
Postgrad Med J (1990) 66, 803 - 806 ) The Fellowship of Postgraduate Medicine, 1990

Leading Article

Competitive sport and the insulin-dependent diabetic
patient
P.M. Greenhalgh
Academic Department ofDiabetes, Whittington Hospital, London N19, UK.

Many insulin dependent diabetic patients have
competed, against the odds, at national or interna-
tional level in strenuous sports. The increase in
psychological wellbeing'-3 and in insulin sensitivity
in both Type I4-6 and Type II diabetic subjects5'7'8
with moderate exercise have been well document-
ed, as has the improvement in lipid profile6'8'9 and
mild to moderate hypertension.'0 But earlier
theories that exercise improves metabolic control
in Type I diabetes" have now been challenged,'2'13
and strenuous exercise is not without its risks.
Proliferative retinopathy may progress to retinal
haemorrhage,4'15 and proteinuria increases with
exercise'6 (though this may not be of pathological
significance'5). Even mild peripheral neuropathy
greatly increases the risk of soft tissue injury,
particularly to the feet.'5 Autonomic neuropathy,
as well as reducing the cardiovascular response to
exercise,5'17 impairs the response to overheating
and dehydration.15 However, the most immediate
risks to the diabetic athlete are metabolic. Exercise
increases both the risk of hypoglycaemia in the
hyperinsulinaemic subject15'58 and that of ketosis in
the insulin deficient subject.19'20 In order to give
sensible advice on diet and insulin regimens to the
diabetic athlete, an understanding of the metabolic
basis of physical exercise is necessary.

The metabolic basis of physical exercise in diabetes

Circulating blood glucose accounts for only a tiny
percentage (80 kcal) of stored energy, compared
with liver glycogen (300 kcal), muscle glycogen
(1500 kcal), and adipose tissue (150,000 kcal).'9
However, the blood glucose level is a dynamic
variable, influenced by changes in both its rate of
consumption and its rate of production. At rest,
over 90% of muscle energy is derived from the
oxidation of fatty acids.'9 With increasing exercise
intensity, the contribution of circulating blood

glucose to muscle energy supply increases both
absolutely and relatively, from about 1-2 mmol/
min (5% of total energy) at rest to 30 mmol/min or
more (40% of total energy) during moderate
exercise."9 When exercise intensity approaches
maximum aerobic capacity (Vo2max), almost
100% of energy is derived from circulating blood
glucose.5 The massive increase in peripheral
glucose uptake in these circumstances is matched
by an increase in glucose production - chiefly from
hepatic glycogenolysis21 - so that in the normal
subject, blood glucose levels stay constant and may
even rise during short term heavy exercise.'9

It is important to note that, for both normal and
diabetic subjects, the rate of glucose uptake by
exercising muscle is determined by the rate of
glucose utilization and not by the prevailing free
insulin level.2'23 In the normal subject, the hor-
monal response to exercise is geared not to stim-
ulating glucose uptake by the contracting muscle
but to mobilizing fuel for the contracting mus-
cle.2324 The onset ofexercise produces a rapid rise in
serum catecholamine levels,24-26 which stimulate
hepatic glycogenolysis, muscle glycogenolysis and
lipolysis both directly21 and via alpha-adrenergic
inhibition of insulin production and insulin
action.242728 Serum free insulin levels fall to about
one-fifth of pre-exercise levels,24'29 stimulating
glycogenolysis and lipolysis. Serum glucagon levels
may fall during briefexercise24 but rise in prolonged
exercise,24'25 further promoting hepatic glycogeno-
lysis and gluconeogenesis. The counter-regulatory
effects ofgrowth hormone and cortisol may also be
important, particularly in prolonged exercise.25
The peripheral hyperinsulinaemia which is a

feature ofType I diabetes30 is made relatively worse
by exercise29-31 since the normal dramatic fall in
insulin output at the onset of exercise does not
occur.29 Exercise may even enhance insulin absorp-
tion by increasing subcutaneous blood flow to the
insulin injection site,3234 though the extent of this
effect may have been overestimated in the past.13'35
Shifting the insulin injection site to a non-exer-
cising part of the body such as the abdomen
probably makes little difference to insulin absorp-tion.13'3536 Many Type I diabetic subjects have
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deficient glucagon production,31 though this is
probably of little clinical significance as long as the
catecholamine response is preserved.24'3'37 Even in
the presence of high levels of all the counter-
regulatory hormones, a high free insulin level is a
powerful inhibitor of glycogenolysis, gluconeo-
genesis and lipolysis.31 In the hyperinsulinaemic
state, muscle glucose uptake is unimpaired but
glucose mobilization is low and the muscle de-
prived of glucose cannot simply shift to burning
fat.

Therefore, exercise should occur not necessarily
when blood glucose levels are high, but when free
insulin levels are low. In a state of mild insulin
deprivation (omission of subcutaneous insulin for
24 hours) the Type I diabetic subject can produce a
rise in blood glucose and serum free fatty acids with
exercise which is not significantly different from
that of a non-diabetic subject.26'33 It is, however,
common knowledge that in the poorly-controlled
diabetic subject, exercise can make matters worse,
leading to rapid and dramatic rises in blood
glucose, lactate and ketones.1319'38-40 Until fairly
recently, it was thought that this deterioration in
control was due to the fall in plasma free insulin
levels to below the so-called 'permissive' level
required for muscle glucose uptake. 1920'33 However,
more recent experiments have shown that the
isolated perfused rat muscle is capable ofincreasing
glucose transport in virtually insulin-free condi-
tions.'3'40 The in vivo decrease in glucose uptake by
the exercising muscle during ketosis is probably
attributable to the presence of high levels of free
fatty acids which inhibit glucose uptake via the
'glucose fatty acid cycle'.13 In addition, poorly
controlled diabetic subjects have catecholamine
levels up to 8 times higher than normal subjects or
well-controlled diabetic subjects.37 These levels, in
the presence of insulin deficiency, enhance lipolysis
and hence free fatty acid supply to the liver,
encouraging ketone body formation.'3 Many dia-
betic athletes like to 'run high' to reduce the risk of
hypoglycaemia; this should be discouraged. The
tighter the background level ofdiabetic control, the
safer it will be to cut back on the amount of insulin
taken before a heavy bout of exercise.' 41'42
With the increasing popularity of 'endurance

sport', events lasting two hours or more are not
uncommon. As duration of exercise increases, liver
glycogen stores become depleted and fat is used as
the main fuel.43'44 Even in non-diabetic subjects, the
blood glucose level may fall45 and it is at this point -
when the liver has no more to give - that the
diabetic athlete is doubly at risk of hypoglycaemia.
There are several ways of minimizing this risk.
First, both the amount ofcarbohydrate that can be
stored as glycogen and the rate of fatty acid
utilization during exercise can be increased drama-
tically with endurance training.264446 This has been

demonstrated in diabetic as well as non-diabetic
athletes.26'47,48 The aspiring marathon runner with
diabetes must embark upon a steadily-increasing
programme of training for several months before
the race. Second, a high carbohydrate diet and
'carbohydrate loading' the day before a long event
will further boost glycogen stores,4446 and diabetes
is no bar to such a practice.4748

Practical considerations

It is probably reasonable to refer all diabetic
athletes over 35 years for formal exercise testing to
exclude clinically silent cardiovascular disease.49
Proliferative retinopathy is an absolute, and peri-
pheral or autonomic neuropathy a relative, contra-
indication to strenuous exercise. A background of
tight metabolic control is essential for both perfor-
mance and safety; anything more than mild exer-
cise should not be undertaken in the presence of
ketonuria. The diabetic runner should seek profes-
sional advice on footwear and attend a chiropodist
regularly.

Variations in the duration and intensity of
exercise, and its timing in relation to meals and
insulin, will lead to variations in glycaemic re-
sponse to exercise that are not easy to predict.
Absorption of ingested carbohydrate may be
delayed during exercise even in normal subjects;50.51
diabetic athletes are at even greater risk of gastric
stasis and vomiting.52 One third of'hypoglycaemic'
episodes are not associated with a low blood
glucose,53 and the physical and psychological
effects of competitive sport may mimic the symp-
toms ofneuroglycopaenia.i'L3 For all these reasons,
the importance of regular blood glucose monitor-
ing and of 'trial runs' before major events cannot be
overestimated. Glucose should, of course, be car-
ried at all times and a medical identity bracelet is a
sensible precaution.

Short-term exercise ofmild to moderate intensity
can usually be covered by extra carbohydrate
beforehand (and sometimes afterwards).20 As a
general rule, the longer the duration and the greater
the intensity of exercise, the less oral carbohydrate
can be relied upon to maintain euglycaemia. Exer-
cise should occur when free insulin levels are low. If
the subject exercises in close proximity to the
insulin injection, drastic reductions in dose are
needed, ofup to 80% ofintermediate-acting insulin
and 100% of soluble insulin.13'20 Altering the
injection site to the abdomen will probably make
little difference to control.
The increased energy requirements ofendurance

sport are frequently underestimated by physicians
and dieticians more used to sedentary patients. A
4-hour marathon at 70% Vo2max will require over
500 g of extra carbohydrate44 and much of this can
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be taken in the days preceding the race, along with
an appropriate increase in short-acting insulin.' It
is also important to reduce post-race insulin and
increase carbohydrate after any glycogen-depleting
exercise since the replenishing of glycogen stores
will increase insulin sensitivity.3'8 The hypo-
glycaemia following prolonged intense exercise can
be severe and prolonged,18 and should be anti-
cipated.

It has been argued persuasively that ifmetabolic
control has been optimized by careful adjustment
of insulin delivery and food intake, addition of

exercise to the regimen can only be expected to
result in deterioration of metabolic control.'3
Nevertheless, some of our diabetic patients will
take up strenuous sport and a few will excel. The
doctor's role is not to prohibit such activity but to
advise on the safest way of going about it. The
patient's participation in his or her own care is vital
to the success of any complex treatment regimen.
For the diabetic athlete this requires an under-
standing ofthe metabolic basis ofboth the diabetes
and the sport.
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