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Pediatric diabetes is a chronic illness that significantly impacts the lives of
children and adolescents and their families. Poor metabolic control increases the
risks for severe long-term consequences with debilitating effects in adulthood.

Adolescence is a particularly difficult period of time for Caucasian youth as they
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evidence characteristic declines in metabolic control. There is some cross-
sectional evidence that racial disparities in pediatric diabetes exist. However,
only one study has evaluated racial disparities longitudinally and no studies have
evaluated these differences across the critical period of adolescence. The aims of
this retrospective study were to replicate age-related declines in metabolic control
in a sample of African American youth and to characterize racial differences in
the developmental trajectories of metabolic control between African American
and Caucasian youth. This study also aimed to evaluate whether race effects
remained beyond neighborhood SES. The sample consisted of 162 Caucasian and
African American subjects matched on gender and age seen at the Children’s
Medical Center Dallas endocrinology outpatient clinic during 2007.
Retrospective medical record reviews were conducted for sociodemographic
information and retrospective health data. Neighborhood SES variables were
obtained through publicly available census databases. This retrospective
investigation revealed age-related declines in metabolic control regardless of race.
African American youth had higher HbAlc levels compared to Caucasian
counterparts throughout ages 10 through 18. However, African American and
Caucasian youth evidenced parallel trajectories (similar rates of change) in
metabolic control across this critical period. Race retained unique explanatory
effects beyond that of neighborhood SES while family structure was not a

predictive variable. These results suggest that African American youth
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experience significant risks prior to adolescence that place them at poorer levels
of metabolic control and these risks are maintained across adolescence.
Adolescence may be an equally risky period for African American and Caucasian
youth, highlighting the need for further research on how African American youth
and their families cope with diabetes. These results provide evidence that
adolescence may be a critical period for both African American and Caucasian
youth and unique interventions should be developed to prevent declines in

metabolic control during adolescence in both racial groups.
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CHAPTER ONE
INTRODUCTION
Statement of the Problem

Type 1 diabetes management declines during adolescence presumably
because adolescence changes numerous aspects of the diabetes management
routines that had been previously established. Successful treatment of type 1
diabetes depends upon the effective coordination of several intricate behaviors.
As such, children and adolescents and their families are expected to adjust their
lifestyles, routinely administer insulin, and engage in education to promote self-
management (American Diabetes Association [ADA], 2007). The developmental
period of adolescence often disrupts the well-rehearsed and established routines
that may have developed in early childhood. Patients typically experience
significant declines in metabolic control as they begin the transition through
adolescence (Auslander, Thompson, Dreitzer, White, & Santiago, 1997; Goldston,
Kovacs, Obrosky, & Iyengar, 1995; Povlsen, Olsen, & Ladelund, 2005;
Weissberg-Benchell et al., 1995; Wysocki et al., 1996). Presumably, the rapid
changes in physiological, psychological, and relational factors such as pubertal
status, autonomy development, peer relationships, and parental involvement that
occur during adolescence explain these declines in metabolic control (Amiel,

Sherwin, Simonson, Lauritano, & Tamborlane, 1986; Hains, Berlin, Davies,



Parton, & Alemzadeh, 2006; Mansfield, Addis, Laffel, & Anderson, 2004;
Thomas, Peterson, & Goldstein, 1997; Wysocki et al., 1996).

Difficulties of diabetes management during adolescence have been
documented almost exclusively in Caucasian populations, although there is reason
to believe there may be racial differences in these trajectories. Current research
provides evidence that significant racial differences in diabetes management exist
between African American and Caucasian youth and adults. Most notably,
African American youth have been shown to have poorer metabolic control
compared to Caucasian counterparts in cross-sectional studies (Auslander et al.,
1997; Chalew et al., 2000; Delamater, Albrecht, Postellon, & Gutai, 1991;
Delamater et al., 1999). However, no studies have examined the developmental
trajectories of diabetes management in African American youth across the critical
period of adolescence (age 10 through 18), during which the most significant
declines in metabolic control appear in Caucasian samples. As a result, it is
currently unknown whether the characteristic declines in metabolic control during
adolescence that are well established in Caucasian youth can be generalized to
African American counterparts.

Socioeconomic position and racial status are often correlated in the United
States, and both variables are associated with health and child development.
Specifically, significant negative outcomes are associated with lower

socioeconomic status in multiple areas of children’s lives such as physical health,



emotional well-being, and cognitive development (Bradley & Corwyn, 2002).
Differentiating between the independent effects of socioeconomic status and race
are important given that African Americans are disproportionately represented in
lower socioeconomic (United States Census Bureau [USCB], 2005) and less
educated groups (USCB, 2004). Furthermore, identifying the unique effects of
socioeconomic and racial status provide more refined hypotheses regarding ways
in which health disparities in diabetes management may be reduced. Given the
associations between racial and socioeconomic status, certain racial groups may
experience disproportionate risks for disruptions in normal child developmental
processes that may also disrupt the acquisition and implementation of skills
required for effective diabetes management.

Growing research in developmental psychology consistently highlights the
importance of understanding psychological and health factors within a
developmental context. Chen (2004) suggests that the impact of socio-
demographic variables on health outcomes may vary based on the developmental
stage of the child or adolescent. Characterizing the developmental trajectories of
diabetes management between African American and Caucasian youth provides
critical information for developing plausible hypotheses about the mechanisms
that may initiate and maintain health disparities between these two groups. For
example, if racial disparities in metabolic control begin in childhood rather than

adolescence in African American children, this trajectory would suggest the



importance of childhood pathways through which racial or socioeconomic
differences in metabolic control begin and persist.

The present study utilized a medical record review technique to examine
different developmental trajectories of metabolic control in African American and
Caucasian youth across ages 10 through 18. These developmental trajectories
allowed us to determine whether we could replicate age-related declines in
metabolic control that are consistently found in Caucasian youth in a sample of
African American children and adolescents. Furthermore, we aimed to evaluate
whether African American and Caucasian youth entered adolescence with
different levels and/or displayed different rates of change in metabolic control
across ages 10 to 18. Finally, we determined whether the effects of racial status
on metabolic control remained after neighborhood socioeconomic status was
statistically controlled. By describing the differential trajectories of metabolic
control in African American versus Caucasian youth, we aimed to identify
plausible hypotheses regarding the mechanisms that explain health disparities in
pediatric diabetes. Such hypotheses can guide future research, which may aid in
the development and implementation of interventions at optimal time periods to

reduce racial disparities and enhance health outcomes in adulthood.



CHAPTER TWO
REVIEW OF THE LITERATURE
Overview of Type 1 Diabetes

Type 1 diabetes mellitus (T1DM) is a chronic illness that results when
beta cells within the pancreas are destroyed due to an autoimmune response
(Atkinson & Maclaren, 1994). Once beta cells have been destroyed, the body is
no longer able to produce insulin, a hormone that is responsible for the breakdown
of glucose stores in the bloodstream. Persistently high levels of glucose in the
bloodstream have been associated with severe long-term consequences such as
retinopathy, neuropathy, and nephropathy caused by microvascular and
macrovascular damage to nerves and organs (Porte & Schwartz, 1996). As a
result, a main treatment goal for type 1 diabetes is to restore appropriate levels of
glucose in the body through the administration of synthetic insulin.

There are several different criteria used for the diagnosis of type 1 diabetes
mellitus (ADA, 2007). Patients characteristically present with acute symptoms
that include excessive urination and thirst, stomach pain, dizziness, visual
disturbance, and weight loss not explained by behavioral or other physiological
causes (Scott, Smith, Cradock, & Pihoker, 1997). A notable feature during initial
diagnosis may include diabetic ketoacidosis (DKA), as it often precipitates
hospitalization. Although the exact frequency of DKA in newly diagnosed cases

is unknown, it has been estimated that approximately 15-27% of new diagnoses of



TIDM in children present with some level of DKA (Soliman, Salmi, & Asfour,
1997). The clinical and physiological presentations of type 1 diabetes are often
quickly recognized, as symptoms of T1DM arise acutely prior to diagnosis, but
require lifelong management once identified.

Prevalence and Incidence

In 2003, 18.2 million people were estimated to have diabetes, reflecting
approximately 6.3% of the United States population (Centers for Disease Control
and Prevention [CDC], 2003). Approximately 300,000 to 500,000 individuals of
all ages are reportedly living with type 1 diabetes (Laporte, Matsushima, &
Chang, 1995) with 120,000-150,000 cases under the age of 19 (Search for
Diabetes in Youth Study Group, 2007). Of the 30,000 new cases of type 1
diabetes diagnosed each year, more than 13,000 are in young people under age 19.
Type 1 diabetes is still the most often diagnosed form of diabetes in children and
adolescents, despite concerns of growing rates of type 2 diabetes with rising
obesity rates (Dabelea et al., 2007; Search for Diabetes in Youth Study Group,
2006).

A worldwide study on type 1 diabetes demonstrated that the incidence of
type 1 diabetes in 103 study centers all over the world was increasing at an
average rate of 2.4% per year between 1990 through 1999 (DIAMOND Project
Group, 2006), consistent with rising rates in the United States and Europe

(Dabelea et al., 2007; EURODIAB ACE Study, 2000; Laporte et al., 1995).



There is evidence in the US that racial differences exist in the prevalence of
T1DM, which has been hypothesized to be due to genetic and social factors
influencing the disease (Lipman, Chang, & Murphy, 2002; Oldroyd, Banerjee,
Heald, & Cruickshank, 2005). As overall incidence rates rise, the number of
ethnic minority children with type 1 diabetes can also be expected to rise.
Therefore, understanding diabetes management in ethnic minority youth should
increase in importance as well.
Treatment Recommendations

The treatment of type 1 diabetes involves a collection of highly
coordinated tasks that must be performed several times a day. Children and
adolescents are required to monitor their blood glucose levels 3-4 times per day,
inject insulin several times a day, and become cognizant of their dietary intake
(ADA, 2007). Successful achievement of these tasks requires a unified effort
between parents and children or adolescents (Anderson, Auslander, Jung, Miller,
& Santiago, 1990). The primary treatment goal of the abovementioned behaviors
is to prevent hyperglycemia and its associated acute symptoms such as dizziness,
blurred vision, and abdominal pain and long-term consequences such as
retinopathy, neuropathy, and nephropathy (Diabetes Control and Complications
Trial Research Group [DCCT], 1993).

Blood glucose monitoring is often seen as the primary method by which

children and adolescents and their parents are able to self monitor metabolic



control. The recommended target ranges for mean blood glucose in school-age
children is between 90 and 180 and for adolescents between 90 and 130 before
meals (ADA, 2007). Given that appropriate insulin administration prior to meals
facilitates the breakdown of glucose, patients are able to exert a considerable
impact on their blood glucose levels throughout the day. As such, blood glucose
monitoring serves as a marker for metabolic control and identifies when patients
are either entering hyperglycemia (high levels of glucose) or hypoglycemia (low
levels of glucose). Blood glucose monitoring is a modifiable behavioral
component in diabetes management and is often the target for interventions
aiming to improve metabolic control (Ellis et al., 2007; Wysocki et al., 2006).
Another index by which families and the health care team can discern
treatment effectiveness is glycosylated hemoglobin Alc (HbAlc). HbAlc
reflects the amount of glucose that has bonded with plasma hemoglobin over the
previous several months, forming a glycated hemoglobin (Nathan, Singer,
Hurxthal, & Goodson, 1984). Individuals with poorly controlled diabetes
typically have higher levels of glucose in their bloodstream, which binds with the
hemoglobin, resulting in higher glycated hemoglobin levels. As such, higher
HbA 1c values reflect poorer metabolic control. Similar to the usefulness of blood
glucose monitoring in tracking daily fluctuations in metabolic control, HbAlc
allows medical teams to characterize metabolic control over the previous 2-3

months. Improvements in daily glucose monitoring have been shown to be



associated with lower HbA 1c levels (Koenig et al., 1976), highlighting the utility
of this assessment measure. The standards of care recommendations by the
American Diabetes Association (2007) suggest that patients should receive

HbA 1c assessments at least twice a year or more, especially if treatment
recommendations have been altered. It is recommended that children and
adolescents with adequate control should have less than 7.5% to 8% HbAlc
levels.

Administration of synthetic insulin is the primary treatment modality for
T1DM. Insulin doses are often based on the amount of food intake for each meal,
which require the child or adolescent as well as his or her parents to persistently
monitor dietary carbohydrate intake. In addition, the ADA (2007) cautions that
children and adolescents should be monitored for both hyperglycemia and
hypoglycemia, as young children may not be as aware of sudden declines in blood
glucose levels. Therefore appropriate insulin levels serve to combat the
consequences of persistent hyperglycemia, but too high of insulin levels may
trigger immediate consequences of hypoglycemia. Additional precautions should
be taken as children with type 1 diabetes exhibit hypoglycemia symptoms that
may vary from those found in adults (McCrimmon, Gold, Deary, Kelnar, & Frier,
1995). Consequently, physicians have the careful task of balancing the need to
maintain recommended blood glucose levels as well as preventing the negative

consequences of severe hypoglycemia.
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Consequences of Poor Metabolic Control

Persistent hyperglycemia results in microvascular and macrovascular
complications that lead to the development of severe long-term consequences.
The Diabetes Control and Complications Trial (1993) demonstrated that intensive
management of blood glucose levels could reduce the risk for the development of
diabetes-related consequences. Complications of poor metabolic control have
debilitating long-term effects for patients with type 1 diabetes such as loss of
vision and amputation of limbs. Prevention of these consequences may best be
initiated in childhood and adolescence, as health behaviors developed early in life
have influences on health outcomes of later life (Seiffge-Krenke & Stemmler,
2003).

The Diabetes Control and Complications Trial (1993) evaluated the long-
term effectiveness of intensive management, which included three or more insulin
injections per day versus conventional management that required only one or two
injections each day. They found that those who intensively managed their blood
glucose levels had lower HbAlc and evidenced a reduction in incidence of
retinopathy by 50% compared to their conventional therapy counterparts. Similar
reductions in risk for neuropathy and nephropathy were found in those who
administered insulin at least 3 times per day. These findings provided evidence
and rationale for implementing more intensive management programs for

children, teens, and adults with type 1 diabetes.
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In addition to the costs related to physical wellbeing and overall quality of
life, significant economic costs are associated with poorly controlled diabetes. It
has been estimated that approximately $132 billion are lost each year for health
care costs and reduced productivity of workers with diabetes (ADA, 2003). This
amount likely underestimates overall costs, which include the psychological and
emotional difficulties that accompany the illness progression. An estimated 20%
of all medical expenditures in the United States are for patients with all forms of
diabetes, which is a staggering amount given that people with diabetes only
comprise of 6.3% of the population in the United States. These economic costs
highlight the significant burdens that children, families, and adults with diabetes
must face in order to maintain their physical health and well-being.
Consequently, early prevention and identification of barriers to optimal metabolic
control need to be researched and addressed in order to reduce the national and
personal burdens associated with having diabetes.

Diabetes in Adolescence

The rapid and numerous changes that occur during adolescence
complicate the difficulties inherent in coordinating multiple intricate tasks
required for effective diabetes management. There is evidence that adolescents
exhibit poorer adherence and metabolic control compared to younger children
(Anderson, Ho, Brackett, Finkelstein, & Laffel, 1997; Auslander et al., 1997,

Delamater et al., 1991; Goldston et al., 1995; Johnson et al., 1992; Weissberg-
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Benchell et al., 1995; Wysocki et al., 1996). Declines in metabolic control are
occasionally associated with behavioral changes such as missing insulin injections
or failing to monitor blood glucose levels several times per day (Altobelli et al.,
2000).

It is important to understand metabolic changes during adolescence from a
developmental framework, as several salient factors during this period have been
hypothesized to contribute to noticeable deteriorations in metabolic control.
Firstly, adolescence is a developmental period during which teenagers experience
visible and subtle physiological changes. The initiation of puberty has been
associated with insulin resistance in adolescents. Teenagers occasionally continue
to have high glycosylated hemoglobin levels despite receiving higher doses of
insulin than younger children (Amiel et al., 1986; Bloch, Clemons, & Sperling,
1987). The onset of heightened insulin resistance during adolescence may result
in increased frustration with the treatment regimen, as adolescents may feel their
metabolic control is no longer contingent upon their efforts or adherence
behaviors.

The initiation of puberty is also associated with psychological and
emotional changes. It has been found that the onset of puberty may exert
significant changes in self-perceptions, behavioral issues, and depressive
symptoms (Dorn, Susman, & Ponirakis, 2003; Nolen-Hoeksema & Girgus, 1994).

The greater risks for depressive symptoms during puberty, especially in females
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(Graber, Brooks-Gunn, & Warren, 2006), may place adolescents at greater risk
for reduced adherence and diabetes complications that require hospitalization
(Korbel, Wiebe, Berg, & Palmer, 2007; Stewart, Rao, Emslie, Klein, & White,
2005). The onset of physical and psychological changes that occur in adolescence
suggest that it is a critical period during which teens must learn to adapt their self-
management behaviors as well as simultaneously cope with the emotional
difficulties of adolescence.

Adolescence is also a time during which teenagers and their parents
experience changes in their relationship dynamics. Parents who have older
teenagers tend to withdraw their involvement in diabetes tasks (Mansfield et al.,
2004), as they may perceive physiological changes as signals to relinquish control
and perhaps prematurely give their adolescent increased autonomy (Palmer et al.,
2004). However, adolescents who demonstrate high levels of autonomy do not
necessarily exhibit better adherence behaviors (Wysocki et al., 1996), as they may
alienate parental involvement during a time in which they may still require
assistance from parental figures. Cohesive and supportive families are associated
with better metabolic control (Cohen, Lumley, Naar-King, Partridge, & Cakan,
2004), suggesting that despite the needs for increased autonomy, adolescents
continue to benefit from parental relationships when they remain involved and

supportive.
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Continued parental involvement during adolescence has been consistently
found as an important factor in adherence behaviors (Anderson et al., 1997;
Anderson et al., 2002), although not all styles of parental involvement are equally
effective (Wiebe et al., 2005). Parental involvement has been strongly implicated
to impact metabolic control such that interventions to promote involvement have
been developed to reduce its decline during adolescence (Anderson, Brackett, Ho,
& Laffel, 1999). In addition, child perceptions of maternal involvement may be
particularly important as they may lead to negative emotions especially when
parents are perceived as controlling or critical (Berg et al., 2007; Butler, Skinner,
Gelfand, Berg, & Wiebe, 2007; Lewin et al., 2006). Maternal psychological
characteristics may also influence metabolic control in children and adolescents
(Cameron, Young, & Wiebe, 2007), highlighting the intimate and complex
relationship that adolescents have with their parents especially when coping with
diabetes.

Finally, peer relationships often undergo significant changes during
adolescence, as they may become a higher priority for teens. These relationships
become increasingly influential such that adolescents with diabetes may choose to
neglect adherence behaviors in order to be accepted by peers (Thomas et al.,
1997). In addition, peer perceptions may become more important during
adolescence. They may spend less time with friends or become less adherent with

their medical regimen because they negatively anticipate problems between peers



and their diabetes responsibilities (Hains et al., 2006). As a result, adolescents
experiencing significant changes in their social relationships may inadvertently
reduce their metabolic control because they want to “fit in” or be accepted by
peers.

All the factors mentioned above emphasize the importance of
understanding the trajectories of metabolic control in African American and
Caucasian youth within the context of adolescent development, as they provide
researchers with plausible hypotheses regarding mechanisms that contribute to
these changes. Specifically, reductions in metabolic control during adolescence
would suggest that adolescent-related mechanisms might be important in
explaining the deteriorations in metabolic control. In contrast, deteriorations that
occur prior to adolescence would suggest that child-related pathways might be
important in explaining changes in metabolic control between the different racial
groups.

Diabetes in African American Youth

Research has not documented a comparable decline in metabolic control
across adolescence in African American youth, and it is possible that African
American teens may exhibit differential trajectories of metabolic control across
this developmental period. Cross-sectional evidence consistently supports that
African American youth have poorer metabolic control compared to Caucasian

counterparts. This present study built upon the only longitudinal study that

15
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evaluated racial differences in metabolic control by examining the important
effects of adolescent development on racial differences in diabetes management.
Cross-sectional Evidence

Potentially because type 1 diabetes disproportionately affects Caucasian
youth, relatively few studies have examined factors associated with diabetes
management for African American children and adolescents. Of the few studies
conducted, however, a consistent finding is that African American youth have
poorer metabolic control compared to Caucasian counterparts (Auslander et al.,
1997; Chalew et al., 2000; Delamater et al., 1991; Delamater et al., 1999; Patino,
Sanchez, Eidson, & Delamater, 2005). Delamater, Albrecht, Postellon, and Gutai
(1991) found that, despite receiving higher insulin doses, African American
children and adolescents demonstrated poorer metabolic control and more
frequent hospitalization for DKA compared to Caucasian youth. Delamater et al.
(1999) also found that African American youth had an almost four-fold higher
risk of being classified in the poorly controlled group compared to Caucasian
children and teens. Finally, there is evidence of disproportionate risks for
physical complications (i.e., blindness, renal failure, death) as African American
youth enter adulthood (Arfken, Reno, Santiago, & Klein, 1998; Bosnyak et al.,
2005; Lipton, Good, Mikhailov, Freels, & Donoghue, 1999; Tull & Barinas,

1996).
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Socioeconomic status has been hypothesized to explain racial differences
in metabolic control. Auslander and colleagues (1997) found that lower parental
education and financial resources partially accounted for racial differences in
adherence levels among Caucasian and African American youth. The significant
associations between indices of socioeconomic status and metabolic control are
important for understanding racial differences, as African American families are
most often categorized in groups with the lowest socioeconomic status and worst
glycemic control compared to Caucasian families (Davis et al., 2001). Several
studies have found that SES does not fully explain racial differences in metabolic
control across African American and Caucasian groups (Chalew et al., 2000;
Delamater et al., 1991; Hanson, Henggeler, & Burghen, 1987). Therefore, current
understandings of the mechanisms that may explain racial differences in
metabolic control are unclear and understudied in African American populations.

Racial disparities in metabolic control have also been attributed to
differences in family structure (i.e., single-parent or two-parent households) found
in Caucasian and African American youth. African American adults are less
likely to be married compared to any ethnic group (USCB, 2003) and African
American youth with diabetes more often come from families with a single parent
(Auslander et al., 1997; Delamater et al., 1991; Thompson, Auslander, & White,
2001). In addition, children and adolescents from single-parent households have

poorer metabolic control than those in two-parent households (Auslander et al.,
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1997; de Wit et al., 2007; Hoey et al., 2001). Thompson and colleagues (2001)
confirmed that single parenthood continued to predict metabolic control after
controlling for race and age. These findings suggest that race and family structure
have at least partially independent and potentially additive effects on risk, which
need to be further evaluated to appropriately inform the development of
interventions to reduce health disparities.

In sum, cross-sectional data provide evidence that African American youth
have poorer metabolic control than their Caucasian counterparts. The current
literature points to many complex factors that may explain racial differences in
diabetes management cross-sectionally. Specifically, socioeconomic status and
family structure appear to exert differential effects on diabetes management across
African American and Caucasian youth. This present study aimed to extend upon the
cross-sectional literature by evaluating racial differences in metabolic control across
the critical period of adolescence, during which the most significant deteriorations of
metabolic control occur in Caucasian youth.

Longitudinal Evidence

Differences in metabolic control between African American and
Caucasian youth have been most consistently found in cross-sectional studies. To
date, only one study has attempted to understand racial differences in metabolic
control longitudinally (Frey, Templin, Ellis, Gutai, & Podolski, 2007). Frey and

colleagues evaluated the longitudinal trajectory of racial differences in metabolic
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control from time at diagnosis to five years post-diagnosis. They found that
declines in metabolic control began soon after diagnosis for both African
American and Caucasian youth. However, the declines in metabolic control
among African American youth were almost twice as fast as those in Caucasian
youth. Interestingly, the influence of racial status on metabolic control was no
longer significant when family structure was entered into the analyses, suggesting
a plausible mechanism for racial differences in metabolic control.

The current study built on Frey et al.’s (2007) longitudinal work by
examining racial differences in metabolic control across the adolescent years.
Frey et al. demonstrated how quickly racial disparities emerge after diagnosis, but
did not address issues of adolescent development. Their study focused on the first
five years post diagnosis, and their convenience sample consisted of 71
participants (36 Caucasian, 35 African American) between the ages of 7 and 19,
which likely did not provide sufficient numbers of youth in the different age
groups to adequately measure developmental changes.

Disparities in Adulthood

There are substantial and clinically significant implications for
understanding the factors that may be related to the onset and maintenance of
racial differences in metabolic control between African American and Caucasian
youth. Racial disparities in health outcomes for type 1 diabetes extend into

adulthood with grave consequences (Gary, McGuire, McCauley, & Brancati,
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2004; Summerson, Konen, & Dignan, 1992; Tull & Barinas, 1996). Aside from
poorer metabolic control (Summerson et al., 1992), African American adults also
have a 2.5 fold increase in risk of mortality compared to Caucasian adults (Tull &
Barinas, 1996), with African American females conferring the greatest risk.
Commencing research on racial disparities in metabolic control during childhood
and adolescence is a logical step given that health behaviors developed early in
life may impact later life (Seiffge-Krenke & Stemmler, 2003) and may be a point
at which risks for serious consequences can be prevented.
A Developmental Framework

The present study draws upon on a developmental framework proposed by
Chen and colleagues (2004) to understand racial disparities in metabolic control
across adolescence. According to this framework, evaluating how sociodemographic
variables (i.e., race or socioeconomic status) are associated with health outcomes
across different developmental periods provides significant information about how
these variables impact health (Chen, Martin, & Matthews, 2006; Chen, Matthews, &
Boyce, 2002). From a developmental framework, for example, it is important to
understand whether African American and Caucasian youth show different patterns
of deterioration in metabolic control across the adolescent years because such
“developmental trajectories” provide information about likely mechanisms for racial

disparities in diabetes management. This approach can also identify critical periods
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to inform the timing of interventions that may result in optimal improvements in
metabolic control and reductions in racial disparities in diabetes management.

In this section, several hypothetical developmental trajectories are proposed
to demonstrate how this model can be applied in the context of diabetes management
in African American adolescents. These hypothetical trajectories are not intended to
be prescriptive or comprehensive; each is plausible based on existing data, and other
trajectories are possible. In each case, (a) the basic pattern of associations between
child age and metabolic control across African American and Caucasian youth are
described, and (b) relevant research and theory that would support such a pattern are
discussed.

Assumptions

In developing the following models, several assumptions were made that
influenced the hypothetical developmental trajectories of metabolic control. First,
HbA1c was assumed not to rise above 14%. This assumption limited how high the
HbAc levels could rise across adolescence for both African American and
Caucasian youth in the hypothetical trajectories. This limit also reflected clinic
standards of how HbA 1c values are measured, as this clinic only measures HbAlc up
to 14%, reflecting the worst level of metabolic control. Second, racial disparities
were assumed to emerge shortly after diagnosis and to continue through adolescence
and adulthood (Delamater et al., 1991; Frey et al., 2007; Lipton et al., 1999;

Summerson et al., 1992). Consequently, African American youth were assumed in
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the models to have poorer metabolic control than Caucasian youth at all ages. Third,
the components of adolescent development were assumed to be similar between
African American and Caucasian youth. That is, the biological and psychosocial
aspects of pubertal development, autonomy development, and changing peer and
parent-child relationships were assumed to influence developmental outcomes in both
African American and Caucasian youth. However, these components may not begin
at exactly the same time point or work in exactly the same way across different race
or SES groups and may play out in different ways in the context of managing a
serious illness such as type 1 diabetes.

The following hypothetical models focused on the developmental stage of
adolescence between the ages of 10 through 18. This age range included the onset of
puberty, captured the critical period of ages 12 through 15 during which active
autonomy development occurs, and provided information on diabetes management
during later adolescence when youth are more independently responsible for diabetes
tasks. This age range also reflected the period during which deterioration in
metabolic control has been documented in Caucasian youth (Anderson et al., 1997;
Weissberg-Benchell et al., 1995; Wysocki et al., 1996). Furthermore, specific
interventions have been developed for this age range to prevent declines in metabolic
control during adolescence (Ellis et al., 2007; Wysocki et al., 2006).

Hypothetical Models
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Childhood Risk Model. The first model proposed is the Childhood Risk
Model (see Figure 1). This model suggests that African American youth enter
adolescence already displaying poorer metabolic control than Caucasian youth and
that persists throughout adolescence. Therefore, it is assumed that the risk factors
experienced in childhood rather than adolescence place African American youth at
greater risk for poorer metabolic control compared to their Caucasian counterparts.

Several childhood-related pathways could converge to support the Childhood
Risk Model. Some of these pathways may include child poverty status and early
diabetes education. Individuals living in poverty are most often exposed to higher
risk contexts, disrupted family lives, and fewer resources such as financial,
environmental, and social capital. These environmental disadvantages have
detrimental consequences for health (Papas et al., 2007; Taylor, Repetti, & Seeman,
1997) and child development (Caughy, Nettles, O'Campo, & Lohrfink, 2006; Repetti,
Taylor, & Seeman, 2002). Childhood poverty status has been associated with
detrimental health outcomes because it places chronic stress on families and has been
associated with actual biological changes (i.e., immune responses) (Chen et al.,
2006). Within the context of diabetes, limited financial resources may result in
chronic stress for parents leading to ineffective parental involvement and may also
increase the physiological risks for poor diabetes management.

Diabetes education is a crucial part of initial diagnosis because several new

and unique tasks are required of newly diagnosed children and adolescents. As a
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result, parents often play an important role in learning the diabetes tasks and
educating their children and adolescents at home. Most of these educational
experiences are conducted in clinics or hospitals, and are highly dependent upon
adequate clinic attendance by parents and children and adolescents. African
American families are more likely to miss clinic appointments than Caucasian
families (Delamater et al., 1991). Infrequent attendance of clinic visits may be
attributed to difficulties with transportation, few resources (e.g., child care for
other children, social support), and inability to taking time off from employers.
As aresult, newly diagnosed African American children may be at greater risk if
their parents do not receive adequate diabetes education shortly after diagnosis.
Compared to Caucasian families, African American families may not comparably
gain adequate skills and knowledge required to effectively manage their diabetes,
resulting in poor metabolic control that persists into adolescence.

The impact of socioeconomic status on this model may be particularly
salient given the relationships between childhood poverty status and several areas
of normal development. Furthermore, it is possible that the risks associated with
childhood poverty may be exacerbated by the physical and emotional demands of
chronic illnesses like diabetes. If this hypothetical model emerges in the findings,
it will be particularly important to covary socioeconomic status to evaluate
whether it may play an explanatory role for racial differences in metabolic

control.
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Differential Adolescent Risk Model. The second hypothesized model is the
Differential Adolescent Risk Model (see Figure 2). This model suggests that African
American and Caucasian youth both experience adolescent risks that impact
metabolic control, but these occur at different periods of adolescent development. As
a result, one racial group experiences a significant deterioration (rise in HbAlc) in
metabolic control earlier than the other racial group. Thus, the differential adolescent
risk model hypothesizes that differences in the timing of adolescent development
result in differential developmental trajectories between African American and
Caucasian youth.

Several factors could support a differential risk model for African American
versus Caucasian youth. Literature indicates there are differences in the timing of
pubertal onset between African American and Caucasian adolescents. In a national
sample of 4,263 ethnic minority and Caucasian children and adolescents between the
ages of 8 and 19, Sun et al. (2002) reported that African American youth entered
puberty earlier than Caucasian teens. In some cases, especially in girls, pubertal
onset was over a year earlier for features related to sexual maturity (i.e., pubic hair,
breast and genital development), which may act as visual cues to parents, teachers,
and peers that an adolescent has entered puberty.

Puberty exerts significant biological and social influences on diabetes
management. A 32% decline in insulin sensitivity was found in African American

and Caucasian youth transitioning from Tanner stage I to III or IV (Goran & Gower,
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2001). Although there were not enough subjects to thoroughly evaluate racial
differences in declines in insulin sensitivity, preliminary findings suggest that
declines in insulin sensitivity may be stronger in African American youth compared
to Caucasian youth. That is, earlier pubertal onset in African American adolescents
compared to Caucasian youth may alter the way their bodies use insulin and may
change how the illness is managed.

Visible pubertal changes such as breast development, facial hair, and growth
spurts provide social signals for parents and adolescents to alter their relationships
and interactions (Hauser et al., 1985; Sagrestano, McCormick, Paikoff, & Holmbeck,
1999; Steinberg, 1981). Physical changes in African American females prompt
significant changes in mother-daughter interactions regarding opposite-sex contact
(O'Sullivan, Meyer-Balhburg, & Watkins, 2000). These signs of physical maturity
may also alter parent and child relationships in ways that lead children to assume
independent responsibility for diabetes-related activities. Cues of physical maturity
may encourage parents to engage in different patterns of interaction such as
withdrawing involvement that result in disruptions of metabolic control (Palmer et
al., 2004), as adolescents often still require parental involvement to effectively cope
with diabetes (Wysocki et al., 1996). Consequently, if African American youth
display signs of pubertal development earlier than their Caucasian counterparts,
African American parents may prematurely encourage independence in diabetes

tasks, which then may be associated with earlier deteriorations in metabolic control.
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Although it is less expected that SES would play a major role in this model, it
is possible from an ecological perspective that families living in high-risk
environments (i.e., low SES communities) may be more susceptible to negative
health outcomes moderated by increased family conflict. Low SES families typically
live in “high-risk” neighborhoods with greater levels of crime, exposure to violence,
and drug use. It is possible that within these high-risk contexts, adolescence becomes
a particularly difficult time as teens are spending less time at home, which may
prompt parents to change rules and limits to protect them from perceived
environmental harm. These changes in parental limitations and rules with concurrent
increases in autonomy seeking in adolescents may result in greater family conflict.
Higher levels of family conflict are associated with increased risky behaviors (i.e.,
sexual debut) (McBride, Paikoff, & Holmbeck, 2003), which may also include risk
behaviors associated with neglecting diabetes management responsibilities.

African American families may experience greater vulnerability to the
negative consequences of low SES/high-risk context, resulting from heightened
family conflict that may be associated with earlier deterioration of metabolic control
in African American youth. African American families are disproportionately
represented in low SES groups and are more likely to live in higher risk
environments. African American teens begin to exhibit outward signs of puberty
earlier than Caucasian youth (Sun et al., 2002), which may prompt earlier changes in

parenting behaviors, as African American parents have more “hot” discussions and
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conflict with early maturing versus on-time or later maturing adolescents (Sagrestano
et al., 1999). Furthermore, African American parents tend to exercise more control
over their children and adolescents compared to Caucasian parents (Bulcroft,
Carmody, & Bulcroft, 1996), which may increase conflict in these families.
Heightened family conflict at an earlier period of adolescence in African American
families can partially explain why African American youth may experience a
differential trajectory of diabetes management, as family conflict has been found to
be associated with poor metabolic control (Anderson et al., 1999; Anderson et al.,
2002; Lewin et al., 2006).

Parallel Deterioration Model. The hypothetical Parallel Deterioration Model
(see Figure 3) suggests that African American youth may demonstrate comparable
rates of decline in metabolic control across adolescence as do Caucasian youth, but at
each point in time display poorer management (i.e., higher HbA1lc) (Anderson et al.,
1997; Delamater et al., 1991; Delamater et al., 1999; Weissberg-Benchell et al.,
1995). If this model effectively characterizes the trajectory of African American
youth, then previous research conducted on Caucasian youth regarding the
disruptions of metabolic control during adolescence may be more directly relevant for
African American samples. The current literature on the factors associated with
deteriorations in metabolic control in Caucasian youth has been discussed earlier in

detail. However, the most notable findings that may explain similar trajectories of
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metabolic control in African American and Caucasian youth based on this model are
briefly reviewed.

Despite findings that African American and Caucasian parents engage in
different patterns of providing independence to their children (Bulcroft et al., 1996),
there is evidence that variations in parenting practices between races are much
smaller when socioeconomic status is controlled (Julian, McKenry, & McKelvey,
1994). Within the context of diabetes, children and adolescents are required to
engage in repetitive monitoring and intimate interaction with their parents throughout
the day. Furthermore adolescence is a period during which autonomy and
independence are often negotiated with parents. More involved parenting has been
found to be effective in younger children (Anderson et al., 1997), but may result in
negative outcomes for adolescents when autonomy development is a priority.
Therefore, African American and Caucasian parents must deal with the difficulties of
providing their adolescents with increased independence over diabetes tasks while
risking deterioration of metabolic control.

African American and Caucasian parents may enter the period of adolescence
struggling to adapt their parenting practices to the needs of their adolescents (Gutman
& Eccles, 2007), but they both must also deal with changes in how adolescents may
perceive their behaviors during this developmental period. Literature on Caucasian
youth with diabetes suggests that when children and adolescents perceive their

parents’ behaviors as controlling or intrusive these perceptions are associated with
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negative psychological outcomes (Berg et al., 2007; Butler et al., 2007; Wiebe et al.,
2005). Concurrent changes in parenting behaviors and adolescents’ perceptions of
these behaviors may result in increased conflicts in the home.

Parent-child conflict is a normal part of adolescent autonomy development in
African American youth similar to Caucasian adolescents (Smetana & Gaines, 1999).
Longitudinal evidence suggests that there is little variation in the number or
frequency of parent-child conflicts in African American families across early to
middle adolescence (Smetana, Daddis, and Chuang, 2003). Furthermore, African
American youth tended to resolve conflicts by “giving in” to their parents across this
period, which may reflect the unique collectivistic values of African American
culture. Consequently, parent-child conflict appears to be a pervasive part of
adolescence in both African American and Caucasian families. African American
and Caucasian parents must learn to successfully adjust to increased parent-child
conflicts especially within the context of diabetes, as family conflict negatively
impacts adherence over time (Hauser et al., 1990).

During adolescence, teenagers reduce their time spent with parents, which
may place them at greater risk for negative behaviors (Barnes, Hoffman, Welte,
Farrell, & Dintcheff, 2007; Larson & Richards, 1991). Studies on Caucasian
samples suggest that concerns about peer perceptions related to diabetes management
increase stress, which significantly impacts metabolic control (Hains et al., 2006).

Although similar concepts have not yet been explored in African American youth,
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there is evidence that peer associations influence African American teens. African
American adolescents’ peer relationships and attachment to school are significantly
related to antisocial behaviors (Joseph, 1995). In addition, African American
adolescents’ perceptions of peer engagement in drug use predicted their level of
involvement with drugs 6 and 24 months later (Stanton et al., 2002). These findings
suggest that African American and Caucasian youth may be similarly affected by
significant peer influences during adolescence, which may alter their adherence
behaviors and metabolic control.

The presence of psychiatric disorders has been known to be more prevalent in
pediatric type 1 diabetes populations compared to the general population, with higher
rates of depression during adolescence (Kovacs, Goldston, Obrosky, & Bonar, 1997).
Specifically, depression has been found to be associated with reductions in
adherence, higher rates of hospitalization, and diabetes complications (Korbel et al.,
2007; Stewart et al., 2005). There are no known differences in prevalence of Major
Depressive Disorder between African American and Caucasian populations
(American Psychiatric Association, 2000). Consequently, it is possible that African
American and Caucasian youth are similarly affected by the presence of diagnosable
psychiatric disorders such as depression, which negatively impact metabolic control
across similar developmental trajectories.

All the abovementioned factors may explain why the rate of change of

metabolic control across adolescence is similar between African American and
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Caucasian groups based on the Parallel Deterioration Model. However, these factors
do not explain why African American youth have poorer metabolic control at each
stage of development compared to Caucasian counterparts. One plausible
explanation may be that SES-related differences might explain the poorer metabolic
control (i.e., higher HbA1c) of African American youth compared to Caucasian teens
at entry of adolescence as depicted in this model. However, once entering
adolescence, African American and Caucasian adolescents experience similar
adolescent risks, resulting in similar trajectories of deterioration of metabolic control

for both groups across this period.



CHAPTER THREE
RATIONALE, STUDY AIMS, AND HYPOTHESES
Rationale and Aims

Current research on type 1 diabetes in African American youth provides
little guidance regarding the mechanisms that may be driving racial differences in
metabolic control. The primary purpose of this study was to evaluate the
developmental trajectories of metabolic control across ages 10 to 18 in two
racially and economically diverse groups. The three models presented above
provide hypothetical examples of unique developmental trajectories of metabolic
control between African American and Caucasian adolescents. Analyses were
conducted to characterize the developmental trajectories of metabolic control in
the full sample, to discern whether there are racial differences in these trajectories,
and whether race effects remain after controlling for neighborhood SES. While
we fully recognized that other unique models, not discussed above, might have
emerged during our analyses, we believed that the trajectories would most likely
follow one of the described hypothetical models. Based on this longitudinal
perspective, we aimed to provide hypotheses on the most plausible
biopsychosocial mechanisms that may explain racial disparities in metabolic
control between African American and Caucasian youth.

1. The first aim was to examine whether deteriorations in metabolic

control that have been documented across ages 10 to 18 in Caucasian
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youth could be replicated in a racially and economically diverse sample of
youth.
2. The second aim was to determine whether African American youth
compared to Caucasian counterparts began adolescence with different
levels of HbA1c (intercepts) and had different rates of change (slopes) in
metabolic control across ages 10 to 18.
3. The third aim was to examine whether these race-related trajectories
occurred independently of neighborhood SES.
Hypotheses
Hypothesis One
Caucasian and African American children would display declines in
metabolic control longitudinally across ages 10 to 18.
Hypothesis Two
Caucasian and African American adolescents would enter adolescence
with different HbA 1c levels and rates of change of metabolic control.
Hypothesis Three

Race effects would remain independent of neighborhood SES.



CHAPTER FOUR
METHODOLOGY

This current study utilized a medical record review to obtain health and
demographic data from Caucasian and African American children and adolescents
at the Children’s Medical Center in Dallas, Texas (CMCD) endocrinology
outpatient clinic.
Procedure and Subjects

The University of Texas Southwestern Medical Center at Dallas
Institutional Review Board approved the procedures and the access to the medical
charts of eligible subjects for this study. The CMCD endocrinology center and
finance department generated a target list of African American and Caucasian
patients with type 1 diabetes. The specific inclusion criteria were African
American and Caucasian subjects who were between the ages of 14 years 0
months and 18 years 11 months when they were seen at the endocrinology clinic
between January 1, 2007 and December 31, 2007. All eligible subjects must have
had type 1 diabetes for at least one year. The exclusion criteria included subjects
with incomplete medical information or those with less than 3 clinic visits during
which HbAlc was collected. A total of 136 African American subjects were
identified as potentially eligible.

From the initial list of potentially eligible subjects, diagnosis of type 1

diabetes and a minimum of 3 clinic visits were verified. Subjects who were
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classified as having type 2 diabetes or less than 3 clinic visits that were
documented in the electronic medical charts were excluded, resulting in 81
available African American subjects. The 81 African American subjects were
matched on gender and birth date to Caucasian counterparts yielding a total of
162 subjects. Medical records for all eligible African American and Caucasian
subjects were reviewed. Retrospective medical reviews were conducted through
age 10 (as possible) for all subjects. In this way, data across the full sample
included ages 10 through 18, capturing the developmental period during which
metabolic control deteriorates for Caucasian youth. All health-related and
demographic data were collected from a medical record review of electronic
medical charts. Neighborhood SES variables were collected from publicly
available databases containing 2000 census data based on each subject’s street
address.

Measured Variables

The following demographic, socioeconomic, and health information were
obtained through medical chart review.

Hemoglobin Alc. Glycated hemoglobin Alc (HbAlc) was the primary
measure of metabolic control and the outcome variable used in modeling
trajectories of diabetes management across African American and Caucasian
children and adolescents. All available measurements of HbA1c from routine

clinic visits (average 2-3 per year) were collected for all subjects. HbAlc has
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been consistently used as an index of metabolic control given its associations with
declines in blood glucose levels (Koenig et al., 1976). Increasing HbAlc levels
reflect deteriorating metabolic control. Adequate control has been defined as less
than 7.5 to 8% HbAc in children and adolescents with type 1 diabetes (ADA,
2007). High HbAlc levels have been associated with long-term diabetes
complications such as retinopathy and neuropathy (Diabetes Control and
Complications Trial Research, 1993).

Developmental Level. Age was the primary time variable used to map
trajectories of metabolic control in this sample. Documented age was computed
by birth date and date at each clinic visit during which HbA 1c was measured.

Race. Patient race was determined by reported race as identified in the
medical chart. This was the primary race variable used to categorize African
American and Caucasian groups. Given the retrospective nature of this proposed
study, the only indicators of racial status were those listed on the subject’s
medical record. Several studies report that the accuracy of racial classifications
based on medical record information may vary based on the race of the individual
(West et al., 2005). The accuracy of racial classifications is typically the highest
for white patients, moderate for black, and significantly poorer for Latino and
Native American individuals (Blustein, 1994; Boehmer et al., 2002; Gomez,
Kelsey, Glaser, Lee, & Sidney, 2005). Present findings suggest that racial

classifications based on medical records are relatively more accurate for
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individuals who are typically classified as white or black and were assumed
sufficient for the objectives of this study.

Neighborhood Socioeconomic Status. Given the retrospective nature of
this study, individually reported SES could not be obtained. Neighborhood SES
was collected from census tract-based data from geocoded subject addresses and
served as an estimate or proxy of individual SES for all analyses. Neighborhood
SES estimates have been found to be valid alternative markers of SES when
individual SES measures are not available (Krieger, 1992). In a sample of 14,240
African American and Caucasian individuals, census-based and individually
reported SES measures were similarly associated to health outcome (Krieger,
Chen, Waterman, Rehkopf, & Subramanian, 2003). However, caution should be
exercised when evaluating the validity of these measures as proxies of SES at the
lowest income groups, as individuals from this economic group were
underrepresented in this study.

There is considerable evidence that neighborhood contexts have
significant associations with childhood health outcomes (Burton & Jarrett, 2000;
Chen & Paterson, 2006). Neighborhood SES measures have been associated with
health indicators in adolescents (i.e., systolic blood pressure) (McGrath,
Matthews, & Brady, 2006). Although census-based estimates of socioeconomic
data may vary in accuracy across racial groups (Kwok & Yankaskas, 2001),

markers of neighborhood context continue to offer valuable and unique
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information for evaluating SES effects on racial differences (Braveman et al.,
2005; Diez-Roux et al., 2001) and were assumed to be the most adequate
measures of SES available for the purposes of this exploratory study.

Several methods of measuring SES (i.e., income, education, assets,
occupation, social capital) were available to estimate various SES constructs of
interest (i.e., accumulated wealth, income level). The limitations of currently
used measures (i.e., income, education) call for the need to estimate SES in
multiple ways to provide a more comprehensive assessment of economic status
(Braveman et al., 2005). At this exploratory stage, we chose to aggregate several
neighborhood measures of SES into a single index (Edith Chen, personal
communication, October 15, 2008) while also retaining individual components to
fully evaluate these variables.

Neighborhood estimates of SES were obtained via publicly available
geographical data systems based on the subject’s listed street address. For
neighborhood estimates of income, percentage of census tract below the poverty
line and median family and household income were obtained. To characterize
neighborhood racial composition, percentage of minority population, percentage
of non-Hispanic White population, and percentage of Black population were
collected. Percentage of owner-occupied and renter-occupied housing units

served as estimates of neighborhood assets. Additional markers of individual SES
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were obtained from medical record review information, which included insurance
status and parental occupation.
Descriptive Data

The following descriptive variables were considered as potential
covariates in the current study as they are often associated with metabolic control:
illness duration and type of insulin therapy. Longer duration of illness is
associated with declines in metabolic control (Arfken et al., 1998; Chalew et al.,
2000). Therefore, age at diagnosis was included as a covariate to control for the
effects of illness duration on the racial differences of metabolic control in African
American and Caucasian youth. Insulin pump therapy has been associated with
better metabolic control and improved quality of life in children and adolescents
compared to standard insulin administration (Cogen, Henderson, Hansen, &
Streisand, 2007; Hanaire-Broutin, Melki, Bessieres-Lacombe, & Tauber, 2000).
As such, pump status was also included as a potential covariate.

Diabetes-related emergency room and inpatient hospital visits were
collected, as these visits served as additional indices regarding the quality of
diabetes management. Specifically, hyperglycemia can lead to diabetic
ketoacidosis (DKA), which may result from lack of insulin administration causing
high blood glucose in the bloodstream (Musey et al., 1995). These complications
often require hospital visits in order to resolve the medical consequences

associated with a DKA episode. As a result, HbAlc levels measured during clinic



visits were corroborated by records of diabetes-related emergency room and
inpatient hospital visits, which provided additional evidence of whether African
American and Caucasian youth had different patterns of metabolic control across

adolescence.
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CHAPTER FIVE
RESULTS

Overview of Statistical Analyses

Data were entered and managed by the Statistical Package for Social
Sciences (SPSS) version 16.0 (SPSS, Inc., Chicago, IL) and descriptive statistics
were analyzed in SPSS. For hierarchical linear modeling analyses that were
performed, data were imported from SPSS into Hierarchical Linear Modeling
(HLM) version 6.04 (Scientific Software International, Inc., Chicago, IL) and
analyzed with HLM software. The data were preliminarily evaluated for
violations of statistical assumptions and for outliers that may impact analyses.
Distribution characteristics of all of the variables were also examined. We
explored whether there were differences between the two racial groups on
sociodemographic and illness variables that were not included in the a priori
models; variables showing differences were covaried.

Aims were analyzed via Hierarchical Linear Modeling (HLM) techniques
(Bryk & Raudenbush, 1992). HLM was selected to evaluate longitudinal
trajectories of metabolic control because of several advantages that it has over
traditional regression analyses (Singer & Willett, 2003). First, HLM analyzes
systematic variance on two different levels. The first level analyzes variables that
may be contributing to variance that accounts for changes that occur across time

(i.e., within-subject changes in HbAlc across time). The second level then
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considers variables that may explain variability in the pattern of change across
time due to individual differences between subjects (i.e., race, gender, pump
therapy, etc). In our study, the model was specified such that wave of assessment
or HbAlc at each clinic visit date (level 1) was nested within each person (level
2). The level 1 equation models the relationship between HbA 1c and age across
clinic visits, and the level 2 equations identify how the overall relationship
between HbAlc and age at clinic visit depends on the participants’ individual
characteristics such as race or gender. Another advantage of HLM over other
statistical methods is that it utilizes all the data points even if subjects do not have
information at all the time points. Thus, subjects were included in these analyses,
even if they did not have data across the full age range (10 to 18). We describe the
models examined for each specific aim.

Aim I: To examine whether deteriorations in metabolic control that have
been documented across ages 10 to 18 in Caucasian youth could be replicated in
a racially and economically diverse sample of youth who have had type 1 diabetes
for at least 1 year. Atlevel 1 (within-person), estimates of the association
between HbAlc and child age were examined. This generated estimates of the
average HbAlc across participants (intercepts), and average change in that value
across age (slopes). Steeper slopes indicated that HbA 1c was changing

(presumably increasing) more rapidly with age. We expected there to be a
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significant within-person effect for age indicating that HbAlc increases
significantly across ages 10 to 18 years in the full sample.

Aim II: To determine whether African American youth compared to
Caucasian counterparts began adolescence with different levels of HbAlc
(intercepts) and had different rates of change (slopes) in metabolic control across
the adolescent years. The above analyses also generated measures of variability
for each parameter (intercept, slope) across participants. Such variance
components indicated whether there was systematic variance in the intercept
and/or slope that could be examined at level 2. We predicted the above-
mentioned analyses would reveal a significant variance component on the
intercept, and potentially on the slope (i.e., if the Childhood Risk Model is
supported). If significant, level 2 analyses were conducted to determine whether
race explained such variability. We predicted a significant level 2 effects for race
on the intercept, indicating that African American youth would have higher
HbAIc at age 10 than Caucasian youth. We also predicted that race would exert a
level 2 effect on the slope, if there was a significant variance component. This
would indicate that racial groups have different rates of change or developmental
trajectories across ages 10 to 18.

Aim III: To examine whether race-related trajectories occurred
independently of SES. To evaluate whether any race-related effects identified

above were independent of socioeconomic status, the above analyses were
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examined while statistically controlling for neighborhood SES, which for this
study was used as a proxy for individual SES. These analyses were particularly
important for exploring both the Childhood Risk and the Parallel Deterioration
models, as discussed above.
Characteristics of the Sample

A total of 162 subjects were in the final sample for data analysis. The
primary analyses reported below reflect the full sample of 162 subjects when
possible. Data were available on the full sample for race, gender, insulin pump
status, and age at diagnosis. A reduced sample of 152 subjects was used for
analyses on neighborhood SES variables, as there was no available neighborhood
SES data on 10 subjects. Family structure information was missing from 16
subjects resulting in another reduced sample of 146 subjects. All analyses from
the full sample, those involving race, gender, insulin pump status, and age at
diagnosis, were replicated in the reduced samples (N=152 and N=146) to ensure
that there were no sampling effects on analyses conducted with the reduced
samples. Where possible, the full sample was retained in order to maximize the
power available for the analyses. All of the following analyses indicate whether
the full or reduced samples were used.
Descriptive Statistics

Descriptive data by race for demographic, health, and neighborhood SES

variables and corresponding results from Chi-square and independent sample t
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tests testing racial differences are summarized in Tables 1-4. As mentioned
earlier, African American subjects (N=81) were matched by birth date and gender
to Caucasian counterparts (N=81). Therefore, as expected, there were no group
differences based on race, gender, and age. Independent sample t tests and
analyses were conducted to examine whether racial group differences were
present on background and demographic variables. There were no group
differences on maternal [x* (1, N=162) = 5.19, p = .268] or paternal [¢* (1, N =
162) =3.10, p = .973] occupational classification (United States Office of
Personnel Management, 2008), type of other family members listed in medical
record [ (1, N=162) = 8.05, p = .153], systolic blood pressure at each clinic
visit, teen age at time of diagnosis, and age at each clinic visit in years.

Insurance type differed by race. Caucasian adolescents were more likely
to have managed care insurance compared to African American youth who were
more likely to have public or governmentally subsidized health insurance. There
was a group difference on insulin pump status whereby more Caucasian
adolescents utilized insulin pump therapy compared to multiple daily injection
therapy (described here as no pump therapy) than African American counterparts.
Regarding number of DK A-related hospital visits, 51 Caucasian subjects did not
experience any DKA episodes during the data collection period while only 28
African American subjects did not experience any DKA episodes. A significant

group difference emerged such that African American subjects were significantly
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more likely to have one or more DKA episodes throughout the data collection
period compared to Caucasian youth. A marginal trend towards significance was
found for race and family structure such that African American subjects were
marginally more likely to be from a single-parent home as measured presently.

Significant group differences emerged on mean HbA 1c across time, with
Caucasian adolescents experiencing lower mean HbA 1¢ across the period of
adolescence than African American counterparts. Furthermore, group differences
were present on height, weight, BMI, and diastolic blood pressure between
Caucasian and African American adolescents. Specifically, African American
adolescents were taller, weighed more, and had higher BMI values and diastolic
blood pressure than Caucasian counterparts.

For neighborhood SES variables (N=152), significant racial group
differences emerged such that African American subjects were more likely to live
in neighborhoods with lower median family income, higher percentage of tract
population below the poverty line, higher percentage of tract population classified
as minority, a lower percentage of non-Hispanic White population, higher
percentage of Black population, lower percentage of owner-occupied housing
units, and higher percentage of renter-occupied units.

Neighborhood SES Variables
Several estimates of neighborhood socioeconomic status were collected

based on the street addresses listed on the face sheet of the medical record. This
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address was assumed to be the most up-to-date address at the time that data
collection was initiated for the subjects. These neighborhood variables were
initially correlated with the “terminal” HbAlc (i.e., the most recent HbAlc) for
all subjects to identify which neighborhood SES variables most strongly
correlated with the concurrent measures of metabolic control. Only median
family income r(150) = -.16, p =.05 and percentage of census tract classified as
minority 7(150) = .16, p =.05 were significantly correlated with this terminal
HbA1c measure. Thus, at the most recent visit, subjects who lived in
neighborhoods with higher median family incomes and lower percentage of
minority population had lower HbAlc (i.e., better metabolic control).

Factor analysis was conducted on all neighborhood SES variables to
determine whether the neighborhood SES variables reflected a single dimension
or multiple dimensions, and whether composite neighborhood SES scores would
produce a more reliable index. Principal components analyses with varimax
rotation yielded two factors with Eigenvalues greater than 1. Examination of the
scree plot supported this two-factor solution. The first large factor reflected
variables related to minority or racial status (e.g., percentage of tract population
classified as minority), while a second smaller factor suggested income or wealth
variables (e.g., median family income). The racial status factor accounted for 67%
of the variance, while the income factor accounted for 16.5% of the variance.

Only one variable (percentage of tract below poverty line) loaded on both factors.
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In sum, the factor analysis and correlational analyses revealed two distinct
neighborhood variables that correlated with “terminal” HbAlc. One factor
reflected information regarding neighborhood racial composition while another
reflected neighborhood estimates of income from communities in which the
subjects reside. As such, the two strongest and most highly correlated predictors
of terminal HbA ¢ - median family income and percentage of minority population
- were selected for primary HLM analyses. Given that we did not have a priori
hypotheses for the effects of specific neighborhood SES variables, we also created
an income composite score based on the dominant factor loadings to ensure that
we examined neighborhood SES as fully as possible. Therefore, median family
income, percentage of minority population, and the income composite score were
included in the analyses to control for the best available estimates of individual
SES. There is evidence that aggregate neighborhood SES variables are useful in
understanding illness trajectories in children (Edith Chen, personal
communication, October 15, 2008), particularly when there are not a priori
hypotheses about which neighborhood characteristic is most important.
Longitudinal Growth Curve Modeling

Linear Model Specification and Analysis Plan. The initial level 1 model
evaluated the variance in the data because of the linear relationship between
HbAlc (Y) and age at each clinic visit (X), and did not specify any level 2

predictors. The level 1 variable age at each clinic visit was centered at the overall
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group grand mean given that all subjects were matched on age. This level 1
specification produced estimations of two level 1 random effects: the intercept
(representing the expected HbAlc at the overall mean age of subjects in years, M
= 13.32 years) and the linear slope. The linear slope was selected as the initial
model specification, as there is reason to believe that the relationship between
HbA 1c and age across the period of adolescence is linear (Helgeson, Siminerio,
Escobar, and Becker, 2009). Level 2 variables such as gender, pump therapy
status, and age at diagnosis were then added to the initial model to determine
whether they should be included as covariates in analyses with race. Level 2
variables that were significant were included as covariates in all of the subsequent
primary analyses examining race and neighborhood SES associations.

Results of HLM Linear Model. Analyses of HLM models are presented in
Tables 5-9. The initial random coefficients model (model 1) was conducted first
and only evaluated level 1 variables to determine whether there was evidence that
age at clinic visit was associated with HbA1c at clinic visit. This provided a basic
characterization of the average HbAlc (i.e., intercept) and the manner in which
HbAlc changed over time (i.e., slope), and to determine whether there were
variance components on each of those coefficients. The variance components
provided information about whether there were systematic individual differences

(e.g., race) as a function of the average HbAlc or in change in HbAlc across
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time. Without significant variance components, there would be no basis for
exploring racial effects.

The level 1 equation for the initial random coefficients model (model 1)
was:

HbAlcij = By; + Bi; (age at clinic visit) + 7 .

This equation specified that the HbAlc for subject i at clinic visit j was a function
of By; (intercept), which was the HbAlc for subject i when age was 0 (the average
age when centered at the mean), By; (slope) reflected the relationship between age
and HbA1c across clinic visits for subject 7, and r;; was the measurement error.
No level 2 predictors were included in the basic model (model 1). In subsequent
analyses, the intercept (By;) and slope (Bii) became the dependent variables
predicted by level 2 variables (i.e., race, gender, pump status), as specified in the
following level 2 equations:

Byi = Goo + Goi (level 2 predictor variables) + u0

Bii= G0+ Gy (level 2 predictor variables) + ul.

Table 5 summarizes the intercept and slope coefficients for model 1. The
coefficients for both the intercept and slope were significant, and there were
variance components for both intercept and slope. This meant that at the average
age (i.e., 13.32 years old), subjects had an HbAlc value of 8.94% and this was
statistically different from zero. In addition, for every yearly increase in age there

was a .22% increase in HbAlc, and this rate of change was significant from zero.
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The variance components indicated that there were systematic differences
between subgroups of subjects in HbA 1c observed at the average age, and in the
change in HbAlc across age.

The results from this analysis addressed Aim 1, which aimed to replicate
age-related declines in HbA 1c (previously only witnessed in Caucasian samples)
across the period of adolescence in the entire sample of Caucasian and African
American youth. Significant within-person age effects emerged indicating that
HbA 1c increased significantly across ages 10 to 18 years in the full sample. The
significant variance components provided support for further analyses to discern
whether race and/or other Level 2 variables may be explaining differences in
average HbAlc or in change in HbAlc across the transition into and through
adolescence.

Level 2 Covariates

Potential covariates were then analyzed in order to determine whether they
should be included in all subsequent analyses.

Gender (N =162). Model 2 included gender as the only level 2 predictor
to evaluate possible gender effects on the intercept and slope trajectories of
metabolic control across adolescence. In this model, the coefficients for intercept
(Boi) and for slope (Bi;) became the outcome variables, with gender as the
predictor variable in the following level 2 equations:

B()i = Goo + G01 (Gender) +ul
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Bii= Gjo+ Gp; (Gender) + ul.
As reported on Table 5 in model 2, gender did not predict either intercept or slope
for the sample, and the variance components on both remained significant.
Specifically, there were systematic differences in average HbAlc at the average
age and the rate of change across adolescence, but gender was not predictive of
these differences. As a result, gender was excluded from subsequent models.

Insulin Pump Status (N =162). Pump status was analyzed in model 3 to
determine whether it emerged as a significant predictor of level 1 variance
components and should be included as a covariate in subsequent analyses.
As reported on Table 5 in model 3, pump status emerged as a significant predictor
of intercept and slope variance in the level 1 model. The intercept coefficient of
1.19 reflected that adolescents using the insulin pump had 1.19% lower HbAlc
than children who did not use the pump. Furthermore, there was a .15% greater
increase in HbAlc with every year of age among those with no insulin pump
versus insulin pump therapy patients. Pump status was included as a level 2
covariate for subsequent analyses

Age at Diagnosis (N = 162). Age at diagnosis was analyzed in model 4 as
the only level 2 predictor to determine whether it is a significant level 2 predictor
of level 1 variance components and whether it should be included in the
subsequent analyses as a covariate. As shown on Table 5 in model 4, age at

diagnosis was found to be a significant level 2 predictor of HbA1c at the intercept
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and the linear slope. Subjects who were diagnosed at an older age had .21%
lower HbA 1c at the average age and for each subsequent year later that they were
diagnosed they had a .02% higher increase in HbAlc across age. Therefore, age
at diagnosis was included in all subsequent analyses.

In sum, these analyses confirmed that age at diagnosis and pump status
should be included in all subsequent analyses as covariates in order to control for
the effects of these health variables on potential race effects on average HbAlc
and change in HbAlc over time. Gender was excluded from all further analyses
given that it was not a significant predictor of level 1 variance for intercept and
slope.

Level 2 Predictors

Racial Status (N = 162). Model 5 evaluated the effect of racial status on
average HbAlc at the average age and the rate of change in HbA1c across
adolescence. This analysis included age at diagnosis and pump status as level 2
covariates given their significant effects on the level 1 variances for intercept and
slope. This analysis served to address Aim 2, which aimed to determine whether
African American youth compared to Caucasian counterparts had different levels
of HbAlc (intercept) and different rates of change (slopes) in metabolic control
across the adolescent years.

As reported on Table 6 in model 5, when race was included as a level 2

predictor, with age at diagnosis and pump status as covariates in the model, the
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intercept coefficient of 1.32 was significant, while the slope coefficient was non-
significant. This indicated that African American subjects at the average age had
1.32% higher HbA1c than Caucasian counterparts, but evidenced parallel
trajectories in rates of change in HbAlc over time. This finding provided support
for the a priori hypothesis that African American youth would have poorer HbAlc
during adolescence than Caucasian youth; however, it also suggested parallel
rates of change in HbAlc. Race continued to remain a significant level 2
predictor of level 1 intercept differences even when age at diagnosis and pump
status were included as covariates in the analyses.

In sum, the findings indicate that while race explained racial differences in
the level (intercept) of HbAlc it did not predict age-related changes (slope) in
HbA Ic trajectories. Specifically, African American and Caucasian subjects have
different levels of HbA1c across adolescence, but they show parallel trajectories
and did not differ in the rate of change in metabolic control across this time
period. Pump status appeared to be a significant level 2 predictor of level 1 slope
variance independently of race and age at diagnosis. Specifically, the positive
relationship between HbAlc and age at clinic visit was stronger for individuals
not on the insulin pump than those who were on the pump.

Re-centered Age (N=162). In Aim 2, we also proposed to evaluate
whether African American adolescents began and ended the period of adolescence

with different mean HbA 1c compared to Caucasian subjects. In order to evaluate



these differences, the overall group mean age was re-centered to age 10 and then
to age 17 in order to test group differences in intercept as the youth entered (age
10) and exited (age 17) the period of adolescence. Several previous studies
evaluating the effects of adolescence on HbA1c have used age 10 as the baseline
age prior to the period of adolescence (Anderson et al., 1997; Helgeson et al.,
2009). Race was entered into analyses while age at diagnosis and pump status

remained as covariates.
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When mean clinic visit age was re-centered at age 10 and age 17, the same

results were found as when the mean age was centered at the grand mean
(M=13.32 years old). Specifically, race significantly predicted intercept
differences, but not slope differences in HbAlc. These findings further address
Aim 2 and support the a priori hypotheses that African American subjects begin
adolescence with higher levels of HbAlc. Furthermore, African Americans
continue to have higher HbA lc through adolescence and end this period with
higher HbAlc as well. No differences in slope were found at the beginning,
middle, and end of adolescence (ages 10-17). These findings suggest that
although African Americans enter the period of adolescence with poorer
metabolic control, this period is equally risky for African American and
Caucasian youth, consistent with the Parallel Deterioration Model.
Neighborhood SES predictors (N =152). Aim 3 examined whether the

impact of race on the developmental trajectories of metabolic control occurred
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independently of neighborhood SES. As discussed earlier, three neighborhood
SES factors median family income, percentage of minority population, and
income composite scores were included as individual and aggregate neighborhood
proxies of individual SES.

Median family income, percentage of minority population, and income
composite scores were first analyzed in relation with HbAlc over time,
independently of race. All 3 neighborhood SES variables, median family income
(p = .009), percentage of minority population (p =.017), and income composite
score (p =.049), significantly predicted intercept differences in HbAlc, but failed
to predict the linear slope. In sum, all these neighborhood SES variables
independently had the same effect on intercept and slope as race whereby they
were predictive of intercept differences, but not linear slope.

Given the significant predictive value for all three neighborhood SES
variables on intercept differences in HbAlc, they were further analyzed with race,
age at diagnosis, and insulin pump status. As reported on Table 7, model 6
analyzed the effects of neighborhood SES on HbAlc over time by including
median family income and percentage of minority with race, age at diagnosis, and
insulin pump status. Race, insulin pump status, and age at diagnosis continued to
significantly predict intercept differences, but not slope, although there was a
marginal effect on slope from insulin pump status. While both median family

income and percentage of minority population were predictive independently,
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when combined, median family income emerged with unique predictive value
beyond the effects of percentage of minority population.

In sum, race effects were independent of SES, which addressed Aim 3 in
which we evaluated whether race retained independent effects from neighborhood
SES in explaining the longitudinal trajectories of metabolic control in Caucasian
and African American youth. Despite the robust effect of race, median family
income appeared to capture more of the unique variance compared to all other
neighborhood SES variables and remained associated with average HbAlc
independent of race.

Exploratory Analyses

Family Structure (N = 146). Family structure was analyzed independently
of race, then with race, pump status, and age at diagnosis. When family structure
was included as a level 2 predictor independently of race (shown on Table 8 in
model 7), it did not independently predict level 1 variance for intercept and slope.
When race and family structure were included in model 8 along with pump status
and age at diagnosis as covariates, the same results emerged as in earlier models
whereby race, insulin pump status, and age at diagnosis were significant
predictors of intercept differences, (but not of slope), and family structure did not
predict either intercept or slope. Family structure was not further analyzed with
neighborhood SES variables given that it was consistently not predictive of

intercept or slope differences over time. These data provide no evidence of
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effects of family structure on trajectories of HbAlc, but should be interpreted
with caution given the limitations of the family structure measure in the present
study.

Overall, the results indicated that African American youth had poorer
HbA 1c than Caucasian youth at the beginning of adolescence (age 10) and this
continued through age 17. Subjects also had poorer HbAlc if they were not on
the pump, had lower median family income, and were diagnosed at an earlier age.
All of these effects were independent of each other suggesting that systematic
individual differences on these dimensions provide important information about
subjects at higher risk for poorer metabolic control. None of these variables
explained the racial differences in HbAlc. While there were no statistically
significant effects of these predictors on slope, insulin pump status had marginal
independent effects on slope. Median family income emerged as the
neighborhood SES variable that accounted for the most unique variance in
intercept differences in HbAlc. Family structure did not account for any variance
components for intercept or slope.

Nonlinear Model. Loess plots of overall HbAlc across adolescence by
race suggested possible nonlinear changes over time. As a result, exploratory
analyses were conducted for a quadratic model to evaluate potential curvilinear
associations between age and HbAlc by race. In the linear models, race, insulin

pump status, and age at diagnosis emerged as the most significant predictors of



HbAlc over time. Therefore, these variables were included as level 2 predictors
for the quadratic model and reported on Table 9 (model 9). The results indicated
that the quadratic slope was not significant, suggesting that our model was not
able to capture significant quadratic changes over time. However, a significant
variance component for the quadratic slope emerged, which suggested that there
appeared to be systematic differences in quadratic changes over time such that
some individuals showed curvilinear patterns of change while others did not.
Those differences, however, were not captured by the variables obtained in the
present study.

Pump status as time-varying covariate. Exploratory analyses were
conducted with pump status as a level 1 time-varying covariate for all primary
analyses. As reported in Table 10, pump status was analyzed as a level 1
predictor of HbAlc (model 10) and then with race and age at diagnosis shown in
Table 11 (model 11). Pump status was further analyzed with race and age at
diagnosis and the neighborhood SES variables (median family income and
percentage minority in census tract) as reported in Table 12 (model 12). There
were no differences in the primary findings when pump status was covaried as a

level 1 versus level 2 variable in all the primary analyses.
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CHAPTER SIX
DISCUSSION
Overview of the Study

The first aim of this study was to evaluate whether declines in metabolic
control evidenced in Caucasian youth could be replicated in a racially and
economically diverse sample that included African American adolescents. A
second aim of this study was to evaluate whether these racial groups entered the
period of adolescence with different mean levels of HbAlc (intercept) and had
different rates of change (slope) in HbAlc across this period. The final aim of
this study was to determine whether the effects of race on the developmental
trajectories of HbA 1c were independent of neighborhood SES. By characterizing
the developmental illness trajectories in both Caucasian and African American
youth, further research elucidating the effects of race on metabolic control can be
targeted to the most critical periods of vulnerability for Caucasian and African
American youth. Furthermore, it may aid in the development of interventions to
reduce racial disparities in type 1 diabetes management and prevent detrimental
long-term consequences in adulthood.

The results from this current study are the first to report age-related
declines in metabolic control characteristically observed in Caucasian youth in a
sample of gender and age-matched African American adolescents. That is,

adolescents evidenced deterioration in metabolic control across adolescence
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regardless of racial status. These findings extended previously well-documented
age-related deteriorations across adolescence in Caucasian youth (Amiel et al.,
1986; Anderson et al., 1997; Helgeson et al., 2009; Weissberg-Benchell et al.,
1995; Wysocki et al., 1996) to African American youth. African American youth
had higher HbA1c at every age across adolescence compared to Caucasian youth,
extending previous cross-sectional evidence for racial differences (Auslander et
al., 1997; Delamater et al., 1991; Delamater et al., 1999). Furthermore, these race
effects were found independently of neighborhood SES. Rates of change in
HbA 1c across adolescence were similar for both racial groups suggesting parallel
trajectories of illness. Overall, these results are the first to provide a
developmental perspective of racial differences in metabolic control across the
period of adolescence and are consistent with the Parallel Deterioration Model
proposed in this study.
Intercept Differences

This is one of the first studies to provide evidence for race effects on
intercept differences in HbA1c across adolescence, which were independent of
neighborhood SES. Given that race is often correlated with SES, as it clearly was
presently, it is difficult to determine whether race effects are merely proxies for
underlying mechanisms such as low-income status or lack of access to health
care. Our findings suggested a robust independent effect of race on average

HbA 1c that occurred beyond the effects of neighborhood SES. Furthermore, race
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effects were not fully explained by pump status despite significant racial
differences on pump status such that African American youth were less likely to
receive insulin pump therapy. Eligibility for the use of insulin therapy may
depend upon availability of financial resources as well as a history of adequate
metabolic control. Therefore, this finding provides evidence for identifying
additional mechanisms that explain HbA Ic differences between African
American and Caucasian youth, as racial differences in HbAlc were not merely
due to racial differences in use of insulin pump therapy. It should be noted that
neighborhood SES was a predictor when analyzed independently of race and was,
thus, not an inactive variable. While results should be interpreted with caution, as
it is possible that neighborhood SES variables were not sufficient proxies of
individual SES, these are the first results to identify unique racial differences
beyond neighborhood SES in the level of HbAlc across the critical period of
adolescence.

Frey et al. (2007) found racial differences in level of HbAlc shortly after
diagnosis suggesting that there is a period of risk shortly after diagnosis that is
unique for African American youth. Our findings included the time period
shortly after diagnosis and controlled for duration of illnesses and also found race
effects around the time period shortly after diagnosis. These results provide
additional support that racial differences in level of HbA1c may begin prior to the

period of adolescence.
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Several mechanisms are hypothesized to explain why African American
youth had higher HbAlc before entering adolescence, although it should be noted
that no direct measures for these pathways were obtained in this study. Family
factors are consistently related to metabolic control (Delamater, 2007) and should
be a priority for future research evaluating racial disparities in metabolic control.
There is significant evidence that African American parents socialize and engage
with their children differently from Caucasian parents (Kotchick & Forehand,
2002; Bulcroft et al., 1996). It is no less plausible that the context of chronic
illness may exert different pressures on African American families in areas such
as parenting practices. For example, African American parents tend to engage in
more “no-nonsense parenting,” which is hypothesized to be in response to the
unique challenges that African American families face in more dangerous
communities. While this style of parenting may be adaptive for healthy
adolescents in dangerous environments, authoritarian parenting practices in the
context of diabetes management may place African American youth at greater
risks for poor control, as harsh and controlling parenting practices negatively
impact metabolic control in older Caucasian youth (Wiebe et al., 2005).

No studies have evaluated the importance of family and parenting
practices in African American families and its impact on metabolic control for
African American children and adolescents. Furthermore, no interventions have

been developed to increase or maintain parental involvement in African American
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families during adolescence, while several have been effective in Caucasian
families (Wysocki et al., 2003; Anderson et al., 1997). Studies with chronic
illnesses more prevalent in African American children such as sickle cell disease
or asthma suggest that culturally appropriate family interventions may improve
disease knowledge and psychosocial functioning in families (Celano, 2006;
Kaslow, 2000; Kaslow et al., 1997). Taken together, our findings provide support
for unique race effects on metabolic control and current literature on pediatric
chronic illnesses suggest that family functioning may explain some of these racial
differences.

Another important mechanism that may explain racial differences in
HbAlc is family structure, as African American youth disproportionately come
from single-parent families in the United States. In this study, exploratory
analyses on family structure did not yield significant effects on either average
HbA Ic or trajectories of HbAlc across adolescence. However, these current
findings should be interpreted with caution due to measurement issues. Firstly,
our measure of family structure was very indirect, based on the listed address of
both parents from the most recent clinic visit available. Secondly, we did not
have this indirect measure of family structure across the entire period of
adolescence because it was only measured at the “terminal” visit. There was only

a marginal association between race and family structure, which may partially
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explain the lack of effect in HLM analyses. Furthermore, the lack of significant
findings for parental structure may be related to issues of statistical power.

Frey et al. (2007) found that deteriorations in HbA 1¢ after diagnosis
could be better explained by family structure than by race. It is important for
future studies to replicate these previous findings, as several studies support that
adolescents living in single-parent families have poorer metabolic control than
those from two-parent households (Auslander et al., 1997; Delamater et al., 1991;
Thompson et al., 2001). It is hypothesized that the lack of an additional parent
may reduce the level of monitoring, involvement, and resources available for
optimal diabetes management. Furthermore, the lack of a parent may increase the
financial burdens on families as they are struggling to meet their financial needs
while coping with a child’s chronic illness. While our measure of parental
structure was not robust enough to capture significant differences, it remains a
significant area for future research given its significance in explaining racial
differences in HbAlc in previous studies.

Racial differences in interactions with medical professionals may also
contribute to racial differences in HbAlc, especially during the period shortly
after diagnosis because families may not engage in necessary education or attend
required appointments as consistently. Racial disparities have been found in
perceptions of illness and in seeking medical care (Landrine & Klonoff, 2001),

which remain even if racial disparities in income and health insurance coverage
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are removed (Weinick, Zuvekas, & Cohen, 2000). Minority groups may
experience feelings of distrust with medical professionals that do not represent
their racial background (LaViest, Nickerson, & Bowie, 2000), while racial
concordance between patient and doctor improve perceived quality of health care
(Saha, Komaromy, Koepsell, & Bindman, 1999). In addition, doctors are
influenced by demographic or socioeconomic cues and tend to perceive African
American and lower-SES individuals more negatively than White or upper class
patients (van Ryn & Burke, 2000).

Consequently, racially influenced perceptions of medical care as well as
doctors’ negative perceptions of African American families may hinder these
families from developing the relationships and skills necessary to optimally assist
in their child’s medical care. Negative interactions with medical staff may result
in poorer adherence to medical regimens or lower attendance of clinic or diabetes
education visits. While the assessment of racism or discrimination in medical
settings may be controversial, experiences of prejudice are crucial to a child’s
development and self-identity (Garcia Coll et al., 1996). The effects of racism
and discrimination on health outcomes have been documented in adults and are no
less important in adolescence, as teens are beginning the process of racial and
ethnic identity formation. Racial differences in interactions with medical teams

occur independently of socioeconomic status and may partially explain why
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African American youth have higher HbAlc than Caucasian youth before
entering adolescence.
Parallel Slope

Although African American youth had higher HbAlc at every age across
adolescence compared to Caucasian youth, there were no racial differences in the
rate of change in HbA ¢ across age. That is, they evidenced parallel rates of
change in metabolic control across the period of adolescence. These findings
suggest that adolescence is a period of risk for both Caucasian and African
American youth and these risks impact both racial groups equally. While Frey et
al. (2007) found that across the first 5 years post-diagnosis African American
youth had faster rates of deterioration in metabolic control than Caucasian youth,
our results did not find differential rates of change in adolescence.

Our findings are not entirely contradictory to Frey et al.’s findings (2007)
because the present study characterized rates of change across adolescence while
their study evaluated racial differences shortly after diagnosis. In combination,
these results may suggest that unique risks for African American youth emerge in
childhood and are maintained across adolescence. The initial period of
vulnerability shortly after diagnosis may place African American youth at higher
levels of HbA1c compared to Caucasian youth before they enter adolescence.
Once in adolescence, the rates of decline in metabolic control of African

American youth may equalize with Caucasian counterparts, as they experience
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similar adolescent risk factors, suggesting continued risks for African American
adolescents.

The results from this study regarding the parallel rates of change in HbAlc
between African American and Caucasian youth are the first to ever be reported
to our knowledge and support the hypothesized Parallel Deterioration Model
proposed in this study. The plausible mechanisms or pathways that may explain
these parallel trajectories can only be speculated at this time. While this current
study did not measure pathways that explain the trajectories of metabolic control,
it is notable to mention that the parallel trajectories provide rationale for
replicating currently researched mechanisms explaining declines in metabolic
control across adolescence in Caucasian samples within African American
groups.

Commonly researched explanations for age-related deteriorations in
HbA 1c for Caucasian youth during adolescence are briefly summarized and
discussed as potential areas of research that may explain parallel trajectories of
HbAIc in African American and Caucasian youth. Adolescence is a time when
teens experience significant physiological, emotional and behavioral changes that
invariably impact diabetes management. Insulin resistance during adolescence
(Goran & Gower, 2001; Amiel et al., 1986) may explain parallel trajectories
between these two groups. Research studies on how African American teens

interpret the physiological impact of puberty on their metabolic control may
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provide insights into reasons why they experience similar declines as Caucasian
youth. Self-care behaviors that decline during adolescence (Anderson et al.,
1997) may also explain parallel deteriorations in metabolic control and point
towards future research evaluating the reasons why African American youth may
forgo self-care behaviors. These findings can generate important information for
the development of behavioral interventions for this minority group.
Understanding the presence and prevalence of emotional difficulties such as
depression that emerge with higher rates in children with diabetes (Hood et al.,
2006; Kovacs et al., 1997) may be particularly important as few studies have
evaluated the impact of depression on African American children and adolescents
with diabetes.

Another possible mechanism for parallel rates of change in HbAlc in
African American and Caucasian youth may be related to similar increases in
autonomy seeking that emerge during adolescence. During adolescence, teens
begin to claim increased self-care autonomy that result in deteriorations of
metabolic control (Wysocki et al., 1996). Furthermore, parents may rely solely on
chronological age to relinquish diabetes responsibilities to teens (Palmer et al.,
2004), which may happen in both Caucasian and African American families.
Therefore, it would be plausible that African American and Caucasian families

struggling with diabetes experience similar challenges as they negotiate self-care
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responsibilities as well as manage the increased conflicts associated with this
developmental period.

Peer relationships are another important mechanism for explaining parallel
trajectories in African American and Caucasian youth. Several studies have
found that peer relationships impact diabetes management (Burroughs, Harris,
Pontious, & Santiago, 1997; Hains et al., 2007), but with mixed positive and
negative findings (Bearman & La Greca, 2002; Greco, Pendley, McDonell, &
Reeves, 2001; Hains et al., 2006; Naar-King, Podolski, Ellis, Frey, & Templin,
2006; Pendley et al., 2002; Thomas et al., 1997). There is some preliminary
evidence that peer interactions predict HbAlc over time, providing support for its
long-term impact in diabetes management across adolescence (Helgeson et al.,
2009).

African American communities have higher rates of juvenile delinquency
and drug use compared to Caucasian groups and some of these behaviors are
associated with delinquent peer affiliations (Joseph, 1995; Williams et al., 2007).
It is plausible that peer relationships unique to African American youth may have
significant influences on metabolic control, contributing to the parallel trajectories
between African American and Caucasian youth. While some studies have
included African American participants in evaluating peer influences on
metabolic control, few have included large enough samples of African American

youth to find significant racial differences. Innovative research investigating the
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impact of potentially unique peer dynamics on metabolic control in African
American groups may provide additional information on the parallel trajectories
of declining metabolic control in Caucasian and African American adolescents.

All of the hypothesized mechanisms mentioned above assume that the
risks associated with adolescence are the same between African American and
Caucasian youth. However, it is equally plausible that different mechanisms are
at work in different racial groups such that one mechanism may have a greater
impact on a certain racial group over other mechanisms. For example, conflicts in
parent-child relationships may be exerting the most strain on metabolic control for
Caucasian youth across adolescence while negative peer influences may actually
explain the deteriorations in metabolic control in African American youth across
this period. These nuanced factors must be further evaluated in order to
understand why and how adolescence is an equally vulnerable period of time for
African American and Caucasian youth. The present data provide confidence that
such evaluations will be useful for future research and interventions.
Implications of Tangential Findings

Significant variance components emerged for both the intercept and slope
coefficients in all of the models, suggesting that a significant amount of variance
has been left unexplained by our measured variables. It is possible that all the
unmeasured variables mentioned above are potential candidates (i.e., child

perceptions or parenting style) for explaining racial differences. These findings
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highlight the need for further research studies that include large samples of
African American youth and their families coping with diabetes. At this time,
family functioning and peer influences appear to be the most promising areas of
future research in pediatric diabetes.

While several studies have found that income or SES have unique effects
on metabolic control independently from race, our current findings did not
support these previous findings. However, median family income was the
strongest predictor of HbA 1c compared to other measures of neighborhood
income/wealth and racial composition. These findings are consistent with
research on trajectories of child health that suggest that accumulated family
income is a stronger predictor of long-term trajectories of activity limitations in
children than other measures of income status (Chen, Martin, & Matthews, 2007).
Low-SES children have worse health with older age compared to high-SES
children because of higher exposure to health risks (Currie & Stabile, 2003),
suggesting that low-income status may place children at higher risk for health-
related problems. While our study did not find unique predictive effects of
neighborhood SES from race effects, current findings on trajectories of child
health indicate that family income continues to have significant effects that may
be independent of race and should be further evaluated in pediatric chronic

illnesses.
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Methodological Considerations

Several methodological considerations should be taken into account when
interpreting the findings. Firstly, the data available were limited to retrospective
health data collected during routine clinic visits for standard care. As such, while
we were able to characterize broad associations between socio-demographic
variables and metabolic control, we were not able to measure variables that could
explain processes or mechanisms by which these illness trajectories occur.
Specifically, no measures were obtained to clarify findings or mechanisms (e.g.,
parenting, child perceptions), which should be included in and will greatly inform
future studies. No direct measures of psychological status were collected and
pubertal status was not consistently available so we could not evaluate the effects
of pubertal and psychological status on metabolic control. While the sample size
of this study was larger than the only other study investigating racial differences
in developmental trajectories of diabetes management, future studies should
obtain a larger sample size in order to address issues related to statistical power.
The findings of this study do not generalize to other ethnic minority groups or
beyond this single site. Multi-site studies that include other minority groups
would further expand on the current findings and increase overall generalizability.

We utilized neighborhood SES as a proxy for individual SES, which has
been associated with trajectories of child health. While this technique has often

been used when individual SES has not been available and is a recommended
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solution for the lack of socioeconomic data in health databases, its use is not
without limitations. Specifically, neighborhood SES remains only an estimate of
the economic and racial composition of the neighborhood within which the
individual resides. Therefore, there are issues associated with misclassification of
individuals based on neighborhood aggregates of socioeconomic status (Hyndman
et al., 1995). Furthermore, this method may be less accurate given that African
Americans are more likely to live in communities with higher risk and greater
disadvantages compared to Caucasian counterparts regardless of income (Diez-
Roux et al., 2001). As such, the racial inequity of communities regardless of
income status may confound the interpretation of results based on this technique.
While these limitations make the interpretation of neighborhood proxies of
individual SES data more difficult, it is likely that this technique will remain
useful until national objectives to obtained individual SES with health information
are achieved. It is recommended that future studies collect both neighborhood
and individual SES variables to determine their overall and unique effects on
metabolic control.

Another debated issue in using geocoded data to obtain aggregates of
neighborhood SES as proxies of individual SES is the unit of measurement or size
of geographic region from which the data are collected. It has been argued that
smaller units of measurement would increase the power of findings such that

moving from zip code-based to census tract to block group data would increase
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the variability needed to obtain significant effects. However, there is only
minimal improvement in predictive usefulness when moving to smaller units of
measurement (Geronimus & Bound, 1998; Soobader, LeClere, Hadden, & Maury,
2001). Furthermore, block group data are more difficult to obtain and often do
not account for less populated communities. Given that our hypothesized
mechanisms focused on family and peer relationships, no significant a priori
hypotheses were developed regarding which unit of measurement would obtain
more significant results. However, we would assume that moving from census
tract to block group units of measurement would not significantly impact the
hypothesized importance of family or peer relationships on metabolic control. It
has been suggested that determining the unit of measurement tends to vary
between studies based on the questions being asked (Diez-Roux et al., 2001).

As discussed earlier, family structure was obtained through medical record
information and was only obtained at the most recent clinic visit date. Therefore,
future longitudinal studies should try to obtain multiple measures of concurrent
family structure information to precisely evaluate its impact on metabolic control
across adolescence.

Clinical Implications

Despite the limitations of this current study, several findings emerged that

have significant implications on directions for future research and the

development of appropriate interventions to address health disparities in pediatric
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diabetes. Most notably, our study is the first to confirm that African American
adolescents experience similar age-related declines compared to Caucasian youth.
Furthermore, we found that while African American youth have poorer metabolic
control across the entire period of adolescence, they have similar rates of change
in metabolic control compared to Caucasian counterparts. These findings
combined with Frey et al. (2007) suggest that African American youth experience
risks during childhood that are maintained throughout adolescence.

The findings from this study point to the need for further research
evaluating the mechanisms that may explain why African American families
experience initial vulnerability that is maintained into adolescence. Specifically,
adolescent pathways are at least as important for African American youth as they
are for Caucasian youth. These findings highlight the importance of
understanding unique factors in adolescence for African American as well as
Caucasian teens that may be contributing to challenges in metabolic control.
Furthermore, this study provides rationale for the research and development of
interventions that target racial disparities in metabolic control in the critical period
of adolescence.

Addressing racial disparities in metabolic control are particularly
important given that health behaviors developed early in life remain fairly
consistent throughout life. Furthermore, there is evidence for “metabolic

memory,” which hypothesizes that early glycemic patterns or “environments”
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may be “remembered” or stored in target organs (Ceriello, Ihnat, & Thorpe,
2009). For example, the heart or eyes may “remember” the poorly controlled
glycemic state from early life and may actually develop later complications
despite improved or normal glycemic control in later life. This may make it more
difficult for individuals to change the course of their illnesses and protect
themselves from long-term complications once their bodies have become
repeatedly exposed to poor glycemic conditions from earlier life. These
biological effects further highlight the importance of addressing health outcomes
early in life, especially in light of the disparities that emerge in childhood and
adolescence.

Until we begin the often difficult, yet rewarding task of understanding
how race and culture impact pediatric diabetes, racial disparities in health
outcomes will likely persist and disproportionately place certain racial groups at
higher morbidity and mortality for illnesses that are well-controlled and
maintained in the majority racial group. Racial disparities in type 1 diabetes
management for children and adolescents likely place these individuals on
lifelong trajectories of poor metabolic control that persist into adulthood, as
African American adults with diabetes have higher morbidity and mortality
compared to Caucasian adults. Understanding racial differences from a

developmental perspective can guide innovative research and interventions that



are crucial in answering the national objectives to improve quality of care and

health outcomes for all minority groups.
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APPENDIX A

Tables
Table 1
Descriptive Demographic Data with Summary Statistics for )(2 Analyses by Race
Source Mean, (SD), or Percent X, df Significance
Demographic Data
Race (%)
Caucasian 50.0
African American 50.0
Gender (%)
Female 50.6 .000, 1 1.00
Male 494
Public Insurance (%) +
Caucasian 19.8 8.42,1 .004
African American 42.0
Single-Parent
Households (%) +
Caucasian 444 3.10, 1 .078
African American 61.7

Note: All of the variables included N = 162 with the exception of those otherwise noted.
+ N =146
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Table 2
Descriptive Neighborhood SES Data with Summary Statistics for Independent Samples t tests by Race

Source Mean, (SD), or Percent Range T, df Significance

Neighborhood SES

Variables*

Median Family Income

%
Caucasian 76,289, (36,290) 25,283-193,016 4.39,112 .000
African American 55,081, (20,501) 11,132-106,397

Median Household

Income ($)
Caucasian 68,370, (30,626) 25,690-149,428 4.42,120 .000
African American 49,852, (19,358) 10,800-96,482

% Minority Population
Caucasian
African American 25.16, (18.56) 2.95-86.46 -7.49, 138 .000

53.42,(27.40) 12.68-99.46

% Tract Below Poverty

Line
Caucasian 6.55, (5.86) .19-29.74 -3.76, 121 .000
African American 11.88, (11.02) .80-62.19

Note: All of the variables included N = 162 with the exception of those otherwise noted. * N = 152
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Table 2 continued

Descriptive Neighborhood SES Data with Summary Statistics for Independent Samples t tests by Race

Source Mean, (SD), or Percent Range T, df Significance

Neighborhood SES

Variables*

% non-Hispanic White

population
Caucasian 74.84, (18.56) 13.54-97.05 7.49, 138 .000
African American 46.58, (27.41) .54-87.32

% Black Population
Caucasian 7.87,(9.69) .20-60.70 -7.21, 98 .000
African American 32.11, (28.11) 1.21-96.23

% owner-occupied units
Caucasian 73.07, (18.64) 7.34-98.04 2.60, 150 010
African American 64.63, (21.11) 6.56-95.70

% renter-occupied units
Caucasian 22.05, (17.62) 1.11-85.05 -2.60, 150 010
African American 29.93, (19.75) 2.12-89.60

Note: All of the variables included N = 162 with the exception of those otherwise noted. * N = 152
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Table 3
Descriptive Medical Data with Summary Statistics for 5’ and Independent Samples t tests by Race
Source Mean, (SD), or Percent Range X, df T, df Significance
Health Data
Age at diagnosis (years)
Caucasian 9.91, (3.27) 1.25-15.55 -.709, 160 479
African American 10.09, (3.74) 1.08-16.57
Number of Clinic Visits
Caucasian 19.28, (8.19) 4-43 1.94, 160 .054
African American 16.49, (10.02) 3-44
Average age across all
clinic visits
Caucasian 13.30, (3.00) 5.51-19.13 -.38, 2898 706
African American 13.34, (3.09) 6.95-18.85
Insulin Pump Therapy
(%)
Caucasian 18.5 9.00, 1 .003
African American 3.7

Note: All of the variables included N = 162 with the exception of those otherwise noted. * N = 2900
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Table 4
Descriptive Recurrent Health Data with Summary Statistics for ¥’ and Independent Samples t tests by Race
Source Mean, (SD), or Percent Range v, df T, df Significance

Recurrent Health Data ™

HbAlc
Caucasian 8.36, (1.57) 4.6-14.0 -22.36, 2356 .000
African American 9.98, (2.20) 4.9-14.0

Number of subjects with

no presence of DKA

related visits (%)
Caucasian 62.9 13.07, 1 .000
African American 34.5

Height (cm)
Caucasian 159.60, (13.86) 111.7-189.6 -2.35, 2531 019
African American 160.77, (11.28) 121.5-194.5

Weight (kg)
Caucasian 56.84, (17.42) 22.15-112.4 -4.44, 2589 .000
African American 59.59, (14.08) 20.25-106.4

Note: All of the variables included N = 162 with the exception of those otherwise noted. * N = 2878
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Table 4 continued
Descriptive Recurrent Health Data with Summary Statistics for Independent Samples t tests by Race
Source Mean, (SD), or Percent Range T, df Significance

Recurrent Health Data ®

Body Mass Index
Caucasian 22.09, (4.21) 13.52-41.04 -4.56, 2530 .000
African American 22.82,(3.80) 13.30-35.09

Systolic Blood Pressure
Caucasian 117.7, (13.3) 43-183 -1.26, 2381 209
African American 118.4,(12.4) 43-174

Diastolic Blood Pressure
Caucasian 65.1, (8.7) 37-108 -4.06, 2426 .000
African American 66.6, (9.0) 29-116

Note: All of the variables included N = 162 with the exception of those otherwise noted. * N = 2878
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Table 5
HLM Estimates of Fixed and Random Effects for the Basic Model and Covariates
Variance
Coefficient p Component p
Model 1: Level 1 predictors only
BOO (in[ercept) 8.94 .000 2.52 .000
B 10 (slope) 22 .000 A1 .000
Model 2: Gender as Level 2 predictor
Go1 (intercept) -.38 148 2.51 .000
Gi1 slope) 01 835 A1 .000
Model 3: Pump Status as Level 2 predictor
Go (intercept) 1.19 .000 2.38 .000
Gi1 slope) 15 .040 10 .000
Model 4: Age at Diagnosis as Level 2 predictor
Go1 (intercept) -.20 .000 2.16 .000
Gi1 slope) .02 .045 10 .000

Note: Caucasians were coded as 1 and African Americans were coded as 2. Females
were coded as 1 and males as 2. Use of insulin pump was coded as 1 and no pump
therapy as 2.
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Table 6
HLM Estimates of Fixed and Random Effects for Race and Covariates
Variance
Coefficient p Component p

Model 5: Race, Pump Status, and Age at Diagnosis as Level 2 predictors

Intercept
Go1 Race 1.32 .000
Go, Pump Status .83 .007
Go3 Age at
Diagnosis -21 .000
Slope
Gi1 Race -.01 921
G2 Pump Status A5 .033
Gi3 Age at
Diagnosis 01 133
Intercept 1.49 .000
Slope A1 .000

Note: Caucasians were coded as 1 and African Americans were coded as 2. Females
were coded as 1 and males as 2. Use of insulin pump was coded as 1 and no pump
therapy as 2.
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Table 7
HLM Estimates of Fixed and Random Effects for Race and Neighborhood SES
Variance
Coefficient p Component p

Model 6: Median Family Income and Percentage of Minority Population as

Level 2 predictors

Intercept
Gy Race 1.34 .000
Go, Median Family
Income -.00 .048
Go; % Minority
Population -.00 .547
Go4 Pump Status .89 .002
Gos Age at Diagnosis -.20 .000
Slope
G Race .03 .656
Gi; Median Family
Income -.00 265
G13 % Minority
Population -.00 242
G4 Pump Status A3 .087
G5 Age at Diagnosis .01 182
Intercept 1.45 .000
Slope 11 .000

Note: Caucasians were coded as 1 and African Americans were coded as 2. Use of
insulin pump was coded as 1 and no pump therapy as 2.
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Table 8
HLM Estimates of Fixed and Random Effects of Race and Family Structure
Variance
Coefficient p Component p

Model 7: Family Structure as only Level 2 predictor

Go (intercept) =37 182 2.68 .000
Gi1 slope) -.10 128 A1 .000
Model 8: Race and Family Structure as Level 2 predictors
Intercept
Go1 Race 1.36 .000
Goz Family
Structure -21 414
Slope
Gi1 Race .00 975
G12 Family
Structure -.09 168
Intercept 2.10 .000
Slope A1 .000

Note: Caucasians were coded as 1 and African Americans as 2. Single-parent
households were coded as 1 and two-parent households as 2.
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Table 9
HLM Estimates of Fixed and Random Effects for the Quadratic Model
Variance
Coefficient p Component p

Model 9: Quadratic Model with Race, Pump Status, and Age at Diagnosis as
Level 2 predictors

Intercept

Boo 5.44 .000

Go1 Race 1.29 .000

Go2 Pump status .79 012

Go3 Age at diagnosis -22 .000
Linear Slope

Bio -.06 622

Gi1 Race .00 962

G2 Pump status 17 019

Gi3 Age at diagnosis .01 395
Quadratic Slope

Bao -.00 903

Gy Race -.01 395

G2, Pump status .01 520

Gy3 Age at diagnosis .00 .655
Intercept 1.89 .000
Linear Slope A1 .000
Quadratic Slope .00 .000

Note: Caucasians were coded as 1 and African Americans were codes as 2. Use of insulin
pump was coded as 1 and no pump therapy as 2.
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Table 10
HLM Estimates of Fixed and Random Effects for Pump Status across time
Variance
Coefficient p Component p

Model 10: Pump Status as Level 1 Time-varying Covariate

Boo (intercept) 8.97 000 2.52 000
B10 (pump slope) -85 000 64 055
B2o (slope) 23 000 10 000

Note: These analyses are replications of primary analyses with pump status as a level 1
predictor instead of a level 2 predictor.
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Table 11
HLM Estimates of Fixed and Random Effects for Race and Covariates with Pump
Status across time

Variance
Coefficient p Component p

Model 11: Race and Age at Diagnosis as Level 2 predictors with Pump Status
as Level 1 Time-varying Covariate

Intercept

Boo 6.77 .000

Go1 Race 1.44 .000

Go2 Age at diagnosis -21 .000
Pump Slope

Bio .59 305

Gi1 Race -1.06 017

G2 Age at diagnosis 14 .069
Slope

Bao 24 .009

Gy Race .00 916

Gy, Age at diagnosis .01 142
Intercept 1.50 .000
Pump Slope 57 .024
Slope A1 .000

Note: These analyses are replications of primary analyses with pump status as a level 1
predictor instead of a level 2 predictor.



Table 12
HLM Estimates of Fixed and Random Effects for Race and Neighborhood SES
with Pump Status across time

Variance
Coefficient p Component p

Model 12: Median Family Income and Percentage of Minority Population as
Level 2 predictors with Pump Status as Level 1 Time-varying Covariate

Intercept

Boo 6.62 .000

Go1 Race 1.52 .000

Go2 Median family

income -.00 056

Go3 Percent minority -.01 357

Gos Age at diagnosis -.20 .000
Pump Slope

Bio .88 .087

Gi1 Race -1.27 .001

G2 Median family

income .00 294

Gi3 Percent minority .02 .020

G4 Age at diagnosis A1 .074
Slope

Bao 18 119

Gy Race .05 538

Gy, Median family

income -.00 219

Ga3 Percent minority -.00 177

Gy4 Age at diagnosis 014 .169
Intercept 1.50 .000
Pump Slope 72 .019
Slope 12 .000

Note: These analyses are replications of primary analyses with pump status as a level 1
predictor instead of a level 2 predictor.
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Figures
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Figure 1. Hypothetical developmental trajectories of African American and Caucasian
youth across adolescence based on the Childhood Risk Model.
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Figure 2. Hypothetical developmental trajectories of African American and Caucasian
youth across adolescence based on the Differential Adolescent Risk Model.
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Figure 3. Hypothetical developmental trajectories of African American and Caucasian

youth across adolescence based on the Parallel Deterioration Model.
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