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Abstract: Diabetes is the third most prevalent severe chronic disease of youth. Management
of any chronic condition like type-1 diabetes (T1D) during adolescence, a time of rapid
growth and physiological changes accompanied by important individuation and socialization
processes, constitutes a major challenge for the youth, their family and the health-care team.
The increasing prevalence of T1D in the adolescent age group and deteriorating glycaemic
control from childhood to adolescence and youth, as well as the secular trend of worsening
glycaemic control in youth and young adults with T1D, are a matter of real concern. Lack of
monitoring, insufficient self-control, psychosocial factors, lack of family support and parental
supervision, inadequate adherence to treatment, pubertal increase in insulin resistance and
incompetent transition from paediatric to adult care are likely causes of deteriorating
glycaemic control in youth. Efforts to improve insulin sensitivity by using pharmacological
agents such as metformin are insufficient in resolving this problem. Interventions such as
structured intervention, motivational interviews, development of youth friendly services and
organization of diabetes camps for peer support can improve adherence in these individuals.
Innovative technologies such as continuous subcutaneous insulin infusion and continuous
glucose monitoring, comprehensive multidisciplinary teams with effective communication,
parental support and supervision with planned transition from paediatric to adult care will not
only reduce the risk of micro- and macrovascular complications in young adults with T1D
but will also cause significant improvement in their quality of life.
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Introduction

Diabetes mellitus (DM) is a chronic illness in which there are raised levels of blood
glucose due to inability of the pancreas to produce insulin (type-1 diabetes) or
failure to use insulin effectively (type-2 diabetes) or at times a blend of both.'
Insulin not only facilitates transport of glucose from blood to body cells where it is
converted to energy but also plays a vital role in the metabolism of protein and fat.
Insulin deficiency over a long duration can cause complications such as cardiovas-
cular disease (CVD), neuropathy, nephropathy and retinopathy.

Type 1 diabetes mellitus (T1D) is caused by autoimmune destruction of B-cells of the
pancreas which occurs due to a combination of genetic susceptibility and environmental
triggers such as viral infections, dietary factors and toxins.'” The incidence of T1D is
increasing globally due to non-genetic factors including environmental and lifestyle
changes” such as rapid increase in obesity and inappropriate feeding during infancy™*
and decrease in rate of infections.” The overall annual incidence of T1D is estimated to be
around 3%.° Around 1,110,100 children and adolescents of age 0—19 years are estimated
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to be affected by T1D and approximately 128,900 are newly
diagnosed every year.” India has the highest number of chil-
dren and adolescents with T1D (95.6 thousand) as well as the
highest number of new cases per annum (15.9 thousand).”

The World Health Organization (WHO) classifies “young
people” as those of age range 10-24 years.® The United
Nations (UN) defines youth as 15-24 years of age’ and the
Society for Adolescent Health and Medicine uses the age range
of 18-25 years to denote the young adult age group.'® As there
is a lack of consensus definition for determining the age range
to be included in the description of young adulthood, we focus
our attention on a broad age group of 10-25 years. Diabetes is
the third most prevalent chronic disease of youth. A study from
British Columbia estimated prevalence of chronic disorders in
13—19-year-olds to be 7% in boys and 11% in girls of which
0.07% were due to T1D, amounting to approximately 1% of
the cases.'' Management of a chronic illness such as T1D
during adolescence, poses a major challenge for the individual
as well as the family and health-care team as it is a period of
rapid growth and physiological changes along with complex
individuation and socialization processes.

As glycaemic control is typically worse in adoles-
cence, it is a critical phase to improve control and
reduce microvascular complications associated with
TID.'? It has been reported by the Diabetes Control
and Complications Trial and the Epidemiology of
Diabetes (DCCT/
EDIC) study that an improvement in glycaemic control

Interventions and Complications
in children and adolescents with T1D causes reduced
risk of diabetes related complications.'> Current
Association (ADA) guidelines
recommend target HbAlc of <7.5% for children and
<7.0% for young adults to maintain near normal glycae-

American Diabetes

mic control while avoiding severe hypoglycaemia.'®
People with T1D require appropriate daily insulin treat-
ment, regular blood glucose monitoring, physical activ-
ity, a healthy diet, education and support for them to
delay or prevent complications associated with diabetes.
This is particularly difficult in early childhood as well as
in adolescence. Living with T1D is a challenge for the
whole family, even in countries with accessible expert
medical care.

The increase in prevalence of T1D in youth along with
the need for high-quality disease management, leads to an
increase in cost of diabetes and may have an overwhelm-
ing effect on health-care expenditure.'> A study on HbAlc
changes over time among adolescent and young adult
participants in the T1D exchange clinic registry showed

that the average HbAlc trajectory in the 818 year cohort
started from 8.2% at age 8, remained stable until age 10
years, then increased until 16-17 years, followed by
another stable period.'® In this narrative review article,
we focus our attention on major challenges faced by
youth and young adults in maintaining glycaemic control
and available solutions to promote improved glycaemic
control thereby improving quality of life of youth with
T1D. The major databases that we searched included
PubMed, MEDLINE, Embase, and Cochrane and the
search terms we used were type 1 diabetes, adolescents,
youth and glycaemic control. We reviewed randomized
control trials, narrative reviews and meta-analysis, recom-
mendations, and guidelines, pertaining to glycemic control
in adolescents and youth with type-1 diabetes.

Type |-Diabetes and Glycaemic
Control in Youth - Problem

Statement

The incidence of T1D in adolescents is on the rise. Figure 1
shows the global trend of incidence and prevalence of T1D
from year 2000 to 2020. A study noted an overall increase of
21.1% (95% CI 15.6-27.0) in prevalence of T1D in youth.'”
This increase in occurrence of T1D presents a significant bur-
den to the health of youth as well as major clinical and public
health challenges due to difficulty in diagnosis and
management.'® The prevalence of T1D is tightly related with
increasing age. Available data indicates a range of 1 case per
1430 children at the age of 5 years to 1 in 360 children at 16
years."”

It has been shown by various studies that glycaemic
control deteriorates during adolescence with higher HbAlc
concentrations than at any other time period in the lifespan of
an individual with T1D. In the DCCT study, adolescents
required higher doses of insulin and still had HbAlc values
of over 1% more than that of adults being treated with similar
therapeutic approaches.”’ The ADA target values of HbAlc
in relation to age are illustrated in Table 1.'

The SEARCH study classified individuals who met the
ADA target as having “good” control, those with HbAlc
>9.5% as “poor” control, and those with HbAlc values
between the cut-offs of “good” and “poor” control as “inter-
mediate” control. It was estimated that around 17% of youth
and 29% of participants aged 19+ with T1D had poor gly-
caemic control.”? The US EXCHANGE clinic registry for
T1D also suggested that only 21% of adolescents with T1D
meet ADA guidelines for target HbA lc.'? These results from
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Figure | Global trend of incidence and prevalence of TID in 0—14 year age group as per IDF atlas (edition | to 9).

Europe and the USA suggest that the situation may be worse
under conditions where there is limited access to insulin, self-
care tools and diabetes education, as in the low- and middle-
income countries (LMIC).

A study from Saudi Arabia reports that 28.6% of toddlers
achieved HbAlc of 8.5%, 15.6% of children achieved
HbAlc of 8% and only 12.4% of adolescents achieved
good glycaemic control (HbAlc 7.5%).?' Another study
from a resource-limited setup in Tanzania also noted that
children in the younger age groups had significantly lower
HbA I¢ than older children (9.8+£2.0 vs 11.4+2.1).% Although
no data from India are available to compare the glycaemic
control in children and adolescents with T1D on basis of their
age, it is suggested that the incidence of T1D usually peaks
between 10-14 years age, referred to as pubertal peaking in
the Asian Indian population.**

Table | Target Values for HbAlc in Relation to Age as
Described by the American Diabetes Association

Target HbAIc Age Group
7.5% to 8.5% < 6 years

< 8.0% 6 to 12 years
<75% 13 to 18 years
<7.0% >19 years

Abbreviation: HbAlc, haemoglobin Alc.

Moreover, the SEARCH study noted that amongst
youth with T1D, mean HbAlc was 8.6% in the period
2002-2007, and statistically significantly higher in 2014—
2019, at 8.7%, after adjustment for study site, age, sex,
race/ethnicity, health insurance status, and disease dura-
tion. It was also found that mean HbA 1c concentrations in
T1D participants in the 10-14 years, 15-19 years, and 20—
24 years age brackets were significantly higher in the
current (2014-2019) cohort than the earlier (2002—-2007)
cohort.>> The proportion of youth above the target of
HbAlc was greater with rising age during the SEARCH
examination.

Thus, the increasing prevalence of T1D in the adoles-
cent age group and deteriorating glycaemic control from
childhood to adolescence and youth, as well as the secular
trend of worsening glycaemic control in youth and young
adults with T1D is a matter of real concern.

Challenges

Significant decline in the quality of diabetes management,
treatment adherence, and glycaemic control have been
observed as children reach adolescence.”® Significant
gaps exist even today in understanding the pathophysiol-
ogy of TID in youth, including estimating burden and
recognizing risk factors for diabetes-related complications
affecting the quality of life of youth with T1D. The chal-
lenges in glycaemic control in youth and young adults are
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broadly classified as due to biological changes, inadequate
compliance, psychosocial changes associated with puberty
and young adulthood and transition to adult care.

Biological

Correlates of relatively high HbAlc include older age and
longer duration of diabetes, amongst others. The deterior-
ating glycaemic control with increasing duration of T1D is
likely due to progressive loss of beta cell function.?’
Further, the hormonal changes of adolescence may lead
to insulin resistance (IR). The pubertal peak occurs in
conjunction with the pubertal growth spurt induced by
sex steroids and pubertal growth hormone (GH), both of
which antagonize the action of insulin. In individuals with-
out T1D, fasting and postprandial insulin concentrations
have been reported to be maximum during mid to late
puberty. Hyperinsulinaemic clamp techniques show
a reduction of 30% in insulin sensitivity during mid-
puberty as compared with prepubertal and adult indivi-
duals. In individuals with TID, a similar pattern of
increase in IR has been observed, but the increase is
greater than in participants without T1D. Puberty at all
stages thus results in an increase in IR both in subjects
with and without T1D.*® Hormonal changes that occur
during puberty with increase in adiposity also contribute
to poor control.”’ Elevated concentrations of GH and
reduced concentration of insulin-like growth factor (IGF)
contribute to weight gain. GH also affects insulin action at
a post receptor level, and the excessive GH secreted in
puberty in individuals with T1D contributes to the changes
in IR. Stress hormones such as cortisol and catecholamines
also increase in adolescence which increase blood glucose.
Moreover, at the time of puberty the lean body mass
increases 2-fold over a period of 2-5 years, which causes
increased insulin requirements and further contributes to

inadequate glycaemic control.

Adherence
Adherence to therapeutic regimens is defined as

The extent to which a person’s behaviour (in terms of
taking medication, following diets, or executing lifestyle
changes) coincides with medical or health advice.

Poor compliance is the leading cause of treatment failure
in adolescents with T1D.?>* The factors related to lack of
adherence in an adolescent include cognition, perception
of ailment, psychological factors, patient education, family
functioning, complexity of the therapy and interference of

the treatment in the patient’s lifestyle.*’ A study has sug-
gested that HbAlc decreases, effect size —0.28 with 95%
confidence interval (CI) —0.24 to —0.32, with improvement
in adherence.>? Around one-third of youth do not monitor
HbAlc at recommended intervals as suggested by ADA
diabetes
complications.”® A study reports that youth with T1D

guidelines for screening for control and
rarely use continuous glucose monitoring (CGM) technol-
ogy which is useful for improved glycaemic control and
reduction of hypoglycaemia when used regularly.**
Another study showed that approximately 65% of patients
using an insulin pump miss >1 bolus doses of insulin per
week. It also reported that missed insulin doses in fre-
quency of greater than 2/week caused significant increase

of HbAlc by 0.5%.>

Psychosocial barriers

Psychosocial barriers include a high prevalence of mood,
anxiety, and depression in adolescents with T1D. Poor
self-control may be related to behavioural, emotional,
and cognitive changes during adolescence which contri-
bute to poor glycaemic control.>® Even though young
adults with T1D appear to be as psychologically well-
adjusted as their healthy peers, there may be some amount
of long-standing neuropsychological effects in adolescence

due to hypoglycaemia.?’

A recent study found much
higher rates of psychiatric morbidity in youth with dura-
tion of illness of 10 years of T1D as compared with the
community.® Eating disorders and disordered eating beha-
viour are reported at higher rates in adolescents with
T1D.*” Also, when working with adolescents, their wishes
and desires, knowledge, capabilities and rights need be
taken into account. These may be constantly changing
and hence require special attention which may not be
provided and may add to worsening of control. In the
management of T1D in younger children, management
decisions are made “adult to adult” by health professionals
in consultation with their parents. Day-to-day disease man-
agement is also usually performed directly by parents.
Parental monitoring is a strong predictor of adolescents’
adherence to management of T1D. As there is a shift in
responsibility of T1D management during adolescence,
a decline in parental oversight is associated with deterior-
ating glycaemic control.*® Also, young people and their
families may give higher importance to education than
treatment during late adolescence causing them to miss
appointments and refusal for lunchtime treatments finally
resulting in poor adherence and glycaemic control. The
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children and young adults with T1D also experience extra
restriction and pain which may further contribute to unde-
sirable outcomes. Presence of an adolescent with T1D
imposes an increased burden on the parents as is the case
with any chronic ailment. The demands of managing
a chronic illness and the restrictions on lifestyle cause an
increased dependence on family members which may be
overwhelming for these young adults with T1D.*!

Transition from Paediatric to Adult Care

It has been noted that odds of poor glycaemic control were
2.5 times higher among youth with T1D transitioning to
adult care compared with those who remained in paediatric
care.*” Thus, challenges in the transition from paediatric to
adult care in youth adds to inadequate control in youth
with T1D.

Solution
There is not a “one-fits-all” solution regarding HbAlc
targets and they must be individualized such that HbAlc
is lowered without increasing frequency of episodes of
nocturnal hypoglycaemia. Metformin causes improvement
in vascular function and IR in adolescents with TI1D.
Exercise programmes tailored to decrease IR in T1D
help to counteract the hostile hormonal environment
affecting diabetes and resulting in complications.*
However, more than pharmacological methods to improve
IR, methods to improve adherence to therapy and resolving
psychosocial issues are likely to improve glycaemic control.
Diabetes self-management education programmes which are
structured are important for treatment of T1D; they can help to
progress patients’ self-management ability and prevent long-
term complications.”® Structured education (SE) is thus con-
sidered as a high-quality education programme for patients
with TID.** A review by Heller et al. recommends SE for all
adolescent patients with TID.* A few studies also report an
improvement in quality of life (QoL) in adolescents with T1D
after intervention with SE as compared with controls.***’
However, a meta-analysis concluded that SE had no signifi-
cant effect on glycaemic control, diabetes self-efficacy, or QoL
in adolescents with T1D.*® They attributed it to lack of matur-
ity and lack of knowledge and understanding of the disease
and its complications as well as the therapeutic regimens of
T1D. Also, most of these SE programmes focused primarily
on carbohydrate counting and insulin adjustment which may
be difficult for adolescents to comprehend. Further, psycholo-
gical approaches to increase motivation, compliance and

confidence were not included in the SE, hence, desired results
may not have been obtained.

Motivational interviewing (MI) is the technique in which
the interviewer and patient engage in a concerted discussion
to empower and motivate the patient to make goals for

behaviour modification.*’

A meta-analysis probing the
effects of MI in long-lasting illnesses including T1D found
that the overall effect of MI interventions on paediatric health
behaviour change was small to moderate.”® Other pilot stu-
dies evaluating the effect of positive affect and cognitive-
behavioural intervention with adherence to T1D therapy
have shown promising results.”'** A study also demon-
strated that addition of psychoeducational intervention in
managing patients with T1D had significantly improved
clinic visit attendance, decreased visits to emergency depart-
ment and rate of hospitalization, and an increased likelihood
of improving glycaemic control and decreased risk of
hypoglycaemia.>

Adherence can be improved by adjusting the doses of
insulin to the patient’s pubertal and growth status, adapting
the treatment to the adolescent’s lifestyle, and suggesting the
support of siblings and peers. Keeping the same profes-
sionals in care of individual patients over time, regular
assessment of adherence in a non-intimidating manner and
simplified therapeutic regimen also help in improving
adherence.”® As young adolescents are primarily interested
in their current state and situation and are not able to envisage
possible alternative futures, the treating team should provide
the patient with information concerning their present condi-
tion. For example, stating that the individual might have renal
defects in the future if his glycaemia is not effectively con-
trolled may be futile. However, if it is stressed that a good
glycaemic control may prevent hospitalization or improve
his sports results, the adherence to therapy increases.
Availability and accessibility of youth-friendly services
with a safe and supportive environment are the need of
the hour. Youth-friendly procedures such as time schedule
not interfering with school activity, shorter waiting time,
youth-friendly staff and detailed information with youth par-
ticipation and community backing form crucial elements of
youth-friendly services which if implemented in individuals
of T1D may improve their glycaemic control.”

The USA T1D Exchange (T1DX) study group reported
that around 50% of adolescents aged 13—17 years and 52%
of subjects of age 18-25 years used an insulin pump in the
unit of 11,641 participants aged <18 years in USA.
Continuous subcutaneous insulin infusion (CSII) has prac-
tical benefits over basal bolus regimen to facilitate the
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everyday management of the disease. The use of insulin

pumps causes improved glycaemic control in
adolescents.’® They also improve mood, cognition and
behaviour.’” The use of continuous glucose monitoring
(CGM) may be useful to avoid ideally recommended 6—
10 fingerstick glucose checks daily by the International
Society of Paediatric and Adolescent Diabetes (ISPAD).>®
The application of CGM sensors for >6 days per week
Advanced

research to evaluate improvement in glycaemic control

verified substantial benefit in adolescents.”’

with advent of CGM with alarms, self-augmented pump
therapy (SAP) and automated insulin delivery-closed loop
(artificial pancreas) is being undertaken. Moreover, the
previously strong association of low HbAlc with severe
hypoglycaemia and coma in young individuals with T1D
has decreased allowing achievement of near-normal gly-
caemic control in these patients.®’

Diabetes camps provide many activities such as med-
ical education talks and discussions, blood glucose testing
four times a day, insulin adjustment before each meal by
the team, supervision of insulin injections and planning of
all meals by the dietitian. Numerous studies have revealed
that diabetes camps have an advantageous effect on
knowledge and self-management of T1D.®"*? Diabetes
camps also improve metabolic control with potential con-
tribution of exercise, premeditated diet, diabetes teaching,
and a planned self-care environment with overseen insulin
injections, blood glucose checks and peer group support
for behavioural-emotional improvement.®?

However, the care of adolescents with T1D surpasses
the simple treatment of the disorder and should include the
handling of adolescent-related health burdens and pro-
blems, precautionary intervention and counselling.
A multidisciplinary team which includes various profes-
sionals such as nurses, psychologists and dietitians over
and above the treating specialist may help in improving
the outcome. Effective communication by health-care pro-
viders is important for adherence to therapy amongst youth
with T1D. A meta-analysis showed the importance of
good communication by physicians/providers on patient
adherence. The relationship was even stronger when the
communication was made with both parents and patients.
It was also found that the odds of a patient adhering to
therapy were higher (1.62) if the physician had received
specific training in communication skills.** These may be
applicable for youth and young adults with TID in
improving adherence. Innovative approaches to improve
glycaemic control in adolescents with T1D include the use

of technology. A study that used text messages to remind
youth about diabetes-related tasks demonstrated improved
glycaemic control.®> A study from Israel suggests that
learning with computerized simulations about biochemical
processes can improve adolescents’ adherence and result
in improved glycaemic control. Applying scientific knowl-
edge into the hospital educational setting may thus
improve the outcome.

For better transition to adult care, the disease patho-
physiology must be discussed as the young T1D patient
grows up. One must recognize issues faced by the patient
and their parents. Identification of contemporaries who
have an interest in responsibility of young adults,
a social worker who can supervise the transition,
a meeting between the existing and new health-care
team, follow-up phone calls and psychological backing to
the patient during the transition allows smooth transition
of an adolescent to adult care.®®

However, one of the limitations of this review is that
little information on whether an individual patient
achieved his/her target is available as most studies
describe the mean or median HbAlc values of the popu-
lation. Moreover, studies describing variations in control
between socioeconomic classes are scarce and may be
a scope for future studies. To summarize, increase in
prevalence of T1D, lack of monitoring, insufficient self-
control, psychosocial factors, lack of family support and
parental supervision, inadequate adherence to treatment,
pubertal increase in insulin resistance and incompetent
transition from paediatric to adult care is likely to cause
poor glycaemic control in youth and young adults.
Proposed solutions to improve control of diabetes
include deployment of a multidisciplinary team with
effective communication, development of youth-friendly
services, organization of diabetes camps for peer sup-
port, structured education and motivational interviews.
Further, to improve adherence, promoting use of CSII,
CGMS and other technological advancements may be
helpful. With increasing prevalence of T1D in youth
and young adults and secular deterioration of glycaemic
control in this group, it has become progressively impor-
tant to find ways to improve glycaemic control to pre-
vent development of future microvascular complications
and to improve quality of life. Innovative technologies,
comprehensive multidisciplinary teams, parental support
and supervision with planned transition from paediatric
to adult care may be useful in improving glycaemic
control in this vulnerable population.
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