 .000 .191 

Depression X Sex .097 .125 .699 

Sex X Age .000 .000 -.602 

CDI X Sex X Age -1.937E-05 .000 -.611 

**Correlation is significant at the 0.01 level (2-tailed)   

*Correlation is significant at the 0.05 level (2-tailed)   
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Table 5 

Hierarchical Regression Analyses examining Depression X Sex X Age Time 1 predicting 

Adherence Time 2 and HbA1c Time 3 

Adherence at Time 2 

Predictor Variables Unstandardized Coefficient B SE β 

  

Step 1 ∆ R
2
 = .064, F (3,204) = 4.657** 

Depression -.018 .007  -0.171* 

Age .000 .000  -0.192** 

Sex -.007 .073 -.006 

  

Step 2 ∆ R
2
 = .018, F (6,201) =2.980** 

Depression -.130 .061  -1.247* 

Age .000 .000 -.173 

Sex .144 .590 .135 

Depression X Age .000 .000 .943 

Depression X Sex .022 .016 .171 

Sex X Age .000 .000 -.130 

 
   

Step 3 ∆ R
2
 = .002, F (7,200) =2.611** 

Depression -.143 .064  -1.37* 

Age .000 .000 -.171 

Sex .160 .592 .151 

Depression X Age .000 .000 1.061 

Depression X Sex -.038 .091 -.290 

Sex X Age .000 .000 -.138 

Depression X Sex X Age .015 .022 .471 

    Metabolic Control at Time 3 

Predictor Variables Unstandardized Coefficient B SE β 

  

Step 1 ∆ R
2
 = .030, F (3,222) = 2.311 

Depression .055 .023 0.161* 

Sex .000 .000 .069 

Age -.046 .235 -.013 

 Step 2 ∆ R
2
 = .014, F (6,219) =1.696 

Depression .195 .194 .573 

Age .001 .000 .172 

Sex 2.537 1.932 .720 
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Depression X Age .000 .000 -.436 

Depression X Sex .008 .050 .018 

Sex X Age -.001 .000 -.738 

    Step 3 ∆ R
2
 = .006, F (7,218) =1.647 

Depression 0.285 0.209 0.839 

Age 0.001 0 0.167 

Sex 2.465 1.932 0.7 

Depression X Age -5.24E-05 0 -0.689 

Depression X Sex 0.31 0.267 0.74 

Sex X Age -0.001 0 -0.733 

Depression X Sex X Age -0.076 0.066 -0.744 

    **Correlation is significant at the 0.01 level (2-tailed) 

  *Correlation is significant at the 0.05 level (2-tailed) 
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Figure 1: Mediation Model 
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Figure 2: Cross Sectional Mediation at Time 1 

 

Adherence 
(Time 1) 

HbA1c 

 (T1) 

Depression 
(T1) 

-.023** 

(.007) 

 

.064** 

(.018) 

 

-.647** 

(.167) 

 

.050** 

(.018) 

 

Numerical values above horizontal line are the total effect; numerical 

values below horizontal line are the direct effect 

 

**Correlation is significant at the 0.01 level (2-tailed) 

*Correlation is significant at the 0.05 level (2-tailed) 
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Figure 3: Longitudinal Mediation (Controlling for Prior Variables) 

 

 
  

Adherence 
(Time 2) 

HbA1c 

 (T3) 

Depression 
(T1) 

.036 

(.175) 

-.007 

(.007) 

.011 

(.017) 

.010 

(.017) 

Numerical values above horizontal line are the total effect; numerical 

values below horizontal line are the direct effect 

 

**Correlation is significant at the 0.01 level (2-tailed) 

*Correlation is significant at the 0.05 level (2-tailed) 
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Figure 4: Longitudinal Mediation (Without Controlling for Prior Variables) 

 

 
 

 

   

Adherence 
(Time 2) 

HbA1c 

 (T3) 

Depression 
(T1) 

-.432 

(.227) 

.049* 

(.023) 

-.016* 

(.007) 

.056* 

(.023) 

Numerical values above horizontal line are the total effect; numerical 

values below horizontal line are the direct effect 

 

**Correlation is significant at the 0.01 level (2-tailed) 

*Correlation is significant at the 0.05 level (2-tailed) 
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Appendix A 

Children’s Depression Inventory – Child Report of Depressive Symptoms 

Kids sometimes have different feelings and ideas. 

 

This form lists the feelings and ideas in groups.  From each group of three sentences, pick one sentence that 

describes you best for the past two weeks.  After you pick a sentence from the first group, go on to the next group. 

 

There is no right answer or wrong answer. Just pick the sentence that best describes the way you have been recently.  

Put a mark like this    next to your answer.  Put the mark in the box next to the sentence that you pick. 

 

Here is an example of how this form works.   If you read books a lot, you would probably check the first sentence, 

like this. 

 

            Example: 

 

 
 

 

 

 

 

 

 

Remember, in each box, pick out the one sentence that describes you best in the PAST TWO WEEKS.  

 

 
 

  

           I read books all the 

time. 

       I read books once in a while. 

       I never read books. 
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Item 1 

 I am sad once in a while. 

 I am sad many times. 

 I am sad all the time  

 

 Item 8 

     All bad things are my fault. 

 Many bad things are my fault. 

 Bad things are not usually my 

fault. 

 

Item 2 

 Nothing will ever work out for me. 

 I am not sure if things will work  

out for me. 

 Things will work out for me O.K. 

 

 Item 9 

 I do not think about killing myself. 

 I think about killing myself but I  

would not do it. 

 I want to kill myself. 

 

Item 3 

 I do most things O.K. 

 I do many things wrong. 

 I do everything wrong. 

 

 Item 10 

 I feel like crying every day. 

 I feel like crying many days. 

 I feel like crying once in a while. 

 

Item 4 

 I have fun in many things. 

 I have fun in some things. 

 Nothing is fun at all. 

 

 Item 11 

 Things bother me all the time. 

 Things bother me many times. 

 Things bother me once in a while. 

 

Item 5 

 I am bad all the time. 

 I am bad many times. 

 I am bad once in a while 

 Item 12 

 I like being with people. 

 I do not like being with people 

many times. 

 I do not want to be with people at 

all. 

 

Item 6 

 I think about bad things  

happening to me once in a while. 

 I worry that bad things will  

happen to me. 

 I am sure that terrible  

       things will happen to me. 

 

 Item 14 

 I look O.K. 

 There are some bad things about 

my looks. 

 I look ugly. 

 

Item 7 

 I hate myself. 

 I do not like myself. 

 I like myself.     

 

 Item 15 

 I have to push myself all the time 

to do my schoolwork. 

 I have to push myself many times 

to do schoolwork. 

 Doing schoolwork is not a  

       big problem. 
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Item 16 

 I have trouble sleeping every night. 

 I have trouble sleeping many nights. 

 I sleep pretty well. 

 

 Item 23 

 My schoolwork is alright 

 My schoolwork is not as good as 

before. 

 I do very badly in subjects I used 

to be good in. 

 

Item 17 

 I am tired once in a while. 

 I am tired many days. 

 I am tired all the time. 

 

 Item 24 

 I can never be as good as other 

kids. 

 I can be as good as other kids if I 

want to. 

 I am just as good as other kids. 

 

Item 18 

 Most days I do not feel like eating. 

 Many days I do not feel like eating. 

 I eat pretty well. 

 

 Item 25 

 Nobody really loves me. 

 I am not sure if anybody loves me. 

 I am sure that somebody loves me. 

 

Item 19 

 I do not worry about aches and pains. 

 I worry about aches and pains many 

times. 

 I worry about aches and pains all the 

time. 

 

 Item 26 

 I usually do what I am told 

 I do not do what I am told most of 

the time 

 I never do what I am told 

 

Item 20 

 I do not feel alone. 

 I feel alone many times. 

 I feel alone all the time. 

 

 Item 27 

 I get along with people 

 I get into many fights 

 I get into fights all the time.  

 

Item 21 

 I never have fun at school. 

 I have fun at school only once in a 

while. 

 I have fun at school many times. 

 

  

Item 22 

 I have plenty of friends. 

 I have some friends but I wish I had 

more. 

 I do not have any friends. 
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Appendix B 

Self Care Inventory – Child Report of Adherence to Diabetes Management 

Self Care Inventory Child Report (SCI-C) 

Instructions:  Please rate each of the items according to how well you followed your 

recommended regimen for diabetes care in the past month. Use the following scale: 

  1 = Never did it       

  2 = Sometimes followed recommendations; mostly not  

  3 = Followed recommendations about 50% of the time  

  4 = Usually did this as recommended; occasional lapses  

  5 = Always did this as recommended without fail    

  NA = Not applicable to 

my regimen 

      

In the past month, how well have 

you followed recommendations 

for: 

Never Sometimes  50% Usually Always NA 

1. Checking blood glucose 

with monitor? 

1 2 3 4 5 NA 

2. Glucose recording? 1 2 3 4 5 NA 

3. Checking ketones in blood 

or urine when blood 

glucose level is high? 

1 2 3 4 5 NA 

4. Administering correct 

insulin dose? 

1 2 3 4 5 NA 

5. Administering insulin at 

right time? 

1 2 3 4 5 NA 

6. Adjusting insulin intake 

based on blood glucose 

values? 

1 2 3 4 5 NA 

7. Eating the proper foods or 

counting all carbohydrates 

eaten? 

1 2 3 4 5 NA 

8. Eating meals/snacks on 

time? 

1 2 3 4 5 NA 
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9. Carrying quick-acting sugar 

to treat reactions? 

1 2 3 4 5 NA 

10. Coming in for 

appointments? 

1 2 3 4 5 NA 

11. Wearing a medic alert ID? 1 2 3 4 5 NA 

12. Exercising regularly? 1 2 3 4 5 NA 

13. Reading food labels? 1 2 3 4 5 NA 

14. Treating low blood 

glucose? 

1 2 3 4 5 NA 

15. Counting carbohydrates 

correctly? 

1 2 3 4 5 NA 

16. Calculating insulin doses 

based on carbohydrate 

content of meals or snacks? 

1 2 3 4 5 NA 
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