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Abstract

Exercise is an important element to optimize health and well-being, though navigating exercise safely can be
challenging for exercise specialists working with people with diabetes. Measuring glucose levels before an exercise
session assists in the determination of whether exercise is safe for a person with diabetes. A number of
organizations have recently developed guidelines to provide exercise and diabetes recommendations based on
glucose levels and other relevant factors. However, there are limited easy-to-use resources to assist exercise
specialists to determine whether exercise should be started and continued by people with diabetes. The type of
diabetes, pre-exercise glucose level, medications and their timing, recent food intake and general sense of wellness
all warrant consideration when determining the approach to each exercise session. An expert group was convened
to review the published literature and develop resources to guide exercise specialists in assessing the safety of an
adult with diabetes starting exercise, and indications to cease exercise, based upon glucose levels and other factors.
Contraindications to people with diabetes starting or continuing exercise are (1) glucose < 4.0 mmol/L; (2) glucose
> 15.0 mmol/L with symptoms of weakness/tiredness, or with ketosis; (3) hypoglycaemic event within the previous
24 h that required assistance from another person to treat and (4) feeling unwell. To optimize diabetes and exercise
safety, recommendations (stratified by pre-exercise glucose level) are provided regarding carbohydrate ingestion,

glucose monitoring and medication adjustment.
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Key Points

e Guidelines are provided to optimize exercise for
people with diabetes based on pre-exercise
glucose level.

e Guidelines regarding glucose monitoring,
carbohydrate ingestion, and medication
adjustments are included

e Contraindications to exercise are provided.

Introduction

Prescribing and delivering exercise to a person with dia-
betes requires an understanding of the interplay between
the type of diabetes, the pre-exercise glucose level, medi-
cations and their timing, and recent food intake. The aim
of this article is to present current recommendations as
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easy to use resources to assist exercise specialists to deter-
mine whether exercise should be started and continued by
people with diabetes.

Type 1 Diabetes and Exercise

Exercise is important for the health and well-being of
people with type 1 diabetes. Cardiometabolic benefits in-
clude improvements in cardiorespiratory fitness, vascular
function and lipid profile [1]. Physically active adults
with type 1 diabetes have better blood pressure, a health-
ier BMI, lower requirements for insulin and less ketoaci-
dosis than their physically inactive counter-parts [1, 2].
There also appears to be an association between physical
activity and reduced cardiovascular disease and mortality
for individuals with type 1 diabetes [3].

Current recommendations from the American Dia-
betes Association for people with type 1 diabetes are to
accumulate at least 150 min/week of moderate-intensity
aerobic and resistance exercise and to have no more
than two consecutive days without physical activity [4].
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However, more than 60% of people with diabetes under-
take no structured exercise [2], and many individuals re-
port that fear of exercise-induced hypoglycaemia and a
lack of knowledge about the effects of exercise on glu-
cose control are reasons they do not exercise [5].

Glucose homeostasis depends on the interaction be-
tween the nervous system, hormones (e.g., insulin, gluca-
gon, catecholamines, and glucocorticoids), molecular
regulators within skeletal muscle and the liver [6]. For
people with type 1 diabetes, glucose control during exer-
cise is challenging, as without the physiological response
of insulin to exercise, deficiencies or exaggerations in
other hormonal responses can occur. These responses
may be difficult to predict, resulting in exercise causing
either hypoglycaemia or hyperglycaemia for people with
type 1 diabetes. The type of exercise further complicates
the response with aerobic exercise tending to lower
blood glucose and anaerobic exercise likely to increase
glucose, making glycaemic control challenging [7]. Dur-
ing aerobic exercise, the lack of a physiological reduction
in circulating insulin results in a lack of both physio-
logical glucose production by the liver and increased
skeletal muscle uptake of glucose. Together, these in-
crease the risk of hypoglycaemia. During anaerobic exer-
cise, a failure in circulating insulin levels to increase at
the end of exercise and a rise in catecholamines in-
creases glucose production by the liver. At the same
time, glucose disposal into skeletal muscle is limited,
resulting in hyperglycaemia. Knowledge of glucose levels
and the direction of change expected during exercise
may increase self-efficacy and confidence for exercise.

Exercise will generally increase the risk of hypoglycaemia
for several hours following exercise for people with type 1
diabetes. Increased insulin sensitivity post-exercise appears
to be biphasic, occurring immediately after exercise and
then again 7-11 h later [8] and may last for up to 24 h [9].
It appears that, because the hormonal responses to exercise
and hypoglycaemia are similar, they promote a cycle of re-
peated autonomic failure during both exercise- and
insulin-induced hypoglycaemia [10]. The additional com-
pounding problems with blunted autonomic nervous sys-
tem and neuroendocrine and metabolic counter-regulatory
responses are referred to as hypoglycaemia-associated auto-
nomic failure (HAAF) [11]. Monitoring glucose levels and
the direction of change following exercise can decrease
post-exercise hypoglycaemia. This is especially important
when there has been an increase in exercise (duration or in-
tensity) or when a new exercise program is started.

Type 2 Diabetes and Exercise

Exercise is medicine for people with type 2 diabetes. Exer-
cise training improves glycaemic control, primarily by in-
creasing glucose uptake into active muscles and inhibiting
glucose production from the liver. Muscle glucose uptake is
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improved by insulin-dependent and insulin-independent
pathways, and these benefits continue for several hours
after exercise [12]. In addition to the effects on glycaemic
control, exercise training also improves cardiovascular dis-
ease risk among people with type 2 diabetes by acting on
hypercholesterolaemia, hypertension and obesity [13]. Fur-
thermore, exercise leads to improved mental health and
quality of life [13]. The extensive evidence regarding the
health benefits of exercise has resulted in exercise training
being incorporated into type 2 diabetes treatment guide-
lines throughout the world [14-17]. Current Australian
guidelines recommend that people with type 2 diabetes or
pre-diabetes accumulate a minimum of 210 min per week
of moderate-intensity exercise or 125 min of vigorous-in-
tensity exercise consisting of aerobic and resistance modes
[18].

Despite the clear evidence that exercise training is a
cornerstone in managing type 2 diabetes, individuals
with the condition are among the least likely to engage
in regular exercise. Among Canadian adults with type 2
diabetes, only 28% reported they were meeting public
health and diabetes-specific exercise guidelines [19].
One of the most consistent predictors of exercise be-
haviour maintenance is self-efficacy, with confidence in
the ability to exercise associated with greater adherence
to exercise recommendations [20].

Blood glucose decreases during and after exercise for in-
dividuals with type 2 diabetes; however, this does not usu-
ally result in hypoglycaemia unless the individual is taking
insulin or sulphonylureas. When hypoglycaemia occurs, the
drug dose is usually in excess of the metabolic requirements
and there are additional compounding problems (i.e.
HAAF) [11]. Skeletal muscle insulin sensitivity is en-
hanced for up to 48h following exercise increasing
muscle glucose uptake and the risk of hypoglycaemia
[21]. Increased insulin sensitivity may alter insulin and/
or sulphonylurea requirements post-exercise for those
with diabetes. Metformin use is postulated to increase the
risk of lactic acidosis in those undertaking prolonged
high-intensity exercise [22]. However, a recent review
found this to be rare [23].

Glucose Monitoring

It is recommended that all individuals with type 1 dia-
betes, and those with type 2 diabetes who are taking insu-
lin and/or sulphonylureas, always check their glucose level
two to three times prior to exercise to establish the direc-
tion of change in glucose. In addition, it is recommended
that these individuals with type 1 diabetes also check their
glucose level every 30 min during exercise and again after
exercise. When initiating an exercise program or when
implementing significant exercise program changes (e.g.
increases in mode, intensity and duration), additional glu-
cose testing is needed to understand the effects of the
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exercise on blood glucose and to avoid post-exercise
hypoglycaemia. Establishing the glucose trend before, dur-
ing and after exercise will educate and inform the exercise
specialist regarding the effects of exercise on that individ-
ual. For people with type 2 diabetes managed with medi-
cations other than insulin or sulphonylureas (or with
lifestyle alone), ongoing pre-exercise glucose testing is not
generally necessary due to the low risk of hypoglycaemia.
Previous advice for monitoring glucose in the context of
exercise has been provided in position/consensus state-
ments targeting clinicians treating people with type 1 dia-
betes [24], type 2 diabetes [14, 25] and both [4] with these
also communicated through other documents [26-28]. In
response to the lack of bespoke resources for exercise spe-
cialists working with people with diabetes, an expert
group was formed to develop the resources presented
here. The group consisted of endocrinologists (PD, SM),
accredited exercise physiologists (GT, SQ, JC) and a
dietitian (RB). The group reviewed widespread sources in-
cluding the position/consensus statements mentioned
above and incorporated this information within the re-
sources presented here. The aim of these resources is to
provide general advice to exercise specialists regarding
glucose management around the time of exercise under-
taken by adults with diabetes. Furthermore, beyond these
general guidelines, the level of fitness of the individual ex-
ercising and knowledge of their previous responses to ex-
ercise may enable further personalisation of the advice.

General Recommendations

Initial Review

All people with diabetes starting an exercise program
should be reviewed to gather relevant information.
This includes:

a. Diabetes type;
Medication regimen including any recent changes;

c. Other relevant clinical data (e.g. fasting glucose
level, blood pressure, heart rate, oxygen saturation);
Co-morbidities; and.

e. Factors that may specifically impact exercise
program participation.

Healthcare professionals should consider the above in-
formation when considering an individual’s suitability to
exercise. A screening tool may be useful to collect this in-
formation (e.g. Australian Pre-exercise Screening System;
APSS [29], the Physical Activity Readiness Questionnaire
for Everyone; PAR-Q+ [30] or the electronic Physical Ac-
tivity Readiness Medical Examination; ePARmed-X+ [30]).
Notably, algorithms associated with these tools are often
overly conservative for people with diabetes resulting in
excessive referrals for medical clearance [4]. The Ameri-
can Diabetes Association Position Statement states that
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pre-exercise medical clearance is not necessary for asymp-
tomatic individuals receiving diabetes care consistent with
guidelines if the intention is to exercise at a low- or
moderate-intensity (e.g. not exceeding the demands of
brisk walking or everyday living) [4]. A doctor should be
consulted when co-morbidities, medications or the history
of glucose control may complicate the introduction of an
exercise program. In these cases, continued two-way com-
munication between the doctor and exercise specialist
working with the individual is essential. During the exer-
cise program, the exercise specialist should regularly as-
sess the individual’s current health status and identify any
new symptoms or issues that arise.

Certain types of exercise are contraindicated when any
of the following conditions are present: autonomic neur-
opathy, peripheral neuropathy, retinopathy, chest pain/
discomfort, hypertension, nephropathy and hypoglycaemic
unawareness. Identification of any of these during the
screening process should prompt referral to a doctor for
consideration of the advisable exercise types.

Training of Exercise Specialists

People with diabetes may need to seek the assistance of an
exercise specialist for guidance and/or supervised training.
However, there are various levels of educational standards
and qualifications in the exercise and fitness industries
that can make it difficult to understand who is appropri-
ately qualified to provide guidance. For example, in
Australia, a person can attain a certificate in fitness (Cer-
tificate 3 in Fitness) in a short period of time and provide
a personal training service. By comparison, in Australia,
accredited exercise physiologists complete at least 4 years
of university study with 500 h of exercise practicum. Pro-
fessional standards of accredited exercise physiologists in-
clude detailed knowledge of physiology, pathophysiology
and exercise training for diabetes. It is recommended that
exercise prescription and delivery for people with diabetes
be under the supervision of an accredited exercise physi-
ologist or exercise specialist with similar knowledge and
training (e.g. physiotherapist/physical therapist, clinical ex-
ercise physiologist in the USA, kinesiologist in Canada
and biokinetisist in South Africa). Given the diversity of
knowledge and experience in exercise specialists who may
be training people with diabetes, it is essential that guide-
lines and resources such as those provided here are avail-
able to decrease the risk of an untoward event occurring
during exercise training.

Checklist Prior to Exercise Session
The following information should be obtained from the
person prior to starting exercise:

a. Timing, amount and type of previous food intake;
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b. Medications administered that would still be active
(e.g. Lantus insulin administered the night prior
would still be active the following day);

c. Glucose level and trend prior to exercise
(preference to use person’s own monitor to
promote self-management). Two to three pre-
exercise glucose measurements are recom-
mended. Determine whether there has been
severe hypoglycaemia within the past 24 h (i.e.
hypoglycaemia that required assistance from an-
other individual to treat). Note that for people with
type 2 diabetes managed with medications other than
insulin or sulphonylureas (or with lifestyle alone),
ongoing pre-exercise glucose testing is not generally
necessary due to the low risk of hypoglycaemia;

d. Assessment of current health status and any
new symptoms.

These details, together with the expected type, dur-
ation and intensity of the planned exercise session, will
need to be known to appropriately monitor the person
during the exercise session. Table 1 contains additional
considerations and recommendations based on findings
from the checKklist.

An important issue to consider is that trained individ-
uals with diabetes have greater reductions in glucose dur-
ing aerobic exercise compared with those who have
reduced physical fitness [32]. Possible explanations for this
include exercise training-induced effects on insulin sensi-
tivity [33], glucose transporters [34], glucagon [35] or the
use of glucagon-like peptide-1 [36] and/or dipeptidyl pep-
tidase—4 [36, 37]. Another factor may be that with in-
creased fitness people with diabetes are able to exercise at
a greater workload, which may contribute to increased in-
sulin sensitivity and greater glucose utilization [32].

Guidelines for Starting or Continuing Exercise
Based on Glucose Levels

Figures 1, 2 and 3 contain guidelines using a traffic light
approach to assist exercise specialists with clinical
decision-making regarding people with diabetes starting
or continuing exercise based on glucose levels and other
factors. These Action Plans will be individually guided
by the exercise specialist, in consultation with the indi-
vidual. Figures 4 and 5 contain simplified flow charts
summarizing the guidelines. These resources refer to a
Diabetes Healthcare Professional who is a clinician with
appropriate qualifications to understand the interactions
between medications, glucose levels, carbohydrate intake
and co-morbidities. For example, in Australia, this in-
cludes doctors, nurse practitioners, credentialed diabetes
educators, accredited exercise physiologists, physiothera-
pists and accredited practicing dietitians.
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Table 1 Additional considerations for people with diabetes
exercising

Every person with diabetes is different, tailor the exercise plan to meet
individual needs.

Assess the presence and severity of diabetes complications.

If previous foot or nerve problems check feet for blisters and ulcers
before and after exercise.

Individuals with foot ulcers should avoid weight-bearing exercise that
puts pressure on foot wounds.

When beginning or modifying an exercise program, monitor glucose for
several hours before and after exercise to observe the trend.

Use of continuous glucose monitoring (via a transcutaneous sensor)
provides greater detail regarding glucose changes, allowing finely-tuned
medication adjustment.

Hypoglycaemia is the main risk for people with diabetes that
exercise. It may lead to a loss of consciousness and a diabetic
coma, that is life threatening.

For a person with type 1 diabetes about to exercise at a high intensity,
a small correction insulin dose is recommended if glucose is > 6.9
mmol/L. This dose can be then taken away from next meal bolus.

People with diabetes should consider exercising with a partner to assist
in the detection of hypoglycaemia.

Be aware of the timing of medication administration; in particular,
be aware of insulin action profiles (e.g. for short/rapid-acting vs
long-acting insulins).

Consider effects of other medications: e.g. diuretics—fluid balance.

e.g. beta-blockers—attenuate heart rate response to exercise; may mask
hypoglycaemia symptoms of palpitations/racing heart.

e.g. sodium-glucose co-transporter-2 (SGLT2) inhibitors—may cause
severe acidosis with relatively normal glucose levels [31]. If feeling
unwell after starting an SGLT2 inhibitor, postpone exercise and seek
medical review.

A person with type 1 diabetes taking an SGLT-inhibitor must be able to
check ketones due to risk of ketosis including euglycaemic ketosis [31].

Awareness of the 15min delay between a blood glucose reading
and a continuous glucose monitor's (CGM’s) interstitial reading is
important when planning exercise, especially when glucose level is
low (e.g. a hypoglycaemic event has been treated and the blood
glucose level is 5.5 mmol/L but the CGM may be measuring 4.5
mmol/L due to the delay).

Diabetes may lead to cardiac autonomic dysfunction and a blunted
heart rate and blood pressure response to exercise. Therefore, additional
monitoring of blood pressure and the use of a rating of perceived
exertion (RPE) to monitor exercise intensity may be needed.

Insulin sensitivity varies diurnally, therefore different glucose responses
may be observed with the same exercise undertaken at different times
of the day.

One of the safest times to exercise with the lowest variation in glucose
response to exercise (i.e. easier to predict) is in the morning before
breakfast (dependent on glucose level).

A person with a glucose level frequently within the red area of the
Action Plan should be reviewed by a Diabetes Healthcare Professional.

Individuals with retinopathy should avoid higher intensity aerobic and
resistance exercises (with large increases in systolic blood pressure),
head-down activities, jumping or jarring activities. These all increase
haemorrhage risk.

Appropriate fluid intake is necessary to minimize dehydration and
risk of heat stress. Increasing fluid intake is important when the
glucose level is high.
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Type 1 Diabetes Exercise Action Plan
This resource is designed to be used by an Exer diabetes knowledge.

Guidelines for Slarlln Exercise

* Ensure medication taken s prescribed. * Have blood glucose level monitor

* Ensure adequate flud intake: * Avoid exercise in extremes of temperature
Carry one serve of fast acting carbohydrate and one serve of slow acting carbohydrate.

Establish glucose trend by measuring glucose fevels 23 times (e.g. every 30 mins) before exercise and then at 30 min intervals during exercise. I glucose level s faling and it has
peen 50 minsin saing hen conidrane serve of o atng carbonycrte _dapendenton dratonand nensyof eeriso and gucoselve prir o g oercis,

Ifprevious oot or nerve problems, check feet before and after exercise.

5-69mmollL | - Consume one serve of ast before start i >30 likely o be needed.
high-intensity .25 gucose eyt rise = monir glcose vel
7~ fommollL - ~if >30 min fikely o be needed.
high-intensity X o glucose likely to ise = monitor glucose level.
70.1-15.0mmollL | - Aerobic exercise can be started

- Rosistance erertise and hgh-infonsity exrcise can b sared, butgcose klyfo ise = losely monir gucose el
Glucose Level Below target glucose — Delay exercise or do not exercise
4.0 - 4.9mmol/L. Delay E one serve of fast 'd re-test after 15 min. OK glucose 25.0mmol/L and accustomed to exercise
and glucose response. Also consume slow acting carbohydrate. Ifnot exercising, ensure glucose 25.0mmolL and folow with slow acting carbohydrate i next
meal not within 30 min. If new to exercise = DO NOT EXERCISE, consume one to two serves of st acting carbohydrate and monitor glucose after 15 min

DO NOT EXERCISE - If hypoglycaemic event within the previous 24 h that required assistance from another individual o trat the even.
DO NOT EXERCISE - If hypoglycaemic event within the previous 24 h that did not require assistance but the intended exercise is potentially unsafe (e.g. swimming, skiing, surfing, etc.).
DO NOT EXERCISE UNTIL SYMPTOMS IMPROVE - I feeling unwell (e.g. abnormal sweating, trembling, anxiety, hunger, weakness, dizziness, inabiity to think straight)
<29mmollL DO NOT EXERCISE and below
29-3.9mmollL Delay Exercise — Treat hypoglycaemia: Consume one serve of fast acting carbohydrates and re-test after 15 min. If sl wishing to exercise, ensure glucose level
is 25.0mmol/L and follow up with one serve of slow acting carbohydrate. Do low to moderate intensity exercise and closely monitor glucose, re-test every 15 min.
DO NOT EXERCISE - If alone or type of exercise is potentially unsafe (e.g. swimming, sking, suring, etc.)
If glucose level i frequently <4.0mmollL, schedule review with a Diabet i
>15.0mmollL Delay Exercise - I high glucose is unexplained (not associated with meal n the last 90 min) = invesfigate further (e.g. insulin taken? Feeiing of wellness?).
- If available, measure blood ketones and identify cause of elevated ketones prior to exercise (e.g. ness, diet change, recent prolonged exercise, insulin defici).

- If Ketones 0.6 - 1.5mmollL or unable to be measured: Assess whether a reduced corrective insulin dose is needed. If itis, then wait 30 min for a
response. If glucose decreases and feeling well, OK to exercise with caution at a low intensity for <30 min with frequent glucose monitoring. If glucose does not
decrease DO NOT EXERCISE

- If Ketones =1.5mmollL: DO NOT EXERCISE. Apply sick day management as directed by a Diabetes Healthcare Professional

- If Ketones =3mmol )0 NOT EXERCISE. Be managed by a doctor or hospital emergency department immediately

Fast Acting = ) : initial treatment | Slow Acting Carbohydrate (15g=one serve) examples: One serve as follow up treatment
-100mL Lucozade -7 small or 4 large jelly beans - 250mL plain milk -11ub (200g) yoghurt - 1 slice of bread
- 3teaspoons honey, jam or glucose - 150mL fruit juice or soft drink -2 sweet plain biscuits - 1 piece of fruit - next meal (if served within 30 min)
-3 glucose tablets - 30mL cordial (not diet) mixed with 150mL water
Guldelmes for During Exercise
~Trained individuals have greater reductions in glucose bi ividuals with reduced flne
- Higt before aerobi will attenuate glucose compared to l
-G cooldown afr ighintensity o resstance exercise wil attenuate the gucose ise compared to prforming igh-nfensit o esistance exercie alone
Glucose Level: Below target glucose - Exercise with caution o stoj exe in
<6 0mmollL - Consume fast acting carbohydrate each time glucose is <5mmolL — one serve per hour th
exercise, four serves per hour with vigorous or high-intensity exercise. Alteraive approach = 0.3-0.59 cavbohydrate per kg of body mass per hour activly with
reduced insulin.
- Carbohydrate intake not usually needed when performing brief high-intensity

If this oceurs frequently, schedule review with a Diabetes Healthcare Professional.
Rising glucose - Exercise with caution or stop exerci

Rises above pre- | - Ensure medicafions have not been missed.
exercise level ~Rise is more likely with higher intensity exercise such as weight fing, sprins and racing.
~Rise may also be due to food consumed within the ast 90 min
Monitor the rise but be prepared for the fal in the glucose level later

ay require correction in carbohydrate consumption andor insulin after exercise.

<4.0mmollL STOP EXERCISING -~ Consume one serve of fast acting carbohydrate and re-check after 15 min. If glucose is stil <4.0mmolL repeat one serve fast acting
carbohydrate. Once glucose is 24.0mmol/L consume one serve slow acting carbohydrate if next meal is more than 30 min away.
- Dn\y resume exercise when glucose is 25.0mmollL.
occurs frequently,schedule review with a Diabetes Healthcare Profession:
Guidelines for After Exercise
- Risk of hypoglycaemia s elevated for a least 24 h afte exercise. Monilor glucose regulary or at least the st 6 h aftr exercise.
- If post-exercise hypoglycaemia occurs, treat and confirm resolution then check the glucose level at least every 2 h up to 6 h post exercise.
- Additonal monitoring (e.g. for night-time hypoglycaemia) i required when exercising in extreme heat, cold or high altitude, changing exercise typeldurationfintensity, and i post-exercise:
hypoglycaeia has previously occurred:
- I exercising n the aftemoon, monitor for the isk of ight-me hypoglycaemia,
- fnight-ime hypoglycaeia occurs, check the glucose level before sieep, once during the night (e.g. 200 am), and immediately upon waking
-Ifglacose s <7.0 mmol. before bed,exta catbohycrate shoul be consued
- Adjustment of insulin with pc il or following exercise may be required.

- f using insuiin pump page 4 of tis Action Plan.
Ifthe glucose level s of concern and/or is within orange or red areas of the Action Plan recurrently, the following should be discussed and reviewed with a Diabetes
Healthcare Professional.
« Type of medications o lower glucose « Presence and severity of diabetes compiications
« Timing of medications « Use of other medications secondary to diabetes
o Glucose trend pror o exercise « Intensty, duration and type of exercise
« Timing and amount of previous food intake * Time of day conducting exercise

Additional Guidelines:

C: ion - to be di in conjunction with dietitian

Note: Very physcaly acive ndividuals should discuss specifc carbohycrate quaniies and fypes wih a dietan).

Before exercise - Options: 1 fruit serve; 1 cup of plain milk; b yoghurt, 1 lice of mulligrain bread with peant butter or vegemite.

Ameal containing carbohydrates, fats, and protein should be consumed around 34 h prior to exercise to allow for digestion and for gy stores. This is especially important for

longer duration activties.

During exercise - Options: 250mL of sports drink; % banana; % cereal bar; % cup of it jice.
Guidelines suggest 0.3 ~ 0.5 g carbohydrate per kg body weight per hour activty it reduced insulin

2. Additional carbohydrates may be needed when exercise is >30 min, partcularly when the pre-exercise insun dosage has not been reduced. An isotonic drnk containing 6% simple

carbohydrates (e.g., Gatorade, Powerade) provides fast absorption (250mL of a 6% drink provides 15g). Carbohydrates should be consumed after 20 min of exercise at a rate of up
1o approx. 1g carbohydrate per kg body weight per hour actvity. The total amount of carbohydrate should be divided equally and consumed at approximately 20 min intervals

3. Persons who are exercising at the peak of insuln activity may require additional In general, appy 10-1 per kg body weight per hour acfivity
should be consumed during exercise performed during peak insulin activy.
Post exercise - Options: a banana; cereal bar; tub yoghurt

Extra carbohydrates together with adjustments of insulin doses are especialy important when the activity has been longer than 1 h. Currently no evidence-based guidelines exist on the
‘amount and timing of carbohydrates to limit post-exefcise hypoglycaemia. However, reductions in basal insuiin, low glycaemic index snacks with no bolus insulin, o reduced boluses at post
exercise meals wil usually decrease the risk. A person's history of exercise and response to exercise will help determine post-exercise management.

Insulin Adjustments - to be guided by doctor, nurse practitioner or diabetes educator

Suggested reductions in bolus insulin dose before exercise, based on intensity of exercise - for exercise started min of Exercise Duration
consumption of meal. 30 min

Wild Aerobic Exercise - Noticeable change in breaihing rate. An ntensil that can be mainiained for a least 1 h. 25% 50%
Moderate Aerobic Exercise - Activity conducted whilst maintaining a conversation uninterrupted. An intensiy that may last between 30-60 min. -50% 75%
Vigorous Aerobic Exercise - An aerobic actvty in which a conversation cannot be maintained uninterrupted. 5% NA
High Intensity Aerobic or Anaerobic Exercise - Where conversation may not be possible. No reduction

NA
NA = not assessed, since exercise intensit is ypically too high to be sustained for 1 h. Values re from Riddell et l. Exercise management in type 1 diabetes: a consensus statement, Lancet
Diabetes Endacrinol. 2017; 5: 377-90.

Insulin pump
. fevarde s being done g or 9 inpost mealrduce bsa sl by 50 - 80% 1090 minbfors h st of excrdis i he excroce sips

g punp e it of s (sosprdfor nolonger than 21
b, Ifexercise is being than 90 min post meal prandial bolus by 50 - 80% (no need 1o also reduce basal insuii rate).

c. The type, duration and intensity of exercise will inform duration and quantity of reductions.

d. Ifexercise brief and at a high-intensity reducing basal insulin prior to exercise is not advised.

e. _Following exercise, usual basal rates can be resumed

1. Possibiity of late-onset hypoglycaemia = increased glucose monitoring, a warm down and additonal carbohycrate are suggested post-exercise. It may be necessary to also reduce the
ovenight rate after exercise (e.g. down by 20 - 30% of usual basal rate)

g

For contactand waler sports - suspend r diconnecttheinsuln pumpa e stat oo orise Re-start immediately post-exercise (may require a bolus correction). Note: Individuals
should not suspend or pump longer than 2 h with

Insulin Injections
a. Multiple daily injections — FeHow gmde\mes as above 70! adjusting bolus dose prior to exercise.

b, Reducing night derate of 45 minutes or more, a 20% reduction n the post-exercise long-acting insulin dose reduces the risk of
ovemight hypog\ycaem\a A camﬂhydlate snack at hedime (049 carbohycrale pr g bocy weight) may als be rquired.
¢ Ifnighttime evening meal bol lin by up to 50%.

d. Reducing basal insulin prior or mmng i and ense xercis s ol aise.
f hypoglycaemia occurs unpredictably after exercise, schedule review with a Diabetes Healthcare Professional.

Fig. 1 Type 1 Diabetes Exercise Action Plan
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Sulnh 1

Type 2 Diabetes Exercise Action Plan (on Insulin and/or

This resource is designed to be used by an Exercise Specialist with diabetes knowledge

Guidelines for Starting Exercise

* Ensure medication taken as prescribed. * Have blood glucose level monitor * If previous foot or nerve problems check feet before and after exercise.
* Ensure adequate fluid intake * Avoid exercise in extremes of *If taking risk of hyp ia is increased when exercising after a meal

Establish glucose trend by measuring glucose levels 2-3 times (e.g. every 30 mins) before exercise. If glucose level is falling and it has been >90 min since eating, then consider one

serve of slow acting carbohxdra(e — degenden( on duration and in(ensilx of exercise, the carbohxdrate intake and ﬁlucose level Erior to s(amng exercise.

If on insulin - carry one serve of fast acting carbohydrate when exercising, especially when > 60min.
5.5-15.0mmol/L If on a sulphonylurea - carry one serve of slow acting carbohydrate when exercising, especially when > 60min.

Glucose Level: Below target gl - Delay ise or do not
Delay Exercise - Consume one to two serves of fast acting carbohydrate.
- If accustomed to exercise and their own glucose response to this starting level = may start exercising. Follow with slow acting carbohydrate if exercise duration >30

4.0 - 5.4mmol/L min and/or next meal is more than 30 min away. Monitor glucose trend during exercise.

- If unaccustomed to exercise and/or glucose response to starting level, wait 15 min after consuming the carbohydrate and then re-test. OK to exercise when glucose
25.5mmol/L and feeling well. Follow with slow acting carbohydrate if exercise duration >30 min and/or next meal is more than 30 min away. Monitor glucose trend
during exercise.

Glucose Level: Hyperglycaemia, but feel well - Exercise with caution
If Likely Due to Food - If feeling well and usual medications have been taken - perform exercise with caution (may be beneficial in lowering glucose). Monitor the

>15.0mmol/L glucose level during exercise and increase fluid intake.

If Likely Due to Missed Medication — If feeling well - low-intensity exercise only and catch up on missed medications as soon as possible nd increase fluid intake.

DO NOT EXERCISE - If hypoglycaemic event within the previous 24 h that required assistance from another individual to treat the event.
DO NOT EXERCISE - If hypoglycaemic event within the previous 24 h that did not require assistance but the intended exercise is potentially unsafe (e.g. swimming, skiing, surfing, etc.).
DO NOT EXERCISE UNTIL SYMPTOMS IMPROVE - If feeling unwell (e.g. abnormal sweating, trembling, anxiety, hunger, weakness, dizziness, inability to think straight)

Delay Exercise — Treat hypoglycaemia: Consume one serve of fast acting carbohydrates and re-test after 15 min. If still wishing to exercise, ensure glucose level is
25.5mmol/L and follow up with one serve of slow acting carbohydrate. Do low to moderate intensity exercise and closely monitor glucose, re-test every 15 min.
<4.0mmol/L DO NOT EXERCISE - If alone or type of exercise is potentially unsafe (e.g. swimming, skung surﬂng, etc.).

If glucose level is <4.0mmol/L, schedule review with a Diabetes

DO NOT EXERCISE - If feeling unwell, tired, weak, thirsty and/or frequently urinating.

>15.0mmoliL If glucose level it lreﬂuemlx >15.0mmol/L, schedule review with a Diabetes Healthcare Professional.
Fast Acting C: (15g=one serve) One serve as initial treatment Slow Acting C (15g=one serve) One serve as follow up treatment

g
- 1 tub (200g) yoghurt - 1 slice of bread
- 1 piece of fruit - next meal (if served within 30 min)

- 100mL Lucozade - 7 small or 4 large jelly beans
- 3 teaspoons honey, jam or sugar - 150mL fruit juice or soft drink
- 3 glucose tablets - 30mL cordial (non diet) mixed with 150mL water

- 250mL plain milk
- 2 sweet plain biscuits

Guidelines for During Exercise

- Trained individuals have greater reductions in glucose during aerobic exercise than individuals with reduced i iratory fitness.
- High-intensity exercise or resistance exercise before aerobic exercise will attenuate the decrease in glucose compared to aerobic exercise alone.
- Completing an aerobic exercise cool down after high-intensity or resistance exercise will attenuate the glucose rise compared to ing high-intensity or resistance exercise alone.

Glucose Level: Below target gl -E with caution

activity with reduced insulin.
If this occurs schedule review with Diabetes F

<5.5mmol/L - Consume fast acting carbohydrates if next meal not planned within 30 min — one serve per hour with gentle exercise, two serves per hour with moderate-
intensity exercise, four serves per hour with vigorous or high-intensity exercise. Alternative approach = 0.3-0.5g carbohydrate per kg of body mass per hour

Glucose Level: Rising gl

- ise with caution

Rises above pre- - Ensure medications have not been missed

exercise level

- Rise is more likely with higher intensity exercise such as weight lifting, sprints and racing.
- Rise may also be due to food consumed within the last 90 min.
- Monitor the rise but be prepared for the fall in the glucose later — may require correction in

and/or insulin after exercise.

- Only resume exercise when glucose is 25.5mmol/L.

<4.0mmol/L STOP EXERCISING - Consume one serve of fast acting carbohydrate and re-check after 15 min. If glucose is still <4.0mmol/L repeat one serve fast acting
carbohydrate. Once glucose is 24.0mmol/L consume one serve slow acting carbohydrate if next meal is more than 30 min away.

If this occurs frequently, schedule review with a Diabetes Healthcare Professional.
I

for After

hypoglycaemia has previously occurred.
- If exercising in the afternoon, monitor for the risk of night-time hypoglycaemia.

- If glucose level <7mmol/L before bed, extra carbohydrates should be consumed.

Professional.
. Type of medications to lower glucose
. Timing of medications
. Glucose trend prior to exercise
. Timing and amount of previous food intake

- Risk of hypoglycaemia is elevated for at least 12 h after exercise. Monitor glucose after exercise if there has been an increase in exercise or when performing new exercise.
- If post-exercise hypoglycaemia occurs, treat and confirm resolution then check the glucose level at least every 2 h up to 6 h post exercise.
- Additional monitoring (e.g. for night-time hypoglycaemia) is required when exercising in extreme heat, cold or high altitude, changing exercise tion/i ity, and if post:

- If night-time hypoglycaemia occurs, check the glucose level before sleep, once during the night (e.g. 2:00 am), and immediately upon waking.

- Adjustment of insulin with post exercise meal or additional carbohydrates following exercise may be required.

If the glucose level is of concern and/or is within orange or red areas of the Action Plan recurrently, the following should be discussed and reviewed with a Diabetes Healthcare

. Presence and severity of diabetes complications
. Use of other medications secondary to diabetes
. Intensity, duration and type of exercise

. Time of day conducting exercise

Fig. 2 Type 2 Diabetes Exercise Action Plan (on insulin and/or sulphonylureas)

Type 1 Diabetes

For people with type 1 diabetes, hypoglycaemia during
and for up to 24h following exercise are usually the
main risks. The following recommendations are from a
recent international consensus statement on type 1 dia-
betes and exercise [24].

Exercise is contraindicated if glucose has been <2.9
mmol/L or if a hypoglycaemic event that required assist-
ance from another person to treat the event within the
previous 24 h. These situations significantly increase the
risk of a more serious hypoglycaemic episode occurring
during exercise. If glucose is between 2.9 and 3.9 mmol/L,
exercise should not commence until the hypoglycaemia is
treated. However, even after treatment, if starting glucose

was 2.9-3.9 mmol/L, exercise should be avoided if alone,
or the type of exercise is potentially unsafe (e.g. swim-
ming, skiing, surfing, rock climbing etc.). The Action Plan
(Fig. 1) and flow chart (Fig. 4) provide more guidance for
various scenarios.

Initial hypoglycaemia treatment involves consuming one
serve (15g) of fast-acting carbohydrate and re-checking
glucose after 15 min. Another serve of fast-acting carbohy-
drate should be administered each 15min if glucose re-
mains <4.0 mmol/L. After initial treatment, monitoring is
advised for clinical features of hypoglycaemia such as ab-
normal sweating, trembling, anxiety, hunger, weakness, diz-
ziness, inability to think straight and tingling sensations in
the mouth and/or fingers. If still wishing to exercise, ensure
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Type 2 Diabetes Exercise Action Plan (Lifestyle Controlled or Treated with Diabetes Medications
- other than Insulin and/or

Ipk eas)

This resource is designed to be used by an Exercise Specialist with diabetes

when starting or changing an exercise program.

Glucose Monitoring: Regular monitoring of blood glucose (e.g. establishing glucose trend prior to exercise) is not generally necessary as risk of hypoglycaemia is relatively low. It is

5.5-15.0mmol/L * Ensure medication taken as prescribed

Guidelines for Starting Exercise

* If previous foot or nerve problems check feet before and after exercise

* Ensure adequate fluid intake
* Avoid exercise in extremes of temperature

Glucose Level:

Below target gl

- Exercise with caution

4.0 - 5.4mmol/L Perform exercise with caution. If exercise >1 h additional carbohydrates likely needed. Monitor glucose trend during exercise.
Glucose Level: Hyperglycaemia but feel well - Exercise with caution
>15.0mmol/L Perform exercise with caution (may be beneficial in lowering glucose). Monitor glucose trend during exercise and increase fluid intake.

DO NOT EXERCISE - If hypoglycaemic event within the previous 24 h that required assistance from another individual to treat the event.
DO NOT EXERCISE - If hypoglycaemic event within the previous 24 h that did not require assistance but the intended exercise is potentially unsafe (e.g. swimming, skiing, surfing, etc.).
DO NOT EXERCISE UNTIL SYMPTOMS IMPROVE - If feeling unwell (e.g. abnormal sweating, trembling, anxiety, hunger, weakness, dizziness, inability to think straight).

<4.0mmol/L

Delay Exercise - Treat hypoglycaemia: Consume one serve of fast acting carbohydrates and re-test after 15 min. If still wishing to exercise, ensure glucose level
is 25.5mmol/L and follow up with one serve of slow acting carbohydrate. Do low to moderate intensity exercise and closely monitor glucose, re-test every 15 min.
DO NOT EXERCISE - If alone or type of exercise is potentially unsafe (e.g. swimming, skung surfng etc.).

<4.0mmol/L, schedule review with a Diabetes |

If glucose level is

>15.0mmol/L

DO NOT EXERCISE - If feeling unwell, tired, weak, thirsty and/or frequently urinating.
If glucose level is frequently >15.0mmol/L, schedule review with a Diabetes Healthcare Professional.

Fast Acting C y (15g=one serve) : One serve as initial treatment

- 100mL Lucozade -7 small or 4 large jelly beans
- 3 teaspoons honey, jam or sugar - 150mL fruit juice or soft drink
- 3 glucose tablets - 30mL cordial (non diet) mixed with 150mL water

Slow Acting C:
- 250mL plain milk
- 2 sweet plain biscuits

: One serve as follow up treatment
- 1 slice of bread
- next meal (if served within 30 min)

(15g=one serve)
- | tub (200g) yoghurt
- 1 piece of fruit

Guideline; for During Exercise

- Trained individuals have greater reductions in glucose during aerobic exercise than

with reduced fitness.

Glucose Level:

- High-intensity exercise or resistance exercise before aerobic exercise will attenuate the decrease in glucose compared to aerobic exercise alone.
high-intensity or resistance exercise alone.

- Completing an aerobic exercise cool down after high-intensity or resistance exercise will attenuate the glucose rise compared to performin
Below target gl -

with caution

<5.5mmol/L - Consume fast acting carbohydrates if next meal not planned within 30 min — one serve per hour with gentle exercise, two serves per hour with moderate-
intensity exercise, four serves per hour with vigorous or high-intensity exercise. Alternative approach = 0.3-0.5g carbohydrate per kg of body mass per hour
activity.
If this occurs frequently, schedule review with Diabetes Healthcare Professional.
Glucose Level: Rising gl - Exercise with caution

Rises above pre- - Ensure medications have not been missed.

exercise level

- Rise is more likely with higher intensity exercise such as weight lifting, sprints and racing.
- Rise may also be due to food consumed within the last 90 min.
- Monitor the rise but be prepared for the fall in glucose later — may require correction in

<4.0mmol/L

STOP EXERCISING - Consume one serve of fast acting carbohydrate and re-check after 15 min. If glucose is still <4.0mmol/L repeat one serve fast acting
carbohydrate. Once glucose is 24.0mmol/L consume one serve slow acting carbohydrate if next meal is more than 30 min away.

- Only resume exercise when glucose is 25.5mmol/L.
- If this occurs frequently schedule review with a Diabetes Healthcare Professional.

Professional.
. Type of medications to lower glucose
. Timing of medications
. Glucose trend prior to exercise
. Timing and amount of previous food intake

If the glucose level is of concern and/or is within orange or red areas of the Action Plan recurrently, the following should be discussed and reviewed with a Diabetes Healthcare

Fig. 3 Type 2 Diabetes Exercise Action Plan (lifestyle controlled or treated with diabetes medications—other than insulin and/or sulphonylureas)

Presence and severity of diabetes complications
Use of other medications secondary to diabetes

. Intensity, duration and type of exercise
. Time of day conducting exercise

glucose is > 5.0 mmol/L before beginning the exercise and
follow up with one serve of slow-acting carbohydrate.
Closely monitor glucose levels by re-testing every 15 min. If
not wishing to exercise, ensure glucose is > 5.0 mmol/L and
follow up with slow-acting carbohydrate if the next meal is
not within 30 min. Figure 1 provides examples of foods that
are classified as fast- and slow-acting carbohydrate.

A number of additional factors can increase the risk of
hypoglycaemia during or after exercise including increased
circulating insulin from the release of residual injected in-
sulin, inadequate glucose production from the liver, indi-
vidual fitness level, glycogen recovery, the mode, duration
and intensity of exercise, the environment and the per-
son’s hydration status [33, 38]. Figure 1 provides specific
guidelines for monitoring glucose after exercise. An in-
creased risk of night-time hypoglycaemia due to after-
noon/evening exercise or changes in exercise (e.g.
increased intensity/duration) should lead to more glucose
surveillance. Measuring glucose before bed and setting an
alarm to wake up and check blood glucose (e.g. 2.00 am)
or using a continual glucose monitor with an alarm is

recommended. If the glucose level is <7 mmol/L before
bed, additional carbohydrates should be consumed.

As mentioned previously, it is recommended that the
glucose trend be established prior to exercising with two
to three glucose measures. The glucose target for the
start of exercise for a person with type 1 diabetes should
be individualized based on the intended type, duration
and intensity of exercise, when medications were used
and food consumed, the trend in glucose and exercise
experience. As a general guideline for most people
intending to complete any type of exercise for around 1
h, a starting glucose between 7.0 and 10.0 mmol/L is rec-
ommended. Figures 1 and 4 provide advice for when the
starting glucose is outside this range and for carbohy-
drate consumption during exercise.

Hyperglycaemia during or following exercise may be
associated with ketosis (due to absolute or relative insu-
lin insufficiency). A glucose level > 15.0 mmol/L is used
as a threshold to investigate further. This includes asses-
sing whether food has been consumed in the previous
90 min, if the person has had their usual insulin dose,
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Type 1 Diabetes Do not exercise. Treat hypo. by Re-test
<2.9 mmol/L eating 159 of fast acting after
carbohydrate. 15 min.
Monitor

OK to exercise (low to moderate

—»/ 4 - 4.9 mmol/L

Eat 159 of fast
acting carbohydrate.

Do not exercise if had

Treat_hypo. by eating 159 of fast intensity) when glucose >5 glucose
2.9-3.9 mmol/L acting carbohydrate. Do not L 2 (el i e every 15
exercise if alone or type of Re-test acting carbohydrate min during
exercise is potentially unsafe. after = exercise
15 min. If not exercising, ensure glucose

=5 mmol/L and follow with slow
acting carbohydrate if next meal
not within 30 min.

a hypo. within the
previous 24 h that
required istance
from another
individual to treat the

event.

Glucose Level ?

Eat 159 of fast acting
carbohydrate before

OK to exercise. If exercise >30 min

4/5 6.9 mmo|/L/\

high intensity exercise to
be started.

OK for aerobic exercise
to be started.
OK for resistance and
high intensity exercise to

Monitor for potential
increased glucose.

If exercise >30 min additional
carbohydrates likely needed. Monitor
glucose during exercise.

If bolus insulin reduced prior

. N N additional carbohydrates likely needed. to exercise and glucose <5
starting aerobic exercise. ‘ Monitor glucose during exercise. mmol/L during exercise eat
15¢g of fast acting
OK for resistance and carbohydrate.

If bolus insulin unchanged,
may require 15-30g
of carbohydrate during

ex

ercise.

—/ 7-10 mmol/L
L

——/10.1 - 15 mmol/L,
Likely due to
>15 mmoliL recent food?

be started.

Do not exercise fif
feeling unwell

OK for aerobic exercise
to be started.
OK for resistance and
L—»| high intensity exercise to
be started.

Monitor for potential
increased glucose.

Do not exerci
advice from a diabetes
healthcare profession

Monitor mo cIoser
for glucose increase.

OK to exercise at a low intensity with caution
provided usual medications have been
taken. Monitor glucose and increase fluids.

[ Possible to measure ketones? }

Ketones
>1.5 mmol/L
Yes Ketones
=

<1.5 mmol/L

Take reduced corrective insulin dose and wait 30 min for a response. If
glucose decreases and feeling well, OK to exercise at a low intensity
with caution for a brief duration (<30 min) with frequent glucose
monitoring. If glucose does not decrease then do not start exercise.

Fig. 4 Type 1 Diabetes Decision Tree: for use by an exercise specialist with diabetes knowledge

whether they are feeling well and for the presence of ke-
tones. If small to moderate levels of blood ketones are
present (0.6—1.5 mmol/L) or if ketones can not be mea-
sured then the need for a reduced corrective insulin dose
should be assessed. If this is needed, then glucose should
be checked after 30 min and if it is decreasing and the
person is feeling well then low-intensity, short duration
(<30 min) exercise can be started with caution. More
substantial ketosis is an absolute contraindication and
may require medical attention. The Action Plan provides
specific recommendations for the possible scenarios
based on these measures. A glucose level > 15.0 mmol/L
should trigger extra surveillance of the person’s general
feeling of wellness. Dehydration can result from frequent
urination due to hyperglycaemia and may lead to symp-
toms of heat illness, especially when exercising.
Remaining hydrated is especially important when the
glucose level is high.

Elevations in blood glucose are more likely following
high-intensity or resistance exercise [39, 40]. This is likely
due a number of mechanisms including an increased
stress response leading to hormones such as catechol-
amines inducing gluconeogenesis and glycogenolysis [41].

A prolonged aerobic cool down has been recommended
to minimize glycaemic excursions [24].

Type 2 Diabetes

The following recommendations for people with type 2
diabetes are consistent with a recent position statement
from the American Diabetes Association. [4]

Type 2 Diabetes Treated with Insulin and/or Sulphonylureas
Hypoglycaemia during exercise, or for up to 12 h after exer-
cise, is the main risk for individuals with type 2 diabetes
taking insulin and/or sulfonylurea medication. Exercise is
contraindicated if a person has had a hypoglycaemic event
that required assistance from another person to treat the
event within the previous 24 h, if feeling unwell or glucose
is <4.0mmol/L and the intended exercise is being
done alone or is potentially unsafe. The Action Plan
(Fig. 2) and flow chart (Fig. 5) provide more guidance
for various scenarios.

Glucose between 4.0 and 5.4 mmol/L may herald
impending hypoglycaemia during exercise and warrants
one to two serves of fast-acting carbohydrate. For indi-
viduals aware of their own response to exercise with
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Type 2 Diabetes

—>/ <4 mmol/L

Exercising
alone, or
exercise

type is
potentially
unsafe?

Do not exercise if had
a hypo. within the

e
exerc

(— OK for low to moderate intensity
exercise when glucose =5.5mmol/L.
Follow with slow acting
carbohydrate. Monitor glucose

during exercise.

-

Treat hypo. by eating 15g of fast acting
carbohydrate and re-test after 15 min.

If not wishing to exercise, ensure

Eat 15-30g of

b Yes fast acting glucose response
rgri\il:gzs 24.h Uizt carbohydrate. to this starting
le o 1ce On insulin level?
_ from another >/ 4 - 5.4 mmol/L and/or (" OKto exercise when glucose )
individual to treat the

glucose =5.5mmol/L and follow with
slow acting carbohydrate if next
meal not within 30 min.

S
OK to exercise. If exercise >30 min
4’ follow with slow acting carbohydrate.
Monitor glucose during exercise.

Accustomed to
exercise and

sulphonylurea?

event.

( OK'to exercise. If exercise >60 min
additional carbohydrates likely
needed. Monitor glucose during

Re-test
after 15
min.

>5.5mmol/L and feeling well. Follow
with slow acting carbohydrate if next
meal not within 30 min. Monitor
glucose during exercise.

exercise. L

Glucose Level ?

Yes

(‘OK to exercise. If on insulin carry 15g
of fast acting carbohydrate.

If on a sulphonylurea carry 159 of
slow acting carbohydrate .

sulphonylurea?

On insulin
- -
Do not exercise i »/5.5 - 15 mmoliL and/or
feeling unwell

No

( OK to exercise. If exercise >60 min
additional carbohydrates likely
needed. Monitor glucose during

exercise.

Likely due to
food ?

On insulin Feel Ttred Yes e)l?gr(l?iz;
L/ >15 mmol/L and/or Likely due to W:j( l:g::’:ty allfueilt;r .
sulphonylurea? missed , hrinating OK to exercise at a low intensity
medications? frequentlly? and catch up on missed

OK to exercise if feeling well and usual
medications have been taken exercise with
caution (may be beneficial in lowering glucose).

Monitor glucose and increase fluids.

medications ASAP. Monitor glucose

if feeling well. Monitor

OK to exercise with caution
lucose and increase fluids.

Fig. 5 Type 2 Diabetes Decision Tree: for use by an exercise specialist with diabetes knowledge

and increase fluids.

this starting glucose level, this may be sufficient. For
those new to exercise, with glucose between 4.0 and
5.4 mmol/L, exercise should not start and glucose
monitoring should occur 15 min later. Once glucose is
>5.5mmol/L and the individual has no symptoms of
feeling unwell, then exercise can start. Sulphonylureas
are insulin secretagogues that increase the risk of
hypoglycaemia during moderate to high-intensity exercise.
Being aware of each person’s insulin/sulphonylurea action
profile is important. People taking short/rapid/intermedia-
te-acting insulin should avoid exercising when blood
insulin is peaking.

As mentioned previously, it is recommended that the
glucose trend be established prior to exercising with
two to three glucose measures. If the glucose level is
falling and it has been greater than 90 min since eating,
then one serve of a slow-acting carbohydrate should be
considered. This will be dependent on the duration and
intensity of exercise, the carbohydrate intake and the
glucose level prior to the start of exercise.

To prevent hypoglycaemia, the timing of exercise
and/or medication administration and/or dose should
be considered. If night-time hypoglycaemia is likely,

check the glucose level before sleep, once during the
night (e.g. 2:00am) and immediately upon waking. If
the glucose level is <7 mmol/L before bed, additional
carbohydrates should be consumed. If the glucose level
is frequently within the red area of the Action Plan, a
Diabetes Healthcare Professional should be consulted
to review the factors that may be causing the sub-opti-
mal glucose control.

The glucose target for the start of exercise for a person
with type 2 diabetes treated with Insulin and/or Sulpho-
nylureas is between 5.5 and 15.0 mmol/L. If exercise is
longer than 1h, additional carbohydrates are likely to be
needed. If an individual has a glucose level > 15.0 mmol/
L, assess whether it is due to inadequate insulin treat-
ment, acute illness or infection or food intake. If the glu-
cose level is measured within 2h of eating or the
previous food had a high glycaemic index, exercise may
be beneficial in lowering the glucose. Extra fluid intake
is advised if exercising with high glucose. If the high glu-
cose is due to missed medications, exercise at a low in-
tensity and ensure that the person catches up on the
missed dose as soon as possible. If the high glucose level
is due to acute illness or infection, postpone exercise.
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Type 2 Diabetes (Lifestyle Controlled or Treated with
Diabetes Medications Other than Insulin or Sulphonylureas)
The interaction of exercise with diabetes medications other
than insulin and sulphonylureas has not been well studied
[14, 25]. Drugs such as biguanides (e.g. metformin), thiazo-
lidinediones (e.g. rosiglitazone), alpha-glucosidase inhibitors
(e.g. acarbose), sodium-glucose transporter-2 (SGLT) inhib-
itors (e.g. dapagliflozin, empagliflozin) and glucagon-like
peptide 1 (GLP-1) agonists (e.g. exenatide) are thought to
have a minimal effect on increasing the risk of exercise-in-
duced hypoglycaemia when used alone. However, these
drugs can potentiate the hypoglycaemia effects of insulin
and sulphonylureas. It is recommended that regular
glucose monitoring is only necessary in individuals tak-
ing any of these medications when starting or changing
an exercise program. When these medications are com-
bined with a sulphonylurea and/or insulin, additional
monitoring as per the insulin/sulphonylurea guidelines
should be conducted.

To prevent hypoglycaemia, the timing of exercise
and/or medication administration and/or dose may
need to be considered. A doctor, nurse practitioner or
diabetes educator should be consulted prior to chan-
ging medication dose. If the glucose level is frequently
within the red area of the Action Plan, a Diabetes
Healthcare Professional should be consulted to review
the factors that may be causing the sub-optimal glucose
control. The Action Plan (Fig. 3) and flow chart (Fig. 5)
provide more guidance for various scenarios.

Additional Considerations for People with
Diabetes

The effect of diabetes on the response to exercise is
dependent on many variables. Table 1 provides a num-
ber of considerations that will improve the safety of
exercise for an individual with diabetes.

Conclusion

In summary, exercise has major and widespread benefits
for people with diabetes. For most people with diabetes,
exercise is safe and beneficial. Avoiding hypoglycaemia
and circumstances which may promote ketosis is im-
portant. Knowledge of an individual’s previous response
to exercise will assist in implementing these guidelines.
Glucose monitoring before, during and after exercise
may be needed to inform strategies and maintain
stable and safe levels. Providing exercise guidance
and/or training an individual with diabetes can be
challenging and requires advanced knowledge and
experience. The resources presented here are pro-
vided to maximize the safety of exercise training for
individuals with diabetes and to realize the potential
health benefits of exercise.
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Acknowledgements
SAM is supported by a JDRF Research Award (5-ECR-2017-371-A-N). The
authors wish to acknowledge Ms. Nadia Nestor for her contributions.

Funding
This work received no specific grant from any funding agency in the public,
commercial or not-for-profit sectors.

Availability of Data and Materials
Data sharing not applicable to this article as no datasets were generated or
analysed during the current study.

Authors’ Contributions

GT initiated the article, led the development of the resources and has
reviewed the drafts of the manuscript. SQ, PD and RB was involved in the
development of the resources and has reviewed drafts of the manuscript.
SAM contributed to the resources and manuscript. JSC led the writing of the
manuscript. All authors read and approved the final manuscript.

Ethics Approval and Consent to Participate
Not applicable.

Consent for Publication
Not applicable.

Competing Interests
The authors, Grant Turner, Scott Quigg, Peter Davoren, Renata Basile, Sybil
McAuley, and Jeff Coombes, declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

'Chronic Disease and Post Acute Programs, Diagnostic, Emergency and
Medical Services, Gold Coast Health, Queensland Health, Robina, Australia.
“Metro North Hospital and Health Service, Community, Indigenous and
Subacute Service, Diabetes Service, North Lakes Health Precinct, Queensland
Health, North Lakes, Australia. *Division Medicine, Gold Coast Health,
Queensland Health, Robina, Australia. “Diabetes Centre, Gold Coast University
Hospital, Southport, Australia. “Department of Medicine, University of
Melbourne, Melbourne, Australia. °Department of Endocrinology and
Diabetes, St Vincent's Hospital Melbourne, Melbourne, Australia. ’School of
Human Movement and Nutrition Sciences, University of Queensland,
Brisbane 4072, Australia.

Received: 8 June 2018 Accepted: 10 May 2019
Published online: 03 June 2019

References

1. Chimen M, Kennedy A, Nirantharakumar K, Pang TT, Andrews R, Narendran
P. What are the health benefits of physical activity in type 1 diabetes
mellitus? A literature review. Diabetologia. 2012;55(3):542-51.

2. Bohn B, Herbst A, Pfeifer M, Krakow D, Zimny S, Kopp F, et al. Impact of
physical activity on glycemic control and prevalence of cardiovascular risk
factors in adults with type 1 Diabetes: a cross-sectional multicenter study of
18,028 patients. Diabetes Care. 2015;38(8):1536-43.

3. LaPorte RE, Dorman JS, Tajima N, Cruickshanks KJ, Orchard TJ, Cavender DE,
et al. Pittsburgh insulin-dependent diabetes mellitus morbidity and
mortality study: physical activity and diabetic complications. Pediatrics. 1986;
78(6):1027-33.

Colberg SR, Sigal RJ, Yardley JE, Riddell MC, Dunstan DW, Dempsey PC, et al.
Physical activity/exercise and diabetes: a position statement of the
American Diabetes Association. Diabetes Care. 2016;39(11):2065-79.



Turner et al. Sports Medicine - Open

20.

21.

22.

23.

24.

25.

26.

27.

(2019) 5:20

Lascar N, Kennedy A, Hancock B, Jenkins D, Andrews RC, Greenfield S,
et al. Attitudes and barriers to exercise in adults with type 1 diabetes
(TTDM) and how best to address them: a qualitative study. PLoS One.
2014;9(9):e108019.

Guyton HJE. Hall textbook of medical physiology (Guyton physiology). 13th
Ed. ed. Philadelphia, PA, USA: Elsevier; 2016.

Riddell M, Perkins BA. Exercise and glucose metabolism in persons with
diabetes mellitus: perspectives on the role for continuous glucose
monitoring. J Diabetes Sci Technol. 2009;3(4):914-23.

McMahon SK, Ferreira LD, Ratnam N, Davey RJ, Youngs LM, Davis EA, et al.
Glucose requirements to maintain euglycemia after moderate-intensity
afternoon exercise in adolescents with type 1 diabetes are increased in a
biphasic manner. J Clin Endocrinol Metab. 2007,92(3):963-8.

Briscoe VJ, Tate DB, Davis SN. Type 1 diabetes: exercise and hypoglycemia.
Appl Physiol Nutr Metab. 2007 Jun;32(3):576-82.

Cryer PE. Mechanisms of hypoglycemia-associated autonomic failure in
diabetes. N Engl J Med. 2013;369(4):362-72.

Segel SA, Paramore DS, Cryer PE. Hypoglycemia-associated autonomic
failure in advanced type 2 diabetes. Diabetes. 2002 Mar;51(3):724-33.
Hawley JA, Lessard SJ. Exercise training-induced improvements in insulin
action. Acta Physiol (Oxf). 2008;192(1):127-35.

Pedersen BK, Saltin B. Exercise as medicine - evidence for prescribing
exercise as therapy in 26 different chronic diseases. Scand J Med Sci Sports.
2015:25(Suppl 3):1-72.

Colberg SR, Sigal RJ, Fernhall B, Regensteiner JG, Blissmer BJ, Rubin RR, et al.
Exercise and type 2 diabetes: the American College of Sports Medicine and
the American Diabetes Association: joint position statement. Diabetes Care.
2010;33(12):e147-67.

Mendes R, Sousa N, Almeida A, Subtil P, Guedes-Marques F, Reis VM, et al.
Exercise prescription for patients with type 2 diabetes-a synthesis of
international recommendations: narrative review. Br J Sports Med. 2016;
50(22):1379-81.

Inzucchi SE, Bergenstal RM, Buse JB, Diamant M, Ferrannini E, Nauck M, et al.
Management of hyperglycemia in type 2 diabetes: a patient-centered
approach: position statement of the American Diabetes Association (ADA)
and the European Association for the Study of Diabetes (EASD). Diabetes
Care. 2012;35(6):1364-79.

Authors/Task Force M, Ryden L, Grant PJ, Anker SD, Berne C, Cosentino F, et
al. ESC guidelines on diabetes, pre-diabetes, and cardiovascular diseases
developed in collaboration with the EASD: the task force on diabetes, pre-
diabetes, and cardiovascular diseases of the European Society of Cardiology
(ESC) and developed in collaboration with the European Association for the
Study of Diabetes (EASD). Eur Heart J. 2013;34(39):3035-87.

Hordern MD, Dunstan DW, Prins JB, Baker MK, Singh MA, Coombes JS.
Exercise prescription for patients with type 2 diabetes and pre-diabetes: a
position statement from Exercise and sport science Australia. J Sci Med
Sport. 2012;15(1):25-31.

Plotnikoff RC, Taylor LM, Wilson PM, Courneya KS, Sigal RJ, Birkett N, et al.
Factors associated with physical activity in Canadian adults with diabetes.
Med Sci Sports Exerc. 2006;38(8):1526-34.

Vancampfort D, Stubbs B. Physical activity and metabolic disease among
people with affective disorders: Prevention, management and
implementation. J Affect Disord. 2017,224:87-94.

Mikines KJ, Sonne B, Farrell PA, Tronier B, Galbo H. Effect of physical exercise
on sensitivity and responsiveness to insulin in humans. Am J Phys. 1988;
254(3 Pt 1):E248-59.

DeFronzo R, Fleming GA, Chen K, Bicsak TA. Metformin-associated lactic
acidosis: current perspectives on causes and risk. Metabolism. 2016;65(2):20-9.
Lalau JD, Kajbaf F, Protti A, Christensen MM, De Broe ME, Wiernsperger N.
Metformin-associated lactic acidosis (MALA): moving towards a new
paradigm. Diabetes Obes Metab. 2017;19(11):1502-12.

Riddell MC, Gallen IW, Smart CE, Taplin CE, Adolfsson P, Lumb AN, et al.
Exercise management in type 1 diabetes: a consensus statement. Lancet
Diabetes Endocrinol. 2017;5(5):377-90.

Zinman B, Ruderman N, Campaigne BN, Devlin JT, Schneider SH, American
Diabetes A. Physical activity/exercise and diabetes mellitus. Diabetes Care.
2003,26(Suppl 1):573-7.

American College of Sports Medicine. ACSM's guidleines for exercise testing
and prescription. Batimore: Wolters Kluwer; 2014.

Moore GE, Durstine JL, Painter P. ACSM's exercise management for persons
with chronic diseases and disabilities. Champaign: Human Kinetics; 2016.

28.

29.

30.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Page 11 of 11

Exercise CSR. Diabetes: a clinician's guide to prescribing physical activity.
Alexandria, USA: American Diabetes Association; 2013.

Exercise and Sport Science Australia. Adult pre-Exercise screening system.
2019 [cited March 16, 2019]; Available from: https://www.essa.org.au/Public/
ABOUT_ESSA/Adult_Pre-Screening_Tool.aspx.

Warburton DER, Jamnik VK, Bredin SSD, Gledhill N. The 2014 physical activity
readiness questionnaire for everyone (PAR-Q+) and electronic physical
activity readiness medical examination (ePARmed-X+). Health Fit J Can.
2014;7(1):80-3.

Danne T, Garg S, Peters AL, Buse JB, Mathieu C, Pettus JH, et al. International
consensus on risk Management of diabetic ketoacidosis in patients with
type 1 diabetes treated with sodium-glucose cotransporter (SGLT) inhibitors.
Diabetes Care. 20196.

Al Khalifah RA, Suppere C, Haidar A, Rabasa-Lhoret R, Ladouceur M, Legault
L. Association of aerobic fitness level with exercise-induced hypoglycaemia
in type 1 diabetes. Diabet Med. 2016;33(12):1686-90.

Galassetti P, Riddell MC. Exercise and type 1 diabetes (T1DM). Compr
Physiol. 2013;3(3):1309-36.

Younk LM, Mikeladze M, Tate D, Davis SN. Exercise-related hypoglycemia in
diabetes mellitus. Expert Rev Endocrinol Metab. 2011;6(1):93-108.

Tansey MJ, Tsalikian E, Beck RW, Mauras N, Buckingham BA, Weinzimer SA,
et al. The effects of aerobic exercise on glucose and counterregulatory
hormone concentrations in children with type 1 diabetes. Diabetes Care.
2006;29(1):20-5.

Malin SK, Huang H, Mulya A, Kashyap SR, Kirwan JP. Lower dipeptidyl
peptidase-4 following exercise training plus weight loss is related to
increased insulin sensitivity in adults with metabolic syndrome. Peptides.
2013;47:142-7.

Lee SS, Yoo JH, So VS. Effect of the low- versus high-intensity exercise
training on endoplasmic reticulum stress and GLP-1 in adolescents with
type 2 diabetes mellitus. J Phys Ther Sci. 2015;27(10):3063-8.

Farinha JB, Krause M, Rodrigues-Krause J, Reischak-Oliveira A. Exercise for
type 1 diabetes mellitus management: general considerations and new
directions. Med Hypotheses. 2017;104:147-53.

Guelfi KJ, Ratnam N, Smythe GA, Jones TW, Fournier PA. Effect of
intermittent high-intensity compared with continuous moderate exercise
on glucose production and utilization in individuals with type 1 diabetes.
Am J Physiol Endocrinol Metab. 2007;292(3):E865-70.

Yardley JE, Kenny GP, Perkins BA, Riddell MC, Balaa N, Malcolm J, et al.
Resistance versus aerobic exercise: acute effects on glycemia in type 1
diabetes. Diabetes Care. 2013;36(3):537-42.

Purdon C, Brousson M, Nyveen SL, Miles PD, Halter JB, Vranic M, et al. The
roles of insulin and catecholamines in the glucoregulatory response during
intense exercise and early recovery in insulin-dependent diabetic and
control subjects. J Clin Endocrinol Metab. 1993;76(3):566-73.

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



https://www.essa.org.au/Public/ABOUT_ESSA/Adult_Pre-Screening_Tool.aspx
https://www.essa.org.au/Public/ABOUT_ESSA/Adult_Pre-Screening_Tool.aspx

	Abstract
	Key Points
	Introduction
	Type 1 Diabetes and Exercise
	Type 2 Diabetes and Exercise

	Glucose Monitoring
	General Recommendations
	Initial Review
	Training of Exercise Specialists
	Checklist Prior to Exercise Session

	Guidelines for Starting or Continuing Exercise Based on Glucose Levels
	Type 1 Diabetes
	Type 2 Diabetes
	Type 2 Diabetes Treated with Insulin and/or Sulphonylureas
	Type 2 Diabetes (Lifestyle Controlled or Treated with Diabetes Medications Other than Insulin or Sulphonylureas)


	Additional Considerations for People with Diabetes
	Conclusion
	Abbreviations
	Acknowledgements
	Funding
	Availability of Data and Materials
	Authors’ Contributions
	Ethics Approval and Consent to Participate
	Consent for Publication
	Competing Interests
	Publisher’s Note
	Author details
	References

