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Abstract :

The adoption and maintenance of physical activity are critical

foci for blood glucose management and overall health in individuals
with diabetes and prediabetes. Recommendations and precautions
vary depending on individual characteristics and health status. In this
Position Statement, we provide a clinically oriented review and
evidence-based recommendations regarding physical activity and
exercise in people with type 1 diabetes, type 2 diabetes, gestational
diabetes mellitus, and prediabetes.
Physical activity includes all movement that increases energy use,
whereas exercise is planned, structured physical activity. Exercise
improves blood glucose control in type 2 diabetes, reduces
cardiovascular risk factors, contributes to weight loss, and improves
well-being). Regular exercise may prevent or delay type 2 diabetes
development. Regular exercise also has considerable health benefits
for people with type 1 diabetes (e.g., improved cardiovascular
fitness, muscle strength, insulin sensitivity, etc.). The challenges
related to blood glucose management vary with diabetes type,
activity type, and presence of diabetes-related complications.
Physical activity and exercise recommendations, therefore, should
be tailored to meet the specific needs of each individual.
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Introduction :

During physical activity, whole-body oxygen consumption
may increase by as much as 20-fold, and even greater increases may
occur in the working muscles. To meet its energy needs under these
circumstances, skeletal muscle uses, at a greatly increased rate, its
own stores of glycogen and triglycerides, as well as free fatty acids
(FFASs) derived from the breakdown of adipose tissue triglycerides
and glucose released from the liver. To preserve central nervous
system function, blood glucose levels are remarkably well
maintained during physical activity. Hypoglycemia during physical
activity rarely occurs in nondiabetic individuals. The metabolic
adjustments that preserve normoglycemia during physical activity
are in large part hormonally mediated. A decrease in plasma insulin
and the presence of glucagon appear to be necessary for the early
increase in hepatic glucose production during physical activity, and
during prolonged exercise, increases in plasma glucagon and
catecholamines appear to play a key role. These hormonal
adaptations are essentially lost in insulin-deficient patients with type
1 diabetes. As a consequence, when such individuals have too little
insulin in their circulation due to inadequate therapy, an excessive
release of counterinsulin hormones during physical activity may
increase already high levels of glucose and ketone bodies and can
even precipitate diabetic ketoacidosis. Conversely, the presence of
high levels of insulin, due to exogenous insulin administration, can
attenuate or even prevent the increased mobilization of glucose and
other substrates induced by physical activity, and hypoglycemia may
ensue. Similar concerns exist in patients with type 2 diabetes on
insulin or sulfonylurea therapy; however, in general, hypoglycemia
during physical activity tends to be less of a problem in this
population. Indeed, in patients with type 2 diabetes, physical activity
may improve insulin sensitivity and assist in diminishing elevated
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blood glucose levels into the normal range. The purpose of this
position statement is to update and crystallize current thinking on the
role of physical activity in patients with types 1 and 2 diabetes. With
the publication of new clinical reviews, it is becoming increasingly
clear that physical activity may be a therapeutic tool in a variety of
patients with, or at risk for diabetes, but that like any therapy its
effects must be thoroughly understood (1-3). From a practical point
of view, this means that the diabetes health care team will be required
to understand how to analyze the risks and benefits of physical
activity in a given patient. Furthermore, the team, consisting of but
not limited to the physician, nurse, dietitian, mental health
professional, and patient, will benefit from working with an
individual with knowledge and training in exercise physiology.
Finally, it has also become clear that it will be the role of this team
to educate primary care physicians and others involved in the care of
a given patient.

Almost everyone, whether or not they have diabetes, benefits
from regular exercise. Well-known health benefits include weight
loss, stronger bones, improved blood pressure control, lower rates of
heart disease and cancer as well as increased energy levels. Regular
exercise also has special advantages if you have type 2 diabetes.
Regular physical activity improves your body’s sensitivity to insulin
and helps manage your blood sugar( 1)

According to our introduction ;our problem statement is Why is
activity so important for people with diabetes?

Definitions of terms

- Physical activity Any bodily movement produced by skeletal
muscles that results in energy expenditure above resting (basal)
levels. This term broadly encompasses exercise, sport and physical
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activities done as a part of daily living, occupation, leisure and active
transport.

Exercise Planned, structured physical activity typically performed
with the intent of improving health and/or fitness.

Aerobic exercise Exercise that involves continuous, rhythmic
movements of large muscle groups, such as walking, bicycling,
swimming or jogging, normally lasting for at least 10 minutes at a
time. This type of exercise depends primarily on the aerobic energy-
generating processes in the body (i.e. heart, lungs, cardiovascular
system and the oxidation of fuels in skeletal muscle). Moderate-
intensity aerobic activities range from 3-6 metabolic equivalents
(METS) and include brisk walking, dancing, light cycling, gardening
and domestic chores. Vigorous-intensity activities (>6 METS)
include running, climbing stairs or hill walking, fast cycling or
swimming, aerobics and most competitive sports and games.

Resistance exercise Brief repetitive exercise using weights, weight
machines, resistance bands or one’s own body weight (e.g. push-ups)
to increase muscle strength and/or endurance.

Flexibility exercise A form of activity, such as lower back or
hamstring stretching, that enhances the ability of joints to move
through their full range of motion.

Aerobic training Exercise training involving periods of
predominantly aerobic exercise activities, such as running, cycling
or swimming, performed for the purpose of enhancing
cardiorespiratory fitness, performance and/or health.

Resistance training Exercise training, involving brief repetitive
exercises with weights, weight machines, resistance bands or one’s
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own body weight (e.g. pushups) performed for the purpose of
increasing muscle mass and strength. This type of exercise uses
predominantly anaerobic energygenerating systems in skeletal
muscle.

High-intensity interval training A type of aerobic exercise training
based on alternating between short periods of vigorous intensity
exertion and periods of rest or lowerintensity exercise; commonly
performed using a predominantly aerobic exercise modality, such as
running or cycling. Cardiorespiratory fitness A health-related
component of physical.

fitness defined as the ability of the circulatory, respiratory and
muscular systems to supply oxygen during sustained physical
activity. Typically measured via a treadmill or cycle ergometer test
and expressed as maximal oxygen uptake (VO2max) relative to body
mass or in metabolic equivalents (METS).

Musculoskeletal fitness Ability of skeletal and muscular systems to
perform work (exercise). Muscular strength and muscular endurance
are components of musculoskeletal fitness. Cardiorespiratory
endurance Ability of the heart, lungs and circulatory system to
supply oxygen to working muscles efficiently.

Muscular strength Maximal force or tension level produced by a
muscle or muscle group.

Muscular endurance Ability of muscle to maintain submaximal
force levels for extended periods. Physical fitness Ability to perform
occupational, recreational and daily activities without undue fatigue.
A set of measureable health and skill-related attributes that include
cardiorespiratory fitness, muscular strength and endurance, body
composition, flexibility, balance, agility, reaction time and power.
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Maximum oxygen uptake (VO2max) Maximum rate of oxygen

utilization during exercise.

METS The ratio of a person’s working (exercising) metabolic rate
to the resting metabolic rate. One MET is equivalent to the energy
expended while sitting at rest.

Sedentary behaviour An “activity” that involves little or no
movement, with an energy expenditure ranging between 1-1.5
METS. Examples include sitting, watching TV, working on a
computer, reclining while awake and driving.

TYPES AND CLASSIFICATIONS OF DIABETES AND
PREDIABETES Physical activity recommendations and
precautions may vary by diabetes type. The primary types of
diabetes are type 1 and type 2. Type 1 diabetes (5%—-10% of cases)
results from cellular-mediated autoimmune destruction of the
pancreatic b-cells, producing insulin deficiency (7). Although it can
occur at any age, b-cell destruction rates vary, typically occurring
more rapidly in youth than in adults. Type 2 diabetes (90%—-95% of
cases) results from a progressive loss of insulin secretion, usually
also with insulin resistance. Gestational diabetes mellitus occurs
during pregnancy, with screening typically occurring at 24-28
weeks of gestation in pregnant women not previously known to have
diabetes. Prediabetes is diagnosed when blood glucose levels are
above the normal range but not high enough to be classified as
diabetes; affected individuals have a heightened risk of developing
type 2 diabetes(2) but may prevent/delay its onset with physical
activity and other lifestyle changes (3).

- EVALUATION OF THE PATIENT BEFORE EXERCISE :
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Before increasing usual patterns of physical activity or an exercise
program, the individual with diabetes mellitus should undergo a
detailed medical evaluation with appropriate diagnostic studies. This
examination should carefully screen for the presence of macro- and
microvascular complications that may be worsened by the exercise
program. Identification of areas of concern will allow the design of
an individualized exercise prescription that can minimize risk to the
patient. Most of the following recommendations are excerpts from
The Health Professional’s Guide to Diabetes and Exercise ( 4). A
careful medical history and physical examination should focus on
the symptoms and signs of disease affecting the heart and blood
vessels, eyes, kidneys, feet, and nervous system. Cardiovascular
system A graded exercise test may be helpful if a patient, about to
embark on a moderate to high-intensity physical activity program
(5,6), is at high risk for underlying cardiovascular disease, based on
one of the following criteria:

e Age 35 years

e Age 25 years and

e Type 2 diabetes of 10 years’ duration
e Type 1 diabetes of 15 years’ duration

e Presence of any additional risk factor for coronary artery disease

(7)

e Presence of microvascular disease (proliferative retinopathy or
nephropathy, including microalbuminuria)

e Peripheral vascular disease

e Autonomic neuropathy In some patients who exhibit nonspecific
electrocardiogram (ECG) changes in response to exercise, or who
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have nonspecific ST and T wave changes on the resting ECG,
alternative tests such as radionuclide stress testing may be
performed. In patients planning to participate in lowintensity forms
of physical activity (60% of maximal heart rate) such as walking, the
physician should use clinical

Judgment in deciding whether to recommend an exercise stress
test. Patients with known coronary artery disease should undergo a
supervised evaluation of the ischemic response to exercise, ischemic
threshold, and the propensity to arrhythmia during exercise. In many
cases, left ventricular systolic function at rest and during its response
to exercise should be assess (8)

The recommendations in this citation are based on the evidence
reviewed in the following publications: Exercise and NIDDM
(Technical Review). Diabetes Care 13:785-789, 1990; and Exercise
in individuals with IDDM (Technical Review). Diabetes Care
17:924-937, 1994. Originally approved February 1990. Most recent
review/revision, 2002. The initial draft of this revision was prepared
by Bernard Zinman, MD (co-chair); Neil Ruderman, MD, DPhil (co-
chair); Barbara N. Campaigne, PhD; John T. Devlin, MD; and
Stephen H. Schneider, MD. The paper was peer-reviewed, modified,
and approved by the Professional Practice Committee and the
Executive Committee, June 1997, as well as by the American
College of Sports Medicine’s Pronouncements Committee and
Board of Trustees, July 1997. Guidelines of the American Diabetes
Association and the American College of Sports Medicine.
Abbreviations: CAN, cardiac autonomic neuropathy; ECG,
electrocardiogram; FFA, free fatty acid; PAD, peripheral arterial
disease; PDR, proliferative diabetic retinopathy; PN, peripheral
neuropathy. © 2004 by the American Diabetes Association
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-Safety first

» If you have been inactive for some time, talk to your doctor before
starting any exercise program that is more strenuous than brisk
walking.

» Make sure you wear comfortable, proper-fitting shoes.

* Wear your MedicAlert® bracelet or necklace.

* Listen to your body. Speak to your doctor if you are very short of
breath or have chest pain.

* If you take insulin or medications that increase insulin levels,
monitor your blood sugar before, during and many hours after your
activity to see how it affects your blood sugar levels.

« Carry some form of fast-acting carbohydrate with you in case you
need to treat low blood sugar (hypoglycemia), for example, glucose
tablets or Life Savers.

« If you live with type 1 diabetes, speak to your health-care provider
about additional strategies to reduce the risk of hypoglycemia during
and after exercise.

Types of Exercise

Physical activity is defined as any bodily movement produced by
skeletal muscles that requires energy expenditure (9). Exercise is
planned, structured physical activity (10) (see Table 1 for definitions
of key exercise terms used in this article.)

Aerobic exercise (like walking, bicycling, swimming or jogging)
involves continuous, rhythmic movements of large muscle groups,
normally at least 10 minutes at a time. In this article , we will refer
to this type of exercise as “aerobic” for simplicity, even though when
performed at a very high intensity, such as with high-intensity
interval training, it also involves some
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anaerobicmetabolism.Resistance exercise involves brief repetitive
exercises with weights, weight machines, resistance bands or one’s
own body weight (e.g. push-ups) to increase muscle strength and/or
endurance.

Flexibility exercise (like lower back or hamstring stretching) aims
to enhance the ability to move through fuller ranges of motion. Some
types of exercise, such as yoga, can incorporate elements of both
resistance and flexibility exercise. Benefits of Physical Activity
Physical activity can help people with diabetes achieve a variety of
goals, including increased cardiorespiratory fitness, increased
vigour, improved glycemic control, decreased insulin resistance,
improved lipid profile, blood pressure (BP) reduction and
maintenance of weight loss (2-5). Randomized trials have found that
supervised exercise interventions improve glycated hemoglobin
(AL1C) (6-8), triglycerides (TG) and cholesterol (11) in people with
type 2 diabetes when compared to no exercise comparison groups
(12). Cohort studies have demonstrated that, in people with type 2
(11-13), and with type 1 diabetes (14,15), regular physical activity
(11-13) and/or moderate to high cardiorespiratory fitness are
associated with reductions in cardiovascular (CV) and overall
mortality. Randomized trials have also demonstrated that aerobic
exercise training increases cardiorespiratory fitness in both type 1
and type 2 diabetes (13), and slows the development of peripheral
neuropathy (14). A meta-analysis (6) found that supervised exercise
interventions improved A1C in people with type 2 diabetes when
compared to no exercise comparison groups. In addition,
interventions involving exercise durations of more than 150 minutes
per week were associated with greater A1C reductions (mean change
—0.89%) than interventions involving 150 minutes or less of exercise
per week (mean change —0.36%) (6). A meta-analysis of headto-
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head trials comparing the effects on A1C of aerobic exercise at
higher vs. lower intensity found that the interventions with higher
intensity reduced A1C more than those of lower intensity (mean
Conflict of interest statements can be found on page S60. A1C
difference —0.22%) (8). It was unclear whether the greater benefits
of higher-intensity exercise were limited to studies using high-
intensity interval training (see next section on interval training). In
contrast to trials in type 2 diabetes, most clinical trials evaluating
exercise interventions in adults with type 1 diabetes have not
demonstrated a beneficial effect of exercise on glycemic control
(19), but 2 recent meta-analyses found that aerobic training lowered
ALC in children and youth with type 1 diabetes by 0.5% and 0.85%
respectively (20,21), while also lowering body mass index (BMI),
TG and total cholesterol levels. A recent large cross-sectional study
of 18,028 adults with type 1 diabetes reported an inverse association
between physical activity levels and ALC, diabetic ketoacidosis
(DKA), BMI and a number of diabetes-related complications,
including  dyslipidemia,  hypertension,  retinopathy  and
microalbuminuria (15). There are no published trials evaluating the
effects of exercise training on quality of life in type 1 diabetes.

with type 2 diabetes compared to continuous moderate-intensity
exercise . In people with type 1 diabetes, high-intensity interval
exercise appears to be associated with less risk for hypoglycemia
than continuous aerobic exercise, at least during the time of the
activity (16). To date, the risks of high-intensity interval training
seem comparable to moderate-intensity continuous exercise in
previously screened participants with relatively good glycemic
control; however, most studies have been small and underpowered
(8). A small trial in women with type 2 diabetes (n=17) found that
twiceweekly high-intensity interval training reduced abdominal fat
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(—8.3%) and visceral fat (—24.2%) significantly, but continuous
aerobic exercise did not.

e Resistance Exercise Benefits Diabetes is an independent
risk factor for low muscular strength and accelerated decline
in muscle strength and functional status (17). The health
benefits of resistance training for all adults include
improvements in muscle mass, body composition, strength,
physical function, mental health, bone mineral density,
insulin sensitivity, blood pressure, lipid profiles, and
cardiovascular health . The effect of resistance exercise on
glycemic control in type 1 diabetes is unclear . However,
resistance exercise can assist in minimizing risk of exercise-
induced hypoglycemia in type 1 diabetes. When resistance
and aerobic exercise are undertaken in one exercise session,
performing resistance exercise first results in less
hypoglycemia than when aerobic exercise is performed first
(18). Resistance training benefits for individuals with type 2
diabetes include improvements in glycemic control, insulin
resistance, fat mass, blood pressure, strength, and lean body
mass (19).

RECOMMENDED PHYSICAL ACTIVITY
PARTICIPATION FOR PEOPLE WITH DIABETES

-Pre-exercise medical clearance is generally unnecessary for
asymptomatic individuals prior to beginning low- or moderate-
intensity physical activity not exceeding the demands of brisk
walking or everyday living.

-Most adults with diabetes should engage in 150 min or more of
moderate-to-vigorous intensity activity weekly, spread over at least
3 days/week, with no more than 2 consecutive days without activity.
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Shorter durations (minimum 75 min/week) of vigorousintensity or
interval training may be sufficient for younger and more physically
fit individuals. B for type 2 diabetes, C for type 1 diabetes

-Children and adolescents with type 1 or type 2 diabetes should
engage in 60 min/day or more of moderate or vigorous intensity
aerobic activity, with vigorous, muscle-strengthening, and
bonestrengthening activities included at least 3 days/week.

-Adults with diabetes should engage in 2-3 sessions/week of
resistance exercise on nonconsecutive days. B for type 2 diabetes, C
for type 1 diabetes

-Flexibility training and balance training are recommended 2-3
times/week for older adults with diabetes. Yoga and tai chi may be
included based on individual preferences to increase flexibility,
muscular strength, and balance.

-Individuals with diabetes or prediabetes are encouraged to increase
CONCLUSIONS

Physical activity and exercise should be recommended and
prescribed to all individuals with diabetes as part of management of
glycemic control and overall health. Specific recommendations and
precautions will vary by the type of diabetes, age, activity done, and
presence of diabetes-related health complications.
Recommendations should be tailored to meet the specific needs of
each individual. In addition to engaging in regular physical activity,
all adults should be encouraged to decrease the total amount of daily
sedentary time and to break up sitting time with frequent bouts of
activity. Finally, behavior-change strategies can be used to promote
the adoption and maintenance of lifetime physical activity
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