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Abstract:

The incidence of Type 1 Diabetes (T1D) is increasing worldwide and is diagnosed
disproportionately in adolescent populationsi,2,3. Additionally, studies show that adolescents with
T1D experience worse glycemic control during this developmental periode,i3,15,18. Maintaining
glycemic control in patients with T1D decreases the risk of developing future diabetic-related
complicationss,s,14. Factors such as race, ethnicity, gender identity, sexual orientation,
socioeconomic status, and medical comorbidities influence disparities in maintaining glycemic
control in adolescentss,11,12,13,15, 17. The recognition of these factors on the management of T1D
through an integrative team approach leads to increased glycemic control and decreased diabetic-
related complicationss,i5,19,2021. This paper explores the effects of psychosocial factors and
addresses recommendations for effective interventions through multidisciplinary care. The
literature reviewed in this paper indicates that improving healthcare access, implementing
behavioral interventions, and increasing the use of diabetic technologies in adolescent
populations have improved glycemic control and decrease disparities in healthcare outcomes. A
multidisciplinary team increases patient education and aids in managing and screening for
comorbidities. Team-based management of T1D also provides behavioral specialists that can
implement strategies that improve self-management skills and familial involvementis, 21,30,35,43.
Modern diabetic technology has given patients the tools to increase their healthcare access. It has
been shown to improve their self-management skills and has allowed providers to individualize
treatment plans further using data analytic software4s49,50. Improving glycemic control in

adolescence relies on physical and emotional support from healthcare providers and caregivers.
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Introduction:

The incidence of Type 1 Diabetes Mellitus (T1D) has been increasing at a rate of 3-4%
globally since the 1950s 1. This increase is of particular concern to individuals younger than 18
years of age as this population has seen the highest increase in incidence, and the majority of
diagnoses made are between 10-14 years of agei. The U.S. has one of the highest incidences of
T1D worldwide and is one of the most common endocrine disorders in children and adolescents,
currently affecting 200,000 people under the age of 20s. T1D impacts those diagnosed and their
caregivers financially, physically, and emotionally2,6. In order to maintain a physiologically
normal blood glucose level, patients make an additional 180 decisions per day by evaluating
glycemic levels using self-monitored blood glucose checks (SMBG) and adjusting insulin doses
based on food intake and activity levelis. To assess glycemic control in a patient, providers
monitor hemoglobin Alc values (HbA1c), which indicate the average blood glucose levels
throughout three monthss. To avoid future diabetic-related complications, the American Diabetes
Association recommends that HbAlc goals be between 7.0-7.5% for patients with T1D between
13-19 years olds.

The ability to maintain adequate glycemic control within the individualized parameters
determined by the healthcare provider is well-established as the chief influence in preventing
complications related to T1D2,3. Complications of T1D are typically microvascular and
macrovascular complications requiring rigorous lifelong management and countless medical
supplies. Patients with T1D are immunocompromised and at higher risk for additional
autoimmune disorders and mental health disorders, which can compromise glycemic control and
add to the difficulty of treatment managementii,12,13,28. Overall, patients with diabetes have a

younger age for mortality than the general populationi4. According to a retrospective cohort
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study from 2015, the mortality rate for patients with T1D in the U.S. is 5-7 times higher than the
mortality rate in other developed countriesi4. Adolescent patients with T1D are of particular
concern because studies have shown that glycemic control is likely to deteriorate during this
developmental period and can contribute to further complications in the futures,i3,14,16,17. Older
adult populations are typically diagnosed with T1D-related complications. This pattern is
attributed to the direct relationship between the duration of the disease and the development of
diabetic-related pathologies, suggesting that avoiding complications of T1D relies on the
implementation of prevention strategies in younger age groups7. In addition to the increase in the
prevalence of T1D in adolescent populations, studies show that patients in this age group
experience a decline in glycemic control, indicating that adolescence is a “high-risk
developmental period” for patients with T1Ds.,15,18. Therefore, improving care in this population
may reduce future morbidity and mortality rates for all patients with T1D.

Although the term “adolescent” is commonly used and indicates a period of development
between childhood and adulthood, specific age-based definitions vary depending on sources.
Therefore, this paper bases adolescence on the World Health Organization (WHO) definition of
10-19 yearsio. The American Diabetes Association (ADA) recognizes that the management of
T1D in adolescents has unique considerations and should be thought of independently from other
age groups 6. This consideration is necessary because adolescents are experiencing biological
maturation through puberty, cognitive maturation through improvements in critical thinking and
reasoning skills, and becoming more independent, self-aware, and more attached to peer groupss.
This transition period is vulnerable to influences that impair the management of T1D because
glycemic control commonly deteriorates through adolescence, and patients appear to have

difficulties achieving glycemic control when transitioning from pediatric to adult cares,is. These
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findings imply that psychosocial factors partially influence the ability to achieve glycemic
control, and adolescents require additional care and support from their providers to accomplish
their treatment goalse,11,12.

Psychosocial factors are imperative to acknowledge and understand because of their
impact on the management of T1De,11,12,13,15,17. T1D is a systemic disease requiring daily and
intensive treatment. The constant intensity of T1D allows many elements to influence patients'
ability to maintain glycemic control through physiological changes, comorbidities, healthcare
access, and intersectional factors like socioeconomic status (SES), race, gender identity, and
sexual orientationi1,12,13,15,19,22,23. The relationship between glycemic control and psychosocial
experiences is difficult to determine because it is complicated. However, increasing provider
understanding and awareness of these impacts can lead to improved glycemic control through
targeted interventionsi3,is,22,54. Moreover, it is not just the adolescent stage that impacts glycemic
control in patients with T1D; there are many social influences on morbidity and mortality in
patients with T1D. Across all age groups and socioeconomic strata of patients with T1D, non-
White, female patients have a mortality rate approximately three times higher than their white
male counter partsi4,i6. Adolescents maintain this pattern, which makes psychosocial influences
imperative to study to fully understand how glycemic control is affected in this age group.

The recognition of health disparities and the influences of psychosocial factors on the
management of T1D through an integrative team approach leads to increased glycemic control
and decreased diabetic-related complicationse,11,12,13,15, 17. This paper will explore the
psychosocial factors that impact blood glucose control of T1D in adolescents, the interventions
that most successfully address these elements, and recommendations to primary care providers

on how to address these issues through multidisciplinary care.
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Background: (Literature Review)
Adolescent Development and Behavioral Interventions

Adolescence is a period of biological, social, and psychological maturation. This unique
developmental stage is vulnerable to psychosocial influences that affect the morbidity and
mortality of adolescents with T1D diabetes. During this period of development, adolescents are
attempting to forge autonomy financially and socially, all while battling a chronic illness that
takes up a considerable amount of their times. Considering the effects of psychosocial factors is
especially important in adolescents with T1D because it is a chronic disease requiring intensive
daily treatment. This population is navigating through quickly changing social, academic, and
professional landscapes and are evolving physically, mentally, and socially. These changes have
effects on the pathology of T1D forcing patients in this age group to reevaluate how to maintain
glycemic controls. For example, puberty causes an increase in insulin resistance and hormonal
changes that necessitates the adjustment of insulin dosagess. Refining treatments to account for
these changes also appears to be especially challenging in this population because adjustments to
insulin regimens have harmful side effects for adolescentss. The ADA has published protocols to
lower HbA1c levels that are specific to adolescents. These protocols are necessary because this
population has an increased risk for hypoglycemia due to physiologic changes unique to this age
groups. The mixture of biologic and psychosocial changes throughout adolescence makes
managing T1D in this population a delicate and unique process because of the impact these
factors have on blood glucose levels.

The most apparent change during the psychosocial development of adolescence is the
strive to develop autonomy from their parents and to learn skills that allow them to be

responsible for themselves. These patients are not only transitioning into adulthood physically
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but are also maturing mentally. Although learning to manage with less supervision is an essential
part of this stage, adolescents with T1D may need more support than has been historically
provided. Studies show that during the years of transition to adult care from pediatric care,
patients with T1D had an increased risk of poorer glycemic control showing HbA1c values 2.5%
higher than their counterparts that remained in pediatric carei7. This deterioration of glycemic
control was independent of previous levels of control while in pediatric care, suggesting that it is
some aspect of the transition that is causing poorer control in this populationis. The cause of the
barriers to transition is most likely multifactorial, including lack of standardization of transition
protocols for providers, perceived differences in care methods from adult and pediatric providers,
and patients feeling uncomfortable or unprepared to leave their pediatric endocrinologistis,19.

Developing a better understanding of why adolescents seem to struggle with this
transition is vital for improving T1D management and reducing future complications. Research
that implements behavioral management in adolescent T1D treatments may help answer this
question. Studies have shown that adolescents who experience higher self-efficacy and routinely
expect positive outcomes achieve improved glycemic control2o. Improvements in an individual’s
ability to control one’s actions, emotions, and thoughts to reach set goals, known as self-
regulation, are correlated with improvements in T1D management2o. These findings suggest that
behavioral interventions may be useful in this population9,20,21,22,23.

Research trials of behavioral management strategies studied the effects of these methods
on glycemic control in T1D. One strategy is known as Coping Skills Training (CST). It attempts
to improve self-management skills in stressful social situations and deter harmful coping
mechanisms through group workshop sessions20. Adolescents taught to use CST showed

improved glycemic control compared with individuals who did not use CST20. Although a more
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thorough understanding of these results is still required, research does indicate that this
population still requires emotional and physical support from caregivers to improve glycemic
controls,18,19,20,21,22.

Adolescence is a time that can cause shifts in family dynamics because of social and
developmental changes. It is common for caregivers to assume that adolescent patients can take
on managing most of their T1D on their own because this age group can independently
accomplish many treatment tasks and have a decent understanding of the diseases. However,
family involvement throughout adolescence appears to be important for glycemic control as
patients with T1D appear to meet treatment goals more often when they experienced greater
parental involvement and greater amounts of emotional and physical supports,20,22. A randomized
control study showed improvements in glycemic control when employing behavioral
interventions that focused on familial involvement compared to adolescents with T1D receiving
standard care20. The two interventions studied are referred to as "Family Teamwork" and
"Behavioral Family Systems Therapy" and resulted in improved glycemic control for two years
and 18 months, respectively, following each intervention2o. Furthermore, family conflicts
intensify due to the added stress diabetes management has on caregivers, siblings, and
patientse,15,22. The incorporation of behavioral interventions with T1D treatment plans that
provided families with diabetes education, developmental education based on the age of the
patient, and training for familial communication and conflict prevention and resolution following
routine diabetic care appointments have been shown to improve glycemic controlis,2o.

Motivational interviewing (MI) is another behavioral intervention that attempts to help
patients decipher what intrinsically motivates their behaviors through collaborative

conversations23. A randomized control study from 2013 found that youths with T1D provided MI
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had a 2% decrease in HbAlc levels after three months of MI treatment2s. MI implementation
decreased HbA 1c levels more in patients who had higher HbA 1c levels before treatment, and all
patients saw even greater improvements when caregivers were involved2s. Behavioral
interventions that decrease the impact psychosocial stressors have on human physiology appears
to improve glycemic control.

External stressors can have a substantial impact on glucose control because it is a
complicated systemic disease. In addition to familial stress, another example of an intense
stressor that adolescents experience is peer-related stress. The demands of SMBG, potentially
wearing a pump and having to be more conscious of food intake, make this disease visible to
people outside of the care team. Patients with T1D report issues with self-esteem, peer pressure,
feeling "different," and feeling judged by their peers when caring for their diabetes2s. In a
randomized control clinical trial that aimed to determine the types of stressors adolescents
experience, adolescents with T1D responded to interactive questions about "general life
stressors" and "diabetes-related stressors." Researchers evaluated these responses and found that
adolescents experienced "general life stressors related to their developmental age" most often,
but "diabetes-related stressors" were of higher magnitude and influenced their perceptions of
"not fitting in" with peers more than their "life stressors"2s. These findings indicate that
adolescents with T1D experience more stressors than the general population in their age group
and that peer influences and perceptions may be a very impactful motivator to achieving
glycemic control in adolescents.

An increase in dependence on peer relationships and yearning for more independence is
common in adolescences. This combination exposes individuals to scenarios that they have not

experienced before, such as driving and experimenting with drugs, tobacco, alcohol, and sexe.
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Navigating through these new experiences can be difficult psychosocially and can also affect the
management of T1D. The ADA recommends that the provider discuss these topics proactively
with their patients with T1Ds. The intensity of peer influence is also a positive factor within this
population as peer-group interventions have shown to improve treatment adherence.

An example of this is the shared medical appointment model (SMA). SMA is a newer
strategy that aims to deliver patient education more effectively and enhance patient support
through peer interactions and provider feedbackze. Patients with T1D attend appointments in
groups to ask questions and discuss issues that individuals have with provider input and
supervision. Although there is little research on how these appointments impact glycemic control
in adolescents with T1D, patients and providers have reported perceiving benefits such as
increased knowledge of the disease as well as increased support during lifestyle discussions2e.

Although biopsychosocial influences impact T1D in all stages of life, adolescents appear
to be particularly sensitive to the factors which affect their ability to properly manage diabetes by
performing physical tasks such as SMBG and intricate cognitive tasks such as determining
insulin dosages and how to remedy abnormal blood glucose levels. Patients with T1D experience
comorbid conditions, including endocrine diseases, metabolic disorders, and psychological
disorders at a much higher rate than the general populations. Studies have shown that if an
individual is diagnosed with T1D in early adolescence, they are at increased risk for mental
health disorders2s. According to the ADA, adolescents with T1D are three times as likely to have
a psychiatric disorder like major depressive disorder or anxiety than their peers. These patients
also have a 30% chance of being diagnosed with a psychiatric disorder within 15-20 years of

T1D diagnosise,27. Psychiatric disorders are worrisome in adolescents because this age group
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commonly struggles with glycemic control, and a decline in mental health can impair cognitive
and physical abilities, further inhibiting the management of T1D27.

The effects of T1D are systemic and fluctuate continuously throughout the day, allowing
additional pathologies to influence its management severely. T1D may even contribute to the
etiology of some disorders like psychiatric disorders27,28. Several studies have indicated a
correlation between psychiatric disorders and T1D, although there is no consensus of the origins
of this relationship27,28. A retrospective cohort study from 2018 shows that patients who had
elevated levels of HbAlc (>8.5%) within the first two years of T1D diagnosis were more likely
to be diagnosed with a subsequent psychiatric disorder such as depression or anxiety27. The same
study concluded that 46% of 1,035 patients with T1D were diagnosed with two or more
psychiatric disorders, and 22.8% were diagnosed with three or more psychiatric disorders, which
are higher rates than the general population experiences27. Additionally, suicidal ideation is also
found in much higher rates in adolescents recently diagnosed with diabetes than the general
population, with 26.4% reporting thoughts of suicide. However, suicide attempt rates of
adolescents with T1D reflects similar percentages of the general populatione.

Although the cause of psychiatric disorder development in T1D is unknown, research has
found a correlation between glycemic control and mental health disorders. Poor glycemic control
correlates with increased risk of developing a psychiatric disorder, and the ability to maintain
glycemic control decreases when patients are diagnosed with a comorbid mental illness27. A
retrospective cohort study in 2018 found that patients who had a preexisting mental health
disorder when they were diagnosed with T1D were more likely to have elevated HbAlc levels
during the first two years of management compared to patients without a preexisting psychiatric

disorder27. Depression is also positively correlated with increased rates of DKA in adolescentss.
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The other common mood disorder diagnosed in patients with T1D is generalized anxiety
disorder (GAD). Anxiety poses a unique threat to T1D because its symptoms may mimic
hypoglycemic episodes, furthering hypoglycemic anxiety, and complicating patients' ability to
discern when they are having a hypoglycemic episode2s. Anxiety surrounding the fear of needles
is also a debilitating factor for patients newly diagnosed with diabetes and negatively affects
glycemic controlss. Implementing a multidisciplinary team specializing in T1D management has
shown to improve glycemic control, mental health conditions, and health care costs2s.

In addition to mood disorders, eating disorders are of great concern for providers caring
for patients with T1D because of the increased morbidity and mortality they can cause in this
population. For example, patients with T1D who suffer from anorexia are sixteen times more
likely to die than their non-diabetic counterpartse. Patients with T1D who are classified as
females are twice as likely to develop an eating disorder than the general population2s. However,
the research may be biased to focus on eating disorders in females with T1D2s8. According to the
ADA, 31-40% of women ages 15-30 with T1D report disordered eating patterns such as binge-
eating, and insulin restriction2s. In light of this, the ADA recommends screening for eating
disorders when patients experience recurrent DKA episodes or refractory poor glycemic
control6. Whether there is a difference between the prevalence of eating disorders within
adolescent diabetic populations versus the general public is still being debated. However,
patients with diabetes are at risk for an eating disorder unique to patients with diabetes, referred
to as "insulin omission"s. Adolescent females have higher rates of developing this disorder and
had worsened glycemic control, microvascular complications, and hospitalizations2s. Whether
eating disorders are more prevalent in patients with diabetes than in the general population, all

disordered eating inhibits glycemic control, increased rates of hospitalizations, and diabetic-
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related complications such as retinopathy, neuropathy, and premature death2s. Because the rates
of mood disorders, eating disorders, and psychiatric disorders in patients with diabetes are high
in adolescents, recognizing, appropriately treating and preventing the progression of these
conditions will improve T1D management and help prevent future diabetic-related
complications.

Another example of psychiatric diseases specific to T1D is Diabetic-related Distress
(DRD). DRD is seen in 41% of patients with T1D and is defined as distress related to the self-
management of diabetes, including perceptions of support, access to quality health care, and the
emotional toll management of chronic disease and requires different treatment strategies than
other mental health disorders29. Distinguishing this disorder from other psychiatric disorders is
essential because DRD is unique to patients who must adhere to diabetes management, is more
often chronic, and is closely linked to an individual’s glycemic control than other psychological
disorders such as depression and anxiety29. For example, based on a randomized control trial
concluded that "emotion-focused" and "educational/behavioral” interventions in patients with
elevated D.D. and HbA 1c levels significantly improved the psychologic symptoms and increased
glycemic control as compared to those without these treatments29. Because the improvements in
HbA ¢ levels were modest compared to the decrease in D.D. symptoms, researchers suggested
that continuous screening and implementation of behavioral management may improve HbAlc
levels by preventing DD29. Patients with T1D have unique considerations when it comes to
psychiatric disorders and may require multidisciplinary care to recognize, prevent, and treat these

conditions.

/ ¢ Intellectual Disabiliti
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Another population that requires special considerations and a collaborative model
approach are individuals with intellectual disabilities (I.D.). Research suggests that populations
that suffer from I.D. are at a heightened risk of developing T1D due to effects from
developmental syndromesso. For example, patients who have Down Syndrome are at the highest
risk of developing T1D compared to other intellectual disabilitiesso. This patient population is of
particular concern because impairments in neurodevelopment are associated with deficiencies in
executive functioning and may lead to worsened glycemic control outcomes because of poor
adherence to treatments27. These patients were also more likely to have comorbidities such as
hypertension and hyperlipidemia and worsen glycemic control than their non-disabled, T1D
counterparts3o. Obesity and a propensity for a more sedentary lifestyle have been associated with
individuals with I.D. and are known to aggravate diabetic-related complications39. Healthcare
access is limited among this population leading to worsened preventative healthcare, medical
education, and treatment outcomes3so.

Compromised communication between the healthcare and the patient may be a portion of
the problem as many people with I.D. communicate differently than the general population and
may require extra, focused patient education strategiesso. Evidence of ineffective communication
is apparent when examining rates of routine screening tests for T1D within this population.
People with diabetes with I.D. who were 16 years and older were likely to miss their yearly
diabetic appointments, and even when they saw a provider, they were still less likely to receive
the same screening evaluations as the general populationso. A 2018 study in Canada showed that
94% of patients with T1D and I.D. saw their primary care provider, but only 52% received blood
glucose checks, 44% underwent lipid evaluation, 29% were screened for retinopathy, and only

19% were evaluated for microalbuminuriaso. Screening for diabetic-related complications and
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additional comorbidities is a routine part of check-ups for patients with T1D and is especially
crucial in patients with I.D. because they are at higher risk for developing comorbidities than the
general population.

In addition to the lack of routine screening, patients in this population have also
demonstrated poor glycemic control in several studies. A U.K. cohort study of 125 individuals
found that 50% of patients with I.D. and T1D did not meet HA 1¢ goals even when they were in
contact with their providersso. With uncontrolled glycemic levels, an individual is at risk for
experiencing symptoms related to hyperglycemia and hypoglycemia, which can both be medical
emergencies. Patients with [.D. are more likely to have undiagnosed medical conditions,
including these acute complications of T1D due to a phenomenon called "diagnostic
overshadowing"3o. Providers tend to attribute the symptoms an individual is experiencing to their
diagnosis of I.D. instead of diabetic-related complicationsso. This false attribution puts these
patients at a higher risk of not receiving adequate emergent medical attention. Although studies
have not explicitly evaluated how 1.D. affects T1D management in the adolescent population, the
studies show deteriorating glycemic control starting at age 16, which suggests that this
population may also have difficulty transitioning from pediatric to adult care with the added
barriers related to their I.D. diagnoses. This research also highlights the importance of screening
in this population because poor control can be related to comorbid-related influences, and these

patients are at risk for suffering from undiagnosed disorders.

Intersectional Effects on Healthcare Access

Socioeconomic Status, Healthcare Costs and Health Insurance
The inability to access quality healthcare appears to affect specific populations
disproportionally and leads to difficulties managing chronic conditions such as T1D 8,11,12,13,22.

The inability to access healthcare is attributed to structural barriers within the healthcare system
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and affects metabolic control in T1D. Patients of lower SES have worse glycemic control and
have higher rates of complications from T1Ds. Individuals on public insurance and from single-
parent households are also more likely to have poor glycemic controls,2i. Adolescents of lower
SES may experience poorer glycemic control due to a lack of resources, decreased ability for
caregivers to provide supervision of T1D management, and an increase in social stressors than
those of higher SESs.

The connection between glycemic control and SES is multifactorial with physiological
and social roots. A study by Zilioli et al. attempted to determine the cause of this phenomenon by
examining the relationship between life stressors, diabetes-related stress, and glycemic control.
Researches collected demographic data through questionnaires from 66 participants aged 16-20
years and measured diurnal cortisol levels from saliva samples taken four times a day for two
weekdays and two weekend dayss. The study found that lower SES was associated with higher
levels of stress, and researchers hypothesized that class discrimination and insufficient resources
were responsible for this relationships. This research team hypothesized that these psychological
stressors might impact patients with T1D by disrupting the hypothalamic-pituitary-axis, which
assists in regulating blood glucose levels and causes an increase in cortisol levelss. Increased
cortisol levels result in increased gluconeogenesis, inhibition of insulin sensitivity, and decreased
uptake of glucose in the peripherys. This study confirmed that individuals of lower SES who
reported more stressors had patterns of cortisol release associated with higher levels of HbAlcs.
These studies imply that patients' ability to feel secure in accessing their medical supplies and
treatment needs impacts the care of T1D.

Although medical needs for T1D is individualized to each patient, every patient requires

insulin to survive. Patients with T1D also have additional provider visits, hospitalizations, and
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more medical supplies than the average adolescent. Those services require patients with T1D to
pay more for healthcare than the general public, but the price of insulin alone may be the most
significant financial burden on patients with T1D31. Multiple studies show that this healthcare
cost affects T1D management. For example, a study published in 2020 concluded that insulin
accounted for 18% of all out-of-pocket medical spending in patients with T1D on private
insurances!.

Additionally, patients of lower SES were less likely to be on insulin pump therapies, and
if patients that felt as though they were paying high costs for test strips, they were less likely to
perform SBGM sufficiently. Both of those interventions are known to improve glycemic control
in T1D21. Insecurities about costs can lead patients to apply unhealthy coping strategies. A
survey from 2019 determined that 25% of individuals who visited an outpatient diabetes center
in Connecticut reported underuse of their insulin due to cost. Of these patients, 37% of them did
not discuss this issue with their providerss2. The cost of lifesaving measures for T1D has caused
such a burden on adolescents that there are multiple incidences of fatalities caused by patients
purposely giving themselves lower doses or fasting to save more insulin32,33. Insecurities in
medical payments not only affect long-term management of T1D but also can cause severe acute
complications and appear to be an issue that patients do not eagerly bring up with their providers.

Health insurance coverage is another uncertainty that patients with T1D in the U.S.
experience disproportionately to the general population. The insecurity of healthcare insurance
coverage is a massive burden because the cost of T1D is expensive due to medical supplies, the
cost of insulin, and provider appointments. For example, the CDC estimates that adolescents
with T1D pay an average of $9,333/year for medical costs than $1,468/y without T1D34. These

uncertainties related to healthcare coverage can be an intense stressor for patients. A cross-
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sectional study examined data from national population-based surveys from 1999-2006 and
found that glycemic control improved with better health insurance coverageii. A more recent
cross-sectional study in 2018 determined through analyzing data from surveys from 2010-2016
that although healthcare insurance coverage has improved for all ages since the Affordable Care
Act was implemented, adolescents, as well as young adults, are still at a higher risk than other
age groups to be uninsuredss. The issue of adolescent coverage was also independently addressed
in the ACA, allowing patients to remain on their parent's health insurance until they are 26 years
olds4. According to this research, insurance coverage is a known threat to receiving adequate
healthcare in adolescence, impacting treatment outcomes for T1D.
Structural Barriers

Further social elements such as race, ethnicity, gender identity, and sexual orientation are
related to healthcare access and healthcare outcomesi2,13,17,21,36,37. A theory called the “minority
stress perspective” explains why cultural and ethnic minorities experience poorer health than the
majority populationzs. Minority populations experience discrimination and maltreatment daily,
which triggers the sympathetic nervous system to deal with the stress3s. When experienced daily,
this heightened physiological response is hypothesized to be a risk factor for many chronic
diseases as it has negative systemic effectszs. The majority of physicians and advanced practice
providers identify as non-Hispanic White37,38. This homogeneity lends itself to innate cultural
and ethnic biases that the provider carries into their practice. This unconscious bias of the
provider, coupled with the systemic racism that permeates the healthcare system in the U.S.
creates a challenging environment for patients who identify out of this majority.

As the U.S. continues to struggle with racism, a continuous influx of studies shows that

the healthcare system is not immune to its effects. In addition to subconscious bias, race-based
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research data, and systemic racism within the healthcare system, individuals who are Black,
Indigenous, or People of Color (BIPOC) are more likely to face financial struggles, poorer health
outcomes and have less access to healthcare in general21,39. Moreover, a cross-sectional analysis
in 2013 evaluated medical data from patients with T1D between 13-20 years old and found that
only 14% of Black patients met ADA HbAlc goals compared to 28% of Hispanic patients 34%
of non-Hispanic White patients even when researchers controlled for SES factorsi7. BIPOC are
also less likely to use diabetic technology, which can improve glycemic control. This technology
includes continuous glucose monitors (CGM), insulin pumps, and closed-loop monitoring
devices. Additionally, BIPOC are less likely to have intensive insulin therapies and adequate
amounts of SMBG checks per day21,39. For example, in a 2015 cross-sectional analysis of
patients younger than 18 years old, insulin pumps were used by 61% of non-Hispanic White
patients, 26% of Black patients, and 39% of Hispanic patients3o.

This same study discovered that disparities are particularly striking when comparing
glycemic control in Black and White adolescent populations. Black patients with T1D younger
than 25 years of age were found to have increased rates of diabetic ketoacidosis leading to a
mortality nine times higher than that of non-Hispanic White patients3o. Black children of the
highest SES had poorer glycemic control (HbAlc of 9.6%) than white children of lower SES
(HbA1c of 8.4%)39. The fact this disparity occurs across all SES levels appears to be unique to
Black patients with T1D because once researchers accounted for SES, there were no differences
in glycemic control between non-Hispanic White patients and Hispanic patients3o. According to
a recent publication from the ADA, inequalities in healthcare lead to more diabetic-related
complications in the Black populationi4. Black patients experience retinopathy at 46% higher

rates than in non-Hispanic White patientsi4. They also suffered increased rates of nephropathy
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that required dialysis and limb amputationsi4. These studies show that glycemic control is related
to ethnicity and race, which puts racial minorities, especially Black patients, at an increased risk
for future diabetic-related complications and worsened quality of lifess,i14. These studies indicate
that Black patients have added impairments to achieving glycemic control than other racial
minorities and White patients with T1D.

The U.S. is comprised of a wide variety of ethnicities and cultures. Cultural perspectives
affect how patients perceive their healthcare, adhere to their medical treatments, and receive their
patient education. A common barrier for ethnic minorities in the U.S. healthcare system is
language. According to the U.S. Census Bureau, 18% of the U.S. population spoke a language
other than English, and 11.9 million households did not speak proficient English4o. The U.S.
Census Bureau expects that the number of people who speak languages other than English will
continue rising, making it a critical psychosocial-related barrier to healthcare considerations4o.
For example, one study found that patients who did not speak English were less likely to perform
self-monitoring blood glucose checks adequately41. Another study showed that providing a
Spanish-speaking clinic for adolescents with T1D who spoke Spanish as their first language
improved their glycemic controlsi. This finding suggests that cultural differences have important
implications for the management of T1D and healthcare access overall.

T1D influences most aspects of everyday life for patients. They must continuously
monitor this disease while eating and being physically active. Nutrition appears to be an
additional factor that creates inequality for patients with T1D because of limited access to a
variety of nutritious foods, referred to as "food insecurity." Individuals may experience food
insecurity because they live in an area that is physically far from stable sources of nutrition,

known as "food deserts," or the inability to afford quality foods. Adolescents with T1D have
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higher rates of food insecurity than the national population42. The majority of people within
“food deserts,” are of low SES, and because of racial and ethnic disparities between SES classes,
this issue disproportionately affects BIPOC and single women42. Having inadequate access to
proper nutrition leads to unacceptable coping strategies such as skipping meals and consuming
large portions of processed foods with a long shelf life but are low in nutritional value42. Factors
like these may help explain the positive correlation between food insecurity rates and obesity
rates42.

Overall, the rate of obesity in adolescent populations has been increasing dramatically
since the 1980s and has detrimental effects on T1D management and future complications22.
People with T1D who also suffer from obesity are at increased risk for microvascular and
macrovascular complications than the general population. Patients who experience food
insecurity appear to be at especially high risk for these complications. A Canadian study from
2014 concluded that even when researchers controlled for social, demographic and disease-
related factors, food-insecure patients with T1D were at risk for having HbAlc levels higher than
7% and experienced more hypoglycemic episodes, emergency department visits and higher rates
of comorbidities such as hypertension, hyperlipidemia, mood disorders, and tobacco use4s.
Employing a team-based approach that allows for a diabetic educator to provide nutritional
education for diabetes management and a social service specialist that can help minimize food
insecurities may improvements in HbAlc levelse.

Cultural Influences

Comparing glycemic control in two ethnic and cultural minorities in the U.S. exemplifies

the effect cultural differences have on healthcare outcomes. A cross-sectional analysis of

adolescent patients with T1D in 2016 found that 50% of patients from Latinx and Asian descent
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did not meet their glycemic control goals22. These outcomes were due to a combination of
English proficiency, healthcare access, SES, family dynamics, comorbidities, and acculturation
(defined as the number of generations born in the U.S.)21,22. For example, Hispanic and Black
populations have higher rates of obesity in youths diagnosed with T1D than other ethnicities22.
Culture also influences how family involvement influences glycemic control. For example, a
literature review from 2016 found that Latinx families that more recently immigrated to the U.S.
reported higher degrees of family support and, therefore, better treatment adherence and
improved glycemic control22. In this same study, Latinx populations with more generations born
with the U.S. had higher rates of depression, while less acculturated Asian populations
experienced higher rates of mental health problems22. This research implies that increasing
attention to differences in cultures within healthcare systems and shaping diabetic education and
care to differences in cultures may decrease diabetic-related complications for adolescents.

In addition to race and ethnicity, gender identity, and sexual orientation of an individual
is related to healthcare access and outcomesss. LGBTQ+ patients are more likely to avoid
healthcare and delay seeking medical attention due to perceptions of discriminatory and unequal
treatment from healthcare providers. This population is also twice as likely to be uninsured than
their cisgender, heterosexual counterpartsss. Adolescents in this population face considerable
amounts of disparities while moving throughout the world, including increased risk of physical,
emotional, and sexual abuse and increased rates of homelessness42. They also experience higher
rates of mood disorders, substance abuse, and suicidal ideation than the general population4as.

LGBTQ+ adolescents that suffer from T1D are not only constantly aware of their
physical and emotional safety because of societal inequalities, but also must consistently

maintain adequate glycemic control to function. Comparing the management of T1D in
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LGBTQ+ populations with the general public is difficult to do as LGBTQ+ status is often
underreported or incorrectly collectedss. Additionally, information and research on T1D
management within these populations is lacking. A cohort study conducted in Belgium in 2017
examined the rates of T1D in transgender populations by analyzing medical records of 1,081
transgender patients and found that T1D was 2.3 times higher within this population than the
general populationss. Defreyene et al. suggest that this relationship may be caused by the
additional psychosocial stressors that transgender individuals experience, including stigma,
emotional disorders, and the biopsychosocial stresses of electing to undergo gender-affirming
hormone therapy4s. Researchers need to conduct more extensive, diverse studies to decipher the
relationship between gender identity and T1D. However, the added daily psychosocial stress that
transgender patients experience indicates that this population requires additional support when
managing T1D.
Accessibility of Diabetic Specialists

The accessibility of providers that specialize in T1D care has been shown to improve
outcomes for patients47. Unfortunately, the number of patients diagnosed with T1D is increasing
while the number of endocrinologists is decreasing47. According to the Endocrine Society, there
has been a national shortage of endocrinologists that is continuing to worsen due to longer
patient life expectancies, increasing prevalence of endocrine disorders, and insufficient numbers
of physicians specializing in endocrine47. This trend was noticed in 2000 and has appeared to
worsen over time47.48. In 2008 pediatric patients with T1D outnumbered endocrinologists 300:1.
An Endocrinologist Survey in 2012 showed that this shortage continued, determining that the

average wait for an appointment with an endocrinologist in the U.S. was 37 daysa47,76. Although
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this affects all populations, it is exacerbated based on geographic location as some patients
depending on the region they lived experienced appointment waitlists of 3-6 monthsas.

Approximately 50% of pediatric endocrinologists work in academic centers within
metropolitan areas, which indicates that in addition to being physically distant, patients in
medically underserved areas may experience longer waitlists to get an appointment, and
providers may have less time per patients7. A cross-sectional analysis of patient data from 2015
showed that patients who lived within 50-miles from a pediatric endocrinologist were less likely
to access these services than patients who lived 20 miles from specialized medical centersas.
Furthermore, urban areas that were 50-miles away from these specialty centers had even less
access to pediatric endocrinologists due to higher patient to physician ratios than rural areasas.
These studies show that barriers to healthcare access include limited access to public
transportation and longer travel times. Strategies to mitigate these barriers are essential to
improving T1D management in adolescents because studies show that frequent communication
with diabetes care teams improves patient outcomes with reduced acute and chronic
complications and decreased healthcare costss.
Methods:

This paper used a database search of Pubmed, National Center for Biotechnology
Information, and Google Scholar. The keywords used during this search were "psychosocial

nmn

effects on glycemic control of adolescents," "psychosocial effects on glycemic control,"

"glycemic control in type 1 diabetics", "psychosocial effects, glycemic control," "psychosocial,
glycemic control," "psychologic disorders, T1D". A filter was set on these searches to include

articles published from the years 1999-2020. Further articles were selected from the references

used in articles found from the initial search. Articles selected focused on patients with T1D
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between the ages of 10-19 years old, which was selected to define "adolescent" based on the
definition from the WHO10. Articles were excluded from selection if unavailable in English
translations. A Registered Dietician specialist in diabetes education, Carol Brunzell RD, L.D.,
CDE, from the University of Minnesota, was interviewed via e-mail about her experience with
adolescents with T1D within her practice.

For reasons yet to be discovered, the rising global incidence of T1D disproportionately
impacts adolescentsi,2,3. In addition to the rising number of patients with T1D, this age group has
shown a consistent pattern of deteriorating glycemic controls,s,12,15,19,22. This combination has the
potential to negatively impact patients with T1D, their support systems, and society as a whole
due to increased diabetic-related complications and their resultant healthcare costs. Many studies
identify adolescence as a vulnerable developmental period for patients with T1D. Much of the
literature focuses on discovering which biopsychosocial factors contribute to the difficulty
maintaining glycemic control and to what degree, but few studies attempt to discover solutions to
these influences 5.6,11,12,15,19,22. Practitioners are encouraged to recognize that poor glycemic
control in adolescence is likely due to an amalgamation of elements. Therefore, treatment is
often encouraged to include a multidisciplinary approach with individualized treatment plans
tailored to the patient's risk factors for complications, presence of comorbidities, and
comfortability with self-management skillse. Developing advancements that help adolescents
maintain glycemic control will decrease diabetic-related complications in future older adult
populations, lessen healthcare costs, and increase the quality of life for millions of people

impacted by this diseases,s,11,12,15,19,22. Increasing access to quality healthcare, prescribing
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diabetic technology, and implementing behavioral interventions have been shown to improve
glycemic control in adolescentss,s,11,12,15,19,22.

Improving access to healthcare is an overarching subject that encompasses many aspects
of control in TID. Access to quality healthcare not only includes the ability for patients to
physically interact with healthcare teams but also includes the ability to financial access services
and receive necessary preventative, therapeutic, and palliative care. Psychosocial barriers can
inhibit access to healthcare, such as screening work-ups, comprehensive patient education, a
multidisciplinary diabetic care team, and diabetic technologies, all of which improve glycemic
controls,e,11,12,15,19,22. Difficulty to access healthcare is influenced by psychosocial factors,
including socioeconomic status, geographic location, race, ethnicity, gender identity, sexuality,
and comorbiditiess,s,11,12,15,19,22. Screening and evaluating for psychosocial impairments routinely
in patients with T1D appear to be influential in preventing diabetic-related complications
because of the powerful impact these factors can have on glycemic controls,11,13,15,17. Although
healthcare providers should improve access to quality healthcare for their patients and decrease
psychosocial influences on glycemic control, many systemic barriers exist above the level of
provider control.

Healthcare reform policies through all healthcare levels are vital to improve care for
patients with T1D and decrease racial, economic, and cultural disparities in the management of
the disease. For example, studies have shown that the Affordable Care Act (ACA) has begun
decreasing inequality in healthcare by expanding coverage for populations historically
uninsured4s. The populations that most benefited from the ACA were BIPOC, youth, and those
of lower SES. These are the same populations that are most likely to experience diabetic-related

complications2s47. Adolescents benefited from certain aspects of this policy as individuals could
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remain insured by their caregivers until age 26. This change in policy indicates that the transition
from pediatric to adult care may be universally difficult for all adolescents and is not unique to
diabetic patients further supports the theory that adolescence is a vulnerable developmental
period requiring more healthcare support than has been historically given to this
populations,i8,19,25,49. Despite these improvements, racial, gender, socioeconomic, and cultural
disparities in healthcare access of adolescents remain and require improvements in systemic
changes such as Medicaid expansion4s.

A strategy that can mitigate systemic influences on glycemic control is to implement an
integrated diabetic care team that includes team members who have in-depth knowledge of T1D
and specialize in different aspects of its management13,20,21,23. This approach increases the quality
of diabetic education, which can improve healthcare access by giving patients the tools to
advocate for themselves. These tools include increased knowledge of T1D, its treatment, and
how to navigate the healthcare system and social services. The diagnosis of T1D drastically
alters an individual's life and is a considerable burden for adolescents already experiencing so
many life changes. This unique developmental period requires continuous amounts of support
and education from the diabetic care team. Integrative healthcare is especially important in
populations that require more time and resources to provide adequate care, such as patients with
additional comorbidities or intellectual disabilities27,28,30. For example, diabetic educators are
essential because they increase the amount of time spent on educating patients on the minutiae of
particular topics including diet, exercise and lifestyle choices as well as providing assistance with
screening for comorbidities such as mental health disorders (Personal communication, Carol

Brunzel, May 30, 2020). Increasing patient education in diabetic populations will allow them to
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not only be able to improve their management of T1D but allow them to become better self-
advocates for their care.

The use of a multidisciplinary, educational approach can improve healthcare disparities
by providing focused, individualized care based on each patient's psychosocial needs. Nutrition
and exercise are topics especially pertinent to managing T1D and requires a lot of education and
guidance. Proper nutrition is an aspect that unites socioeconomic status, ethnicity, race, gender,
and culture. Because food insecurity unequally impacts adolescents with T1D, females and
ethnic minorities, improving nutritional education and providing interventions for patients to
have access to quality nutrition could help decrease these discrepancies42. Obesity and sedentary
lifestyles also have psychosocial-based patterns with higher rates in individuals with I.D. and
ethnic minorities22. Regular exercise is imperative for adequate glucose control in patients with
T1D. The same benefits of exercise seen in adult populations apply to adolescent populations,
including decreased adipose tissue and improvements in mental and cardiovascular healths.
Although cardiovascular fitness may not directly improve HbA 1c levels, it may decrease the risk
of other comorbidities that impair T1D managements. Despite the value of exercise in patients
with T1D, there are still risks associated with exercise, such as fluctuations in blood glucose
levelss. Because patients with T1D have unique considerations when it comes to exercising, it
requires extra planning from the caregivers to ensure that complications such as hypoglycemia
do not occur. Caregivers must also educate the patient and the authority figure involved in the
activity to understand how to manage T1D and avoid acute complicationss. Understanding how
diet and exercise affect glycemic control in T1D is essential for obtaining adequate control of
blood glucose levels and is improved when patients receive intensive, integrated diabetic-

educations(Personal communication, Carol Brunzel, May 30, 2020).
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This team-based approach can also address factors unique to adolescent development that
can negatively impact glycemic control. Adolescents are exposed to many changes through peer
interaction and self-discovery during this developmental period that can influence glycemic
control. The ADA recommends that providers speak with patients with T1D individually starting
at age 12 to proactively discuss how new experiences that are common in this age group can
affect the management of T1D as well as provide an accepting, open environment for questions
and concernse. Discovering one's sexuality and gender identity is an essential component of
adolescent developmentss. Providers should routinely discuss safe sex practices, reproductive
health, and provide contraceptive optionss. Due to the disparities seen between LGBTQ+
population and cisgender heterosexual counterparts related to diabetic complications, providers
should do what they can to reduce heteronormative and sexuality-based discrimination within
their facilities3s. Providers could encourage training on cultural sensitivity to help lessen the
LGBTQ+ population's stressors and encourage regular communication with the diabetes care
teamss. Providers should be aware that this population may need more support in reducing
psychosocial stressors that can worsen glycemic control, as seen in the minority stress modelss.
These aspects distinctive to adolescence require that medical management of this age group be
considered independently from other ages, and T1D treatments should fit their specific needs. A
team-based approach to the treatment of T1D would allow diabetic teams to more
comprehensively screen patients for concerns related to nutrition, exercise, lifestyle, and increase
education on these influential factors.

Developing practices specific to improving care in adolescents is especially important
when patients are transitioning to adult care because many patients experience deterioration of

glycemic control during this period. Patients tend to leave pediatric care towards the very end of
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adolescence between 18-21 years of ageis. Studies have shown benefit when pediatric providers
implement strategies to improve the transition period at least one year prior to the transfers,s,19.
These strategies involve a team-based approach with open communication and shared decision
making between the adult provider, pediatric diabetes care team, family, and the patients. In
addition to patient education, a study showed that providers that received “transition of care”
training experienced shorter transition periods, sufficient transfer of patient records, and reduced
return of patients to pediatric careis. Despite this, providers who manage T1D report insufficient
guidance and protocols to follow during these transfersis. Providers state that the two most
common reasons for transferring patients are due to their continuous poor glycemic control and
are older than 18 years old. However, neither of these reasons fit the recommended criteria for
transferring pediatric patients according to the ADA, despite the logistics of transferring patients,
providers reported that their primary barrier to transferring pediatric patients to adult care was
that the patient felt an emotional attachment to the providerio. The struggle to maintain glycemic
control during the transition to adult care and the fact these patients admit patient-provider
relationships play an influential, emotional role during this stage further indicates how impactful
relationships can be in adolescent populations.

The fact that relationships influence adolescents strongly indicates that behavioral
interventions may be a beneficial addition to T1D management because they rely on
communication, vulnerability, and trust with the provider and group members. Behavioral
interventions involve a provider-patient relationship and sometimes use peer-peer relationships
to improve self-management skills, develop healthy coping methods, and help manage
psychosocial stressors that adolescents experience20,21. Behavioral interventions such as

motivational interviewing improve self-management skills, which are important aspects of T1D
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treatment. Self-management of T1D requires that patients regularly perform diabetes-related care
such as SMBG, adherence to insulin regimens, and awareness of the impacts of food intake and
activities21,23. Researchers argue that because the success of MI is rooted in the patient's internal
motivation, it may be particularly useful during shifts in development as in adolescence23. The
effects of MI were improved even more when family members and caregivers were a part of the
conversations. The importance of familial support in T1D is further supported by the fact that
behavioral family systems therapy decreased family conflict and increased familial involvement
in the management of T1D23. Strategies such as these may also help decrease disparities seen in
cultural minorities such as Latinx and Asian populations because familial influences impact T1D
management22. Although there is not enough conclusive evidence that behavioral interventions
have a direct effect on glycemic control, they appear to be promising additions to T1D treatment
in adolescent patients because they allow providers to target aspects specific to this
developmental period that increase glycemic control.

Diabetic technology is a recent addition to diabetic care that has improved the
management of T1D in adolescents. Increasing availability, decreasing cost, and access to
diabetic technology may improve all aspects of diabetes management, including increasing
healthcare access, diabetes education, decreasing healthcare disparities, and overall increasing
glycemic controlie,so,52. This population is typically familiar with how the technology operates,
and many adolescents rely on its usage for many other aspects of life, which implies that
implementing it for T1D management may be a natural and helpful addition to these patientss2.

Recently, Web-based platforms have delivered training and guidance to managing T1Ds1.
These platforms teach skills, such as coping mechanisms and problem-solving. Additionally,

social media platforms have allowed adolescents to communicate with peers who also suffer
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from T1D easilysi. Although these platforms did not affect glycemic control, they were shown to
improve self-management behaviors and may reduce negative psychosocial influences on T1D
management. Less negative psychosocial influences have been correlated with fewer diabetic-
related complications in the futuresi. Technology has also been helpful in this population by
developing things, including text-message services and applications that send reminders for self-
management tasks, diabetes education, and even text messages of encouragementsi. Studies have
also indicated that specific applications could support safe alcohol consumption in patients with
T1D. Although researchers are continuing to evalute if technological interventions can improve
glycemic control, adolescents report enjoying using these services, which indicates that this
technology could be a beneficial addition to T1D managementsi.

In addition to promoting self-management of T1D, developing technology for T1D has
also eased burdens of daily management tasks. Devices that can provide patients with continuous
glucose monitoring increase the amount of blood glucose checks per day and glycemic control
improves with increased SMBG checkssi. CGM usage has been shown to reduce the number of
hypoglycemic episodes and DKA and improves HbAlc levelssi. Enhancements in insulin
delivery devices have improved quality of life and glycemic control by administering insulin
through titratable, continuous subcutaneous infusion therapy, and meal boluses instead of
multiple daily injections of insulinsi. A subsequent advancement is the combination of these
therapies by using sensor-augmented pumps or closed-loop systems that have also shown
improvements in T1D managementsi. This technology has allowed researchers to compile large
amounts of data that can be analyzed and evaluated to determine how to provide personalized
treatment plansie. Studies have shown that the use of these devices improves not only glycemic

control but also psychosocial burdens in adolescenceso. The use of data analytics has been shown
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to deliver higher-quality, individualized care to patients with T1D and may be especially helpful
for adolescents who are experiencing changes to their treatment regimens. However, as of 2015,
most patients between the ages of 2-25 years were not using these devicessi. Although these
technologies require additional education and are more expensive for patients than injecting
insulin, they have been shown to improve glycemic control in T1D and could be a solution for
populations that struggle with T1D managementie,50,51.

Additionally, racial and ethnic disparities provide barriers to accessing diabetic
technology as Black patients are the least likely population to be prescribed and use CGM,
insulin pumps, or closed-loop systemss39. Increasing availability and accessibility to this
technology could improve T1D management for adolescents and decrease racial disparities in
health outcomesis,50,51. Studies have shown that racial and ethnic minorities experience worse
diabetic complications and perform fewer SMBG checks per day than their non-Hispanic White
counterparts4s. These differences may improve with providers encouraging the usage of close-
loops systems, CGMs, and insulin-pumpsso,si.

Technology has improved self-care abilities in patients and has increased their ability to
access diabetic care teams. Telemedicine is a growing field and is effective in delivering
healthcare to medically underserved populations and delivering comparable quality to in-person
visits. Adolescents, in particular, have reported high levels of satisfaction from telehealth visits
in one studysi. Meeting with a provider in a telehealth format decreases travel time and wait
time, which leaves both providers and patients with more times1,52. Patients from rural areas also
reported missing less school and work when using telehealthsi,52. Telehealth may also help to
close the disparities in T1D management seen between socioeconomic classes. In a randomized

control trial in 2015, the use of telehealth appointments for T1D was evaluated in patients under



Glycemic Control in Adolescents with T1D, 35

18 years old and concluded that telehealth appointments lessen healthcare-related costs, increase
the number of times a patient visited and was as effective as in-person for maintaining HbAlc
levelssi.

Telehealth has also increased the availability of diabetic specialists to areas that would
have otherwise gone without those services. Projects like Project Extension for Community
Health Outcomes (ECHO) train primary care providers to deliver specialized healthcare to areas
underserved by endocrinologists through telehealth servicessi. In addition to telehealth, closed-
loop systems may help make up for the decreasing number of endocrinologists because analytic
data software, as well as the ability to titrate dosages easily, allows providers to more efficiently
tailor needs to their patients47. This improvement ultimately leaves providers with more time,
which allows them to visit with more patients4s. The programmability of closed-loop systems can
also allow patients to send glycemic levels to providers electronically, limiting the amount of in-
person appointments patients need and increasing healthcare access to patients who have
difficulty traveling to the office.

Diabetic technology also has implications for reducing additional psychosocial barriers to
adequate glycemic control by reducing the impact of comorbidities47,50. The high prevalence of
comorbidities in this population requires providers to be aware of the screening guidelines and
evidence-based screening tools. Providers should routinely screen adolescents with T1D for
metabolic disorders, including hypertension and hyperlipidemia, other endocrine disorders such
as thyroid disease and celiac disease, and mood disorders such as depression, suicidal ideation,
anxiety and eating disorderss. Studies have shown that early identification of psychiatric
disorders may improve diabetic treatment outcomes and improve quality of life27. Providers that

treat patients with intellectual disabilities should be especially cautious and take care to be
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providing all necessary screening for these patients to improve preventative medicine rates in
this populationso. Usage of technologies such as tablets has improved the efficiency of screening
for comorbid conditionsso. CMG and insulin pumps also improve care for patients who suffer
from psychiatric disorders like anxiety and depression because they simplify care,so. These
pumps are also programmable and have memory logs that providers can evaluate, which could
help avoid harmful behaviors such as insulin omissionso. CGM improves glycemic control in
patients with autism who have trouble with self-management of T1D and have difficulty with
frequent in-person visits because of adverse interactions with hospital staffs7. This improvement
in this population suggests that implementation of diabetic technology may have the ability to
improve health outcomes for patients with intellectual disabilities and those with comorbid
diseases but may be able to help prevent the progression of additional disorders or poor T1D
management, thus decreasing the risk for future diabetic-related complications. Efforts are
required to lower the cost of diabetic technology, improve insurance coverage, and encourage
providers to prescribe it to non-Hispanic White populations.

CONCLUSION:

Individuals of all age groups with T1D have increased morbidity and mortality rates than
the general populationi,2,3,6. Patients diagnosed in childhood or adolescence have an even greater
risk for diabetic-related complications because the rates increase proportionally to the length of
time a patient has suffered from T1D1.2,3,6. Studies have shown that attaining individualized
glycemic control goals is correlated with less risk of both acute and chronic complications of
T1D1,23,6. Inadequate management of blood glucose levels can cause hypoglycemic episodes and
DKA and eventually leads to microvascular and macrovascular complicationse. In order to

reduce diabetic-related complications in patients with T1D, providers and patients must address
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the factors that inhibit adequate glycemic control. Many studies have shown that psychosocial
factors can influence a patient’s ability to accomplish their T1D treatment goals 6,13,15,22,56. The
increasing global incidence of T1D in children and adolescents, along with the decreasing
number of endocrinologists, indicates the importance of all providers understating how to
manage T1D, including identifying obstacles that impair patients with T1D from achieving
glycemic control. T1D is highly prevalent in the U.S. and has deadly consequences for patients.
The prevalence and intensity of the disease signify that facilitating the advancement towards
sufficiently managed diabetes will decrease healthcare costs to the U.S. economy and, most
importantly, allow millions of people to have an increased quality of life.

Glycemic control can improve with additional future research by including
underrepresented populations such as patients with T1D from ethnic and racial minorities, those
with intellectual disabilities, or those who identify as LGBTQ+. In particular, these studies
should examine how providers can improve access to healthcare through expanding
Telemedicine and the use of newer technologies, including CGM and insulin pumps, more
uniformly across all T1D populations to decrease diabetic-related complications. While there are
studies that expose these disparities, relatively few provide solutions to this problem. Technology
has the potential to improve glycemic control, so further research should also include strategies
to make diabetic technologies more prevalent in all populations, which may rely on reducing
costs and increasing awareness. Providers must advocate for more education regarding the
benefits of diabetic-technologies in managing T1D in adolescents. These efforts should also
include further advancements in the multidisciplinary approach by focusing research on how to

utilize varying healthcare providers and specialists T1D care effectively.
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Improving the quality of life for patients with diabetes relies heavily on improving
glycemic control during adolescence. According to the literature reviewed in this paper,
psychosocial factors have profound influences on the ability to attain glycemic control. The
mitigation of these factors involves improving healthcare access through systemic reform,
increased availability of health insurance, Telemedicine, language barriers, increasing education
and availability of diabetic technology, and implementing behavioral interventions to improve
self-management skills. Providers and healthcare systems must advocate for healthcare reform
that decreases systemic disparities between groups and improves the quality of healthcare for all
populations. Furthermore, individual behavioral interventions, familial therapies, and an
integrative diabetic care team have improved glycemic control. Technology such as insulin-
pumps, CGMs, closed-loops systems, and analytic data software also improves healthcare access
and quality of life in patients with T1D. Navigating through these factors to maintain glycemic
control in adolescence requires a team effort from the diabetic team, the patient, and their
caregivers.

References
1. Mobasseri, M., Shirmohammadi, M., Amiri, T., Vahed, N., Fard, H. H., & Ghojazadeh, M.

(2020). Prevalence and incidence of type 1 diabetes in the world: A systematic review and
meta-analysis. In Health Promotion Perspectives (Vol. 10, Issue 2, pp. 98—115). Tabriz

University of Medical Sciences. https://doi.org/10.34172/hpp.2020.18

2. Norris, J. M., Johnson, R. K., & Stene, L. C. (2020). Type 1 diabetes—early life origins and
changing epldemlology In The Lancet Diabetes and Endocrinology (Vol. 8, Issue 3, pp.

226-238). Lancet Publishing Group. https://doi.org/10.1016/S2213-8587(19)30412-7

3. VanBuecken, D., Lord, S., & Greenbaum, C. J. (2000). Changing the Course of Disease in
Type 1 Diabetes. In Endotext. MDText.com, Inc.

bt b almni bred/26561698

4. Association, A. D. (2016). 11. Children and adolescents. Diabetes Care, 39(Supplement 1),
S83—S93. https://doi.org/10.2337/dc16-S014



Glycemic Control in Adolescents with T1D, 39

5. Statistics About Diabetes | ADA. (n.d.). Retrieved July 9, 2020, from
httos: Jial . i< tics-about-dial

6. Silverstein, J., Klingensmith, G., Copeland, K., Plotnick, L., Kaufman, F., Laffel, L., Deeb, L.,
Grey, M., Anderson, B., Holzmeister, L. A., & Clark, N. (2005). Care of children and
adolescents with type 1 diabetes: A statement of the American Diabetes Association. In
Diabetes Care (Vol. 28, Issue 1, pp. 186-212). American Diabetes Association.

o o

7. New research shows how to keep diabetics safer during sleep - Scope. (n.d.). Retrieved July 9,

2020, from https://scopeblog.stanford.edu/2014/05/08/new-research-keeps-diabetics-safer-
during-sleep/

8. Zilioli, S., Ellis, D. A., Carré, J. M., & Slatcher, R. B. (2017). Biopsychosocial pathways
linking subjective socioeconomic disadvantage to glycemic control in youths with type I
diabetes. Psychoneuroendocrinology, 78, 222-228.

o :

9. Petitti, D. B., Klingensmith, G. J., Bell, R. A., Andrews, J. S., Dabelea, D., Imperatore, G.,
Marcovina, S., Pihoker, C., Standiford, D., Waitzfelder, B., & Mayer-Davis, E. (2009).
Glycemic Control in Youth with Diabetes: The SEARCH for Diabetes in Youth Study.
Journal of Pediatrics, 155(5), 668-672.€3. https://doi.org/10.1016/j.jpeds.2009.05.025

10. World Health Organization. Adolescent health. (n.d.). Retrieved July 14, 2020, from
httos: ho.i ] - /health-ton: o] healtt

11. Zhang, X., McKeever Bullard, K., Gregg, E. W., Beckles, G. L., Williams, D. E., Barker, L.
E., Albright, A. L., & Imperatore, G. (2012). Access to health care and control of ABCS of
diabetes. Diabetes Care, 35(7), 1566—1571. https://doi.org/10.2337/dc12-0081

12. Young-Hyman, D., De Groot, M., Hill-Briggs, F., Gonzalez, J. S., Hood, K., & Peyrot, M.
(2016). Psychosocial care for people with diabetes: A position statement of the American
diabetes association. In Diabetes Care (Vol. 39, Issue 12, pp. 2126-2140). American
Diabetes Association Inc. https://doi.org/10.2337/dc16-2053

13. Wherrett, D. K., Ho, J., Huot, C., Legault, L., Nakhla, M., & Rosolowsky, E. (2018). Type 1
Diabetes in Children and Adolescents. Canadian Journal of Diabetes, 42, S234—S246.

httns-//doi ) 1016/1.1cid 2017 10.036

14. Secrest, A., Washington, R., & Orchard., Trevor. (2014). Mortality in Type 1 Diabetes |
Diabetes | Cardiovascular Diseases. (n.d.). Retrieved July 10, 2020, from

15. Almeida, A. C., Leandro, M. E., & Pereira, M. G. (2020). Adherence and Glycemic Control
in Adolescents with Type 1 Diabetes: The Moderating Role of Age, Gender, and Family



16.

17.

18.

19.

20.

21.

22.

23.

24.

Glycemic Control in Adolescents with T1D, 40

Support. Journal of Clinical Psychology in Medical Settings, 27(2), 247-255.
https://doi.org/10.1007/s10880-019-09662-y

Foster, N. C., Beck, R. W., Miller, K. M., Clements, M. A., Rickels, M. R., Dimeglio, L. A.,
Maahs, D. M., Tamborlane, W. V., Bergenstal, R., Smith, E., Olson, B. A., & Garg, S. K.
(2019). State of Type 1 Diabetes Management and Outcomes from the T1D Exchange in
2016-2018. In Diabetes Technology and Therapeutics (Vol. 21, Issue 2, pp. 66—72). Mary
Ann Liebert Inc. https://doi.org/10.1089/dia.2018.0384

Wood, J. R., Miller, K. M., Maahs, D. M., Beck, R. W., Dimeglio, L. A., Libman, I. M.,
Quinn, M., Tamborlane, W. V., & Woerner, S. E. (2013). Most youth with type 1 diabetes
in the T1D exchange clinic registry do not meet American diabetes association or

international society for pediatric and adolescent diabetes clinical guidelines. Diabetes
Care, 36(7), 2035-2037. https://doi.org/10.2337/dc12-1959

Lotstein, D. S., Seid, M., Klingensmith, G., Case, D., Lawrence, J. M., Pihoker, C., Dabelea,
D., Mayer-Davis, E. J., Gilliam, L. K., Corathers, S., Imperatore, G., Dolan, L., Anderson,
A., Bell, R. A., & Waitzfelder, B. (2013). Transition from pediatric to adult care for youth
diagnosed with type 1 diabetes in adolescence. Pediatrics, 131(4), e1062—e1070.
https://doi.org/10.1542/peds.2012-1450

Agarwal, S., Garvey, K. C., Raymond, J. K., & Schutta, M. H. (2017). Perspectives on care
for young adults with type 1 diabetes transitioning from pediatric to adult health systems: A
national survey of pediatric endocrinologists. Pediatric Diabetes, 18(7), 524-531.

https://doi.org/10.1111/pedi.12436

Hilliard, M. E., Powell, P. W., & Anderson, B. J. (2016). Evidence-based behavioral
interventions to promote diabetes management in children, adolescents, and families.

American Psychologist, 71(7), 590—601. https://doi.org/10.1037/a0040359

Gonzalez, J. S., Tanenbaum, M. L., & Commissariat, P. V. (2016). Psychosocial factors in
medication adherence and diabetes self-management: Implications for research and practice.

American Psychologist, 71(7), 539-551. https://doi.org/10.1037/a0040388

Gandhi, K. K., Baranowski, T., Anderson, B. J., Bansal, N., & Redondo, M. J. (2016).
Psychosocial aspects of type 1 diabetes in Latino- and Asian-American youth. In Pediatric
Research (Vol. 80, Issue 3, pp. 347-355). Nature Publishing Group.
https://doi.org/10.1038/pr.2016.87

Fisher, W. A., Cornman, D. H., Kohut, T., Schachner, H., & Stenger, P. (2013). What
primary care providers can do to address barriers to self-monitoring of blood glucose.
Clinical Diabetes, 31(1), 34-42. https://doi.org/10.2337/diaclin.31.1.34

Stanger, C., Ryan, S. R., Delhey, L. M., Thrailkill, K., Li, Z., Li, Z., & Budney, A. J. (2013).
A multicomponent motivational intervention to improve adherence among adolescents with
poorly controlled type 1 diabetes: A pilot study. Journal of Pediatric Psychology, 38(6),
629-637. https://doi.org/10.1093/jpepsy/jst032



25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Glycemic Control in Adolescents with T1D, 41

Chao, A. M., Minges, K. E., Park, C., Dumser, S., Murphy, K. M., Grey, M., & Whittemore,
R. (2016). General Life and Diabetes-Related Stressors in Early Adolescents With Type 1
Diabetes. Journal of Pediatric Health Care, 30(2), 133—142.

httns//dod | 1016/ nedhe. 2015.06.0¢

Rijswijk, C., Zantinge, E., Seesing, F., Raats, 1., & van Dulmen, S. (2010). Shared and
individual medical appointments for children and adolescents with type 1 diabetes;

differences in topics discussed? Patient Education and Counseling, 79(3), 351-355.
https://doi.org/10.1016/j.pec.2010.04.016

Svensson, J., Sildorf, S. M., Breinegaard, N., Lindkvist, E. B., Tolstrup, J. S., Boisen, K. A.,
Teilmann, G. K., & Skovgaard, A. M. (2018). Poor Metabolic Control in Children and
Adolescents With Type I Diabetes and Psychiatric Comorbidity.
https://doi.org/10.2337/dc18-0609

Ducat, L., Philipson, L. H., & Anderson, B. J. (2014). The mental health comorbidities of
diabetes. In JAMA - Journal of the American Medical Association (Vol. 312, Issue 7, pp.

691-692). American Medical Association. https://doi.org/10.1001/jama.2014.8040

Fisher, L., Hessler, D., Polonsky, W. H., Masharani, U., Guzman, S., Bowyer, V., Strycker,
L., Ahmann, A., Basina, M., Blumer, 1., Chloe, C., Kim, S., Peters, A. L., Shumway, M.,
Weihs, K., & Wu, P. (2018). TI-REDEEM: A randomized controlled trial to reduce
diabetes distress among adults with type 1 diabetes. Diabetes Care, 41(9), 1862—1869.
https://doi.org/10.2337/dc18-0391

Taggart, L., Coates, V., & Truesdale-Kennedy, M. (2012). Management and quality
indicators of diabetes mellitus in people with intellectual disabilities. Journal of Intellectual
Disability Research, 57(12), n/a-n/a. https://doi.org/10.1111/5.1365-2788.2012.01633.x

Chua, K. P., Lee, J. M., & Conti, R. M. (2020). Out-of-Pocket Spending for Insulin,
Diabetes-Related Supplies, and Other Health Care Services among Privately Insured U.S.
Patients with Type 1 Diabetes. In JAMA Internal Medicine (Vol. 180, Issue 7, pp. 1012—

1014). American Medical Association. https://doi.org/10.1001/jamainternmed.2020.1308

Herkert, D., Vijayakumar, P., Luo, J., Schwartz, J. I., Rabin, T. L., Defilippo, E., & Lipska,
K. J. (2019). Cost-Related Insulin Underuse Among Patients With Diabetes. In JAMA
Internal Medicine (Vol. 179, Issue 1, pp. 112—114). American Medical Association.

httos://dos ).1001/iama: 018 5008

Cefalu, W. T., Dawes, D. E., Gavlak, G., Goldman, D., Herman, W. H., Van Nuys, K.,
Powers, A. C., Taylor, S. 1., & Yatvin, A. L. (2018). Insulin access and affordability
working group: Conclusions and recommendations. Diabetes Care, 41(6), 1299—-1311.
httos://doi 0.2337/dcil 8-001

CDC Online Newsroom - Press Release: April 27, 2011. (n.d.). Retrieved July 8, 2020, from
https://www.cdc.gov/media/releases/2011/p0427 youthdiabetes.html



35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Glycemic Control in Adolescents with T1D, 42

Spencer, D. L., McManus, M., Call, K. T., Turner, J., Harwood, C., White, P., & Alarcon, G.
(2018). Health Care Coverage and Access Among Children, Adolescents, and Young
Adults, 2010-2016: Implications for Future Health Reforms. Journal of Adolescent Health,

62(6), 667—673. https://doi.org/10.1016/j.jadohealth.2017.12.012

Liu, H., Chen, I. C., Wilkinson, L., Pearson, J., & Zhang, Y. (2019). Sexual Orientation and
Diabetes during the Transition to Adulthood. LGBT Health, 6(5), 227-234.

https://doi.org/10.1089/1gbt.2018.0153

Association of American Medical Colleges AAMC. (2019). Diversity in Medicine: Facts and

Figures 2019. Retrieved July 30, 2020 from https:/www.aamc.org/data-
hnicitv-2018

Smith DT, Jacobson CK. Racial and Gender Disparities in the Physician Assistant
Profession. Health Serv Res. 2016;51(3):892-909. doi:10.1111/1475-6773.12358

Willi, S. M., Miller, K. M., DiMeglio, L. A., Klingensmith, G. J., Simmons, J. H.,
Tamborlane, W. V., Nadeau, K. J., Kittelsrud, J. M., Huckfeldt, P., Beck, R. W., & Lipman,
T. H. (2015). Racial-ethnic disparities in management and outcomes among children with
type 1 diabetes. Pediatrics, 135(3), 424—434. https://doi.org/10.1542/peds.2014-1774

Bureau U.C. (n d) Language Pr0]ectzons 2010 to 2020. Retrleved July 18, 2020, from

Palau-Collazo, M. M., Rose, P., Sikes, K., Kim, G., Benavides, V., Urban, A., Weinzimer, S.
A., & Tamborlane, W. V. (2013). Effectiveness of a spanish language clinic for hispanic
youth with type 1 diabetes. Endocrine Practice, 19(5), 800-804.

https://doi.org/10.4158/EP13004.0R

Mendoza, J. A., Haaland, W., D’ Agostino, R. B., Martini, L., Pihoker, C., Frongillo, E. A.,
Mayer-Davis, E. J., Liu, L. L., Dabelea, D., Lawrence, J. M., & Liese, A. D. (2018). Food
insecurity is associated with high risk glycemic control and higher health care utilization
among youth and young adults with type 1 diabetes. Diabetes Research and Clinical
Practice, 138, 128-137. https://doi.org/10.1016/j.diabres.2018.01.035

Gucciardi, E., Vahabi, M., Norris, N., Del Monte, J. P., & Farnum, C. (2014). The
Intersection between Food Insecurity and Diabetes: A Review. In Current Nutrition Reports
(Vol. 3, Issue 4, pp. 324-332). Current Science Inc. https://doi.org/10.1007/s13668-014-
0104-4

Perron, T., Kartoz, C., & Himelfarb, C. (2017). LGBTQ Part 2. NASN School Nurse (Print),
32(2), 116—-121. https://doi.org/10.1177/1942602X16689263

Garnero, T. L. (2010). Providing culturally sensitive diabetes care and education for the
lesbian, gay, bisexual, and transgender (LGBT) community. In Diabetes Spectrum (Vol. 23,
Issue 3, pp. 178-182). American Diabetes Association.
https://doi.org/10.2337/diaspect.23.3.178



Glycemic Control in Adolescents with T1D, 43

46. Defreyne, J., De Bacquer, D., Shadid, S., Lapauw, B., & T’Sjoen, G. (2017). Is Type 1
Diabetes Mellitus More Prevalent Than Expected in Transgender Persons? A Local

Observation. Sexual Medicine, 5(3), e215—e218. https://doi.org/10.1016/j.esxm.2017.06.004

47. Zeller, W. P., DeGraff, R., & Zeller, W. (2020). Customized treatment for Type 1 diabetes
patients using novel software Journal of Clinical and Translational Endocrinology: Case

Reports, 16, 100057. https://doi.org/10.1016/j.jecr.2020.100057

48. Lu, H., Holt, J. B., Cheng, Y. J., Zhang, X., Onufrak, S., & Croft, J. B. (2015). Population-
based geographic access to endocrinologists in the United States, 2012. BMC Health

Services Research, 15(1), 541. https://doi.org/10.1186/s12913-015-1185-5

49. Buchmueller, T. C., Levinson, Z. M., Levy, H. G., & Wolfe, B. L. (2016). Effect of the
affordable care act on racial and ethnic disparities in health insurance coverage. American

Journal of Public Health, 106(8), 1416—1421. https://doi.org/10.2105/AJPH.2016.303155
50. Prahalad, P., Tanenbaum, M., Hood, K., & Maahs, D. M. (2018). Diabetes technology:

improving care, improving patient-reported outcomes and preventing complications in
young people with Type 1 diabetes. In Diabetic Medicine (Vol. 35, Issue 4, pp. 419-429).

Blackwell Publishing Ltd. https://doi.org/10.1111/dme.13588

51. Wood, C. L., Clements, S. A., McFann, K., Slover, R., Thomas, J. F., & Wadwa, R. P.
(2016). Use of Telemedicine to Improve Adherence to American Diabetes Association
Standards in Pediatric Type 1 Diabetes. Diabetes Technology and Therapeutics, 18(1), 7—

14. hitps://doi.org/10.1089/dia.2015.0123

52. Ramchandani, N. (2018). Telemedicine services for emerging adults with type 1 diabetes.
U.S. Endocrinology, 14(2), 73—76. https://doi.org/10.17925/USE.2018.14.2.73



Augsburg University Institutional Repository Deposit Agreement

By depositing this Content (“Content”) in the Augsburg University Institutional Repository known as Idun, I agree
that I am solely responsible for any consequences of uploading this Content to Idun and making it publicly available,
and I represent and warrant that:

e [ am either the sole creator or the owner of the copyrights in the Content; or, without obtaining another’s
permission, I have the right to deposit the Content in an archive such as Idun.

e To the extent that any portions of the Content are not my own creation, they are used with the copyright
holder’s expressed permission or as permitted by law. Additionally, the Content does not infringe the
copyrights or other intellectual property rights of another, nor does the Content violate any laws or
another’s right of privacy or publicity.

e The Content contains no restricted, private, confidential, or otherwise protected data or information that
should not be publicly shared.

I understand that Augsburg University will do its best to provide perpetual access to my Content. To support these
efforts, I grant the Board of Regents of Augsburg University, through its library, the following non-exclusive,
perpetual, royalty free, worldwide rights and licenses:

e To access, reproduce, distribute and publicly display the Content, in whole or in part, to secure, preserve
and make it publicly available
e To make derivative works based upon the Content in order to migrate to other media or formats, or to
preserve its public access.
These terms do not transfer ownership of the copyright(s) in the Content. These terms only grant to Augsburg
University the limited license outlined above.

Initial one:

X Tagree and I wish this Content to be Open Access.

__Tagree, but I wish to restrict access of this Content to the Augsburg University
network.

Work (s) to be deposited

Title: Factors that Impact Glycemic Control in Adolescents with Type 1 Diabetes

Author(s) of Work(s): _ Kelsey McFarling
Depositor’s Name (Pl‘e"ase Pr:rg

iawa

Author’s Signature: \‘( A Date: #2420

If the Deposit Agreement is executed by the Author’s Representative, the Representative shall separately execute the
Following representation.

I represent that I am authorized by the Author to execute this Deposit Agreement on the behalf of the Author.

Author’s Representative Signature: Date:




	Factors that Impact Glycemic Control in Adolescents with Type 1 Diabetes
	SC 11.PAS.2020.McFarling.K.pdf

