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Abstract: The prevalence of obesity and Type 2 Diabetes Mellitus
among children and youth has doubled during the past three decades.
The challenges of the transition to adulthood are especially complex for
adolescents and emerging adulss with diabetes. In this article we review
these challenges along with the concept of the Chronic Care Model (CCM).
CCM provides an organizational approach ro integrated care for people
with chronic disease that is sufficiently robust to address both the health
care system challenges during transition and the developmental needs
of the emerging adult. Patient self management of chronic disease has
increasingly been recognized as an essential component of the Chronic
Care Model and of effective chronic disease treatment and control. The
medical management of children and youth with diabetes, along with
screening schedule recommendations, will be also reviewed.

Type 1 vs. Type 2 Diabetes

Diabetes mellitus is a group of metabolic diseases charac-
terized by hyperglycemia resulting from defects in insulin
secretion, insulin action, or both. Pathogenic processes in
the development of diabetes range from autoimmune de-
struction of the beta cells of the pancreas with consequent
insulin deficiency to abnormalities that result in resistance
to insulin action.}

To diagnose diabetes mellitus, any of three criteria may

be used:

1. Symptoms of diabetes plus casual plasma glucose
concentration 2200 mg/dL (11.1 mmol/L). Classic
symptoms of diabetes include polyuria, polydipsia,
and unexplained weight loss

2. Fasting (no caloric intake for at least 8 hours) plasma
glucose of 2126 mg/dL (7.0 mmol/L)

3. 2-hour plasma glucose 2126 mg/dL (11.1 mmol/L)
during an oral glucose tolerance test (OGTT), which
should be performed by using a glucose load that
contains 1.75 gm/kg of anhydrous glucose dissolved
in water?

The vast majority of patients with diabetes fall into two
broad categories. In type 1 diabetes (T1DM), the cause is an
absolute deficiency of insulin secretion due to pancreatic islet
cell destruction. Individuals at increased risk of developing
this type of diabetes can often be identified by serological
evidence of an autoimmune pathologic process occurring in
the pancreatic islets and by genetic markers. This group of
patients is typically symptomatic at diagnosis and is prone to
ketoacidosis. Most TIDM is characterized by the presence of
isletcell, GAD, IA-2, IA- 2 beta, or insulin autoantibodies that
serve as markers of the autoimmune pathologic process that

Address Correspondence to: Joe M. Chehade, MD, University of
Florida, 653-1 West 8th Street L-14, Jacksonville, FL. 32209. Email:
Joe.chehade@jax.ufl.edu.

leads to beta-cell destruction. In some, evidence of autoim-
munity is absent and these are classified as type 1 idiopathic
diabetes mellitus.! Type 2 diabetes (T2DM) is much more
prevalentand is caused by a combination of resistance to insu-
lin action and an inadequate compensatory insulin secretory
response. This group of patients can be asymptomatic, even
for several years, during which deficiencies in carbohydrate
metabolism may be evident in the forms of impaired fasting
glucose or impaired glucose tolerance."?

Screening for T1IDM in the general population has little
supporting evidence due to a lack of proven preventive
therapies.? Evaluation for TIDM is recommended only in
patients who have signs and symptoms of diabetes. By con-
trast, screening for T2DM is recommended in children and
adolescents who are overweight (BMI >85th percentile for
age and sex or weight >120% of ideal for height) plus any
two of the following risk factors.’:

e  Family history of type 2 diabetes in first or second-
degree relative

e Race/ethnicity, e.g., Native American, African Ameri-
can, Latino, Asian American, and Pacific Islander

e  Signsofinsulin resistance or conditions associated with
insulin resistance, e.g., acanthosis nigricans, hyperten-
sion, dyslipidemia, or PCOS

e Maternal history of diabetes or gestational diabetes

Age of initiation for screening is at 10 years or at onset of
puberty, if puberty occurs at a younger age. Screening fre-
quency should be every 2 years with the preferred test being
fasting plasma glucose.’ This is because there is evidence that
detecting T2DM improves estimates of cardiovascular riskand
may provide opportunity for earlier, more aggressive hyperten-
sion- and lipid-control to reduce cardiovascular events.

Obesity/Diabetes Among Children and Youth
During the past three decades, the number of children
and youth (<18 years of age) diagnosed as being overweight
has doubled.® As in adults, obesity is a major risk factor for
the development of T2DM in children and youth. Current
epidemiological datasuggestan increase in T2DM in children
and youth parallel with the rise in obesity.”'° The 1999-2002
National Health and Nutrition Examination Survey data
indicate that 22.6% of 2- to 5-year-olds and 31% of 6- to
19-year-olds in the United States are “at risk for being over-
weight” as defined by a body mass index (BMI) between the
85th and 95th percentiles for age.!! The prevalence of “over-
weight,” defined as a BMI of 295th percentile for age, was
10.3% in 2- to 5-year-olds and 16% in 6- to 19-year-olds.
In contrast, between 1988 and 1994, an average of 11.3%
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of 6- to 11-year-olds and 10.5% of 12- to 19-year-olds were
overweight."? T2DM had previously been thought to account
for less than 5% of all childhood diabetes; however, recent
case series suggest as many as 29% of all diagnoses of diabetes
in youth are T2DM." Epidemiologic data from NHANES
1999-2002 support these findings that 29% of the 0.5% of
all adolescents’ diagnosed diabetes probably had type 2.

Challenges for Youth with Diabetes

Diabetes can have a profound effect on the quality of life
for both those with the disease and their families."® The chal-
lenges of the transition to adulthood are especially complex
foradolescentsand emerging adults with diabetes. The disease
imposes extensive behavioral demands on the patient, includ-
ing consumption of a special diet, regular physical exercise,
and for those on insulin, blood glucose monitoring, precisely
scheduled daily insulin injections, recording of blood glucose
test results, and management of hypoglycemia and hypergly-
cemia. In early adulthood, frequent changes in roles, lifestyles,
living situations, educational routines, jobs, friendships and
romantic relationships are common and can undermine the
routinesand the resolve needed to maintain metabolic control
or follow specific diets or exercise programs.'®

Furthermore, the developmental tasks of early adulthood
may be at odds with maintaining intensive management of
diabetes. For example, the tasks of establishing autonomy and
prevailing egocentrism may be associated with the emerging
adult not wanting to follow medical advice or the advice of
his family.'” Heightened concern for peer acceptance or the
establishment of intimate relationships is characteristic of this
period of development. Emerging adults may be reluctant
to admit to their significant other that they have diabetes.'®
Moreover, the major cognitive developmental milestone during
the stage of emerging adulthood is the ability to think ab-
stractly. Those who have notaccomplished this developmental
milestone may struggle with taking responsibility to maintain
good control or understand the consequences of poor control.
While abstract thinking may allow the emerging adult to
appreciate the need for better adherence to prevent future
complications, it may also resultin them feeling overwhelmed
and depressed about their future. Lastly, increased rates of
drinking, illicit drug use, or other high risk behaviors may
disrupt the emerging adult’s lifestyle and negatively impact
diabetes self management.'® An increase in these types of
behaviors may also impact their personal adherence with
health care appointments, laboratory studies, etc.'®

Many adolescents with diabetes enter the transition to adult-
hood with a record of poor dietary and treatment compliance
and poor attitudes toward the disease and its management.*
Studies specifically of transition are few but show that young
adults with diabetes are at very high risk for worsening control
after leaving pediatric care. Wysocki, er a/, surveyed 81 early
adults ages 18-23 with Type 1 DM who had left a pediatric
endocrinology specialty clinic, to determine their current ac-
cess to adult primary and specialty medical services and their
level of metabolic control.” They found that only 12% had

transitioned to an adult endocrinologist and only 24% had
good control. Bryden and colleagues followed 76 adolescents
with TIDM and found that 54% had deterioration in their
metabolic control during transition.* Similarly, a study in
the UK found that 40% of young persons of transition age
(ages 16-25), registered with a regional clinic for adults with
T1DM, were not attending the clinic.?!

In summary, the period of transition to adulthood appears
to be one of vulnerability, especially for youth with diabetes.
Adolescents prior to this transition may have their health and
health care needs met by supportive families and a number of
federal, state and school based programs thatspecifically target
children and youth with diabetes. As these support systems
are stripped away and the developmental challenges and life
changes take on greater importance for the emerging adult,
they are at significant risk for receiving inadequate health
care services, experiencing deterioration in their diabetes
management, and potentially setting them on a poor health
trajectory of premature morbidity and mortality.

The Chronic Care Model

The Chronic Care Model provides an organizational ap-
proach of integrated care for people with chronic disease
that is sufficiently robust to address both the health care
system challenges during transition and the developmental
needs of the emerging adult.”? Wagner identified the follow-
ing elements as the most critical to effective chronic disease
management:

e  Well-developed processes and incentives for making
changes in the care delivery system

e Assure behaviorally sophisticated self-management
support that gives priority to increasing patients
confidence and skills so that they can be the ultimate
managers of their illness

e Reorganize team function and practice systems (e.g.,
appointments and follow-up) to meet the needs of
chronically ill patients

¢ Developandimplementevidence-based guidelinesand
support those guidelines through provider education,
reminders, and increase interaction between generalists
and specialists

e  Enhance information systems to facilitate the devel-
opment of disease registries, tracking systems, and
reminders and to give feedback on performance

A number of studies have demonstrated that the Chronic
Care Model (compared to regular primary care) can improve
processes of care and health outcomes for persons with T1DM
and T2DM.?*?* A Cochrane review of the effectiveness of
the Chronic Care Model for diabetes found that it enhanced
health system-controlled processes of care (regular monitoring
of HbAlc, blood pressure, etc.) and improved patient meta-
bolic control of diabetes (lower HbA1c). ¥ The review also
found that the addition of patient-oriented, self-management
support interventions can lead to improved patient health
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outcomes. Wagner tested the Chronic Care Model in adults
with diabetes and found that patients in the CCM group
received significantly more preventative procedures (influenza
vaccination, etc.), and reported better quality of life, less dis-
ability days and fewer emergency room visits. >
Promoting Self-Management/Type 1 Diabetes

Patient self management of chronic disease has increasingly
been recognized as an essential component of the Chronic
Care Model and of effective chronic disease treatment and
control.??#27% ‘The psychosocial nature of behavioral self
management has led to a variety of theory-based approaches
to encourage, facilitate and reinforce adherence behaviors
that are conducive to diabetes control, including Cogni-
tive Behavioral interventions”, Behavioral Family Systems
therapy?*®!, Motivational Interviewing*>%
ment and Goal Setting.**

, and Empower-

As with self management and psychosocial factors, the
person’s stage of change has been demonstrated to impact
diabetes outcomes such as HbA1c.? The stage of change has
also been demonstrated to impact participation in preven-
tion interventions®, influence the impact of educational
programs®, and mediate readiness to adopt diabetes related

healthful behaviors.

It has become clear over several decades of psychological
research on management of diabetes in adolescents, that it is
most appropriate to consider the family as the unit of care. %
Efficacy of diabetes management duringadolescence has been
shown to depend heavily on family communication and
problem solving®, effectiveness of parent-adolescent team-
work® and the degree to which adolescents assume diabetes
management responsibilities in a manner thatis appropriately
balanced with their maturity and psychological capacity for
autonomous self-care.*> Further, adolescents with favorable
psychological and behavioral adjustment to diabetes tend to
achieve better glycemic control and lower risk of psychiatric
and medical complications during early adulthood.?’ But,
there have been no psychological or behavioral intervention
studies targeting the emerging adult with T1IDM and, given
the emerging adults’ increasing geographic and psychologi-
cal autonomy from parents, and the special health systems
changes that occur during this period, interventions limited
to a focus on the family as the unit of intervention are perhaps
less pertinent for this clinical population.

Self-managementsupport foryouth duringlateadolescence
and early adulthood must be a youth-centered approach, en-
couraging the youth to exercise more independence in their
diabetes self-management. Motivational interviewing (MI) is
a set of techniques used to promote disease self-management
that are readily adaptable to a brief intervention model, and
adaptable to different developmental levels, life situations,
and cultural beliefs. These can be delivered in the context
of a primary care setting. The MI approach also takes into
consideration the cultural background of the adolescent
and allows for them to design goals that are appropriate,
given their culture and heritage. Channon and colleagues

in Wales* demonstrated that this approach for teens with
diabetes, was effective at improving glycemic control, treat-
ment adherence and psychological adjustment. All of this
must be orchestrated while the youth and family are going
though the specific challenges inherent in this stage of life,
as described earlier.

Management of Youth with Diabetes

Diet and Weight Loss — Weight loss and/or prevention of
weight gain are the foundation in preventing T2DM among
children with risk factors for the disease.** Meal planning
is also critical in T1DM, although weight loss may not be
necessary. American children in most cases consume too
many highly processed, high-fat, or sweetened foods and too
little fruits and vegetables.”” Physicians should encourage a
healthier diet, eliminate calories from sweetened beverages*
along with promoting increased physical activity and reduced
sedentary lifestyle. Regardless of the lack of successful obe-
sity-prevention and treatment programs, aggressive lifestyle
modification is commonly recommended for all children who
are at risk for becoming or are overweight.

Medical Treatment of Diabetes — While diet and exercise
are important for the treatment of both TIDM and T2DM,
medical management will be different for each type. With
the rising incidence of T2DM among adolescent and young
adults, a review of the available oral agents will be discussed
briefly. As in adults, T2DM in children and adolescents
results from both insulin resistance and relative pancreatic
B-cell secretory failure, with some subjects presenting with
symptomatic hyperglycemia. About one third of subjects
actually present in ketoacidosis.

Presently, the initial medical treatment of children with
T2DM depends on the severity of the clinical presentation.
The success of lifestyle modification may be limited, but so
are its risks.*® Therefore, lifestyle changes are always indicated
in patients with T2DM. Patients presenting with mild hyper-
glycemia (126-200 mg/dL) and A1C <8.5% or an incidental
diagnosis of T2DM can be treated initially with therapeutic
lifestyle changes in combination with metformin, the only
drug approved by the Food and Drug Administration for
pediatric patients with T2DM.>® Metformin, a biguanide,
decreases hepatic glucose production and to a lesser extent
increases insulin-mediated glucose uptake in peripheral
tissues, primarily muscle tissue.*’ Because metformin does
not stimulate insulin secretion, hypoglycemia is uncommon
with monotherapy, making it an attractive agent for use in
children and adolescents.

Metformin gained approval for its use in pediatrics based
on a randomized, double-blind, placebo-controlled trial that
evaluated the efficacy and safety of the medication, at doses
up to 1,000 mg twice daily in 82 children aged 10-16 years.
The participants were treated up to 16 weeks. Metformin
significantly improved glycemic control and HbAlc values
with no cases of lactic acidosis and minimal side effects.’’ In
persons with T2DM and more severe hyperglycemia (>200
mg/dL), A1C >8.5%, and/or ketosis, insulin should be the
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initial treatment of choice to achieve metabolic control. Met-
formin is prescribed to nonketotic patients at a low dose (500
mg twice a day or 850 mg once a day, given with meals) and
increased as tolerated (in increments of 500 or 850 mg every
2 weeks, up to a total of 2000 mg per day).”® Metformin is
associated with disturbances in the gastrointestinal tract and,
on rare occasions, with lactic acidosis. A modest amount of
weight loss is a desirable side effect. Metformin is contra-in-
dicated in a youth with T2DM and ketosis, due to the risk
of precipitating lactic acidosis. It should be started, however,
once the youth recovers from ketosis after treatment with
rehydration and insulin. In the pediatric population, insulin
should be added whenever glucose control cannot be achieved
after 3 to 6 months of metformin therapy. »°

There are no other oral hypoglycemic agents that have been
approved for use in the pediatric population; however glime-
peride, a sulfonylurea, and rosiglitazone, an insulin sensitizer,
were both evaluated in juvenile-onset T2DM. Sulfonylureas
(glimeperide, glyburide, and glipizide [second-generation
agents]) and meglitinides (repaglinide and nateglinide) are
insulin secretagogues that exert their effect by enhancing
insulin secretion from B-cells.*” Sulfonylureas are associated
with hypoglycemia and weight gain which can be particularly
troublesome for children and adolescents. Inasingle-blind, 26-
week study comparing metformin to glimepiride in 263 obese
youth with T2DM, the HbA1c reduction was not significant
between the two groups. However, there was a difference in
weightgain.? The thiazolidinedionesor “TZD” (rosiglitazone
and pioglitazone) enhance insulin sensitivity in liver, muscles
and adipose tissue through a selective activation of peroxi-
some proliferator-activated receptor 8 (PPARS), a nuclear
receptor that plays an important role in adipogenesis. TZDs
are usually well tolerated and when used in monotherapy,
there is no associated risk of hypoglycemia. Peripheral edema
is occasionally seen, mainly as a result of the plasma volume
expansion. Therefore, these agents are not recommended in
patients with New York Heart Association (NYHA) Class I11
or IV congestive heart failure. A minor decrease in hematocrit
and hemoglobin is another observation and this correlates
with the dilutional effect of fluid retention.

The Rosiglitazone study included 195 obese T2DM
children (age range 8—17 years), in a 24-week double-blind,
randomized, metformin-controlled, parallel group design.
Median reductions in HbAlc from baseline (rosiglitazone
group: —0.25%, p = 0.027; metformin group: —-0.55%, p =
0.0001) and from screening (rosiglitazone group: —=0.5%, p =
0.011; metformin group: —0.5%, p = 0.0037) to week 24 were
statistically significant in both groups. Differences between
the two treatment groups were not statistically significant.
The rosiglitazone group gained 3 kg at 24 weeks, with the
occurrence of peripheral edema in one child.”

Insulin Therapy and Monitoring — Insulin is considered
to be the most effective in lowering blood glucose in T2DM
and the only therapy for TIDM. Over the last two decades,
insulin analogs, insulin pens, insulin pumps and home blood
glucose monitoring have made diabetes management much

easier and less problematic. Ye, insulin is still used by many
clinicians as a “therapy of last resort” for T2DM. Endogenous
insulin production involves two components: basal insulin
secretion to suppress hepatic glucose production overnight
and during fasting, as well as postprandial bursts to cover
glucose intake at mealtimes. An ideal insulin regimen is the
one that mimics the normal physiology by using a basal bolus
regimen. Such a regimen usually requires patients to use four
injections daily.

For those with great reluctance to multiple insulin injec-
tions, a premixed formulations of long-acting and short-act-
ing insulin administered twice daily is an alternative, though
used much less commonly. In the latter regimen, the fixed
ratio of long and short acting insulin may be too difficult to
titrate and is usually not consistent with normal three meals
per day schedules. The long acting analogs are associated with
lower incidence of nocturnal hypoglycemia. The rapid acting
analogsare associated with less sustained action between meals
and, therefore, a lower incidence of hypoglycemia. Although
multiple algorithms are available to help guide clinicians to
start insulin therapy, tailoring the regimen to the patient
blood glucose profiles is indisputably a rational strategy.*
The insulin regimen should afterward be customized on the
basis of the individual’s response to therapy.”*

The optimal frequency of self blood glucose monitoring
should be determined on an individual basis. The American
Diabetes Association (ADA) recommends self-monitoring of
blood glucose 23 times daily for patients with TIDM. While
no specific frequency of testing has been recommended for
those with T2DM, fasting and 1-2 hours postprandial checks
once to twice daily if A1C >7 or less frequently if fasting
within target and A1C <7 seems to be an appropriate and
practical reference.

Using continuous glucose monitoring devices (CGM) in
clinical practice has allowed clinicians to make several observa-
tions about the practical use of these devices. Most patients
believe that the device works well and provides glucose infor-
mation that helps them to alter diet/lifestyle and make better
insulin treatment decisions. Patients who use sensors must
be properly educated about the interpretation of interstitial
glucose readings. Devices that are currently approved by the
FDA appear to be safe and accurate although there are limita-
tions in some patients with significant differences between the
glucometer and the sensor readings. Future shortand long term
accuracy and clinical studies are essential to further evaluate

sensors use in patients with TIDM and T2DM.

A Team Approach

Ideally, the care of adolescents with diabetes is shared among
an endocrinologist, a primary care provider, diabetes nurse
educator, nutritionist, physical-activity leader, and behavioral
specialist or social worker. Such specialty teams are success-
ful in optimizing therapy and promoting behavioral change.
More importantly, careful involvement by family members is
essential for children to reach therapeutic goals.
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Screening Schedule Recommendations

Ophthalmology: Ask about changes in acuity, central visual
loss, and eye pain at each visit. Perform formal eye exam in all
patients at least annually and each visit if visual abnormalities
are present. Obtain an ophthalmology consult for a dilated
eye exam in patients with a 5-year history of type 1 diabetes
and annually thereafter to reduce the risk of visual loss from
diabetic retinopathy.*®

Cardiac: Ask about diet, smoking, and cardiac events in
family members. Need blood pressure determination and care-
ful exam of heart and peripheral pulses at each visit. Fasting
lipids should be done annually. Adjust antihypertensive and
lipid-lowering medications to achieve target levels. Baseline
electrocardiogram and other cardiovascular testing may be
done as needed. Obtain cardiac stress testing in patients with
typical/atypical cardiac symptoms and an abnormal resting
ECG. Consider screening cardiac stress test in those with a
history of peripheral or carotid occlusive diseases and in those
with a sedentary lifestyle, age >35 years, who plan to begin

a vigorous exercise program.4'5

Renal: Urinalysis, serum electrolytes, BUN, creatinine, and
studies for microalbuminuria (if dipstick negative for protein)
should be done at least annually. Assure adherence with ACE
inhibitors for nephropathy. Refer patients with active urine
sedimentor nephrotic-range proteinuria to a nephrologist for
advice about adjusting pharmacologic therapy and options
about replacement therapy (dialysis and renal transplanta-
tions) when required.”

Neurologic: Ask about burning, numbness or tingling of
extremities at least annually and each visit if neuropathy pres-
ent. Neurologic exam and monofilament testing of the feet
should be done at least annually or as needed. Patients with
neuropathy should have a visual inspection of their skin at
every health care contact. Institute or adjust medications for
neuropathic symptoms.*

Immunizations: Since the guidelines are extensive, readers
areadvised to review recommendations for specific age groups
which are electronically updated and maintained current by

the CDC.>>8

Summary: Pediatric to Adult Care

The unique needs of emerging adults with diabetes pose
a challenge to both pediatric and adult care systems, as
these individuals fall outside the focus of the neatly divided
pediatric and adult tracks.”” The ADA guidelines make no
mention of the special needs of young adults with diabetes
or of the need to consider behavioral and developmental
issues in their evaluation and treatment. The issue of tran-
sitioning adolescents and emerging adults to an adult care
program is a concern for clinicians and researchers from a
variety of medical subspecialties. Families who have already
experienced this period of transition have expressed concerns
about poor communication between families and providers.
Adolescents themselves reported that they did not receive
sufficient information about transition issues®, and they
worry about leaving their familiar health care team for an
unfamiliar medical provider.

Patients perceived huge differences between pediatric and
adult programs, with pediatric models being family centered,
more informal, and socially oriented. Adult programs were
perceived as more formal, with an emphasis on the risks of
long-term complications. Teens seem to prefer programs that
are more developmentally sensitive to their unique needs.”
The current literature suggests that the evidence base used
to guide the clinical care of the young adult with diabetes
is limited, although clinical guidelines do exist regarding
transition issues for this population. In their recent review,
Weissberg-Benchell et al  propose a set of recommendations
to help both pediatric and adult providers care for the transi-
tion needs of this susceptible population. They are:

e Facilitate family and social supports for daily diabetes
care tasks

o Assess for disordered eating, alcohol and/or drug his-
tory
Assess for history of mental health services
Develop “transition” clinic days, where pediatric and
adult providers meet patients and their families at the
same time

e Develop ongoing educational programs for providers
regarding transition issues

e Hire a “transition coordinator” to help facilitate this

In addition, develop telephone and e-mail contact with
young adults to facilitate transition plans. Develop a web
site or newsletter that provides information regarding access
to services and funding. Collaborate with patients and their
families to develop an individualized written transition plan
two years prior to the expected transition date. This should
include an assessment of the patient’s knowledge and skills,
information regarding adult care providers and how to access
those services, and information regarding access to funding/
insurance coverage after age 18 years.”’
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