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Executive summary and Recommendations

o Tailor insulin regimen to activity (B). Multiple daily
injections or a pump may be easier to combine with
active exercise.

o Discuss the percentage reductions in insulin before
exercise (C).

o When exercise is planned at a time of peak insulin
action, a marked reduction in dose should be
made.

o The pump needs to be disconnected or a temporary
basal rate implemented at least 90 min before
starting the exercise to give a reduced basal effect.

o Do not inject the insulin in a site that will be heavily
involved in muscular activity.

¢ Discuss type and amount of carbohydrate (CHO)
required for specific activities (B).

e Any exercise is dangerous and should be avoided
if pre-exercise blood glucose levels are high (>14
mmol/L, 250 mg/dL) with ketonuria (small or more)/
ketonemia (>0.5mmol/L). Give approximately
0.05 U/kg or 5% of total daily dose(TDD, including
all meal bolus doses and basal insulin/basal rate
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in pump) and postpone exercise until ketones have
cleared (B).

e Consume up to 1.0-1.5g of CHO per kilogram of
body mass per hour of strenuous or longer duration
exercise when circulating insulin levels are high, if
pre-exercise insulin doses are not decreased (B).

e Meals with high content of CHOs should be
consumed shortly after the exercise event, taking
advantage of the period of heightened insulin
sensitivity to help replenish glycogen content and
limit post-exercise hypoglycemia.

¢ Alcohol inhibits gluconeogenesis so hypoglycemia is
more likely if consumed (A).

e Dechydration is a risk unless sugar-free fluids also are
consumed (E).

o Use of detailed records of physical activity, insulin,
food, and glucose results is important for good
diabetes control during spontaneous physical activity
and/or exercise. New technologies, e.g., embedded
into Smartphones may be of use (E).

o Hypoglycemia may not only be anticipated during or
shortly after exercise, but is also possible up to 24 h
afterwards, due to increased insulin sensitivity (A).
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o Measure blood glucose before going to bed and
decrease bedtime basal insulin (or pump basal)
by 10—-20% after an afternoon or evening exercise
session if the exercise was more intense than usual
or an activity not performed regularly.

o Short sprints added to aerobic training can
minimize the risk of hypoglycemia

o Extra CHO after the activity is often the best option
to prevent post-exercise hypoglycemia when short
duration and high-intensity anaerobic activities
are performed.

o A mixture between aerobic and anaerobic exercise
(soccer, cycling, jogging, and swimming) will
typically require extra CHO before, possibly
during, and often after the activity.

o The rise in blood glucose after intense exercise may
be prevented by giving a small additional dose of
rapid-acting insulin at half-time or immediately
after the exercise is finished — for example, a 50%
correction bolus when levels are >15mmol/L.

o Risk of post-exercise nocturnal hypoglycemia is high,
and particular care should be taken if bedtime
blood glucose level is <7.0mmol/L (125 mg/dL)
with NPH basal insulin. With basal analogs, the
bedtime glucose level can be slightly lower without
a substantial risk of night-time hypoglycemia but no
specific value is a guarantee that hypoglycemia will
be avoided (E).

e Patients who have proliferative retinopathy or
nephropathy should avoid resistance-based exercises
or anaerobic exercise that is more likely to result in
high arterial blood pressure (E).

e Care should be taken that the blood glucose
meter and test strips chosen are suitable for the
environment where they will be used (C).

e High glycemic index snacks and hypoglycemia
remedies should always be readily available at school
(E).

e Careful advice on and planning of travel, exercise,
and management is essential (E).

e A diabetes care plan containing written advice
about exercise and sports should be provided for
carers/teachers (E).

e Professionals should take opportunity to attend
camps for children with diabetes (E).

e Continuous glucose monitoring (CGM) may have a
role in helping to avoid hypoglycemia during and
after exercise (C).

o New pump technologies such as low-glucose suspend
and programmed low glucose management may also
be useful in the future (E).

Introduction

It is clear that it is important to encourage children
and adolescents to be physically active, to be less
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sedentary, to control their weight, and to develop
healthy lifestyle habits that will be maintained. In
children who already have diabetes, this will help to
mitigate increased cardiovascular risk and in those
who are not diabetic, physical activity will have an
important role in prevention.

While this article is intended to address the issue
of blood glucose regulation during various forms
of sports and exercise, it is important for diabetes
care professionals and parents to appreciate that the
demands of day-to-day physical activity will also
have to be considered if a young person is going to
participate in any activity, which for them is unusually
strenuous or prolonged.

In the 1950s, Joslin proposed that exercise is the
third essential component in blood glucose regulation
for persons with type 1 diabetes (T1D), after insulin
and dietary management. Although most studies have
shown little impact upon hemoglobin Alc (HbAlc)
levels (1-3), and many only a brief improvement (4)
unless the exercise was sustained for 6 months (5),
a cross-sectional analysis of data on a larger group
showed that the frequency of regular physical activity
was associated with lower HbA1c without increasing
the risk of severe hypoglycemia (6). Younk et al. have
provided a useful review (7). The benefits of exercise
go far wider and include weight control, reduced
cardiovascular risk (8), and an improved sense of
well-being (9).

There is growing evidence that the antecedents of
cardiovascular risk begin early in diabetes (10) and
studies have shown that exercise has a beneficial effects
on various markers of vascular health including skin
microvascular reactivity (11) and endothelial function
(12). A systematic review of adult studies concluded
that physical activity is associated with a marked
decrease in cardiovascular and all-cause mortality in
both men and women, even after adjusting for other
relevant risk factors (8). Even if glucose targets, as
measured by HbA Ic are not achieved, regular physical
activity is associated with reduced early mortality in
the adult population (13).

For people with diabetes, post-meal low to
moderate-intensity exercise can be a valuable way
to minimize postprandial glycemic spikes (14). For
some, participation in physical activity is somewhat
sporadic and related to leisure, school, or work. For
others, daily exercise is part of an overall training or
conditioning program.

Children and adolescents with diabetes should derive
many of the same health and leisure benefits as
adults and should be allowed to participate with equal
opportunities and with equal safety.

Diabetes should not limit the ability to excel in a
chosen sport. Many famous athletes have proved this,
e.g., Sir Steve Redgrave — five times Olympic gold
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medal winning rower, Kris Freeman — Olympic cross-
country skier (four winter Olympics), Gary Hall — five
time Olympic Gold Medal swimmer, Zippora Karz —
ballerina, Wasim Akram — Pakistani cricketer at
international level, Brandon Morrow — Major League
baseball player, CIliff Scherb — Ironman Triathlete,
Scott Verplank — PGA Tour golfer, and female profes-
sional golfer Mimmi Hjorth and Emil Molin — NHL
ice-hockey player. There is now even a professional
cycling team (Team NovoNordisk), with all the riders
having T1D, which holds the record for the Race
Across America and has aspirations for a Tour de
France ride in 2021.

The topic most commonly discussed with families
with regard to exercise is avoidance of hypoglycemia,
but prevention of acute hyperglycemia/ketoacidosis
may become a concern as well (15).

The HELENA study has demonstrated, in a large
multi-center cohort of European adolescents without
diabetes, that muscular fitness and cardiorespiratory
fitness are independently associated with metabolic
risk of insulin resistance (16) and therefore of type 2
diabetes (T2D). Part of this study showed that self-
reported physical activity correlates negatively with
insulin resistance (after adjusting for confounders such
as waist—hip ratio) but that higher cardiorespiratory
fitness reduces the impact so insulin resistance was less
in those with the higher fitness (17). These findings have
been supported by a recent Dutch study (TRAILS)
which also showed that increased childhood fatness is
associated with increased cardiometabolic risk but that
this is, to some extent, mitigated by fitness (18).

The relationship between physical activity, sedentary
behavior, fitness, and glycemic control is complex, as
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suggested above, but several studies have found that
children and adolescents with T1D are less fit than
their non-diabetic peers, particularly if they are in poor
glycemic control (19, 20).

Huge efforts are being made around the world to get
children and adolescents to engage more in physical
activity and to reduce sedentary behavior. A recent
systematic review by MacMillan et al. has studied
interventions aimed at youth with T1D (21).

Exercise physiology

Before considering the situation in T1D, it is useful
to understand the ‘normal’ physiological responses to
moderate-intensity aerobic exercise in the non-diabetic
individual.

As shown in Fig. 1, non-diabetic individuals have
a reduction in insulin secretion and an increase in
glucose counterregulatory hormones facilitating an
increase in liver glucose production that matches
skeletal muscle glucose uptake during exercise. As
a result of this precise autonomic and endocrine
regulation, blood glucose levels remain stable under
most exercise conditions (9).

Exercise has been shown to increase non-insulin
dependent glucose uptake by muscle by the translo-
cation of GLUT-4 receptors to the cell surface. Thus
glucose uptake increases even when insulin levels are
low (22).

Under conditions of intense exercise, catecholamines
rise, tending to increase hepatic glucose production
and limit glucose uptake into muscle, thereby promot-
ing a brief and transient increase in glycemia, even
in non-diabetic children. This increase is exaggerated
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Fig. 1. Physiologic responses to exercise in the diabetic and non-diabetic individual (square brackets denote plasma concentration).

Pediatric Diabetes 2014: 15 (Suppl. 20): 203-223

205



Robertson et al.

in children with T1D because of a failed increase in
insulin secretion during the rise in glucose (23).

In T1D, the pancreas does not regulate insulin levels
in response to exercise and there may be impaired
glucose counterregulation, making normal fuel regu-
lation nearly impossible. As a result, hypoglycemia or
hyperglycemia commonly occurs during or soon after
exercise.

Response to exercise

In real life, young people with diabetes have variable
blood glucose responses to exercise. The blood glucose
response to 60 min of intermittent exercise is repro-
ducible in a child if the timing of exercise, the amount
of insulin, and the pre-exercise meal remain consistent
(24). Glucose production in healthy control subjects
increases with exercise intensity and can be entirely
attributed to increases in net hepatic glycogenolysis. In
contrast, moderately controlled T1D subjects exhibit
increased rate of glucose production both at rest and
during exercise, which can be entirely accounted for
by increased gluconeogenesis (25).

Young people with TID have been found to
have decreased aecrobic capacity as measured by
VO, max (percentage of maximal aerobic capacity),
compared with non-diabetic control subjects (26)
but this finding is contested by Adolfsson et al. in a
detailed study of VO, max and endocrine response
to different intensities of exercise (bicycle ergometer)
in six reasonably well-controlled adolescents with
diabetes and six non-diabetic controls of similar age.
They found no significant differences except for higher
growth hormone levels in those with diabetes (27).
It is probably relevant that all participants in the
latter study reported that they participated regularly
in physical activity. Similarly, Cuenca Garcia et al.
compared 60 §8—16 yr olds with diabetes with 37 sibling
controls and found no difference in fitness or physical
activity. They found that moderate to vigorous

physical activity was associated with better metabolic
control and accounted for 30—-37% of the variance in
HbAlc (28).

Total-body insulin-mediated glucose metabolism
in adolescents correlates with the degree of glycemic
control as assessed by the level of glycosylated
hemoglobin (29). However, even in the same individ-
ual, it is possible for the blood glucose to be increased,
decreased, or unchanged by exercise dependent upon
circumstances as indicated in Table 1.

Factors affecting glucose response
to exercise

Intrinsic characteristics of the exercise

Duration and intensity. 1t is especially important to
plan for long duration or intense aerobic exercise, or
else hypoglycemia is almost inevitable. Nearly all forms
of activity lasting >30 min will be likely to require some
adjustment to food and/or a reduction in insulin.
Most team and field sports and also spontaneous
play in children are characterized by repeated bouts
of intensive activity interrupting longer periods of
low to moderate-intensity activity or rest. This type
of activity has been shown to produce a lesser fall
in blood glucose levels compared with continuous
moderate-intensity exercise, both during and after the
physical activity in young adults (30). The repeated
bouts of high-intensity exercise stimulated higher
levels of noradrenaline that likely increased blood
glucose levels. A study in adults (31) suggested that late
hypoglycemia was more common after intermittent
high-intensity exercise but the opposite was found by
another conducted in trained athletes with T1D (32).
Moderate-intensity exercise (40% of VO, max) fol-
lowed by an intense cycling sprint at maximal intensity
prevented a further decline in blood glucose for at
least 2 h after the exercise (33). However, typical team
games may last up to 90 min and the results may not be

Table 1. Factors that affect changes in blood glucose during exercise

Hypoglycemia Glucose unchanged

Hyperglycemia

Hyperinsulinemia due to proximity to
or excessive dose of administered
insulin (both bolus and basal).

Exercise prolonged — usually more
than 30-60 min and/or no extra
carbohydrate intake.

Moderate-intensity aerobic exercise
(50-75% maximal aerobic
capacity).

Non-familiarity with an activity,
requiring greater energy
expenditure than when in a trained
state.

appropriately.

Insulin pre-exercise adjusted

Appropriate carbohydrate consumed.

Hypoinsulinemic state prior to and during
exercise.

The emotion of competition eliciting an
adrenal response.

Short, intermittent bouts of intense
anaerobic activity eliciting an increase in
adrenal response.

Excessive carbohydrate consumed

Post-exercise, when glucose production
exceeds utilization.
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applicable to this length of physical activity. The same
research group, from Perth, Australia, further studied
this phenomenon and concluded that short duration
sprinting increases blood glucose levels via a dispro-
portionate increase in glucose rate of appearance (Ra)
relative to glucose rate of disappearance (Rd). This
may explain the fact that levels of plasma epinephrine,
norepinephrine, and GH rise only transiently after a
10s sprint (23) (see also “Type of Exercise’).
Hypoglycemia in the morning before exercise
does not diminish the glycemia-raising effect of an
afternoon sprint in young adults with T1D, suggesting
that sprinting is a useful strategy for opposing
hypoglycemia, regardless of prior hypoglycemia (34).

Types of exercise. Anaerobic efforts last only a short
time (sometimes only seconds) but may increase the
blood glucose level dramatically due to the release
of the hormones epinephrine and glucagon. This rise
in blood glucose is usually transient, lasting typically
30-60 min, and can be followed by hypoglycemia in
the hours after finishing the exercise. Aerobic activities
tend to lower blood glucose both during (usually
within 20—60 min after the onset) and after the exercise
(9). Peak insulin sensitivity in recovery appears to
be approximately 7—11h after the end of exercise in
adolescents with T1D (35).

The impact of activity type upon short- and
long-term glycemia is scrutinized by Tonoli et al.
in a meta-analysis across all age groups (36). They
concluded that repeated short sprints added to aerobic
training can minimize the risk of hypoglycemia and
that aerobic training (as opposed to resistance training,
mixed or high-intensity exercise) is likely to improve
chronic glycemic control.

Although not yet studied in the pediatric popula-
tion, resistance-based exercise (i.e., weight training)
produces less drop in glycemia compared with aerobic
exercise (37) and if both activities are to be done
in one setting, it may be preferable from a glycemic
management standpoint to do the resistance activity
before the aerobic activity (37), perhaps because of
augmented growth hormone release (38).

Timing of the exercise. Morning activity, done
before insulin administration, may not result in
hypoglycemia as circulating insulin levels are typically
low and glucose counterregulatory hormones may be
high (39). Indeed, severe hyperglycemia may occur
with vigorous exercise in these circumstances, even
precipitating ketoacidosis if insulin has been withheld
for a long period of time (40).

Conditioning. Patients frequently report that the drop
in blood glucose may be less with regular conditioning
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and familiarity with the sport, although no experimen-
tal evidence exists that tests this hypothesis. This may
be because regular conditioning often is accompanied
by a reduction in total daily insulin administration
and a greater reliance on lipid as a fuel (41).

Degree of stress/competition involved in the
activity. Catecholamines rise during high-intensity
exercise, and their rise can contribute to
exercise-associated hyperglycemia (42). The adrenal
response during intense exercise or perhaps during
stressful competition will raise blood glucose and may
require corrective insulin administration (43).

Muscle mass/number of muscles used in the
activity. Using more muscles during aerobic exercise
produces a greater drop in blood glucose and
weight-bearing activities tend to use more energy than
non-weight-bearing activities.

Other factors involved in the glucose regulation
during exercise

Metabolic control. Where control is poor and pre-
exercise blood glucose level is high (>20 mmol/L), cir-
culating insulin levels may be inadequate and the effect
of counterregulatory hormones will be exaggerated,
leading to a higher likelihood hyperglycemia and
ketosis (40). In Ironman athletes with T1D, those
with low (i.e., near normal) HbAlc had performance,
equivalent to non-diabetic controls (44).

Blood glucose level. Some limited evidence exists to
support a near normal blood glucose concentration
during exercise for performance reasons. For example,
high blood glucose has been found to reduce secretion
of beta-endorphins during exercise, which has been
associated with an increased rating of perceived
exertion (RPE) during leg exercise (45). In fact, even
baseline beta-endorphin levels were reduced in the
diabetic subjects irrespective of blood glucose, and
thus the resultant reduced tolerance of discomfort
may compromise exercise performance in individuals
with diabetes. Similarly, increases were found in
RPE in adolescents with diabetes doing whole-
body exercise (46), but the authors indicate that
the higher response may be related to the lower
peak mechanical power output often seen in these
patients (47).

Even in well-controlled individuals, hyperglycemia
at the time of exercise (adult study in controlled
laboratory conditions) resulted in a shift from lipid
to CHO oxidation (48).

Hypoglycemia has also been shown to compromise
both sport performance and cognitive function in
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youth with TID (49). Thus a near normal glucose
concentration may be optimal for overall sport
performance.

Children with diabetes appear to have a normal
aerobic and endurance capacity if good glycemic
control is achieved (HbAlc <7.0%), even if they are
slightly hyperglycemic at the time of exercise. In one
study, physical working capacity in well-controlled
prepubertal boys was not different from non-diabetic
boys matched for age, weight, and physical activity
patterns, even though the boys with diabetes exercised
with considerably higher blood glucose concentrations
(mean blood glucose 15mmol/L at onset of exercise)
(50). In line with this, cycling performances in adult
males with T1D did not differ between glucose levels
clamped at euglycemia vs. hyperglycemia (12 mmol/L,
220 mg/dL) (51). In contrast, aerobic capacity was
lower and the fatigue rate higher in youth with
T1D when glycemic control was less than optimal
(i.e., HbAlc >7.5%) (26). Moreover, performance in
sports like hockey, soccer, and sailing where a certain
amount of cognitive function and precision is necessary
may be better performed during normoglycemia
compared with hyperglycemia, although studies
have not yet been conducted to address this
hypothesis. However, cognitive performance has
been shown to be slower in youth with diabetes
when their blood glucose is either hypoglycemic or
hyperglycemic (52).

Type and timing of insulin injections. When regular
(soluble) insulin has been injected prior to exercise, the
most likely time for hypoglycemia will be 2—3 h after
injection, when insulin levels peak. For rapid-acting
insulin analogs, peak insulin action, and therefore the
greatest hypoglycemia risk, is between 40 and 90 min
(53).

It should be noted, however, that exercise can
dramatically increase skin and systemic blood flow
and insulin and glucose delivery to skeletal muscle
(54). Exercise has been shown to increase rapid-acting
insulin absorption rate (55), thereby likely hastening
the peak insulin action. Basal insulin absorption,
on the other hand, does not appear to be impacted
significantly by long-acting insulin (glargine), although
exercise can still promote a drop in glycemia compared
with basal insulin injected at rest (56).

To help prevent hypoglycemia during prolonged
exercise, reductions in bolus and/or basal insulin
are typically required. The normal recommendation
is to reduce rapid-acting analog prior to exercise
lasting longer than 30 min. The impact of the scale
of the reduction was studied in adults by Bracken
et al. by reducing the pre-exercise insulin to 75, 50,
or 25% of the normal dose. Interestingly, although
the largest reduction was associated with higher
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post-exercise glucose, there was no difference in
the production of ketones (57). This is a reassuring
message and is helpful when encouraging young people
to experiment to find what scale of reduction works
for them.

We have found no studies on the timing of basal
insulins (NPH, glargine, or detemir) and exercise in
children but Arutchelvam et al. found that insulin
detemir was associated with less hypoglycemia during
and post-exercise than insulin glargine (58).

When playing in morning or in all-day tournaments,
a long-acting basal insulin given once daily in the
evening can be substituted for one with shorter action
(NPH) to reduce the basal insulin effect the next day
while exercising. An alternative is to split the TDD
in half and take half the long-acting basal insulin in
the evening and then lower the second dose in the
morning by 20—-50% to compensate for the increased
activity.

Type and timing of food. A meal containing CHOs,
fats, and protein should be consumed roughly 3—4h
prior to competition to allow for digestion and to max-
imize endogenous energy stores (59). This is especially
important for longer duration activities. Glycogen
stores can be enhanced with a CHO beverage (1-2¢g
CHO/kg) approximately 1h prior; this also helps to
supplement energy stores and provide adequate fluids
for hydration (60). As this CHO loading is insulin
dependent, and this will not be covered by the preceding
meal bolus, it might be reasonable to try giving 50% of
the bolus that would be dictated by the insulin to CHO
ratio at this time and monitoring the response. Next
time, a little more or a little less insulin may be nec-
essary based on the measured glucose response. While
the experimental evidence is laid out above, it is often
impractical to have a meal 3—4 h prior to exercise and
1-2h is more likely. This makes the individualization
via trial and error especially important.

If extra CHO is necessary for a short duration activ-
ity, then it may be useful to have ‘fast acting’ CHOs in
a beverage form. An isotonic beverage containing 6%
simple sugar (i.e., sucrose, fructose, and dextrose) pro-
vides optimal absorption compared with other more
concentrated beverages with more than 8% glucose,
such as juice or carbonated drinks that delay gastric
absorption and cause stomach upset (60). One study,
however, found that both 8 and 10% isotonic beverages
were well-tolerated and helped to prevent the drop in
blood glucose level during exercise in adolescents with
T1D (61). The amount of CHO should be matched
as closely as possible to the amount of CHO utilized
during exercise, if a reduction in insulin is not per-
formed. In general, approximately 1.0-1.5g CHO/kg
body weight/h should be consumed during exercise
performed during peak insulin action in young adults
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with diabetes (60), depending upon type of activity ( see
Table 2) (62). The requirements will be lower if the pre-
meal bolus for the meal before the exercise is lowered or
the exercise is performed several hours after the bolus
dose has been given (0.3—-0.5 g CHO/kg body mass/h).

Extra CHOs together with adjustments of insulin
doses are especially important when the activity is of
longer duration than 60 min (63). That CHO beverages
perform best pre-exercise in minimizing the drop in
blood glucose was affirmed by Dube et al. who studied
a variety of nutritional strategies (breakfast and
pre-exercise) in adolescents. They found that including
protein in the breakfast (before morning exercise) was
associated with less hypoglycemia during and after
exercise (64).

Because insulin sensitivity remains elevated for hours
post-exercise, CHO stores must be replenished quickly
to lower the risk of hypoglycemia during the first few
hours after the activity (CHO reloading).

Short duration and high-intensity anaerobic activ-
ities (such as weight lifting, sprints, board diving, and
baseball) may not require CHO intake prior to the

Table 2. Exercise exchanges of 100 kcal (420 kJ) in children
of various body masses. Assuming that, on average, 60%
of total energy is provided by carbohydrate, one exchange
is equivalent to 60 kcal or 15 g carbohydrate

Body mass (kg)

Activity 20 40 60
Basketball (game) 30 15 10
Cross-country skiing 40 20 15
Cycling

10km/h 65 40 25

15km/h 45 25 15
Figure skating 25 15 10
Ice hockey (ice time) 20 10 5
Running

8km/h 25 15 10

12km/h — 10 10
Snowshoeing 30 15 10
Soccer 30 15 10
Swimming

30 m/min breast stroke 55 25 15
Tennis 45 25 15
Walking

4 km/h 60 40 30

6km/h 40 30 25

Tables of carbohydrate intake guidelines for a variety of
sports are provided in a recent review (62). This table shows
the estimated number of minutes that a certain activity
lasts to require 15g of extra carbohydrate to keep the
blood glucose from falling. For example, a 40 kg child should
consume 15 g of carbohydrate for every 15 min of basketball,
whereas a 60 kg child should consume 15 g of carbohydrate
for every 10 min of basketball.

If the pre-meal or basal insulin dose is lowered, less extra
carbohydrate than the table shows is probably needed.
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activity, but may produce a delayed drop in blood
sugar. For activities of these types, extra CHO after
the activity may be needed.

Longer duration, lower intensity aerobic activities
such as soccer (often described as a mixture between
aerobic and anaerobic exercise), cycling, jogging, and
swimming will require extra CHO before, possibly
during and often after the activity.

Currently, no evidence-based guidelines exist on the
amount and timing of increased CHO intake to limit
post-exercise hypoglycemia. However, reductions in
basal insulin, low-glycemic-index snacks (with no
bolus), or reduced boluses at post-exercise meals
will usually reduce the problem. A snack of complex
CHO, fat, and protein at bedtime may limit nocturnal
hypoglycemia caused by daytime exercise (65, 66).

Absorption of insulin.

Choice of injection site. As mentioned above, when an
extremity (arm or leg) has been injected with insulin and
is then exercised vigorously, the increased blood flow
to the limb is likely to result in more rapid absorption
and metabolic effect of the insulin (67). This may be
especially marked if the injection site is hypertrophied.
Thus, a cyclist may achieve more consistent response
by choosing to inject in an arm or the abdomen rather
than a leg before an event.

Ambient temperature. High temperature will increase
insulin absorption and low temperature the converse
(68). The latter may be a consideration in long distance
swimming. Heat also induces additional stress on
the cardiovascular system, resulting in greater energy
expenditure and potential for a faster drop in blood
glucose levels.

Altitude. There is likely to be no altitude effect on
insulin during recreational activities such as piste
skiing but de Mol et al. studied eight complication
free young people with diabetes, climbing above
5000 m and found that despite high energy expenditure,
insulin requirement increased. Further, they found
that glucose levels (and insulin requirement) correlated
directly with the symptoms of acute mountain sickness
(69).

Most absorption studies were done with regular
insulin. The effect is less pronounced with rapid-acting
analogs (70). An intense 30-min period of exercise did
not increase the absorption rate of glargine in adults
with T1D (56).

Normal day-to-day exercise

Daily physical activities should be a part of the normal
routine for both health benefits and for consistency in
blood glucose management.
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The habitual physical activity of children encom-
passes activities performed during their leisure time
as well as more structured activities in the framework
of exercise, sports, or some school-related activities,
such as physical education lessons. It was found that
the spontaneous activity of children is by nature
sporadic and intermittent, with bouts (95% of the
time) of very intense activity not exceeding 15s, and
only 0.1% of active periods for more than I min
(71). These activity periods are interspersed by rest
periods that are shorter than 4min. This particular
form of spontaneous physical activity is deemed to
be consistent with the biological needs of children
(72) and necessary for their appropriate growth and
development (71).

On average, at least 60 min of cumulative activity
is recommended by most organizations with at least
20 min daily of vigorous activity. Guidelines also state
that for health benefits, children (aged 5-11yr) and
youth (aged 12—17 yr) should minimize the time that
they spend being sedentary each day (73). Sedentary
time (i.e., screen time) is linked to elevated HbAlc
levels in children and adolescents with T1D (74).
Some groups of schoolchildren and teenagers with
diabetes have been found to be more physically
active than their non-diabetic friends (75) but others
less so (76). In one recent study of children and
adolescents with TIDM in Brazil increased physical
activity was associated with the best glucose control
(77), although this relationship between activity
participation and glycemic control is not always
found (74).

Regular and accustomed exercise is easier to manage
because it is part of the daily routine. However,
adjustments may still be necessary for sporadic extra
physical activity.

Whatever level of involvement in exercise and sport
that a child or adolescent with diabetes adopts, it is
good practice to keep careful notes of what they do
(i.e., timing and intensity of physical activity), what
CHO has been taken and the blood glucose response
before, during, and afterwards. Advice from the
diabetes care team will be general in the first instance,
but accurate record keeping will allow much more
individualized and fruitful consultation. Emerging
technologies, e.g., apps on Smartphones may have a
role to play in improving record keeping.

Where exercise is performed regularly, insulin sen-
sitivity is generally enhanced. A positive association
between glycemic control (i.e., HbAlc) and aerobic
fitness or reported physical activity exists in youth
with T1D, suggesting that ecither increased aerobic
capacity may improve glycemic control or that good
metabolic control maximizes exercise (26, 28). An
inverse relationship was observed between HbAlc
level and the maximal work load in a study in diabetic
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adolescents (78). The lack of evidence on improving
HbAlc with exercise may be related to a tendency to
reduce insulin doses too aggressively for exercise or
the overconsumption of CHOs in an effort to avoid
hypoglycemia (79).

Training

The management of diabetes may vary according
to the phase of training so when endurance is being
built with long moderate-intensity work, the insulin
regimen and additional CHO may be quite different
from that required when the concentration is on power
and high-intensity training (80). See the ‘Duration
and intensity’ section above for more detail on
the possible effect of short, high-intensity work on
glycemia.

Exercise causes enhanced muscle insulin sensitivity
(81) and increased activation of non-insulin sensitive
glucose transporters (GLUT-4) (22, 82). Insulin
sensitivity was similar directly and 15h after exercise
but decreased to near untrained levels after 5d in
non-diabetic adults (83). During and immediately
after exercise performed in the late afternoon and
from 7 to 11h in recovery, the insulin sensitivity is
elevated in adolescents with T1D (35). In contrast,
exercise performed earlier in the day results in
heightened insulin sensitivity thought 11 h of recovery
in adolescents with T1D, without an obvious biphasic
response in sensitivity (84).

In practical life, exercise for >1 h appears to lead to
increased insulin sensitivity and therefore an increased
risk for hypoglycemia for 12—24 h (35), often occurring
during evening after exercise (85). This may be because
of several factors including the change in insulin
sensitivity, a reduction in glucose counterregulation
and the problem of a fixed basal regimen (86).
This means that adolescents who only exercise on
occasion can have real difficulties in managing their
basal insulins. If hypoglycemia is frequent, then it
may be better to limit vigorous exercise every other
day rather than daily, if possible. If not, a strategy
for altering basal insulins to cope with the widely
varying insulin sensitivity is needed. Younger children
more often exercise every day to some extent, which
results in less post-exercise fluctuations in blood
glucose.

Meals with high content of CHOs should be
consumed shortly after the exercise event to take
advantage of the period of heightened insulin sen-
sitivity to help replenish glycogen content and limit
post-exercise hypoglycemia. However, the insulin dose
will need to be reduced (in relation to the normal
insulin to CHO ratio for the individual) to avoid
hypoglycemia. Adding protein to the post-exercise
meal increases the glucose uptake and enhances
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glycogen resynthesis in healthy individuals (64) (87).
Added proteins will also stimulate the muscle recovery
post-exercise.

It is well beyond the scope of this article to offer
sport-specific training advice but such information is
readily available — see:

o Diabetes Exercise and Sports Association (Www.
diabetes-exercise.org), an international organization
that provides guidance and networking between
novices, health professionals, and experienced
diabetic athletes.

e www.runsweet.com where a combination of con-
tributions from sportsmen and sportswomen are
interspersed with expert advice.

Choice of insulin regimen

In developed health care environments, it is now
the norm to commence insulin therapy with a multi-
injection regiment or even an insulin pump. While for
most children and adolescents, the choice of insulin
regimen will not be influenced heavily by their exercise
habits, for those who are regularly active either mul-
tiple daily injections or insulin pump therapy should
be considered to allow for manipulations in insulin
delivery prior to and following the activity.

In one small study of young adults with T1D, insulin
pump usage was associated with better glycemic control
in early recovery from vigorous exercise than MDI (i.e.,
less hyperglycemia) (88).

Twice daily injections

It may be difficult to maintain very strict blood glucose
control on these regimens especially with different
levels of exercise throughout the week, but the essential
requirements of taking various forms of CHO before,
during, and after exercise may be even more important
than for more adjustable regimens. In these situations,
tables of Exercise Carbohydrate equivalents may be a
useful starting point (59).

Three injections insulin regimen

In these situations, normally a mixed insulin is given
before breakfast, then a split-evening insulin regimen
with rapid analog before the evening meal, and a
longer acting insulin at bedtime. Again this regimen
must be accompanied by appropriate CHO advice for
moderate exercise, e.g., dancing or swimming two or
three evenings per week or at weekends.

Multi-injection regimens or insulin pumps

These regimens afford greater flexibility for serious
training and competitive events. Both pre-exercise
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bolus and basal rates can be reduced before, during,
and after exercise to help increase hepatic glucose
production and limit hypoglycemia (see below).

A further variation is to use a long-acting insulin
in conjunction with an insulin pump allowing partial
replacement of the basal dose (once or twice daily long-
acting injections) and therefore a longer period off the
pump with lesser risk of ketosis.

The choice of insulin regimen is always influenced
by many different factors including the availability
of various insulins (and pumps), professional and
personal expertise, and in the ideal world should be
influenced by the nature of the sport. There is no
doubt that being able to reduce the training day into
manageable ‘chunks’ of 4—6 h makes control of blood
glucose much more straightforward, with the potential
to move training/competitive periods around in the
day and being able to adjust the appropriate bolus
(and perhaps basal) insulin doses (89). In general, if
basal rates are to be reduced for exercise, then the
reduction should occur approximately 90 min before
the onset of the activity to allow the circulating insulin
levels to drop sufficiently before the exercise starts (59).

Hypoglycemia

In adults, the autonomic and counterregulatory
response to hypoglycemia the following day has been
shown to be blunted by repeated episodes of low-
or moderate-intensity exercise (90, 91). The same
phenomenon is likely to be true for children. Glucose
requirements for maintaining stable glucose levels
in adolescents with diabetes are elevated during
and shortly after exercise, as well as from 7 to
11h after exercise (35). In adults, repeated episodes
of hypoglycemia in a sedentary state result in an
attenuated counterregulatory response to subsequent
exercise and increases the risk for hypoglycemia.
Hence, two to three times more exogenous glucose
may be needed to maintain euglycemia during exercise
following a previous exposure to hypoglycemia (92).
In laboratory studies of diabetic adolescents who
received their usual insulin dose and then performed
75 min walking on a treadmill, 86% had hypoglycemia
if their starting blood glucose was less than 6.6 mmol/L
(120mg/dL). In the same study, it was noted that
15 g CHO was frequently insufficient to restore blood
glucose to normal (93). In another study (94), 45% of
children with T1D had blood glucose levels drop below
4.0mmol/L (72mg/dL) during 60min of moderate
cycling performed in the fed state when insulin was
unadjusted for the activity. By consuming additional
CHO (drinking 6—8% glucose solution) at a rate that
equalled CHO utilization during exercise (approxi-
mately 1 g of CHO/kg body mass/h), the drop in blood
glucose during exercise could be prevented (94).
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The use of CGM and appropriate response to falling
glucose may help to attenuate or avoid hypoglycemia
during and after exercise (95).

If a child with diabetes is feeling unwell during
exercise with signs and symptoms of hypoglycemia,
glucose tablets or other form of quick-acting CHO
should be given as for treatment of hypoglycemia,
even if blood glucose cannot be measured to confirm
hypoglycemia.

To treat hypoglycemia with a rise in BG of approxi-
mately 3—4 mmol/L (55-70 mg/dL), approximately 9 g
of glucose is needed for a 30kg child (0.3 g/lkg) and
15 g for a 50-kg child. See the Hypoglycemia article for
further advice and references.

On outward-bound or activity holidays all the
responsible adults (and also peers) should be alert to
the possibility of hypoglycemia. Strict guidance should
be given that no person with diabetes should exercise
or go off alone, or ‘decide’ not to have regular snacks
when they are provided.

A sensible rule is that if young people with diabetes
are together on holiday, they should stay in groups of
at least four, so that two can accompany each other if
they need to alert adult helpers to the occurrence of an
accident or hypoglycemia.

Glucose tablets, glucose gel, or some form of rapidly
absorbed sugar should always be carried by young
people who exercise or, at a minimum, kept within a
reasonable distance of the activity.

See Table 3 (96) for further advice on how to avoid
hypoglycemia when exercising.

Late hypoglycemia

As mentioned above, hypoglycemia can occur several
hours after exercise, especially when this has been
prolonged and of moderate or high intensity (97).
This is due to the late effect of increased insulin
sensitivity and delay in replenishing liver and muscle
glycogen stores and perhaps due to failed glucose
conterregulatory hormone responses during the night
(86). A single bout of exercise can increase glucose
transport into skeletal muscle tissue for at least 16 h
post-exercise in non-diabetic and diabetic subjects (30).
In a controlled study, twice as many youngsters aged
11-17 yr had a hypoglycemic event on the night after an
exercise day compared with the night after a sedentary
day (when the basal overnight insulin was not altered)
(85). CGM may be a valuable tool for determining
the blood glucose response and hypoglycemia risk
during and after exercise (98, 99). One adult study
has shown that the likelihood of late hypoglycemia
was greater after intermittent high-intensity than
moderate-intensity exercise despite the blood glucose
and catecholamine levels being higher after the former
(31). Again in adults, use of CGMS in conjunction
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Table 3. Summary recommendations for avoiding hypo-
glycemia in physically active young people with diabetes
(adapted from reference 96)

e Arrive at a good level of metabolic control: neither
with hyperglycemia nor ketonuria. Eventually measure
blood glucose concentration before the activity.

e Always carry some sugar.

e Increase the intensity and duration of the activity in a
progressive fashion.

¢ In the few hours preceding the exercise, ingest slowly
absorbing carbohydrates in order to replete the liver
and muscle glycogen reserves.

e In the case of unforeseen physical activity, increase
glucose consumption immediately before, during, and
after the activity

e In the case of foreseen activity, decrease the insulin
dose during and after intense muscular activity.

e Do not inject the insulin at a site that will be heavily
involved in the muscular activity.

e When physical activity is planned at a time of peak
insulin action, a marked reduction in the insulin dose
should be made.

o If the activity is of the prolonged endurance type,
be certain to ingest glucose-sweetened water or
carbohydrates just before, during, and after the
exercise.

e Measure the blood glucose before retiring on the
evening after major physical activity, in order to avoid
hypoglycemia during the night.

o Fvaluate the effect after every modification in insulin
dose and every change in nutritional status.

o Make the people accompanying you aware of the
procedures and treatment of severe hypoglycemia
(glucagon injection)

with a low-glucose suspend (i.e., threshold suspend)
function on insulin pumps may reduce the duration and
severity of hypoglycemia with exercise in laboratory
conditions (100). It should be noted, however, that if
a recent episode of exercise-associated hypoglycemia
occurred, low-glucose suspend technology may not be
as effective in ameliorating hypoglycemia risk (101).
Taplin et al. attempted to reduce hypoglycemia after
a 60 min bout of exercise in 16 youths with T1D on
insulin pumps by either reducing their basal insulin
by 20% for 6 h or by giving 2.5 mg of oral terbutaline.
Although thelatter did reduce overnight hypoglycemia,
it was associated with overnight hyperglycemia. The
basal reduction was not only effective but also associ-
ated with some late high glucose results. The authors
accept that reducing insulin in this way is not possible
for patients using intermittent insulin injections (102).

Insulin adjustments

Competitive athletes may be tempted to reduce their
insulin doses too much to avoid hypoglycemia and
their metabolic control may suffer as a result (79).
Careful monitoring and experiential adjustments are
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essential. In a group of young people aged 10—18yr,
those attending a competitive sport of at least 6h of
exercise per week had a lower HbAlc (75).

In one study, cross-country skiers with T1D were
able to carry on for several hours without hypoglycemia
when reducing the pre-meal dose by 80%, compared
with only 90 min if the dose was reduced by 50% (103).
Some people find that lowering their pre-meal insulin
dose may cause an initial rise in their blood glucose
which impairs their performance. In such a case, it is
probably better to rely on extra CHO intake just before
the onset of exercise rather than dose reduction for best
performance.

See Table 4 (104) for examples on adjustments of pre-
exercise bolus doses in order to avoid hypoglycemia.
There is a greater need for reduction of rapid-acting
insulin when the dose is given within 1 h of the exercise,
while the need of reduction is greater for later exercise
(3 h post-meal) when using regular insulin. (53).

For evening exercise, it may be sensible to reduce the
rapid analog before the evening meal by 25-75%, as
well as taking 10—-15g of fast acting CHO before the
activity.

Advice about reducing basal insulin by 10-20%
(e.g., a reduction in overnight long-acting/basal insulin
or basal rate in pump or reductions in subsequent
mealtime boluses), and/or extra low glycemic index
snacks following the activity is prudent.

With all-day or unusual activities such as camps,
long-distance walking, skiing, water sports, etc.
consider a 30—50% reduction of long-acting insulin the
night before and on the day of the activity, or a 30—50%
reduction in the pump’s basal insulin throughout
the day and the night following the activity. High
excitement amusement parks and fairs may be more
likely to raise BG because of adrenalin surges.

Table 4. Examples of percent reduction in pre-meal insulin
bolus for a carbohydrate-containing meal, in order to strictly
avoid hypoglycemia (with either pump or multiple daily
injections) for low-, moderate-, and high-intensity exercise
lasting 30 or 60min in duration are given in the table.
Note however, that this study was in adults and did not
consider the effect of additional carbohydrate intake before
or during the exercise. Moreover, the adjustments also
were associated with an increased number of episodes
of hyperglycemia pre-exercise and post-exercise (104)

Duration of exercise and
recommended reduction

in insulin
Intensity of exercise 30min 60 min
Low (~25% VO, max) 25% 50%
Moderate (~50% VO, max) 50% 75%
Heavy (~75% VO, max) 75% —

%V0O, max = percentage of maximal aerobic capacity.

Pediatric Diabetes 2014: 15 (Suppl. 20): 203-223

Exercise

It should be obvious from the above that individuals
vary greatly in their response to different types of
exercise so the most important thing is for patients
and families to be aware of the broad themes and to
use this knowledge coupled with good record keeping
to find what works for them.

Insulin pumps

For certain types of exercise (like contact sports), it
may be appropriate to disconnect prior to the start of
the activity and remain disconnected for up to 1-2h
during an event. In these situations, patients may
require a 50% bolus correction afterwards (i.e., 50% of
the missed basal insulin while disconnected), if needed,
to reduce any resulting post-exercise hyperglycemia.
To get a significant lowering of the basal insulin effect
during the exercise, the pump needs to be disconnected
at least 60 min before starting the exercise (105), but
many centers advise that the pump should not be dis-
connected for more than 2 h. The safer option may be
to set a temporary basal rate 90 min before the activity
(50-80% reduction depending upon the intensity
and duration of the activity), lasting until the end of
exercise.

Even if the pump is removed during exercise,
hypoglycemia can still occur for several hours after
the end of the activity (106).

After a short period of intense exercise (>80%
VO, max), marked catecholamine responses lead
to hyperglycemia which lasts for approximately 2h
post-exercise in adults with T1D (43). Even when
pre-exercise plasma glucose was normal, there ensued
a post-exercise hyperglycemia which lasted for 2h
post-exhaustion in pump patients (107). This reaction
may be exaggerated if the pump has been disconnected
during the exercise. The rise in blood glucose may
be prevented by giving a small additional dose of
rapid-acting insulin at half-time or immediately after
the exercise is finished, i.e., before the shower.

New insulin pump technology may offer better
opportunities to avoid hypoglycemia associated with
exercise. The ASPIRE study, considered the use of
low-glucose suspend (LGS) technology to turn off an
insulin pump for 2h once a CGM sensor detected a
blood glucose value less than 70 mg/dL (3.9 mmol/L).
Subjects, including adolescents, were randomized to
sensor augmented pump therapy with or without low-
glucose suspend turned on in a crossover study. After
overnight fasting, subjects exercised until hypo-
glycemia intervened. The LGS group duration of
hypoglycemia was less (100).

In a further development, predictive low glucose
management algorithms built into pumps are being
designed to turn off the insulin delivery when the
blood glucose reaches a certain point and turns it back
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on again at a predetermined level. In in silico and live
testing on adolescents exercising, this method delivered
promising results with 80% of the experiments where
the glucose fell below threshold resulting in the
prevention of hypoglycemia (108).

Ketones

In situations of under-insulinization, whether through
systematically poor control or intercurrent illness, any
exercise is likely to be dangerous because of the effect of
uninhibited action of the counterregulatory hormones.
In one study in adults, patients exercising with a blood
glucose of >20mmol/L (260mg/dL) and ketonuria
experienced a rise in blood glucose over 40 min (109).

The rapid production of ketone bodies coupled with
impaired muscle glucose uptake will lead not only to
under-performance, but may precipitate ketoacidotic
abdominal pain and vomiting. Thus it is important
for families to be warned about not participating in
exercise if blood glucose is high and ketones (small or
more) are present in the urine (9, 89, 109) or the level
of beta-hydroxybutyrate (BOHB, ‘blood ketones’) in
blood is >0.5 mmol/L.

It is a relatively common misconception that no
insulin is needed when prolonged exercise is to be
undertaken. This could be a dangerous error unless
insulin cover is being provided by a long-acting
product, and under carefully monitored conditions.

Blood ketone testing (measuring BOHB) provides
additional information to urine ketone testing (110).
This method is excellent for rapid detection and exact
measurement of ketone levels and is preferable, when
available. During resolution of ketosis, blood BOHB
normalizes sooner than urine ketones (111). Blood
BOHB >0.5mmol/L is abnormal in children with
diabetes (112, 113).

Patients can be reassured that reducing insulin down
to 25% of pre-exercise doses does not make later ketosis
more likely (57).

What to eat and drink

When insulin is not reduced to accommodate for
exercise, it is usually necessary to consume extra CHO
in order to avoid hypoglycemia. This is dependent
upon type and duration of activity.

The amount of CHO needed depends largely on the
mass of the child and the activity performed as well as
the level of circulating insulin (53). Up to 1.5 g CHO/kg
of body mass/h of strenuous exercise may be needed.

Numerous charts indicating CHO replacement for
specific exercises based on duration of activity and
body size are found in references 114, 115 and for youth
specifically in a review by Riddell and Iscoe (116).

The growing use of CGM may offer opportunities
for better tailoring of food intake before, during,
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and after exercise through the use of more precise
algorithms (95).

It is worth reminding adolescents and young adults
about the effect of alcohol upon the ability to respond
to exercise and falling blood glucose (see chapters
on Nutrition and Adolescence). Alcohol impairs the
glucose counterregulation in subjects with diabetes
by inhibiting gluconeogenesis (but not glycogenolysis)
(117-120). Accordingly, hypoglycemia (especially
night time) becomes more likely and is best avoided
when participating in exercise, especially as alcohol
may also impair performance.

While not confined to people with diabetes, the
risk of dehydration should be borne in mind lest too
much focus be kept upon glucose control. Even a
1% decrease in body mass due to dehydration may
impair performance (121). In practice, both needs can
often be met by using specially formulated drinks,
but if dehydration is a risk, sugar free fluids should
also be taken. Fluid intake should match sweat and
hyperventilation losses, such that there is no change in
body weight pre- versus post-exercise. Fluid intake may
need to be as great as 1.3 L/h in adolescents exercising
in hot and humid environments (122).

Monitoring

Blood glucose monitoring is the key for the active child
with diabetes so that trends in glycemic responses
can be identified. Records should include notes
of their blood glucose, the timing, duration, and
intensity of exercise, as well as the strategies used to
maintain glucose concentrations in the normal range.
Measurements of glucose should be taken before,
during, and after the end of exercise with particular
attention paid to the direction of change in glycemia.

It can be especially useful, where a young person
is involved in multiple sports or different types of
training/competition for them to keep records in a
structure that allows similar elements (e.g., all the
gym sessions or competition days) to be looked at
together.

Monitoring several hours after exercise and before
bed is particularly critical on days where strenuous
activities occur, as nocturnal hypoglycemia is common.
It remains controversial whether certain bedtime BG
levels predict nocturnal hypoglycemia and predictions
are particularly difficult after exercise. In one hospital-
based study where 34% had night-time hypoglycemia
using a twice daily regimen NPH as basal insulin,
a bedtime blood glucose of less than 7mmol/L
(125mg/dL) suggested particular risk for nocturnal
hypoglycemia (123), while another study using long-
acting basal analogs or pumps found a lower frequency
of 13% but no threshold for nocturnal hypoglycemia
risk after exercise in the afternoon (85).
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CGM has proven to be a valuable adjunct to blood
glucose monitoring in both the prevention and early
detection of exercise-induced hypoglycemia (98, 99)
and during a sports camp detected significantly more
episodes of hyperglycemia and hypoglycemia than
frequent blood glucose testing (124). With CGM it
was also shown that exercise-induced hypoglycemia
could be reduced by using value and trend information
along with a new CHO intake program (95).

Caution should be taken when using BG meters in
extreme temperatures (125). Meters using glucose dehy-
drogenase may give more accurate readings at high alti-
tude. In circumstances where control solution is used
to check the meter, e.g., on a long hike, further criteria
apply with the solution only being accurate between 15
and 30°C. In cold environments such as skiing, keeping
a meter and strips inside several layers of clothes close
to the body will usually avoid inaccurate readings.

Special care should be taken at high altitude where
the symptoms of hypoglycemia may be confused with
those of hypoxia/altitude sickness. Taking aceta-
zolamide to prevent or treat altitude sickness may
contribute to an increased risk of ketoacidosis in
a person with diabetes (126). However, in another
report, 73% of the participants with diabetes used
acetazolamide without side effects (127).

School activities and diabetes camps

While this article is aimed principally at the practical-
ities of managing intense and/or prolonged physical
activity, it is clear that the advice can be tailored for
more moderate exercise. In the normal school week,
most young people will have at least one period of
physical education, and how they deal with avoiding
hypoglycemia will be dependent upon all of the factors
mentioned above.

Some earlier studies have shown that school time
may be one of the highest providers of activity to
youth (128—131). This is particularly relevant as the
school environment has the potential to encourage
physical activity in youth through physical education
lessons, extracurricular activities (structured physical
activity), and during recess or lunchtime (discretionary
physical activity).

For many, all that will be required for a 30 min
recess break is a small snack of 10-15g CHO, e.g., a
fruit or fruit juice, dried fruit, a cereal, fruit or granola
bar or sports bar. This may also be a convenient
opportunity to allow a treat such as chocolate or a few
sweets. Chocolate contains fat which will cause the
sugar to be absorbed more slowly (132). This can make
it more suitable for low-grade longer-lasting activity,
e.g., hiking, swimming, or long walks. However, the
extra calories will not benefit a child with weight
problems.
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Where a multi-injection regimen or a pump is being
used, a reduction in the pre-exercise bolus or setting a
temporary basal rate may be appropriate (see Table 3
below).

For pump patients, a short period of disconnection
may be best to allow free activity.

For longer periods of physical activity (>60 min),
a reduction in basal insulin by 30-50% should be
considered, along with CHO snacks being provided.

Activity weeks are now a common part of the
school curriculum and many young people with
diabetes also have the opportunity to attend dedicated
diabetes camps. These two situations differ mainly in
the expertise available, with the latter usually being
managed and monitored by diabetes professionals with
advice about adjustments of insulin and food on-site.

Clinical professionals can gain much more insight
into the day-to-day management of diabetes by
participating in diabetes camps and in some countries
this is now a training requirement.

The benefits of spending a week being active in
the open air are obvious and self-esteem is often
improved, and where the activity is shared with
others with diabetes, there are real opportunities to
learn better ways of coping. Camps for children with
diabetes that include counseling on nutrition and
insulin adjustments for exercise can result in improved
glycemic control (133-135).

Insulin doses may have to be reduced substantially
to prevent hypoglycemia in a camp setting, especially
in children not accustomed to physical activity, and it is
wise to begin with a 20—25% reduction in TDD (136). A
more recent study by Miller et al. was conducted on 256
children aged 7—-15yr attending a week long summer
camp (137). They reduced all children’s insulin by 10%
(55% were on pumps). Sixty percent of them had at
least one episode of hypoglycemia on the first day.
While, overall, insulin doses did not decrease further
during the camp, the number of hypoglycemic episodes
decreased. There was a difference between pumps
and injections with children using injections requiring
around an extra 8% reduction. They also noted that the
older children were more likely to have hypoglycemic
episodes. So it would seem that consideration of these
factors may be wise before recommending the scale of
insulin reduction.

When being physically active for a prolonged period,
for example, on a skiing trip or an outward bound
camp, insulin sensitivity will increase after 1-2 d which
will probably call for substantially lowered insulin
doses (decreased by 20% or sometimes even 50%,
especially if not used to hard physical exercise). The
increased insulin sensitivity will continue for at least a
couple of days after returning home (81).

Where young people will be cared for by non-
clinical professionals (e.g., teachers), it is vital that
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both the adults and the child/adolescent are provided
with appropriate verbal and written information as
well as emergency contact telephone numbers.

The emergence of ‘cloud technology’ will afford even
better opportunities to support children and young
people participating in camps and activities away from
home but care will be required not to overstep and
impinge upon the development of independence.

Special mention should be made of the need to plan
ahead. Activities often last longer than anticipated
so extra snacks and hypoglycemia remedies should
always be carried. Diabetes educators may meet with
parents, school, and support staff to ensure that a
child’s participation can be planned properly.

While very rare, it may occasionally be advisable for
a diabetes team to recommend to a school that a young
person should not go on a school activity week. For
example, safety might be compromised if the person
with diabetes has exhibited dangerous behavior such
as frequent omission of insulin or episodes of disabling
hypoglycemia. The negative experience from handling
a difficult child and the impact upon the others in the
group might prejudice the prospects for future children
with diabetes.

Miscellaneous advice for unusual activities

Everything possible should be done to support a
young person with diabetes who has serious sporting
aspirations, or simply wants to understand how best
to manage their control while participating. However,
diabetes care teams have a duty of care and there
are occasions when medical ‘certification’ is required
before participation is allowed. Examples include
diving and boxing. It would be negligent to provide
such certification without careful consideration of the
overall control and knowledge of the participant, as
well as the possible impact of any other health factors
such as diabetes complications. It may be possible to
use a little leverage here to persuade the young person
that it is in their interest to work with the team to
improve their self-management.

Participation in almost any sport or exercise is
likely to be safer in company, but for the person with
diabetes this is even more important. At very least, one
companion should know something about diabetes
and how to recognize and manage hypoglycemia.
Every participant in a sports team should be aware
of a person with diabetes and know where to find the
person’s hypoglycemia remedies.

It is good practice to have ‘Diabetes ID’ somewhere
on the body — preferably in the form of a durable
bracelet or necklace.

Taking account of diabetes in other extreme situa-
tions may be lifesaving, e.g., the signs and symptoms
of exhaustion and hypothermia could easily be
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confused with hypoglycemia. It is always safer to
assume that the latter is making some contribution and
to check blood glucose or treat expectantly.

Diving clubs in the UK, as well as in many other
countries, have allowed individuals with diabetes to
dive under certain carefully controlled circumstances
(138), while in Australia, New Zealand, and Norway,
only people with diet-controlled diabetes are allowed
to dive (139). The suggested age limit in the UK is
>18yr (=16yr if taking part in a special training
program) (140). In the USA, the same age limits apply,
and teenagers are only allowed to dive after counseling
by a physician and with letter stating they understand
how to care for their diabetes during a dive. This letter
is usually only provided to teenagers diving with their
parents and after completing diving certification (140)
(http://www.diversalertnetwork.org/news/download/
SummaryGuidelines.pdf). In all countries where recre-
ational scuba diving is allowed when diagnosed with
T1D, the individual has to be declared as “fit to dive’
by a physician and this should also be continuously
reevaluated (140). Specifically, the individual should
have had no severe hypoglycemic episodes in the last
12 months.

A large number of dives performed by individuals
with diabetes has been reported where no deaths,
episodes of decompression illness, or hypoglycemia
occurred (141), even in 16- to 17-yr old adolescents
(142). In another report, hypoglycemic events were
present in very small numbers, with no adverse
outcome (143). Divers Alert Network (DAN) found
1.5% of participants having diabetes in a group of 1180
divers in Project Dive Exploration (144). In this report,
4 of 101 accidents involved diabetes that could indicate
that individuals with diabetes are exposed to a higher
risk than healthy individuals.

Repetitive episodes of hypoglycemia should be
avoided during days before diving, as this could blunt
the hormonal response during subsequent exercise or
hypoglycemia (92).

The use of downloaded data regarding 2 wk of home
glucose measurements made it possible to detect those
who are suitable for diving.

In order to prevent episodes of hypoglycemia during
the dive, a monitoring schedule is recommended with
assessment of glucose levels via finger pricking 60, 30,
and 10 min pre-dive and immediately post-dive (145).
The same result was found when analyzing data from
a CGM before, during, and after dive (146).

Those individuals with TID who are permitted to
dive should be trained to signal ‘L’ (low) for
hypoglycemia (signal performed with the hand while
diving). For safety reasons they should also be trained
to use a fructose/glucose gel for oral ingestion below
the surface, if signs of hypoglycemia are present during
dive (146).
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Type 2 diabetes

As opposed to the situation in T1D, there is no ques-
tion that exercise has a direct and important part in the
treatment of T2D. Exercise results in changes in body
composition, reducing the amount of fat and increasing
the amount of lean tissue: muscle, fibers, and bone. This
increases the metabolic rate, reduces blood pressure
and low-density lipoprotein (LDL) cholesterol, and
increases high-density lipoprotein (HDL), reducing the
risk of cardiovascular morbidity and mortality (147).
The vast majority of studies on T2D and exercise have
been done in adults, but there is every reason to believe
that the results are applicable to adolescents as well.

Affected individuals and family members of
adolescents in whom T2D has been diagnosed have
lifestyles characterized by minimal physical activity
(148) and fitness (149).

A twice-per-week 16-wk resistance training program
significantly increased insulin sensitivity in overweight
adolescents independent of changes in body composi-
tion (150).

Large clinical trials in adults with impaired glucose
tolerance demonstrate that lifestyle interventions
including exercise can reduce the incidence of T2D
(151).

In a meta-analysis it was found that exercise training
reduced HbAlc by an amount that should decrease
the risk of diabetic complications. This effect was not
mediated primarily by weight loss (152).

The incidence of hypoglycemia in T2D is lower than
in T1D, partly because counterregulatory mechanisms
are much less affected, but patients taking insulin
or sulfonylurea medication (especially long-acting
preparations) may require reduction in doses (153,
154).

Diabetes complications

Competitive sports are generally safe for anyone with
T1D who is in good metabolic control and without
long-term complications (155). However, patients who
have proliferative retinopathy or nephropathy should
avoid exercise conditions that can result in high arterial
blood pressures (systolic pressures >180 mm Hg), such
as lifting heavy weights (or any tasks in which a
Valsalva manoeuvre is involved) or performing high-
intensity sprints (156) or a cold bath after a sauna.
Patients with complications should be monitored
with ambulatory blood pressure measurement during
exercise. Patients with peripheral neuropathy should
be careful to avoid blisters and cuts and should avoid
running and other sports that involve excessive wear of
legs and feet (156). See reference 155 for more detailed
advice on diabetes complications and exercise, and
(157) for a more complete lists of sport-specific advice.
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Diabetes and bone

The relationship between diabetes and osteopenia
has been known since the 1950s but there has been
much conflicting evidence. More recent studies have
confirmed that children and adolescents with T1D do
appear to have reduced bone mineral density compared
with their non-diabetic peers (inversely correlated with
HbA1c) (158). Whether or not this s, in turn, influenced
by physical activity is interesting given the widespread
evidence that children generally are not meeting the
published targets for activity. Salvatoni et al. (159)
studied 57 children and adolescents with diabetes and
57 controls and followed them with accelerometers
to assess activity. Like others, they found that bone
mineral density was less in diabetes but they also found
a direct correlation between the average time per week
spent doing physical activity and bone mineral content.
Their findings were confirmed by Heilman et al. (160)
who found the most significant reductions in bone
mineral content and bone mineral density in boys with
diabetes and that the boys were also the least active.

Contrary evidence was presented in 2010 by Maggio
etal. who found that bone mineral density was
normal during growth in 32 children with diabetes
but that markers of bone turnover were decreased
(161). Further support for abnormal bone metabolism
in diabetes was demonstrated by Hamed et al. in 2011
when they studied 36 children and adolescents with
diabetes and 15 controls and found that the group
with diabetes had higher phosphate and pararthyroid
hormone levels with significantly lower levels of
calcium, IGF-1, and 25(OH)D. They also showed total
body osteopenia-osteoporosis in 94.4% (total body)
(162).

A prospective study by Maggio etal. in 2012
looked at the impact of two 90min sessions per
week of weight-bearing exercise for 9 months (ball
games, jumping, rope-skipping, and gymnastics) upon
bone mineral density in 27 diabetic and 32 healthy
children(163). After the intervention the cohort of
diabetic and healthy children randomized to exercise
had similar measures of bone mineral density and these
were significantly different from the non-intervention

group.
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