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Abstract

Aims/hypothesis We investigated whether a 10-s maximal
sprint effort performed immediately prior to moderate-
intensity exercise provides another means to counter the
rapid fall in glycaemia associated with moderate-intensity
exercise in individuals with type 1 diabetes.

Materials and methods Seven complication-free type 1
diabetic males (21.6+3.6 years; meantSD) with HbA;,
levels of 7.440.7% injected their normal morning insulin
dose and ate their usual breakfast. When post-meal
glycaemia fell to ~11 mmol/l, participants were asked
to perform a 10-s all-out sprint (sprint trial) or to rest
(control trial) immediately before cycling at 40% of peak
rate of oxygen consumption for 20 min, with both trials
conducted in a random counterbalanced order.

Results Sprinting did not affect the rapid fall in glycaemia
during the subsequent bout of moderate-intensity exercise
(2.94£0.4 mmol/l in 20 min; p=0.00; mean£+SE). However,
during the following 45 min of recovery, glycaemia in the
control trial decreased by 1.23+£0.60 mmol/l (p=0.04)
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while remaining stable in the sprint trial, subsequently
decreasing in this latter trial at a rate similar to that in the
control trial. The large increase in noradrenaline (norepi-
nephrine) (p=0.005) and lactate levels (p=0.0005) may
have contributed to the early post-exercise stabilisation of
glycaemia in the sprint trial. During recovery, adrenaline
(epinephrine) and NEFA levels increased marginally in the
sprint trial, but other counter-regulatory hormones did not
change significantly (p<0.05).

Conclusions/interpretation A 10-s sprint performed im-
mediately prior to moderate-intensity exercise prevents
glycaemia from falling during early recovery from moderate-
intensity exercise in individuals with type 1 diabetes.

Keywords Exercise - Glycaemia - Glycemia -
Hypoglycaemia - Hypoglycemia - Physical activity -
Recovery - Sprint - Type 1 diabetes

Abbreviations

CON control trial

SP sprint trial

VOospeak  Peak rate of oxygen consumption

Introduction

Prolonged exercise of high intensity (>10 min at >80%
peak rate of oxygen consumption; VOspeax) differs from
moderate-intensity exercise in that it causes an increase
rather than a fall in glycaemia in insulin-treated individuals
with type 1 diabetes [1]. For this reason, we recently
examined whether the performance of one or several short
maximal sprint efforts could offer an alternative means to
counter the fall in glycaemia associated with moderate-
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intensity exercise or elevated plasma insulin levels in
individuals with type 1 diabetes [2—4]. Surprisingly, we
found that immediately after a bout of moderate-intensity
exercise it is preferable to sprint for 10 s than to only rest
as a means of countering a decrease in glycaemia during
recovery [2]. Also, we showed that the fall in glycaemia
during and after exercise of moderate intensity is not as
marked if this type of exercise is interspersed with several
4 s sprints, despite more work being performed [4]. It is
important to note that the sprints in these studies [2—4]
were short enough (4-10 s) to be well tolerated by all
participants.

Given the benefits of sprinting during or after moderate-
intensity exercise [2, 4], this raises the intriguing question
of whether performing a short sprint effort immediately
prior to, rather than after, moderate-intensity exercise may
offer a novel way of preventing the rapid fall in glycaemia
normally observed during and after moderate-intensity
exercise. In other words, this study examines whether
short-duration sprinting should be an integral part of the
preparatory routine of individuals with type 1 diabetes
before they engage in sustained physical activities of
moderate intensity.

Materials and methods

Participants Seven males with type 1 diabetes, (age 21.6+
3.6 years; BMI 26.7+4.3 kg/m?; VOypeqr 45.2%5.0 ml kg '
min_'; diabetes duration 9.5+3.3 years; HbA . 7.4£0.7%;
total daily insulin dose 94+38 U; all means+SD), who were
free from diabetic complications, had undetectable levels of
C-peptide and were hypoglycaemia-aware, gave informed
consent in accordance with both the University of Western
Australia and Princess Margaret Hospital Ethics Committees.
Participants were not taking any prescribed medication
other than insulin and had not changed their insulin
regimen for at least 3 months prior to the study. Following
a familiarisation session, during which anthropometric
measurements were taken, VOppcax Was determined as
described previously [5]. The next two visits were the
sprint (SP) and control rest (CON) trials conducted in a
random counterbalanced order.

Experimental trials and assays In the 48 h prior to the
experimental trial, participants were not allowed to
exercise as antecedent exercise could have affected the
endocrine response to exercise [6]. In addition, testing was
rescheduled if participants had experienced a hypoglycae-
mic episode during the 48 h pre-trial phase. Following
their arrival in the laboratory at 08:00 hours, participants
self-administered their usual dose of morning insulin into
their abdomen, with insulin dosage kept identical between
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trials (mean dose 15+2 U short-acting insulin, 16+9 U
intermediate-acting insulin), and a catheter was inserted in
the antecubital fossa. Blood glucose levels were similar
(p=0.843) prior to insulin injection, with levels of 10.1+
1.4 and 10.3£1.5 mmol/l in the SP and CON trials,
respectively. Participants then consumed breakfast to
increase glycaemia above 11 mmol/l. Breakfast food
choice and nutritional content reflected that normally eaten
by the participant, with breakfast kept the same (p>0.05)
for both trials (total energy 1,736+193 kJ; relative energy
content 56+3% carbohydrate, 17+1% protein, 27+4% fat).
However, one of the control participants consumed additional
carbohydrate to achieve post-breakfast glycaemia above
11 mmol/l

After breakfast, no physical activity was allowed and
glycaemia peaked at 13.8+0.8 and 13.9+0.50 mmol/l
in the SP and CON trials, respectively (p=0.890). When
glycaemia post-breakfast fell back to ~ 11 mmol/l
(approximately 111£10 min SP and 106+8 min CON
after insulin injection; p=0.564), participants either rested
or performed a 10-s maximal sprint effort on an air-
braked cycle ergometer (Repco, Sydney, NSW, Australia).
This was immediately followed by 20 min of moderate-
intensity exercise (40% VOjpear), Wwith the rationale
underlying the intensity and duration of this bout of
moderate-intensity exercise similar to that discussed
previously [2]. Blood sampling and assays of metabolites
and hormones were also performed as described in our
earlier studies [2, 4].

Statistical analyses Data were analysed using a two-way
repeated-measures ANOVA and Fisher’s least significant
differences test for a posteriori analysis with SPSS 13.0 for
Windows software (SPSS, Chicago, IL, USA). Statistical
significance was accepted at p<0.05. Participants’ charac-
teristics are expressed as means+SD; all other results are
means+SEM.

Results and discussion

Here we show that although a 10-s sprint initiated
immediately before moderate-intensity exercise did not
affect the rapid decline in glycaemia during a subsequent
bout of moderate-intensity exercise performed when plasma
insulin levels are elevated, it did prevent the fall in
glycaemia for at least the first 45 min of recovery
(Fig. 1). This suggests that including a short sprint as part
of the preparatory routine of individuals with type 1
diabetes before they engage in sustained moderate-intensity
exercise might provide another means of temporarily
stabilising glycaemia during early recovery.
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Fig. 1 Effect of'a 10-s sprint on blood glucose levels during and after
moderate-intensity exercise. The moderate-intensity exercise was
commenced at time-point minus 20. Blood glucose levels are
expressed relative to those immediately after moderate-intensity
exercise (time-point=zero). All values are shown as mean+SEM.
Black box, sprint; hatched box, moderate-intensity exercise; closed
circles, SP trial; open circles, CON trial. *p<0.05 for difference from
0 min post-moderate-intensity exercise time point in SP; **p<0.05
for difference from 0 min post-moderate-intensity exercise time point
in CON

The marked rise in noradrenaline (norepinephrine) and
lactate levels immediately after exercise in the SP group
might explain, in part, how sprinting prior to moderate-
intensity exercise delays the fall in glycaemia early into
recovery. Noradrenaline levels during early recovery were
elevated in the SP group while blood glucose levels were
stable, but soon after the return of noradrenaline to basal pre-
exercise levels, blood glucose levels in the SP and CON
groups fell at comparable rates (Fig. 2). Although high
catecholamine levels have been generally acknowledged to
counter insulin-mediated falls in glycaemia [1], their role as
counter-regulatory hormones during exercise in type 1
diabetic individuals is still controversial [7]. Elevated lactate
levels (Fig. 2) are another factor that may have contributed to
the stabilisation of glycaemia early in recovery by providing
gluconeogenic precursors for hepatic glucose production and
by increasing peripheral insulin resistance [8].

The patterns of change in the levels of insulin, cortisol,
glucagon and growth hormones in the SP and CON groups
suggest that these hormones are unlikely to explain the
delayed fall in glycaemia during recovery in the SP group.
Insulin and cortisol levels in SP and CON groups did not
change significantly during recovery (Fig. 2). Also, the
levels of glucagon did not increase significantly during and
after exercise in the SP group. The question of whether
portal glucagon levels responded in a similar manner
remains to be established (Fig. 2). Finally, growth
hormones are also unlikely to play a role as no significant
changes in growth hormone levels were seen in either of the
groups (Fig. 2). However, a close inspection of Fig. 2e
suggests that significant changes in growth hormone levels
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Fig. 2 Effect of a 10-s sprint on the levels of lactate (a), NEFA (b),
noradrenaline (c¢), adrenaline (d), growth hormone (e), cortisol (f),
glucagon (g) and free insulin (h) during and after moderate-intensity
exercise. All values are shown as meantSEM. Black boxes, sprint;
hatched boxes, moderate-intensity exercise; closed circles, SP trial;
open circles, CON trial. ¥*p<0.05 compared with rest in SP; **p<0.05
compared with rest in CON

might have been masked by the large inter-individual
variability in growth hormone levels. Nevertheless, even if
growth hormone levels had increased significantly, this
would probably have been of lesser importance because it
has been reported that (1) administration of a growth
hormone pulse does not affect peripheral glucose uptake in
insulin-treated individuals with type 1 diabetes [9] and (2)
the infusion of octreotide, an inhibitor of growth hormone
release, has no acute effects on the magnitude of the
hyperglycaemic effect of high-intensity exercise [10].
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There is evidence that the aforementioned factors proposed
to explain the stabilising effects of a short sprint on post-
exercise glycaemia might be similar, irrespective of whether
sprinting is performed before, during or after moderate-
intensity exercise. Indeed, elevated lactate and catecholamine
levels have also been proposed to stabilise glycaemia at the
onset of recovery from moderate-intensity exercise inter-
spersed either with several short sprints [4] or followed by a
10-s sprint [2]. It is less clear, however, whether growth
hormones are also involved under these conditions because
of a lack of consistencies across studies. Clearly, more
research is required to identify the factors responsible for the
sprint-mediated stabilisation of glycaemia post-exercise.

On practical and clinical grounds, our findings suggest that
before engaging in moderate-intensity exercise, individuals
with type 1 diabetes should incorporate into their warm-up
routine a short 10 s maximal sprint effort, especially as a 10-s
sprint is well tolerated [2]. However, before recommending
the use of sprinting to prevent an early post-exercise fall in
glycaemia, a number of issues must be addressed such as the
extent to which the efficacy of prior sprinting is affected by
the intensity and duration of the subsequent bout of exercise
and the identification of any subpopulations of type 1
diabetic individuals unlikely to benefit from sprinting.

In conclusion, our findings show that sprinting before a
bout of exercise of moderate intensity could be a novel tool
of clinical importance for preventing the fall in glycaemia
during early recovery in young healthy individuals with
type 1 diabetes. These findings provide one of the very few
examples [2-4] of exercise offering an immediate short-
term clinical benefit (delayed fall in glycaemia).
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