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BACKGROUND
During adolescence major hormonal, neuro-maturational, emotional and psychosocial changes occur within a relatively
short time interval. The additional burden of living with a chronic disease such as type 1 diabetes can further add to the
potential for instability.

OBJECTIVE
This article discusses the specific management issues facing diabetic patients and their doctors in the teenage years.

DISCUSSION
Deteriorating metabolic control of diabetes during adolescence is a relatively common event. Increasing insulin
resistance during adolescence is usual for both sexes. Adolescents may increasingly resent parental supervision of their
diabetes care, and also rebel against the restrictive nature of diabetes treatment regimens with acceptance of medical
advice and adherence to treatment regimens diminishing. Diabetes may interfere with conformity to a peer group and
increase the likelihood of risk taking behaviours and fluctuating glycaemia may increase the likelihood of an adverse
outcome. Physical risk taking, binge drinking, recreational drug use and unplanned sexual activity all present particular
problems for adolescents with diabetes. Subthreshold eating disorders are more common in adolescent females with
type 1 diabetes than in their nondiabetic peers. The most helpful thing for a health care professional to do is to maintain
a mutually respectful relationship with an adolescent who is struggling to control their diabetes, encourage family
support, and praise any improvements that the adolescent makes as he or she proceeds toward adulthood.

‘Our adolescents now seem to love luxury.
They have bad manners and contempt for
authority. They show disrespect for adults
and spend their time hanging around places
gossiping with one another... they are ready
to contradict their parents, monopolise the
conversation in company, eat gluttonously
and tyrannise their teachers’.
Socrates
The challenges of adolescence have been with us for
some time. There may be some comfort in knowing
that even ancient and great philosophers had no
greater insight than contemporary parents and care
givers. Adolescence can be seen as tectonic situation
where psychological and physiological changes grind
against each other, sometimes with no apparent
consequence and at other times with cataclysmic
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outcomes. During adolescence major hormonal, neuromaturational, emotional and psychosocial changes
occur within a relatively short time interval. These
changes can have a major impact on the individual and
their family. The extra burden of living with a chronic
disease such as type 1 diabetes can further add to
the potential for instability and turmoil. Longitudinal
data indicates that by the time patients with type 1
diabetes reach adolescence, one in 3 will have a DSMIV psychiatric disorder.1

Diabetes outcomes through adolescence
Deteriorating metabolic control of diabetes during
adolescence is unfortunately a relatively common
event.2–5 Some of the reasons for worsening metabolic
control include erratic meal and exercise patterns, poor
adherence, deliberate risk taking behaviour, eating

disorders, maladaptive lifestyle practices acquired during
adolescence, and endocrine changes associated with
puberty, leading to greater insulin resistance.6–18 Studies5,19
have shown that females appear to be most likely to
experience deterioration in metabolic control during this
time.

Physiological changes that affect diabetes
Increasing insulin resistance during adolescence is
usual for both sexes, accounting for the well recognised
increasing total daily insulin requirement from less than
1 unit/kg/day to as high as 2 units/kg/day.20–22 Central to
the hormonal events of puberty is the growth hormone/
insulin-like growth factor axis. Growth hormone (GH)
is the counter regulatory hormone thought to be most
responsible for increasing overnight insulin resistance,
otherwise known as the ‘dawn phenomenon’. 23 As
overnight secretion of GH increases through puberty,
increasing levels of morning hyperglycaemia are often the
corollary. Some adolescent females may also experience
cyclical fluctuations in glycaemia, often hyperglycaemia,
immediately before menstruation.24 Irregular menses and
subsequent polycystic ovarian syndrome are sometimes
seen in adolescent females with poor control and
excessive weight gain.25

Specific challenges for adolescents with diabetes
Risk taking behaviours
‘If there would be no age between ten and
three-and-twenty, or that youth would sleep
out the rest; for there is nothing in the between
but getting wenches with child, wronging the
ancientry, stealing (and) fighting’.
Shakespeare, A Winter’s Tale
Neuro-maturation and impulse control are significant
issues during adolescence. Adolescent actions can
therefore at times be impulsive and seemingly without
regard to consequence. Examples of this are physical
risk taking, binge drinking, recreational drug use and
unplanned sexual activity. The first of these (more often
seen in males) may result in significant injury or, more
tragically, deaths associated with distinctly adolescent
activities such as ‘train surfing’, ‘car joy riding’ or graffiti
writing in hazardous environments. 26,27 Heavy alcohol
intake, recreational drug use and sexual activity are also
often impulsive. Physical morbidity, unwanted pregnancy,
psychopathology and mortality may arise in this context
through accidental overdose, ingestion of unknown and
multiple agents, infection, and the combination of an
altered sensorium with risk laden activity. Diabetes may

interfere with conformity to a peer group28 and increase
the risk and likelihood of risk taking behaviours.29 In this
context however, fluctuating glycaemia may increase the
likelihood of an adverse outcome ensuing.

Nonadherence
‘Children aren’t happy with nothing to ignore,
And that’s what parents were created for’.
Ogden Nash
‘Parents are the bones upon which children
sharpen their teeth’.
Peter Ustinov
Adolescents may increasingly resent parental supervision
of their diabetes care and also rebel against the restrictive
nature of diabetes treatment regimens. Acceptance of
medical advice and adherence to treatment regimens
therefore tends to diminish during adolescence
as teenagers become increasingly independent. 8–
11 Reluctance to do more than a minimum of blood
glucose tests, erratic meals and missed insulin doses
are commonplace. There are a number of risk factors
that are particularly associated with poor adherence
including emotional disturbance, family dysfunction, poor
school performance and difficult peer relationships. 30
While nonadherence during adolescence may appear
entrenched and unlikely to improve, it is important
for health care staff to remain dispassionate and
nonjudgmental so as not to alienate their adolescent
patients. Any improvement in metabolic control is to
be lauded and a ‘cup half full’ rather than half empty
perspective is often helpful.

Changing insulin regimens
Data from a state wide study in New South Wales
showed that the majority of children with type 1 diabetes
are prescribed twice daily insulin.31 The figures cited in
this study are similar to our experience in Victoria. Most
adolescents are encouraged to switch to basal:bolus (4
injection) regimens with an accompanying notion that
this will increase flexibility of lifestyle. Unfortunately this
change is often associated with deteriorating metabolic
control and increasing weight gains, particularly in
females.32 In particular, some adolescents struggle with
having to self administer insulin in a school context
and this may lead to deteriorating adherence. It would
appear unlikely therefore, that the simple substitution of
analogue insulins will lead to significant improvements
in this area. Long term follow up data on the use of
insulin pump therapy in this particular age group is
still forthcoming. Our anecdotal experience in this age
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group is similar to that of basal:bolus regimens, and that
remembering to bolus dose appropriately remains the
greatest challenge.

occurred, as muscle glycogen stores are repleted. Therefore,
if sporting activity occurs in the afternoon, special attention
should be given to subsequent overnight glycaemia.

Sick day management

Pregnancy and sexual health

The principles of sick day management during
adolescence are no different from those in other age
groups. Intercurrent illness (most often infectious) may
cause marked fluctuations in glycaemia with a vigorous
immune or ‘stress’ response inducing insulin resistance
and hyperglycaemia and vomiting/decreased oral intake
potentially causing hypoglycaemia. The aim of sick day
management is to prevent ketoacidosis and severe
hypoglycaemia. There are numerous techniques that can
be employed by families including ‘mini dose glucagon
rescue’ and more frequent, extra doses of short acting
insulin being given. A detailed description of these
techniques is beyond the scope of this article, however
useful information is available (see Resources). In the
context of adolescence, sick day management protocols
can also be used successfully during recovery phases of
either alcohol or drug induced illness.

Counselling regarding sexual health for adolescents with
diabetes varies little compared with their nondiabetic
peers. Adolescents and young adults should be aware
that hypoglycaemia can affect sexual performance
(particularly by males) and that chronic hyperglycaemia
can be associated with recurrent candidiasis (particularly
in females). Contraception is a critical issue for all sexually
active adolescents, but particularly so in the context of
diabetes. It should be emphasised that great care needs
to be undertaken to ensure optimal diabetes control in
females before becoming pregnant in order to maximise
the wellbeing of the fetus. Given that most adolescent
females neither desire pregnancy nor have optimal diabetes
control, contraception should be actively discussed. Low
dose oestrogen containing oral contraceptive (OCP) agents
are not contraindicated in type 1 diabetes, however, they
should be used with caution as some recent long term
data has suggested that sustained use of the OCP may be
associated with a greater risk of nephropathy.33

Sports
Participation in sporting activity for adolescents with
diabetes is desirable for a number of reasons including
positive impact upon self esteem and mental health,
potential benefits to metabolic control, and prevention
of excessive weight gain. Managing blood glucose levels
during sporting activities however can be problematic.
Short bursts of anaerobic activity may be associated with
hyperglycaemia whereas long periods of aerobic activity
may cause hypoglycaemia. Alternatively, swings in blood
glucose levels may effect judgment and sporting prowess.
While most sports are accessible to young people, some
extreme sports where momentary loss of judgment could
have dire consequences are best avoided (eg. scuba diving
and solo hang-gliding). Other sports such as rock climbing,
flying, motorbike/car racing, open water swimming and
cross country skiing should be undertaken in company with
someone who has a knowledge of hypoglycaemia therapy.
There are several strategies to avoid hypoglycaemia during
prolonged exercise including reducing the insulin dose
before (this is a good strategy if the amount of exercise
is predictable, eg. swimming) or having ‘hypo’ foods and
drinks on hand (this is a good strategy if the degree of
physical exertion is less predictable, eg. football). If patients
are ketotic, sports are best avoided until the ketones have
been cleared with increased insulin therapy. Patients must
be reminded that the potential for hypoglycaemia exists
for up to 12 hours after the activity if marked exertion has
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Eating disorders/body image
Increases in body mass index (BMI) frequently occur
during adolescence, particularly in females. This often
causes marked distress and may be coincident with
the appearance of an eating disorder.13,14 Subthreshold
eating disorders have been found to be almost twice as
common in adolescent females with type 1 diabetes than
in their nondiabetic peers.16 Many female adolescents with
diabetes rapidly learn how to manipulate weight gains
by altering insulin dosage. 18 The combination of either
anorexia nervosa or bulimia and diabetes can result in
marked deterioration in metabolic control, multiple hospital
re-admissions for either ketoacidosis or hypoglycaemia,
early appearance of diabetes related complications, and
considerable familial disruption. Increasing BMI in the
absence of an eating disorder is also problematic. Recent
longitudinal Finnish data showed that 33% of patients
aged 18–33 years with type 1 diabetes were significantly
overweight and that this was an independent risk factor
for subsequent diabetic nephropathy.34

Alcohol and recreational drug use
The adverse effects of recreational drug use in adolescents
with diabetes are the same of those for their nondiabetic
peers. In the context of type 1 diabetes however, there
are four additional dimensions of illicit drug use that need
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to be considered. These include: interaction between
drug effects and body metabolism; effects of drugs
upon motivation to maintain diabetes control; confusion
between hypoglycaemia and intoxication; and added
risk factors from smoking in respect to micro- or macrovascular disease. The context of recreational drug taking
will also have a significant impact (eg. increased caloric
intake with cannabis, associated rave dancing/frenzied
activity with ecstasy or methamphetamine, vomiting with
alcohol binging). Therefore the effects upon glycaemia
are not only drug but context dependent and it is hard
to be dogmatic when counselling adolescents about
generic harm minimisation strategies. At a basic level
we recommend having a decent meal before going out
and checking blood glucose levels as often as possible
during the night, but particularly before going to bed. The
credibility of any advice from medical experts will depend
upon an up-to-date knowledge of recreational drug taking
mores/activities and a nonjudgmental, realistic approach
(see Resources).

Microvascular complications
The incidence of microvascular diabetic complications
is fortunately low in the adolescent age group. Recent
studies from both the Royal Children’s Hospital in
Melbourne and Westmead Children’s Hospital in Sydney
have shown incidence rates of 0.7–2.0% for mild,
nonproliferative retinopathy and 2.0–3.0% for persistent
microalbuminuria.35,36 There were no adolescent patients
showing evidence of either macroalbuminuria or
proliferative retinopathy in either group. Notwithstanding
this, it is often during adolescence that patients commence
routine diabetes related complication screening and hence
increasingly start to think about this aspect of their overall
health. Some patients will use this as a motivational tool
while others may become depressed about their long term
outlook. Many patients may show little outward interest,
regarding diabetes related complications as irrelevant to
them and something that ‘only happens to old people’.

Transition
Transition of adolescent to adult diabetes care services
should coincide with a major degree of autonomy in
self care by the young adult in question. Unfortunately
the process of successful transition from a paediatric
or adolescent clinic to an adult program often remains
suboptimal. Anecdotally we experience significant drop
out rates during the process of transition despite transition
workshops and active collaboration with other adult
diabetes services. Adolescents should be made aware
of the different adult clinics available to them and the

practice style of those clinics. In some centres, specific
young adult clinics are provided. These clinics are often
staffed by a combination of both paediatric and adult
diabetes specialists. Unfortunately, if transition is not made
successfully and patients are lost to ongoing specialist
care, diabetes control usually deteriorates markedly,
maladaptive lifestyle practices become further entrenched,
and the early appearance of diabetes related complications
frequently results. It is during this period that the greatest
risk for sudden death exists37 and therefore the time at
which the greatest efforts should be made in ensuring that
patients are not lost to follow up.

‘The denunciation of the young is a necessary
part of the hygiene of older people, and
greatly assists in the circulation of the blood’.
Logan Smith, Oxford Scholar 1865–1946
‘I have found the best way to give advice to
your children is to find out what they want
and advise them to do it’.
Harry S Truman 1884–1972

Positive therapeutic approaches
Education about diabetes and its management had
been widely advocated as the answer to some of the
maladaptive lifestyle practices adopted by adolescents.
Unfortunately there is little evidence to suggest a link
between knowledge and health behaviour in adolescents.38
Alternatively positive role modelling, diabetes camps,
buddy systems and peer counselling are approaches
gaining increasing usage within paediatric diabetes
clinics. Techniques that encourage resiliency life skills
are also gaining interest from some clinicians who deal
with adolescents and chronic disease, although specific
diabetes research in this field is lacking.
Perhaps the most helpful thing for a health care
professional to do is to maintain a mutually respectful
relationship with an adolescent who is struggling to control
their diabetes, encourage family support, and praise any
improvements that the adolescent makes as he or she
proceeds toward adulthood.

Resources

• C aring for diabetes in children and adolescents. A parents
manual. 2nd ed. Ambler G, Ambler E, Barron V, Cameron F, May
C, editors. Joint project of The Children’s Hospital at Westmead
and the Royal Children’s Hospital. Open Training and Education
Network – Distance Education (OTEN-DE). Available at www.rch.
org.au/diabetesmanual/index.cfm?doc_id=2352
• NHMRC clinical practice guidelines for type 1 diabetes in children
and adolescents. Available at www.chw.edu.au/prof/services/
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endocrinology/apeg/apeg_handbook_final.pdf
• Useful tools on alcohol and recreational drug use (DVD/video) are
available at ‘Keep your life online’ (www.theinjectors.org/pages/
video.html) and a wallet insert ‘Going out/staying out’ (available
through RCH, Melbourne).
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