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Abstract

Review Article

Introduction

Exercise plays an integral part in the treatment of type 2 
diabetes mellitus  (T2DM). Despite this, majority of the 
patients in India do not engage in physical activity as per 
current international recommendations and, in general, have 
been found to have a more sedentary lifestyle compared 
to white Caucasians.[1‑3] Unsurprisingly, there is an inverse 
relation between the prevalence of dysglycaemia and higher 
quartiles of physical activity with 16.8%, 13.2%, and 11% 
prevalence of T2DM and impaired glucose tolerance amongst 
sedentary, moderately heavy, and heavy workers in South 
India.[3] However, there is a dearth of detailed and exhaustive 
guidelines for Asian patients in general and Indian patients 
in particular. The aim of this consensus statement is to create 

clear recommendations to guide physicians regarding exercise 
advice to patients with T2DM.

Methods

A systematic literature search was made in the database 
of PubMed until February 1  2024, using key words and 
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MeSH terms using Boolean “AND.” The various keywords 
included (“exercise” OR “physical activity”) AND (“Type 2 
diabetes mellitus”) AND  (“randomised controlled trials”) 
OR  (“observational studies”) OR  (“meta‑analyses”) 
OR (“consensus statements”) AND (“Indians’). The inclusion 
criteria for articles included all the studies that assessed the 
impact of exercise and physical activity on T2DM and its 
complications. We excluded editorials, unpublished articles, 
case reports, and anecdotal reports. Hard and soft copies of all the 
relevant articles were retrieved and circulated among the panel 
members which consisted of fourteen experienced clinicians 
who are pioneers in their fields consisting of endocrinologists, 
physicians, diabetologists, and physical medicine consultants. 
After initial web‑based meetings, one physical meeting was 
conducted during the 11th Integrated Diabetes and Endocrine 
Academy  [IDEA] Congress  [IDEACON] held on June 30, 
2022, in Kolkata, India. The draft was then circulated among 
the panel members for revision and re‑revision to arrive at a 
consensus on the following points regarding exercise advice 
in patients with T2DM:
a.	 Benefits of exercise
b.	 Types of exercise
c.	 Timing of exercise
d.	 Exercise considerations for those on oral antihyperglycaemic 

agents (OHA)
e.	 Exercise considerations for those on insulin
f.	 Pregnancy with diabetes
g.	 Elderly
h.	 Ischemic heart disease (IHD)
i.	 Retinopathy
j.	 Neuropathy
k.	 Diabetic foot ulcer
l.	 Arthritis.

Benefits of Exercise

Exercise impacts metabolic parameters (reduction of weight 
by 1.1 kg, waist circumference by 3.2 cm, visceral adipose 
tissue by 30–40 cm2, systolic blood pressure by 8–12 mmHg, 
diastolic blood pressure by 5–6 mmHg, HbA1c by 0.67%, 
and low‑density lipoprotein by 3.87  mg/dl).[4‑14] Exercise 
improves insulin sensitivity as early as 48 h, with the effect 
persisting beyond 72 h.[15] A greater drop in HbA1c has been 
observed with an increase in the intensity of exercise.[4] 
However, the benefits of exercise begin to fade within 48–
96 h of stopping exercise, necessitating a continual exercise 
program.[5]

In addition to the traditional exercise regimes, the benefits of 
yoga are evident from a meta‑analysis involving studies from 
across the world.[6] Yoga can lower systolic blood pressure 
by 5.8 mm  Hg, diastolic blood pressure by 4.12 mm  Hg, 
heart rate by 6.5 beats per minute, and HbA1c by 0.45%, 
apart from a salutary effect on lipid profile.[6] Apart from 
the metabolic benefits, yoga also reduces perceived stress, 
lowers catecholamine levels, improves mood, and reduces 
cardiovascular response to stress.[7] Multiple trials in patients 

with T2DM in India, including randomized controlled trials, 
demonstrated the beneficial effects of yoga on glycemic, 
anthropometric, and lipid parameters apart from improvement 
in autonomic function.[16‑20]

Types of Exercise

Of the various modalities of exercise, aerobic exercise is 
more convenient and accessible. However, in older adults, 
resistance exercise may increase lean mass.[21,22] Although all 
the modalities of exercise have a beneficial impact on glycemia 
and insulin sensitivity, combined aerobic and resistance 
exercises are superior to either modality alone.[21,23] The four 
basic exercise types are as follows:
a.	 Aerobic: Continuous rhythmic movements of large muscle 

groups (walking, cycling, jogging, swimming)
b.	 Resistance: Using added weight to one’s body (push‑ups, 

pull‑ups, rowing, weight lifting)
c.	 Flexibility: Increasing the full range of movement (lower 

back, hamstring stretching exercises)
d.	 Balancing: Yoga, tai chi, standing on one leg, toe walking, 

walking sideways, walking backward.

Intensity of exercise
Patients may choose the intensity of exercise, depending on 
their physical health and availability of resources, but there 
should be a gradual progression as initially benefit can also 
be obtained from lower exercise volumes and intensities.[23] 
Over a longer period, the duration and weekly frequency of 
exercise sessions more than exercise type or intensity affects 
glycemic control.[24]

The intensity of exercise can be divided into the following 
groups:[21,23,25]

a.	 Low intensity: Able to whistle while exercising  (slow 
walking)

b.	 Moderate intensity: Able to hold conversation but not 
have the breath to whistle (brisk walking)

c.	 High intensity: Breathing too heavily to comfortably 
speak in sentences (running, rowing, cycling)

d.	 High‑intensity interval exercise: Intermittent aerobic 
training with recovery periods

Flexibility exercises
Flexibility exercises improve joint range of motion in 
patients with T2DM.[23] Adhesive capsulitis, or frozen 
shoulder, is a disabling condition, found in up to 32% of 
Indian patients with T2DM.[26] Simple aerobic exercise 
involving movement of the shoulder joint may help to 
prevent this condition [Figure 1]. 5–10  min flexibility 
exercise at the end of aerobic and resistance exercise 
sessions is desirable.[23]

Balance exercises
Simple at‑home balance exercises may reduce the risk of 
falls without changes in leg strength.[21,23] Standing on one 
foot, walking on toes or heel, walking backward, and walking 
sideways are examples of balance training.
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Soleus push‑up exercise
In this modern era, a vast number of patients are forced to 
sit for long hours. Soleus push‑up (SPU) [Figure 2] may 
lead to a lowering of blood glucose.[27] Unlike the major 
muscles involved in walking and running, 88% of the 
soleus muscle is type 1 slow twitch fiber which consumes 
glucose from the blood more effectively without fatigue as 
the metabolism avoids the anaerobic route.[27] In a unique 
experiment, SPU was continuously used for 4 h, resulting 
in 52% less glucose excursion than when they were sitting 
still.[27]

Recommendation 1: General recommendation regarding 
exercise for adults with T2DM
•	 Moderate‑intensity exercise of 150 min weekly spread 

over at least 3 days/week with no more than 2 consecutive 
days without activity. For younger and physically fit 
individuals, shorter duration (minimum 75 min/week) of 
high intensity may be sufficient

•	 Resistance exercise at least twice a week is recommended 
for muscle strengthening

•	 A combination of moderate‑intensity and high-
intensity exercise has a better effect than either 
modality alone

•	 If chronic conditions/disability do not allow moderate‑/
high‑intensity exercise, then they should engage in as 
much as physical activity as their abilities and conditions 
allow

•	 Small “doses” of physical activity during waking hours 
are recommended to modestly attenuate postprandial 
glucose  (PPG) and insulin levels  (for example: light 
intensity walking for 3 min for every 30 min prolonged 
sitting)

•	 Flexibility exercises 2–3 times/week are recommended to 
improve the range of movement and prevent disabilities 
like frozen shoulder

•	 Balance training 2–3 times/week is also recommended, 
especially in older adults

Timing of Exercise – When is the Right Time to 
Exercise – Fasting State or after Food Intake?
The impact of exercise intervention on the glycemic and 
lipemic responses to meal could depend on the time sequence 
of implementation.[28] This assumes further importance in 
Asians and Indians, as they have greater PPG excursions 
than Caucasians.[28] Even among Asians, Indians have higher 
postprandial insulin excursions as compared to Chinese and 
Malays, even when adjusting for body fat percentage or waist 
circumference.[29]

Exercising in the fasted state more effectively attenuates the 
lipaemic effect of a meal  (in particular triglycerides), while 
post-meal exercise has a beneficial effect on PPG.[28,30‑32] 
However, evidence points to the fact that the degree of 
improvement of postprandial triglycerides and glucose is more 
in South Asians than in European Caucasians.[33] In a recent 
meta‑analysis, post-meal exercise (such as 20 min walking), 
when undertaken as soon as possible after a meal, reduced PPG 
excursions more than premeal exercise  (standardized mean 
difference = 0.55 (95% confidence interval [CI]: 0.34, 0.75) with 
longer intervals weakened the effect.[30] In a study conducted in 
India, walking 1500–1600 steps for 15 min, starting 15 min after 
each meal, was compared with one‑time daily exercise (45 min 
prebreakfast walking at a stretch covering 4500–4800 steps).[31] 
In this study, HbA1c and post-lunch glucose were reduced 
by  −0.7% and  −46  mg/dl, respectively, for the post-meal 
exercise group compared with  +  0.3% and  +  20  mg/dl, 
respectively, for the prebreakfast exercise group.[31]

Recommendation 2: Timing of exercise with regard to 
meal
•	 Exercising any time of the day is beneficial
•	 Exercise in the fasting state has a favorable impact on lipemia
•	 Post-meal exercise (0–30 min after meals) has a better 

effect on post-meal glycemic excursions than premeal 
exercise

Figure 1: Examples of easy to do flexibility exercises to prevent/treat 
frozen shoulder, (a) Pendulum stretch, Support one arm on a table. Move 
the other arm in a tiny arc. (b) Cross body reach, Raise one arm with the 
other arm and bring it  upwards and take it across the body. (c) Towel 
stretch, Hold one part of a towel and drape it over the shoulder. Hold the 
other end with the other hand and pull the towel to and fro

a b c

Figure 2: (a) Soleus push up exercise, While sitting, rest the feet on the 
floor with the knees bent at a right angle. (b) Then, lift your heel up and 
down keeping your toes on the ground. This exercises the soleus muscle, 
without involving the other big muscle groups

a b
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•	 Hence, dividing an exercise regime into two parts, one 
in the fasted state, and one in the post-meal state, could 
provide maximal benefit.

Exercise and Hypoglycemia Prevention for Those 
on Oral Hypoglycemic Agents

During exercise, once muscle glycogen is depleted, the muscles 
rely on glucose derived from hepatic gluconeogenesis.[33‑36] 
Gluconeogenesis is stimulated by cortisol, catecholamines, and 
glucagon, and insulin, which is a counter hormone to glucagon, 
is reduced to allow this process to take place.[37] Hence, if 
insulin levels are increased, either by exogenous insulin or 
insulin secretagogues, hepatic glucose production will be 
inhibited, and muscle uptake of glucose will be enhanced, 
leading to hypoglycemia.[36]

Brief, intense aerobic exercise increases blood glucose levels 
due to catecholamine secretion.[33,34] Resistance exercise 
usually does not have any acute effect on blood glucose.[35]

Recommendation 3: Exercise consideration for those on 
OHA
•	 Patients on insulin secretagogues like sulfonylureas 

and glinides are associated with an increased risk 
of hypoglycemia dur ing exercise necessitat ing 
special considerations, while those on agents such 
as metfor min, th iazol id inediones,  Dipept idyl 
peptidase 4 (DPP‑4)  inhibitors, Glucagon-like peptide 
1 (GLP‑1)  receptor agonists, alpha‑glucosidase 
inhibitors and Sodium-Glucose Transport Protein 2 
(SGLT‑2) inhibitors do not need any dose adjustment for 
exercise

•	 A br ief  h igh‑intensit y spr int  of  10 s  before 
moderate‑intensity exercise gives protection against 
hypoglycemia

•	 Exercise should be withheld if there is a history of severe 
hypoglycemia within the previous 24 h

•	 Glucose level  <70  mg/dl: Take 15  g fast‑acting 
carbohydrate  (15  g glucose/sugar). Retest af ter 
15  min. Once glucose  >100  mg/dl  –  may do low to 
moderate intensity exercise. Follow with slow‑acting 
carbohydrate (250 ml milk or 2 biscuits or 1 piece of fruit)

•	 Glucose level 71–100 mg/dl: Follow as above
•	 Glucose level 101–270 mg/dl: May proceed with exercise. 

Carry 15 g of slow‑acting carbohydrate
•	 Glucose level more than 270 mg/dl: If feeling unwell, then 

do not exercise. Otherwise, proceed with low‑intensity 
exercise, monitor glucose levels, and increase fluid 
consumption

Exercise in Those on Insulin

Aerobic exercise increases muscle glucose uptake 
through insulin independent  (~2  h) and insulin‑dependent 
mechanisms (~48 h if exercise is prolonged).[38] Short‑duration 
activity  (~20  min) with intermittent high intensity, as well 

as low‑intensity exercise lasting ≥60 min, increases insulin 
sensitivity for at least 24  h.[39] The improvement in insulin 
sensitivity is exercise dose dependent, with improvement 
seen from expending just 400 kcal/week and increasing up to 
2500 kcal/week.[40]

Longer‑duration, high‑intensity physical activity increases 
the risk for postexercise hypoglycemia in those on insulin. 
This can be reduced by performing a brief maximal intensity 
sprint  (for 10 s) before or after exercise, or by performing 
high‑intensity bouts intermittently during exercise or by 
performing resistance exercise immediately before aerobic 
exercise, if not contraindicated.[35]

Carbohydrate intake recommendation during exercise and 
insulin dose adjustment for T2DM on basal‑bolus regime 
is extrapolated from advice for T1DM, as outlined in 
Tables 1 and 2.

The risk of exercise‑induced nocturnal hypoglycemia can be 
reduced through 20% reductions of daily basal insulin dose 
with reduced prandial bolus insulin and low glycemic index 
carbohydrate intake following evening exercise for those on 
multiple daily insulin injections.[35] The inclusion of a bedtime 
snack and overnight glucose monitoring may help minimize 
the risk of nocturnal hypoglycemia following exercise.[41] 

Table 2: Suggested reduction in bolus insulin for exercise 
performed within 2–3 h after a meal[36]

Exercise intensity Percentage of bolus 
dose reduction

Exercise 
duration 
30 min

Exercise 
duration 
60 min

Mild (walking) 25 50
Moderate (light cycling, brisk walking) 50 75
Intense (running, intense cycling) 75 *
*Exercise intensity is too high to sustain for 60 min

Table 1: Intervention in type 2 diabetes mellitus patients 
on basal‑bolus insulin regime[27]

Blood glucose level 
before start of 
exercise (mg/dL)

Suggested carbohydrate intake

<90 Take 15–30 g quick‑acting carbohydrate
Exercise <30 min or very high‑intensity 
exercise (weight training, HIIT) may not 
need additional carbohydrate

90–150 Take carbohydrate 0.5–1 g/kg body 
mass/h of exercise

150–250 Delay carbohydrate intake till glucose 
levels are <150 mg/dL

250–350 Avoid exercise if moderate‑to‑large 
amounts of ketones are present

>350 Avoid exercise if moderate‑to‑large 
amounts of ketones are present

HIIT: High‑intensity interval training
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Extrapolating this to patients on premix insulin one may 
consider reducing breakfast premix insulin by 20% for daytime 
exercise and a similar reduction of dinner premix insulin for 
evening exercise.

Very intense exercise  (sprinting) and heavy weightlifting 
promote hyperglycemia which can be mitigated using a 
conservative (50% of usual) correction dose of insulin or by 
aerobic cooldown.[35,42]

Injecting insulin into the thighs should be avoided in those 
engaged in activity thereafter involving the thigh muscles as 
it could accelerate insulin absorption and increase the risk of 
hypoglycemia.[43,44]

Recommendations 4: Exercise in patients on insulin
•	 The main consideration is to prevent hypoglycemia during 

and after exercise
•	 Two strategies may be adapted to mitigate hypoglycemia 

in insulin‑requiring T2DM – either reduce insulin dose 
or consume extra carbohydrate

•	 Information regarding carrying carbohydrate and 
appropriate advice regarding the dose and time of 
consuming carbohydrate must be disseminated among 
patients

Should Patients with T2DM Exercise during 
Pregnancy?
The first step in the treatment of gestational diabetes mellitus 
involves lifestyle management, of which physical activity and 
exercise is an integral part.

Before prescribing exercise, a thorough clinical examination 
should be done to rule out any medical reason to avoid 
exercise.[45,46]

The ideal regime should include an exercise duration of 30 min, 
at least 3–4 times per week, with aerobic exercise (walking is 
the safest) being the most recommended. A practical approach 
to gauge the intensity of exercise is to use the “talk test” (An 
exercise intensity during which a conversation can be carried 
on), which equates to 60%–70% of heart rate reserve (heart 
rate reserve  =  Maximal heart rate  (220‑age) minus resting 
heart rate). Exercising with heavy weights should be avoided. 
Exercising in water is safe.

Patients should discontinue exercise if there is bleeding 
per vagina, abdominal pain, painful contractions, amniotic 
fluid leakage, breathlessness before starting exercise, chest 

pain, headache, muscle weakness affecting balance, or calf 
swelling.

Recommendation 5: Exercise during pregnancy
•	 Exercise during pregnancy has multiple benefits to the 

mother and fetus
•	 Regular 30‑min aerobic exercise for at least 3–4 times per 

week is recommended during pregnancy with “talk test” 
as the parameter to judge intensity.

Exercise for the Older Adults with T2DM
The changes in body composition with aging include the 
decline of muscle mass and increase in abdominal fat, with the 
changes being more marked amongst Indians.[47-51] Reducing 
sedentary time (e.g., sitting), independent of physical activities, 
improves cardiovascular, metabolic, and functional health 
in older adults.[39‑41] The activities may be unstructured (ex., 
climbing stairs) or anything that they can actually perform to 
begin with.[51]

However, assessment of the levels of frailty, age‑related 
disability, and comorbidities and individualizing their exercise 
prescription is important with attention to their physical 
environment, support, and resources.

Attempts must be made to combine exercise regimes, 
including resistance training, which preserves muscle strength 
and physical functioning, flexibility exercises, which maintain 
joint range movement and balance exercise, which reduce 
the risk of falls.[52,53] Balance training should be closely 
supervised initially with less challenging postures to begin 
with.[53] Aerobic exercise of moderate‑intensity  (150  min) 
or vigorous‑intensity aerobic activity  (75  min) weekly is 
recommended.[54]

A sample exercise regime, building up gradually, is detailed 
in Table 3 with the advice of taking breaks during activities, 
if necessary.[53]

Recommendation 6: Exercise for the older adults
•	 Reduce sedentary time. Any amount of exercise is better 

than nothing
•	 150  min of moderate ‑intensit y or 75  min of 

vigorous‑intensity aerobic activity weekly is recommended
•	 Resistance exercises preserve muscle strength and 

physical functioning
•	 Balance exercises prevent falls and are strongly 

recommended

Table 3: A  sample exercise prescription for older adults with type 2 diabetes mellitus[44]

Weeks Aerobic activity 
(walking briskly)

Flexibility training (calf 
and thigh muscles)

Resistance training (lift 5 lb 
dumbbells, front and side arm raises)

Balance exercises (standing on one leg, 
heel or toe walking sideways, tai chi)

1 and 2 3 days a week for 
20 min each day

3 days a week 5 min 
each day

2 days a week for 2 sets of 5 repetitions 
each day

1 h per week

3 and 4 3 days a week for 
30 min each day

3 days a week 5 min 
each day

2 days a week for 2 sets of 10 repetitions 
each day

2 h per week
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Should Patients with T2DM and Ischaemic Heart 
Disease Exercise?
Even though cardiovascular disease  (CVD) is the leading 
cause of death in India, majority of the Indian population, 
including those with CVD, remain physically inactive.[55] In 
patients with IHD, the benefits of regular exercise greatly 
outweigh the risks.[56] Exercise‑based cardiac rehabilitation 
in patients with IHD (mainly postmyocardial infarction and 
revascularisation patients) reduced cardiovascular mortality 
by 26% and hospital admissions by 18%.[57] Those with IHD 
without the features in Table 4 should be considered to be at 
low risk for an exercise‑induced adverse event.[56] Clinical 
evaluation based on the presence of inducible ischemia may 
guide the exercise regime as highlighted in. In general, yoga 
and balance exercises are safe in IHD.

In mild‑to‑moderate heart failure  (HF), exercise training 
improves exercise capacity and quality of life.[56] Ideally, a 
supervised exercise‑based cardiac rehabilitation program 
should be initiated while non‑supervised home‑based sessions 
are gradually added.[56]

Recommendation 7: Exercise for the patient with 
ischaemic heart disease and/or heart failure
•	 IHD: If no high‑risk features are present, then all activities 

are allowed. Ideally, exercise in a supervised exercise 
program, at least initially. Yoga, balance exercises to be 
encouraged

•	 Exertional angina: Heart rate to be kept at least 10/min 
below the start of exercise‑induced angina

•	 Post myocardial infarction: Exercise in a supervised 
exercise program, at a low intensity initially. Both aerobic/
resistance exercises are allowed

•	 HF: Advice against exercise if there is hypotension, 
hypertension at rest or during exercise and worsening 
HF symptoms. Aim for low/moderate intensity exercise, 
avoiding exercises that cause excessive rise in heart rate.

Exercise in Patients with T2DM and Retinopathy

Diabetic retinopathy is an important microvascular 
complication of diabetes mellitus. Exercise reduces all 
macrovascular and microvascular complications of diabetes, 
including retinopathy.[58,59]

A meta‑analysis of 22 studies showed that physical activity 
reduces the risk of retinopathy in patients with T2DM (risk 
ratio (RR) = 0.94, 95% CI: 0.90–0.98, P = 0.005), which was 
more pronounced on vision‑threatening retinopathy (RR = 0.89, 
95% CI: 0.80‑0.98, P  =  0.02).[49] Sedentary behavior 
was found to increase the risk of retinopathy, while 
moderate‑intensity physical activity reduced the risk of 
retinopathy significantly  (RR  =  0.76, 95% CI: 0.58–1.00, 
P = 0.05).[60]

However, retrospective data revealed that 5%–10% of vitreous 
hemorrhage may be associated with vigorous exercise.[61] 
Hence, exercise regimes should be tailored to the degree of 
retinopathy. Ophthalmological screening before prescribing 
an exercise regime is recommended.

Recommendation 8: Exercise for patients with retinopathy
•	 Regular screening for retinopathy is recommended, 

particularly before prescribing high‑intensity exercise
•	 There is no risk from physical activity in mild retinopathy
•	 With moderate nonproliferative retinopathy, activities that 

dramatically elevate blood pressure  (like powerlifting, 
overhead lifting) should be avoided

•	 No exercise should be undertaken during a vitreous 
hemorrhage

•	 With severe nonproliferative and unstable proliferative 
retinopathy, avoid vigorous activity, jumping, jarring, 
head‑down activities, breath‑holding exercises, and 
activities that dramatically elevate blood pressure  (like 
powerlifting, overhead lifting).

Exercise in Patients with Nephropathy

Even in end‑stage renal disease (ESRD), physical inactivity 
can lead to deterioration of physical performance and increase 
the risk of CVD.[62,63] A recent meta‑analysis indicated that 
physical activity was associated with an increase in glomerular 
filtration rate, a decrease in urinary albumin creatinine ratio, 
acute kidney injury, and rate of renal failure.[64] Even in ESRD, 
a recent study in India found that aerobic and resistance 
intradialytic exercises had a positive effect on maximal oxygen 
consumption, quality of life, and sleep quality.[65] However, 
an area of concern is the increased risk of falls in elderly 
individuals.[66]

Exercise schedule should be individualized and planned 
after considering cardiovascular and physical tolerance, age, 
ethnicity, and access to resources of the patient [Table 5].

Recommendation 9: Exercise for patients with 
nephropathy
•	 In the microalbuminuria stage, all activities can be 

performed
•	 In overt nephropathy, exercise should be started at low 

intensity and increased gradually
•	 In ESRD, supervised moderate physical activity during 

dialysis helps to improve physical functioning, depression, 
and health‑related quality of life.

Table 4: High‑risk features for exercise‑induced adverse 
cardiac events in ischaemic heart disease[46]

>70% stenosis in a major coronary artery or >50% stenosis in the left 
main stem and/or fractional flow reserve <0.8
Left ventricular ejection fraction ≤50% and wall motion abnormalities
Inducible myocardial ischemia on treadmill testing
Nonsustained ventricular tachycardia, frequent ventricular premature 
beats
Recent acute coronary syndrome±percutaneous coronary intervention or 
surgical revascularization (<12 months)
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T2DM with Neuropathy – Which Exercise?
Aerobic exercise is the most studied form of exercise in diabetic 
peripheral neuropathy  (DPN), demonstrating improved 
endothelial function through augmented flow‑mediated 
dilatation, better endothelial function through enhanced 
nitric oxide production, and reversal of the hypoxic state 
associated with DPN.[67] Aerobic exercise in DPN also 
improves electrophysiological measures by improving lower 
limb edema, enhancing blood supply, and promoting neural 
collateral sprouting.[67,68]

Both yoga training and conventional balance exercises in DPN 
have revealed effectiveness in augmenting balance and strength 
of performance, with yoga performing marginally better.[67]

Autonomic neuropathy (AN), often unrecognized, may lead to 
multiple problems, including precipitation of cardiovascular 
events in cases of cardiac AN.[35]

Regardless of the type of exercise, daily feet examination 
should be advised to detect and treat blisters, sores, or ulcers.

Recommendation 9: Exercise in patients with neuropathy
•	 Peripheral neuropathy: Appropriate footwear desirable 

like silica gel midsole, polyester or blend socks (not pure 
cotton). Focus on non‑weight bearing exercise (cycling, 
swimming, sitting exercise)

•	 Local foot deformity: Focus on non‑weight‑bearing 
exercises to reduce plantar pressures

•	 AN: Avoid exercise with rapid postural or directional 
changes

•	 Avoid exercise in a hot environment and focus on adequate 
hydration with appropriate caution to prevent postural 
hypotension. Prior specialist advice is warranted in those 
with cardiac AN

Should Patients with T2DM with Foot Ulcer 
Exercise at All?
Diabetic foot ulcers (DFUs) are a devastating complication of 
diabetes with a reported prevalence of 4%–10% of the diabetic 
population, with 50% occurring on the plantar surface of the 
foot.[69] Apart from offloading strategies like total contact 
cast, patients are advised to limit weight‑bearing activities, 
which may result in patients abandoning exercise altogether.[70] 
Recent systematic reviews did not find sufficient evidence to 

conclusively support nonweight‑bearing exercises to assist 
in the healing of DFU.[71,72] However, inactivity remains a 
modifiable risk factor for developing both macrovascular and 
microvascular complications of diabetes.[73] In established DFUs, 
nonweight‑bearing isotonic exercises like simple stretching/
flexion and extension of limbs improve peripheral circulation 
with favorable effects on joint mobility and muscle quality.[74]

Hence, risk–benefit balance should be considered while 
advising exercise in patients with DFU.

Recommendation 10: Exercise in patients with foot ulcer
•	 Aerobic exercise: Focus on nonweight‑bear ing 

exercises (exercise in sitting posture, upper limb exercise) 
and avoid brisk walking in the presence of unhealed ulcers

•	 Resistance exercise: Avoid weight‑bearing and isometric 
exercises of the lower limbs, especially in the presence 
of ischemic component

•	 Flexibility exercise: May do, as long as weight bearing 
is avoided on the affected limb (for example: Shoulder 
flexibility exercise)

Patients with T2DM and Arthritis – Should 
they Exercise Too?
Arthropathy in the form of adhesive capsulitis, osteoarthritis, 
and rheumatoid arthritis are frequently associated with 
Type 2 DM.[75] Physical activity is one of the most important 
interventions capable of positively affecting the impairments 
that link aging, arthropathy, and T2DM.[76] The ideal exercise 
prescription should include a combination of the exercise 
modalities, as detailed in Table  5.[76] However, a few key 
points need to be implemented along with guidance regarding 
stoppage or change of exercise.[76]

a.	 Shoulder mobilization exercises  (to prevent frozen 
shoulder)

b.	 Quadriceps and hamstring muscle strengthening 
exercises

c.	 Increasing the grip size of tools, implements, and 
cookware to prevent trigger finger

d.	 Avoidance of high‑impact activities
e.	 Appropriate footwear with maximum half‑inch heels to 

prevent forefoot pressure.

Ideally, individuals with arthropathy should get an 
appropriate assessment by a specialist in Physical 

Table 5: Typical exercise prescription for patients with diabetes and arthritis[66]

Modality Examples Duration and frequency
Aerobic Walking, cycling, swimming 4–7 days/week

30 min daily
Resistance Elastic therapy bands, lifting weights. Involve major 

muscle groups
2–3 days/week in nonconsecutive days
Increase from 1–3 sets of 8–10 repetitions each at a weight 
that is 50% of the maximum that can be lifted in 1 repetition

Flexibility Moving joints to their full range of movements. (ex: Yoga) 2 days/week for 10 min/day. Hold each stretch for 30 s
Balance exercise 
(proprioceptive training)

Yoga, Tai chi, walking sideways/backward, heel/toe 
walking, standing on one leg, tilt board balancing

2 days/week for 15–30 min
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Medicine and Rehabilitation for individualized exercise 
recommendation.

Advice regarding stopping or altering the exercise regime 
needs to be given in the following way:
a.	 Mild‑to‑moderate joint pain: If pain perseveres 2 h after 

exercise, stop exercise for 1–2 days and reduce exercise 
amount and exercise different joints  (example, if pain 
involves knees, then work on the upper body instead)

b.	 Moderate‑to‑severe joint pain: Change to a different 
workout pattern that puts less pressure on joints –  for 
example, swimming, underwater walking/exercise.

Recommendation 11: Exercise for patients with arthritis
•	 A combination of aerobic and resistance exercises is 

needed
•	 Flexibility exercise is important in preventing joint 

stiffness (ex. frozen shoulder)
•	 Balance exercise should be incorporated to prevent falls
•	 Low‑impact exercises such as swimming, walking 

underwater should be encouraged

Conclusion

Physical activity and exercise must be an integral part of the 
prescription for every patient with diabetes, which will not 
only help glycemic control but have a beneficial impact on 
overall health. The recommendations should be adapted to 
suit the specific needs of each patient. Apart from regular 
physical activity, advice should be given to reduce the 
total sedentary time and interrupt sitting time with bouts 
of activity.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

References
1.	 Majumdar S, Gangopadhyay KK, Chowdhuri N, Ghoshdastidar B, 

Dasgupta S, Majumder A, et al. Barriers to exercise in type 2 DM 
patients: An institutional cross‑sectional descriptive study. J Diabetes 
Met Compl 2019. Volume 1: 1-6. DOI: 10.31487/j.JDMC.2019.01.01.

2.	 Misra A, Nigam P, Hills AP, Chadha DS, Sharma V, Deepak KK, et al. 
Consensus physical activity guidelines for Asian Indians. Diabetes 
Technol Ther 2012;14:83‑98.

3.	 Liu R, So L, Mohan S, Khan N, King K, Quan Han H. Cardiovascular 
risk factors in Canadian ethnic populations: Results from national 
surveys. Open Med 2010;4:e143‑53.

4.	 Kirwan JP, Sacks J, Nieuwoudt S. The essential role of exercise in the 
management of type 2 diabetes. Cleve Clin J Med 2017;84:S15‑21.

5.	 King DS, Baldus PJ, Sharp RL, Kesl LD, Feltmeyer TL, Riddle MS. 
Time course for exercise‑induced alterations in insulin action and 
glucose tolerance in middle‑aged people. J  Appl Physiol  (1985) 
1995;78:17‑22.

6.	 Cramer H, Lauche R, Haller H, Steckhan N, Michalsen A, Dobos G. 
Effects of yoga on cardiovascular disease risk factors: A  systematic 
review and meta‑analysis. Int J Cardiol 2014;173:170‑83.

7.	 Innes KE, Selfe TK. Yoga for adults with type 2 diabetes: A systematic 
review of controlled trials. J Diabetes Res 2016;2016:6979370.

8.	 Zhu  X, Zhang  F, Chen  J, Zhao Y, Ba T, Lin  C, et  al. The effects of 

supervised exercise training on weight control and other metabolic 
outcomes in patients with type 2 diabetes: A meta‑analysis. Int J Sport 
Nutr Exerc Metab 2022;32:186‑94.

9.	 Armstrong A, Jungbluth Rodriguez K, Sabag A, Mavros Y, Parker HM, 
Keating  SE, et  al. Effect of aerobic exercise on waist circumference 
in adults with overweight or obesity: A  systematic review and 
meta‑analysis. Obes Rev 2022;23:e13446.

10.	 Vissers D, Hens W, Taeymans J, Baeyens JP, Poortmans J, Van Gaal L. 
The effect of exercise on visceral adipose tissue in overweight adults: 
A systematic review and meta‑analysis. PLoS One 2013;8:e56415.

11.	 de Barcelos GT, Heberle  I, Coneglian JC, Vieira BA, Delevatti RS, 
Gerage  AM. Effects of aerobic training progression on blood 
pressure in individuals with hypertension: A  systematic review 
with meta‑analysis and meta‑regression. Front Sports Act Living 
2022;4:719063.

12.	 Schwingshackl L, Missbach B, Dias S, König J, Hoffmann G. Impact 
of different training modalities on glycaemic control and blood lipids 
in patients with type  2 diabetes: A  systematic review and network 
meta‑analysis. Diabetologia 2014;57:1789‑97.

13.	 Umpierre  D, Ribeiro  PA, Kramer  CK, Leitão CB, Zucatti  AT, 
Azevedo MJ, et al. Physical activity advice only or structured exercise 
training and association with HbA1c levels in type  2 diabetes: 
A systematic review and meta‑analysis. JAMA 2011;305:1790‑9.

14.	 Lin  X, Zhang  X, Guo  J, Roberts  CK, McKenzie  S, Wu  WC, et  al. 
Effects of exercise training on cardiorespiratory fitness and biomarkers 
of cardiometabolic health: A  systematic review and meta‑analysis of 
randomized controlled trials. J Am Heart Assoc 2015;4:e002014.

15.	 Way KL, Hackett DA, Baker MK, Johnson NA. The effect of regular 
exercise on insulin sensitivity in type 2 diabetes mellitus: A systematic 
review and meta‑analysis. Diabetes Metab J 2016;40:253‑71.

16.	 Kaur N, Majumdar V, Nagarathna R, Malik N, Anand A, Nagendra HR. 
Diabetic yoga protocol improves glycemic, anthropometric and lipid 
levels in high risk individuals for diabetes: A randomized controlled trial 
from Northern India. Diabetol Metab Syndr 2021;13:149.

17.	 Vinutha  HT, Raghavendra  BR, Manjunath  NK. Effect of integrated 
approach of yoga therapy on autonomic functions in patients with type 2 
diabetes. Indian J Endocrinol Metab 2015;19:653‑7.

18.	 Patil SS, Raghuram N, Singh A, Rajesh SK, Ahmed S, Hongasandra N. 
A  prospective study on type‑2 diabetic complications and efficacy of 
integrated yoga: A pan India 2017. Ann Neurosci 2021;28:21‑8.

19.	 Shantakumari N, Sequeira S, El deeb R. Effects of a yoga intervention 
on lipid profiles of diabetes patients with dyslipidemia. Indian Heart J 
2013;65:127‑31.

20.	 Arumugam  G, Nagarathna  R, Majumdar  V, Singh  M, Srinivasalu  R, 
Sanjival R, et al. Yoga‑based lifestyle treatment and composite treatment 
goals in type  2 diabetes in a rural South Indian setup‑a retrospective 
study. Sci Rep 2020;10:6402.

21.	 Kanaley  JA, Colberg  SR, Corcoran  MH, Malin  SK, Rodriguez  NR, 
Crespo CJ, et al. Exercise/physical activity in individuals with type 2 
diabetes: A consensus statement from the American College of Sports 
Medicine. Med Sci Sports Exerc 2022;54:353‑68.

22.	 Williams A, Radford J, O’Brien J, Davison K. Type 2 diabetes and the 
medicine of exercise: The role of general practice in ensuring exercise is 
part of every patient’s plan. Aust J Gen Pract 2020;49:189‑93.

23.	 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;50:1379‑81.

24.	 Harmer  AR, Elkins  MR. Amount and frequency of exercise affect 
glycaemic control more than exercise mode or intensity. Br J Sports 
Med 2015;49:1012‑4.

25.	 ElSayed  NA, Aleppo  G, Aroda  VR, Bannuru  RR, Brown  FM, 
Bruemmer  D, et  al. 5. Facilitating positive health behaviors and 
well‑being to improve health outcomes: Standards of care in 
diabetes‑2023. Diabetes Care 2023;46:S68‑96.

26.	 Thasni AM, Parappil  SM, Manjalavil  MR, Chandni  R. Prevalence of 
adhesive capsulitis in diabetic patients in a tertiary care centre  – An 
observational study. JMSCR 2018;6:998‑1001.

27.	 Hamilton MT, Hamilton DG, Zderic TW. A potent physiological method 
to magnify and sustain soleus oxidative metabolism improves glucose 

D
ow

nloaded from
 http://journals.lw

w
.com

/ijdt by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

1y0abggQ
Z

X
dgG

j2M
w

lZ
LeI=

 on 09/02/2024



Gangopadhyay, et al.: Exercise in diabetes

International Journal of Diabetes and Technology  ¦  Volume 3  ¦  Issue 2  ¦  April-June 2024 47

and lipid regulation. IScience 2022;25:104869.
28.	 Haxhi J, Scotto di Palumbo A, Sacchetti M. Exercising for metabolic 

control: Is timing important? Ann Nutr Metab 2013;62:14‑25.
29.	 Tan VM, Wu T, Henry CJ, Lee YS. Glycaemic and insulin responses, 

glycaemic index and insulinaemic index values of rice between three 
Asian ethnic groups. Br J Nutr 2015;113:1228‑36.

30.	 Engeroff  T, Groneberg  DA, Wilke  J. After dinner rest a while, after 
supper walk a mile? A systematic review with meta‑analysis on the 
acute postprandial glycemic response to exercise before and after 
meal ingestion in healthy subjects and patients with impaired glucose 
tolerance. Sports Med 2023;53:849‑69.

31.	 Pahra D, Sharma N, Ghai S, Hajela A, Bhansali S, Bhansali A. Impact 
of post‑meal and one‑time daily exercise in patient with type 2 diabetes 
mellitus: A  randomized crossover study. Diabetol Metab Syndr 
2017;9:64.

32.	 Suntornlohanakul O, Areevut C, Saetung S, Ingsathit A, Rattarasarn C. 
Glycemic effect of post‑meal walking compared to one prandial 
insulin injection in type  2 diabetic patients treated with basal 
insulin: A  randomized controlled cross‑over study. PLoS One 
2020;15:e0230554.

33.	 Nagayama  C, Burns  SF, Thackray  AE, Stensel  DJ, Miyashita  M. 
Postprandial metabolism and physical activity in Asians: A  narrative 
review. Int J Sports Med 2021;42:953‑66.

34.	 Marliss  EB, Vranic  M. Intense exercise has unique effects on both 
insulin release and its roles in glucoregulation: Implications for diabetes. 
Diabetes 2002;51 Suppl 1:S271‑83.

35.	 Turner G, Quigg S, Davoren P, Basile R, McAuley SA, Coombes JS. 
Resources to guide exercise specialists managing adults with diabetes. 
Sports Med Open 2019;5:20.

36.	 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;39:2065‑79.

37.	 McDonnell  ME. Combination therapy with new targets in type  2 
diabetes: A  review of available agents with a focus on pre‑exercise 
adjustment. J Cardiopulm Rehabil Prev 2007;27:193‑201.

38.	 Larsen JJ, Dela F, Madsbad S, Vibe‑Petersen J, Galbo H. Interaction of 
sulfonylureas and exercise on glucose homeostasis in type  2 diabetic 
patients. Diabetes Care 1999;22:1647‑54.

39.	 Magkos  F, Tsekouras Y, Kavouras  SA, Mittendorfer  B, Sidossis  LS. 
Improved insulin sensitivity after a single bout of exercise is 
curvilinearly related to exercise energy expenditure. Clin Sci  (Lond) 
2008;114:59‑64.

40.	 Newsom SA, Everett AC, Hinko A, Horowitz  JF. A  single session of 
low‑intensity exercise is sufficient to enhance insulin sensitivity into the 
next day in obese adults. Diabetes Care 2013;36:2516‑22.

41.	 Dubé JJ, Allison  KF, Rousson  V, Goodpaster  BH, Amati  F. Exercise 
dose and insulin sensitivity: Relevance for diabetes prevention. Med Sci 
Sports Exerc 2012;44:793‑9.

42.	 Garg  SK, Brazg  RL, Bailey  TS, Buckingham  BA, Slover  RH, 
Klonoff  DC, et  al. Hypoglycemia begets hypoglycemia: The 
order effect in the ASPIRE in‑clinic study. Diabetes Technol Ther 
2014;16:125‑30.

43.	 Gordon  BA, Bird  SR, MacIsaac  RJ, Benson AC. Does a single bout 
of resistance or aerobic exercise after insulin dose reduction modulate 
glycaemic control in type  2 diabetes? A randomised cross‑over trial. 
J Sci Med Sport 2016;19:795‑9.

44.	 Koivisto VA, Felig P. Effects of leg exercise on insulin absorption in 
diabetic patients. N Engl J Med 1978;298:79‑83.

45.	 Rabasa‑Lhoret  R, Bourque  J, Ducros  F, Chiasson  JL. Guidelines for 
premeal insulin dose reduction for postprandial exercise of different 
intensities and durations in type 1 diabetic subjects treated intensively 
with a basal‑bolus insulin regimen  (ultralente‑lispro). Diabetes Care 
2001;24:625‑30.

46.	 Physical activity and exercise during pregnancy and the postpartum 
period: ACOG Committee Opinion, Number 804. Obstet Gynecol 
2020;135:e178‑88.

47.	 Savvaki  D, Taousani  E, Goulis  DG, Tsirou  E, Voziki  E, Douda  H, 
et  al. Guidelines for exercise during normal pregnancy and 
gestational diabetes: A  review of international recommendations. 

Hormones (Athens) 2018;17:521‑9.
48.	 Diabetes Prevention Program Research Group, Crandall  J, Schade D, 

Ma Y, Fujimoto WY, Barrett‑Connor E, et al. The influence of age on the 
effects of lifestyle modification and metformin in prevention of diabetes. 
J Gerontol A Biol Sci Med Sci 2006;61:1075‑81.

49.	 Colberg  SR, Albright  AL, Blissmer  BJ, Braun  B, Chasan‑Taber  L, 
Fernhall  B, et  al. Exercise and type  2 diabetes: American College 
of Sports Medicine and the American Diabetes Association: Joint 
position statement. Exercise and type 2 diabetes. Med Sci Sports Exerc 
2010;42:2282‑303.

50.	 Ensrud  KE, Blackwell  TL, Cauley  JA, Dam  TT, Cawthon  PM, 
Schousboe JT, et al. Objective measures of activity level and mortality 
in older men. J Am Geriatr Soc 2014;62:2079‑87.

51.	 American College of Sports Medicine, Chodzko‑Zajko WJ, Proctor DN, 
Fiatarone Singh MA, Minson CT, Nigg CR, et al. American College of 
Sports Medicine position stand. Exercise and physical activity for older 
adults. Med Sci Sports Exerc 2009;41:1510‑30.

52.	 Sherrington  C, Tiedemann  A, Fairhall  N, Close  JC, Lord  SR. 
Exercise to prevent falls in older adults: An updated meta‑analysis 
and best practice recommendations. N  S W Public Health Bull 
2011;22:78‑83.

53.	 Lee PG, Jackson EA, Richardson CR. Exercise Prescriptions in Older 
Adults. Am Fam Physician. 2017;95:425-32.

54.	 Nelson ME, Rejeski WJ, Blair SN, Duncan PW, Judge JO, King AC, 
et al. Physical activity and public health in older adults: Recommendation 
from the American College of Sports Medicine and the American Heart 
Association. Med Sci Sports Exerc 2007;39:1435‑45.

55.	 Pelliccia A, Sharma S, Gati S, Bäck M, Börjesson M, Caselli S, et al. 
2020 ESC Guidelines on sports cardiology and exercise in patients with 
cardiovascular disease. Eur Heart J 2021;42:17‑96.

56.	 Anderson L, Thompson DR, Oldridge N, Zwisler AD, Rees K, Martin N, 
et al. Exercise‑based cardiac rehabilitation for coronary heart disease. 
Cochrane Database Syst Rev 2016;2016:CD001800.

57.	 Colberg SR. Key points from the updated guidelines on exercise and 
diabetes. Front Endocrinol (Lausanne) 2017;8:33.

58.	 Praidou  A, Harris  M, Niakas  D, Labiris  G. Physical activity and 
its correlation to diabetic retinopathy. J  Diabetes Complications 
2017;31:456‑61.

59.	 Ren C, Liu W, Li  J, Cao Y, Xu J, Lu P. Physical activity and risk of 
diabetic retinopathy: A  systematic review and meta‑analysis. Acta 
Diabetol 2019;56:823‑37.

60.	 Anderson B Jr. Activity and diabetic vitreous hemorrhages. 
Ophthalmology 1980;87:173‑5.

61.	 Navaneethan  SD, Kirwan  JP, Arrigain  S, Schreiber  MJ, Sehgal  AR, 
Schold  JD. Overweight, obesity and intentional weight loss in 
chronic kidney disease: NHANES 1999‑2006. Int J Obes  (Lond) 
2012;36:1585‑90.

62.	 Broers NJ, Martens RJ, Cornelis T, van der Sande FM, Diederen NM, 
Hermans MM, et al. Physical activity in end‑stage renal disease patients: 
The effects of starting dialysis in the first 6 months after the transition 
period. Nephron 2017;137:47‑56.

63.	 Cai  Z, Yang  Y, Zhang  J. Effects of physical activity on the 
progression of diabetic nephropathy: A  meta‑analysis. Biosci Rep 
2021;41:BSR20203624.

64.	 Grover S, Goyal V, Chorsiya V, Ganguly NK, Saha GK. Effect of 
intradialytic exercises (IDE) on maximal oxygen consumption and 
quality of life undergoing hemodialysis in Indian population – A pilot 
study. Bull Fac Phys Ther 2022;27:27.

65.	 Tran J, Ayers E, Verghese J, Abramowitz MK. Gait abnormalities and 
the risk of falls in CKD. Clin J Am Soc Nephrol 2019;14:983‑93.

66.	 Holmes  CJ, Hastings  MK. The application of exercise training for 
diabetic peripheral neuropathy. J Clin Med 2021;10:5042.

67.	 Zhang P, Lu J, Jing Y, Tang S, Zhu D, Bi Y. Global epidemiology of 
diabetic foot ulceration: A systematic review and meta‑analysis (†). Ann 
Med 2017;49:106‑16.

68.	 Bus SA, Haspels R, Busch‑Westbroek TE. Evaluation and optimization 
of therapeutic footwear for neuropathic diabetic foot patients using 
in‑shoe plantar pressure analysis. Diabetes Care 2011;34:1595‑600.

69.	 Crews  RT, Schneider  KL, Yalla  SV, Reeves  ND, Vileikyte  L. 
Physiological and psychological challenges of increasing physical 

D
ow

nloaded from
 http://journals.lw

w
.com

/ijdt by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

1y0abggQ
Z

X
dgG

j2M
w

lZ
LeI=

 on 09/02/2024



Gangopadhyay, et al.: Exercise in diabetes

International Journal of Diabetes and Technology  ¦  Volume 3  ¦  Issue 2  ¦  April-June 202448

activity and exercise in patients at risk of diabetic foot ulcers: A critical 
review. Diabetes Metab Res Rev 2016;32:791‑804.

70.	 Tran MM, Haley MN. Does exercise improve healing of diabetic foot 
ulcers? A systematic review. J Foot Ankle Res 2021;14:19.

71.	 Aagaard  TV, Moeini  S, Skou  ST, Madsen  UR, Brorson  S. Benefits 
and harms of exercise therapy for patients with diabetic foot ulcers: 
A systematic review. Int J Low Extrem Wounds 2022;21:219‑33.

72.	 Papatheodorou K, Banach M, Bekiari E, Rizzo M, Edmonds M. 
Complications of Diabetes 2017. J Diabetes Res 2018;2018:3086167. 
doi: 10.1155/2018/3086167.

73.	 Vandervoort  AA, Chesworth  BM, Cunningham  DA, Paterson  DH, 

Rechnitzer PA, Koval JJ. Age and sex effects on mobility of the human 
ankle. J Gerontol 1992;47:M17‑21.

74.	 Sözen T, Başaran NÇ, Tınazlı M, Özışık L. Musculoskeletal problems in 
diabetes mellitus. Eur J Rheumatol 2018;5:258‑65.

75.	 Piva  SR, Susko  AM, Khoja  SS, Josbeno  DA, Fitzgerald  GK, 
Toledo FG. Links between osteoarthritis and diabetes: Implications for 
management from a physical activity perspective. Clin Geriatr Med 
2015;31:67‑87, viii.

76.	 Wilder  RP, Seto  CK, Statuta  S. Therapeutic exercise. In: Jenkins  JG, 
editor. Physical Medicine and Rehabilitation. 4th ed. Philadelphia, PA: 
Elsevier Saunders; 2011. p. 403‑26.

D
ow

nloaded from
 http://journals.lw

w
.com

/ijdt by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

1y0abggQ
Z

X
dgG

j2M
w

lZ
LeI=

 on 09/02/2024


