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Is insulin the only viable option? The role ofphysical therapy in type 1 and 2 diabetes

Introduction
Diabetes is a global health problem that has been called the
epidemic of the current century. It is estimated, that currently
over 340 million people suffer from diabetes with an
alarming increase in incidence each year [1 , 2] . The
occurrence of diabetes is largely attributed to an unhealthy
lifestyle, primary examples being lack of exercise and
obesity. Intensive lifestyle intervention, which includes
physical therapy, is a significant factor in combating diabetes
[3 , 4, 5, 6, 7] . The occurrence of hyperglycemia results in
many diabetes-associated complications, in particular
vascular disease, which significantly increases mortality rate
[8] .
It is well established that exercise is an important part of
a healthy lifestyle and is critical for diabetic patients.
Aerobic exercise increases carbohydrate metabolism in
muscle which contributes to a decrease in blood glucose
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concentrations. Physical exercise also improves insulin
resistance by increasing the number of receptors and the
affinity of insulin to its receptors [9] .

This leads to increased transmembrane transfer of glucose
in skeletal muscle, an effect that can last up to 72 hours
after physical exertion has stopped [8] .

Although physical exercise can be beneficial in diabetes, it
is recommended that each patient’s medical state is
evaluated by a physician before beginning a program. Due
to the risk of hypo- or hyperglycemic complications, the
duration and type of exercise should be individually-
tailored to every patient [7, 1 0, 11 ] .

Table 1 and 2 highlight the most important
contraindications for physical exercise in diabetic patients.
Several additional factors should be taken into account to
before prescribing an exercise regimen. For example,
diabetes-associated vascular disease, such as
arteriosclerosis of coronary, cerebral and lower limbs
arteries, constitutes a known risk factor which can result in
heart attack, stroke or limb amputation [1 2] .

Cardiovascular exercise is advised for lower limb
ischemia e.g. Buerger’s training (repeated reperfusion by
raising the leg to a position where the toes become pale
and lowering the leg back down). Patients may also
engage in water gymnastics or non-strenuous brisk
walking. Exercises should be individually-tailored to each
patient capabilities [9, 1 0] . Diabetics have a 2-4 fold
increased risk of developing silent myocardial ischemia.
For such patients physical exercise is also recommended
and must be individually selected basing on a medical
examination [1 3 , 1 4, 1 5] .

Table 1. Absolute contraindications for physical exercise in patients with diabetes

• Uncontrolled diabetes

• Fresh lesions on ECG, with no identifiable cause

• Acute or insufficiently controlled chronic heart failure

• Suspected myocarditis or acute pericarditis

• Early period following a heart attack especially with complications

• Heightened heart rate disorders

• Arterial hypertension not subjected to treatment

• Unstable angina

• Acute kidney failure

• Severe infection or fever

• Heavy stress or psychosis

• Proteinuria in the course of nephropathy
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It is recommended that patients suffering from diabetes after
a heart attack “use interval type endurance exercises with
gradually increased loads. To complement the above, general
rehabilitation exercises are incorporated involving large
muscle groups” [1 6] . The range of exercises is increased
gradually so as to not cause fatigue and oxygen deficiency.
Vascular disease in diabetes, such as microangiopathy, may
result in damage to the small blood vessels of the retina
(retinopathy) or kidney (nephropathy). More recently
kinesiotherapy has been identified as a way to treat vascular
complications. However, these vascular pathology should be
taken into consideration when considering kinesiotherapy.
Since retinopathy affects most diabetes patients, regular eye
examinations are advised. When planning an exercise
regimen particular caution should be taken to avoid exercises
that can lead to increased blood pressure [7, 1 6] . This may
cause a hemorrhage of the retina, vitreous humor or retinal
detachment. Patients with nephropathy, even undergoing
dialysis, may perform mild dynamic exercises which do not
increase pressure in the abdomen [7] .
Neuropathy is one of the most common complications of
diabetes. The most frequent form is sensory-motor
neuropathy, which in its earliest stage typically affects distal
sections of the lower limbs. Active, equipment-free, exercise
intervention which improves blood glucose control can slow
the development of diabetic neuropathy [1 7, 1 8] . Anaerobic
exercise should be avoided since this has a stimulatory effect
on the adrenegenic system and increases arterial tension [7,
1 6] . During training blood glucose levels should be
monitored. Blood glucose concentrations below 80 mg/dl,
above 300 mg/dl or 250 mg/dl with ketonuria are considered
dangerous. If blood glucose concentrations fall within these
levels the patient should immediately cease exercising and
wait until the concentration returns to acceptable levels.
Patients diagnosed with symmetrical peripheral neuropathy
must reduce the intensity of physical exercise and avoid
weight-bearing exercise (instead swimming, cycling, or
exercising lying down/sitting is recommended) (Figures 1 , 2)
[7, 1 9] . Motor neuropathy with foot muscle atrophy leads to

Table 2. Relative contraindications for physical exercise in patients with diabetes

• Blood glucose level >250 mg/dl

• Blood glucose level <100 mg/dl (consume food containing carbohydrates and resume training when blood glucose has

normalized)

• Valvular heart disease

• Cardiomyopathy

• Heart aorta aneurism

• Heart rate >120/min.

• Nerve, muscle, joint disorders which may worsen due to exertion

• Problems with eye sight, recommended consultation with optometrist
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toe deformity, gait abnormality and increased risk of painless
uncontrolled injuries to the feet. Appropriate prophylactic
measures are necessary, including education, special
footwear, correct foot hygiene and appropriate motor activity
to strengthen foot muscles and improve balance (e.g. toes
curls, circulatory exercises, arch bending and heel bending)
[1 7] .

It must be remembered that exercises intervention for patients
with autonomic neuropathy may result in a reduced perception
of coronary pain and increased susceptibility to orthostatic
hypotension [10] . The physical therapist should maintain
contact with the diabetologist treating the patient.
Diabetic foot syndrome is a serious diabetic complication which
affects up to 50% of patients and can result in amputation.
Diabetic foot ulcers have and tend to occur in peripheral
musculature, but can also affect bones (Charcot’s
neuroarthropathy). They often have complex etiopathogenesis
and can involve ulceration or destruction of deep tissues with
neurological and vascular disorders (Figure 3). Erysipelas,
bacterial infection of the upper layer of the skin, is frequently
observed [20] . When treating diabetic foot syndrome it is
important to show the patient how to inspect/monitor their feet
(lack of pain being a warning sign) and to wear appropriate
footwear (Figure 4) [16, 21 ] . Studies have shown that footwear
which reduces pressure on the forefoot reduces the risk of
recurrent ulceration, providing the patient wears them for longer
periods during the day. The patient should avoid walking
barefoot and warming their feet (this causes reduced pain
perception). Daily inspection for characteristic signs of infection
on the feet (painless redness, suppurative lesions, swelling) is
advised. Any signs of infection should be immediately reported
to the diabetologist. For patients who have not experienced
ulceration the following exercises are recommended;
cardiovascular, non weight-bearing, lower limb exercise in
a swimming pool and brisk walking on flat terrain [20] .

Figure 1, 2. Non-weight bearing exercises [Author’s image]
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The occurrence of diabetic foot syndrome with recurring
ulceration, foot bone destruction or chronic infection may
eventually result in limb amputation. If the decision to
amputate is planned with sufficient time in advance the
short-term goal should be to improve the patients’ physical
performance prior to surgery using active rehabilitation
exercise [22] .
This can impact the choice of stump length which is
important during post-operative rehabilitation and prosthesis
fitting. Despite careful rehabilitation the patient’s self-
reliance often remains limited. Kinesiotherapy training can
be used both pre and post amputation to improve clinical
outcome. Partial amputations of the metatarsal, forefoot and
ankle are surgical procedures that require precise planning
and rehabilitation (Figure 5).
If contractures occur, they may be a significant obstacle in
rehabilitation (e.g. club foot, lower leg bending, abduction
contracture). For this reason exercise should be commenced
as quickly as possible.

Patient rehabilitation lasts approximately 3 months before
a prosthesis can be fitted. This ensures complete healing of the
soft tissue and stump formation [22]. Active exercise can com-
mence around the 4th – 6th day post surgery. Weight bearing
exercises and training with equipment can be incorporated once
the wound has healed. These exercises can be performed, as
long as the patient is in an otherwise healthy state, the stump is
healing correctly and the swelling is reduced. In case of ampu-

Figure 3. Diabetic foot showing ulcerations [Author’s
image]

Figure 4. Proper footwear recommended for patients
with diabetes [Author’s image]

Figure 5. Amputation in the forefoot area [Author’s image]
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tation in the thigh, the most important goal is to strengthen the
hip joint abductor and adductor muscles. Amputation at the he-
ight of the shin requires exercising the knee joint abductors,
while around the foot exercising the calf muscles, especially
abductors, and the rotator muscles are required. Exercises sho-
uld be individually-tailored and take place 60 minutes after
a meal and insulin administration. According to the American
Diabetes Association (2014) “Persons with diabetes should be
informed of the necessity to introduce exercises of at least
150 min/day. Medium intensity aerobic exercises should be
planned (up to a 50% increase in heart rate) and conducted 3 ti-
mes per week. If there are no contraindications, these exercises
can be performed 2 times per week.” [16].
In a 23-year follow-up study, Zhang and colleagues demonstra-
ted long-term clinical benefit of lifestyle changes in patients
with diabetes [23]. This is in line with an earlier study and car-
ried out by Uusitupa [24] who found a reduced number of car-
diovascular-related deaths and improved glucose tolerance.
However, not all studies have confirmed this finding [25]. Ac-
cording to the revised recommendations of the American Dia-
betes Association (2014), when patients with
diabetes-associated complications begin physical exercise the
following check should be made: 1 ) a full cardiology examina-
tion to assess circulatory performance; 2) where neuropathy is
indicated special attention should be paid to the condition of the
feet and type of footwear; 3) evaluate the exercise program as
there is greater risk of eye hemorrhage or retinal detachment in
patients with retinopathy; 4) proteinuria in patients with neph-
ropathy; 5) changes in blood glucose regulation and insulin do-
se due to physical exertion [16].
Physical exercise, in particular moderate aerobic activity, is
a key factor in the management of type 2 diabetes. It is well es-
tablished that lowering blood glucose levels and energy expen-
diture leads to weight loss and can slow down the development
of vascular-related complications [7, 14, 26, 27]. It has recently
been concluded, that (anaerobic) weight bearing exercises can
also be beneficial and result in rapid weight loss, “increased in-
sulin sensitivity, reduced blood glucose level and help to main-
tain these effects”. Many investigators have examined changes
in blood glucose and glycated hemoglobin (HbA1c) levels du-
ring exercise in type 2 diabetes [28]. The level ofHbA1c can be
reduced significantly following 150 min exercise per week and
adhering to dietary changes. At present, cross-study compari-
sons on the beneficial effects of medium intensity (aerobic)
versus strenuous (anaerobic) exercise are limited due to the
small number of patients used in these studies, and short fol-
low-up times [17].
Beneficial effects of high-intensity interval training (HIIT) on
blood glucose levels have been reported. This type of exercise is
considered to be safe and can quickly increase physical perfor-
mance [27, 29]. To date, there are no reports on the effect ofHIIT
on HbA1c levels. An important aspect which interests diabetolo-
gists and physical therapists is whether improved blood gluco-
se/HbA1c levels, loss of body weight and improved lipid profile
during physical exercise translates in a measurable way to a re-
duced cardiovascular-related mortality rate. Reports so far on this
topic are inconclusive. Sluik and Buijsse (2012) showed a strong
correlation between physical activity of patients and a reduced
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cardiovascular-related deaths [13, 24]. However, Bolin and
Brancati (2013) did not reproduce this finding [14]. Studies using
larger patient cohorts and long-term observations are warranted.
Exercise intervention for type 1 diabetes relates most often to
younger people who already exhibit high physical activity. In
contrast to type 2 diabetes, there are rarely issues relating to obe-
sity and insulin resistance. Patients with type 1 diabetes tend to
have improved lipid profiles and increased insulin sensitivity in
the course of training [30], although HbA1c levels do not mar-
kedly change [31 ].
In type 1 diabetes hypoglycemia can be a frequent occurrence
during exercise [32], therefore blood glucose concentrations
must be monitored carefully. It is recommended that the dose of
insulin be reduced by 30 to 50% before any planned exertion. In
case of intense exertion it may even be necessary to reduce the
entire daily dose by 50%. If patients exercise regularly, the usual
daily insulin doses should be reduced by 15-20%. When using an
insulin pump it is recommended to reduce the basic insulin flow
by 20-80% 2 hours before physical exertion [10]. Delayed hypo-
glycemia may occur at night following a workout, most likely
due to increased insulin sensitivity, as well as the processes of
energy replenishment after physical exertion [33]. Intense exer-
cise, especially anaerobic, can cause patients to experience hy-
perglycemia due to increased release of catecholamines [18, 34].
This can occur in both types of diabetes and after all types of
exercise, and can also occur after the conclusion of physical
exercise. For such patients, 1 -2 units of fast acting insulin can be
administered.

Summary
1 . Based on the studies conducted so far it can be concluded, that
correctly planned physical training plays an important role in the
prevention and treatment of diabetes. Regular physical activity is
important for the overall energy balance of diabetic patients by
helping to combat obesity (30 minutes of exercise is approx.
300kcal). Physical training has beneficial effects on insulin resi-
stance due to the increased number and affinity of insulin to its
receptors on muscle cells. This leads to greater insulin potency,
improved glucose tolerance and lowered HbA1c levels.
2. Every patient attempting physical exercise should first undergo
a cardiovascular assessment, according to the criteria we have outli-
ned and also be examined for diabetes-associated complications.
3. Implementation of a regular physical exercise regimen for pa-
tients with diabetes requires caution as hypo- and hyperglycemic
complications may occur. For this reason, the duration and type of
exercise regimen and must be planned with blood glucose control in
mind. Delayed hypoglycemia may occur within 6-15 and even up
to 28 hours post exercise. Patients with high blood glucose levels
immediately before training should not engage in physical activity.
4. Regular physical exercise combined with a healthy diet is fun-
damental for improving metabolic profile and delaying vascular
complications.
5. As a general rule, patient’s receiving insulin treatment should
not engage in physical activity during the period of its peak acti-
vity. Significant increase in respiration rate and breathlessness
during exercise are signs that training should be stopped. The
most suitable exercises are short-lasting moderately intense aero-
bic exercises.
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6. As core body temperature is raised, such as during exercise, in-
sulin is absorbed faster. As such, the dose of insulin may require
adjusting during physical exertion to ensure blood glucose levels
remain properly controlled. During training it is recommended to
individually monitor the heart rate.
7. In light of numerous contradictory reports regarding the varied
effectiveness of physical activity for type 2 diabetics, further stu-
dies, using larger patient cohorts, are warranted to help establish
optimal clinical recommendations.




