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INTRODUCTION
Numerous studies pr ovide evidence that metabolic con-

trol deteriorates during adolescence in those with type 1
diabetes compared to younger children and adults 1-4. Re-
cently, in an evaluation of 2873 children and teens with
type 1 diabetes from 17 countries, adolescents were found
to have higher HbA1c levels than younger childr en, and fe-
wer (29 versus 41%) could be considered in “good” meta-
bolic control defined by HbA1c levels <8% 3. Furthermore ,
in the Diabetes Control and Complications T rial (DCCT),
the adolescents achieved HbA1c levels that were, on ave-
rage, 1% higher than those in the adults in both the con-
ventional and intensive tr eatment cohorts 1. Of note, in all
of these studies, higher HbA1c levels were  reported even
though the teens were  receiving a higher insulin dosage (in
units/kg) than prepubertal or adult subjects 1,3.

This article explores the biologic/physiologic and psy-
chologic/psychosocial factors that may account for rising
HbA1c levels during adolescence. We conclude that insulin
resistance of puberty is an important factor which contri-
butes to, and is a consequence of, poor metabolic contro l.

NORMAL ADOLESCENCE
During adolescence there is rapid physical, emotional

and psychological gr owth. Teens move from complete de-
pendence on par ents to a more independent lifestyle. This
occurs on the background of major changes in the horm o-
nal mediators of puberty, i.e. activation of the hypothala-
mic-pituitary-gonadal axis, and amplification of the GH-
IGF-l axis.

Teens with type 1 diabetes face additional challenges:
they must acquire the knowledge and skills to take over
their own diabetes care, specifically administration of in-
sulin injections, monitoring of blood glucose levels, insu-
lin dose adjustment, avoidance or tr eatment of hypoglyce-
mic episodes and meal planning. Adolescence is the time
when specific psychologic str esses emer ge, such as weight
and shape concerns that may, in teenage girls, develop into
full-blown eating disor ders. It is also the time of emergen-
ce of risk-taking behaviours such as experimentation with
tobacco, alcohol and drugs. 

The hormonal changes of puberty may impact negati-
vely on diabetes contr ol. Historically, diabetes health care

professionals have pr esumed that the deteriorating meta-
bolic control during puberty is largely the result of the psy-
chosocial upheaval and noncompliance with self-care  rou-
tines that accompanies adolescence. However,  there is
good evidence that the insulin resistance of puberty con-
tributes significantly to this metabolic deterioration. We be-
lieve that there is a complex interplay between physiolo-
gic and psychosocial factors that make excellent glycemic
contro l  di fficult, but not impossible, for adolescents with
type 1 diabetes.

“Biologic” factor: Insulin resistance of puberty
Type 1 diabetes in adolescents is often characterized by

higher HbA1c levels, higher insulin dose r equir ements and
the potential for excessive weight gain (per haps more so
in the girls than boys) 1-5. This triad of findings suggests that
the administered insulin is less effective in maintaining gly-
cemic contro l  (i .e. insul in resistance), but does allow nor-
mal gr owth and sometimes excessive weight gain (i.e. nor-
mal anabolic ef fect of insulin during puberty). This re sul ts
from dysfunction of a usually adaptive pr ocess (i.e. the nor-
mal insulin r esistance of puberty) due to the pr esence of
diabetes.

Insulin resistance is a component of nor mal puberty. Mo-
ran and colleagues perf ormed euglycemic- hyperinsuline-
mic clamp studies on 357 nondiabetic children at various
stages of puberty and found that insulin sensitivity decrea-
sed significantly in early to mid-puberty, improving again
with the completion of sexual maturation 6. The maximal
decr ease in insulin sensitivity was about 20% in mid-pu-
berty and at all stages of puberty, girls were more insulin
resistant than boys 6. 

Amiel and Bloch and their colleagues studied pr epuber-
tal, pubertal children and adults with and without type 1
diabetes using the euglycemic-hyperinsulinemic clamp 7,8.
In both studies, puberty was associated with decreased in-
sulin sensitivity compared to both the pr epubertal and
adult subjects. Of note, the subjects with diabetes showed
a 33-42% lower insulin sensitivity at all ages compared to
their non-diabetic peers 7. In another,  sl ightly larger study
matching for BMI, pubertal stage and glycemic contro l , Ars-
lanian et al found a 43% decrease in the insulin-mediated
glucose utilization rate in 15 female adolescents with type
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1 diabetes compared to 12 male counterparts 9. Thus, the
normal insulin r esistance of puberty appears to be exag-
gerated to a greater degree in the teen with type 1 diabe-
tes and per haps more so, in females.

The insulin resistance of puberty in nondiabetic children
is a normal physiologic r egulator of the pubertal gr owth
spurt and is likely an evolutionary adaptive r esponse. In-
creased activity of the GH-IGF-l axis and possibly, increa-
sed secr etion of sex ster oids, during puberty may account
for decr eased insulin-mediated glucose uptake 8,10-12 . Non-
diabetic teens do not develop hyper glycemia as they are
able to incr ease insulin secr etion sufficiently to over come
the resistance 13. Caprio and colleagues demonstrated that
the insulin r esistance of puberty r elates only to the eff ects
of insulin on glucose regulation and not to its ef fects on
protein synthesis and lipogenesis 14. The specificity of the
effects of insulin r esistance on glycemia and the r esulting
relative hyperinsulinemia provide an adaptive, gr owth pro-
moting, anabolic effect during puberty.

In type 1 diabetes, the insulin r esistance of puberty in-
creases insulin requir ements, more so in girls than in boys 3.
The r esult of this is gr eater peripheral hyperinsulinemia
and more pr otein and lipid deposition. This accounts for
the more rapid weight gain and higher body mass index in
teens with type 1 diabetes compared to their peers. 

Chronic hyper glycemia also decreases insulin dependent
glucose uptake in peripheral tissues and may be a conse-
quence of noncompliance with one or more of the impor-
tant aspects of the diabetes treatment r egimen 15. Thus, the
interplay of psychosocial disturbance and physiologic
events will lead to hyperglycemia, exaggerated insulin re-
sistance and deterioration in metabolic contro l. 

Psychosocial factors
Many studies have examined family functioning, coping

abilities and levels of anxiety and depression in teens with
diabetes. In addition, the fr equency and severity of disor-
dered eating patterns and substance abuse in this popula-
tion has led to recognition of how these behaviours might
impact on metabolic contro l.

Impact of chronic disease 
Kovacs and her colleagues, followed a cohort of children

from the onset of their diabetes 16. They r eported that 45%
of the gr oup had a period of “pervasive noncompliance”
during adolescence. This was defined as noncompliance
with at least two of the three cor nerstones of diabetes ma-
nagement, namely insulin injections, self-monitoring ro uti-
nes and meal planning. Furthermore, noncompliance du-
ring adolescence was highly pr edictive of major psychiatric
disorder (affective disorder, conduct/substance abuse di-
sorder or anxiety disor der) during early adulthood 16.

Jacobson et al also studied psychological adjustment to
diabetes. At 10 year follow-up, diabetic subjects r eported
lower per ceived competence and self-esteem which may

predispose them to risk for future depr ession or adaptation
diff icul ties17. A prospective 2-year study of newly diagno-
sed children and adolescents with diabetes showed an in-
creased risk of depr ession at study end, as compared to a
nondiabetic, age-matched, healthy contro l  group 18. 

Family functioning and autonomy issues
A review of more than 30 studies on social support and

health outcomes of adolescents with type 1 diabetes found
that supportive, cohesive families with low levels of con-
flict were more likely to have adolescents with str ong ad-
herence and good metabolic control than families without
such cohesion 19. A four year longitudinal study examined
family milieu and diabetes control at various time points
also confir med that str ong family cohesion can help pro-
tect the young adolescent from poor glycemic contro l 20. At
10 year follow up, these same authors found that patients
with irr egular clinic follow up in the first few years after
diagnosis were most likely to experience poor metabolic
contr ol, episodes of ketoacidosis and r etinopathy 21. In ad-
dition, families with irr egular follow up were more disad-
vantaged in terms of social or demographic markers and
had incr eased par ental separation/divorc e.

Eating disorders in adolescent females 
with type 1 diabetes

W e believe that there is evidence to support the notion
that specific features of diabetes and/or its management
may lower the thresh old for expr ession of eating distur-
bances in teenage girls: 

1) There is often rapid weight gain following the initia-
tion of insulin treatment and increased weight as a conse-
quence of impr oved metabolic contro l 1; 2) Dietary restraint
is an integral part of diabetes management; and 3 ) Insulin
omission or dose manipulation is a unique method of
weight contro l  through induced glycosuria 22.

Although re sul ts from smaller studies are inconclusive, a
recent large thr ee-site study showed definitively that girls
with diabetes have a two-fold gr eater risk of developing
eating disor ders than their non-diabetic peers 23. Clinical
diagnosis of eating disor ders could be made in up to 10%
of the teenage girls with diabetes compared to only 4% of
their nondiabetic peers and an additional 7-15% of diabe-
tic girls meet criteria for subclinical eating disor ders 23-27 .
Both overt and subclinical eating disordered behaviour
may have a significant impact on metabolic control and
diabetes-r elated complications.

The most common weight control behaviours in these
girls include binge-eating (60-80% of adolescent females
admit to binge eating) and intentional under dosing insulin
in 12-40% 28-31 .

There are important implications of these behaviours.
HbA1c levels in diabetic girls with clinical and subclinical
eating disorders have been shown to be consis tently hig-
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her than in those with nor mal eating behaviours 24,25,31,32 .
Furthermore, 4 year longitudinal study from our centre do-
cumented that girls with persistent eating disor ders main-
tained higher HbA1c levels compared to those without di-
sordered eating behaviours (9.9% vs. 8.3%) 33. In addition,
those with eating disor ders had a higher pr evalence of re-
tinopathy 33. The association of eating disordered diabetics
and micr ovascular complications has been confir med by
others 34,35 .

Diabetes management
Other potential causes of poor metabolic control during

adolescence r elate to the technical aspects of insulin deli-
very. Inaccurate insulin measur ement and insuf ficient mi-
xing of NPH insulin occurs commonly 36,37 . As teens assu-
me more responsibility for their own care, there  i s
generally less supervision by par ents and the possibility of
dosing err ors and using good injection technique may in-
crease.

TREATMENT STRATEGIES

Psychosocial
Psychosocial interventions in teens with type 1 diabetes

have been r eported infr equently, and tend to look at short-
term outcomes 38-40 . All have been gr oup interventionsba-
sed on frequent meetings over a period of a few months to
discuss diabetes management, tr ouble-shoot common pro-
blems and pr ovide a forum for support and guidance. A re-
cent review of these interventions indicates that these stu-
dies have a small to medium sized beneficial ef fect on
diabetes management 41. The most ef fective interventions
appear to be guided by theor etical principles that pr ovide
a rationale for the content of the intervention, along with
outcome assessments 41. 

A randomized, contr olled study examined the eff ect o f
coping skills training (CST) in a gr oup of adolescents em-
barking on intensive diabetes management (IDM) 42. After
12 months, both control and CST gr oups had impr oved
metabolic contr ol, however,  t he group who r eceived CST
had an addition 1% decr ease in HbA1c compared to the
control IDM group with no increase in hypoglycemic epi-
sodes. In addition, the CST gr oup scored significantly bet-
ter on diabetes self-efficacy and quality of life score s.

There  i s very l i ttl e i nformation on eff ective treatment or
prevention of eating disor ders among young diabetic fe-
males. We compared a six-session gr oup psychoeducatio-
nal therapy to standard diabetes tr eatment and showed a
significant impr ovement in eating attitudes and less dieting
and binge eating episodes at the end of tr eatment 43. The-
se impr ovements were maintained at 6 and 12-month fo-
llow-up, however,  there was no decr ease in fr equency of
insulin omission for weight control or HbA1c. A case series
reported 6 subjects who r eceived cognitive behavioural tre-
atment for bulimia nervosa, with minor modifications made

for diabetes 26. This series showed impr ovements in the ea-
ting habits and glycemic control in these patients. 

Pharmacologic
Intensified diabetes management with multiple daily in-

jections of insulin or use of insulin pumps, fr equent blo-
od glucose monitoring and car eful nutritional planning has
been shown to impr ove metabolic control and decrease
the microvascular complications of diabetes in both adults
and adolescents 44. The Diabetes Control and Complica-
tions T rial enr olled 195 adolescents between the ages of
13 and 17 years 1. Teens randomized to intensive therapy
had significantly lower mean HbA1c levels than their con-
ventionally treated counterparts (8.2 versus 9.8% r especti-
vely). However, HbA 1c in the adolescents were about 1%
higher in both the conventional and intensive therapy
groups compared to the adult subjects participating in the
study 1. 

Other phar macologic strategies such as the use of IGF-l
or insulin sensitizing agents, such as metfor min or thiazo-
lidinediones, r emain experimental, but warrant extensive
analysis for both safety and ef ficacy in this group.

SUMMARY
Both psychosocial and physiologic factors contribute to

the deterioration in metabolic control in the adolescent
with diabetes. W ith the assumption of gr eater indepen-
dence by these teens, there is more opportunity for decre-
ased compliance with diabetes management. Family func-
tioning also has a significant impact: those from families
with high conflict level, weak cohesion, inadequate family
structure and impaired communication are at gr eater risk
for poor metabolic contr ol. It is not clear if diabetic ado-
lescents experience an incr eased fr equency of depr essive
and anxiety disor ders compared to their nondiabetic peers,
however,  there is good evidence that when a psychologi-
cal disturbance is pr esent, there is coexisting poor meta-
bolic contro l.

There is a higher prevalence of clinical eating disorders
in teenage girls with diabetes than in the general popula-
tion. Insulin omission is a unique method of weight con-
trol.

A number of intervention strategies such as behavioural
therapy using coping skills training, have been successful
in the short term. Long term outcome studies are  required
to deter mine if these benefits are maintained. In young fe-
male diabetics with eating disor ders, r esearch strategies
such as cognitive behaviour therapy are needed to deter-
mine if impr ovement in metabolic control can be achieved
and maintained. Finally, newer treatment strategies, such
as the use of metformin, and possibly other insulin sensiti-
zing agents, such as the thiazoladinediones, may improve
the insulin resistance of puberty. Impr oving insulin sensi-
tivity may have beneficial ef fects on glycemic excursions,
making it easier to adjust insulin, lower insulin doses, re-
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duce the risk of unwanted weight gain, and impr ove me-
tabolic contro l. 
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