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Abstract
The prescription of physical exercises for groups of people who need special care during prescribing and 
monitoring is an area of Physical Education and Exercise Physiology that needs more scientific reports, 
as evidence-based practical interventions can help professionals who work with exercise prescription 
for their audiences. In this work, we report the prescription of physical exercises for an elderly aged 82, 
diagnosed with type 2 diabetes mellitus, diabetic neuropathy and nephropathy, arterial hypertension, 
and a history of stroke. The choice of exercises was based mainly on the exercise recommendations of 
the Brazilian Society of Diabetes, Brazilian Society of Arterial Hypertension, World Health Organization, 
and the possibilities of available materials and adequacy of scientific information to the student’s reality 
at home.

Keywords: Diabetes mellitus; Physical exercise; Hypertension; Diabetic neuropathy; Diabetic 
nephropathy

Introduction
The World Health Organization (WHO) considers elderly persons aged 65 years or over 

and for this audience, physical activity confers several health benefits: it reduces mortality 
levels, as well as the risk of chronic degenerative diseases, such as type 2 diabetes mellitus 
(DM2), arterial hypertension and cancer; in addition, it brings numerous benefits to mental 
health, reducing symptoms of anxiety and depression. Other expected benefits are improved 
cognitive health, sleep, and anthropometric factors [1]. The aging process is often linked to 
reduced physical capacity levels and cognitive impairment; scientific evidence demonstrates 
that physical activity improves physical function and generates benefits related to cognition 
and socialization in the elderly [1,2]. DM2 is a pathology commonly associated with obesity 
and with the aging process, is characterized by insulin resistance and chronic hyperglycemia, 
which in turn result in an increase in reactive oxygen species production, advanced non-
enzymatic glycolysis products (AGEs) and triggering of inflammatory cascades that causes 
damage to various organs and tissues, which can lead to the diagnosis of chronic complications 
related to diabetes, such as peripheral neuropathy, autonomic neuropathy, nephropathy, 
retinopathy, among others [3]. The current approaches to management of DM2 and some of 
its consequences such as diabetic neuropathy focus on improving glycemic control, lifestyle 
modifications management of neuropathic pain. The optimal therapeutic approach for 
patients with DM2 includes lifestyle interventions, specifically diet and exercise, coupled with 
optimal lipid and blood pressure control [4].
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In addition to other strategies, different drugs are commonly 
used to control type 2 diabetes, among which the most common are 
oral hypoglycemic agents such as metformin and thiazolidinediones 
(rosiglitazone, pioglitazone), which have different mechanisms 
for improving insulin sensitivity and increasing the endogenous 
production of this hormone. However, individuals with DM2 may 
also need regular insulin given that in some cases, in addition to 
insulin resistance, some of them show low or impaired endogenous 
insulin production. Individuals with type 1 diabetes (DM1) or DM2 
who use insulin or other secretagogues need special care during 
physical exercise practices, especially concerning the prevention 
of hyperglycemic conditions during or after the exercise session 
[5]. One of the most common associated symptoms present in 
DM2 patients is elevated systemic arterial hypertension, which 
is considered as maximum and minimum when pressure values 
are equal to or greater than 140/90mmHg, and these values 
are sustained over the days when evaluated by laboratory tests. 
Hypertension is another chronic disease, often associated with the 
aging process, characterized by high blood pressure levels in the 
arteries, requiring therapeutic and non-therapeutic treatment for 
effective control [6]. Some non-pharmacological strategies, such 
as changing the lifestyle, healthy eating, reduced use of sodium in 
foods, and regular physical exercise, are essential for the success of 
the treatment. Hypertensive patients who reach the recommended 
physical exercise practice suggested for health, reduce the risk 
of mortality by 27 to 50%, even those who fail to meet the ideal 
exercise recommendations and perform lower levels, also have 
beneficial effects [7]. The WHO suggests that older adults should 

do between 150 and 300 minutes of aerobic physical activity of 
moderate intensity throughout the week or at least 75-150 minutes 
of aerobic physical activity of vigorous intensity. The equivalent 
combination of moderate and vigorous activity during the week 
can also be an option, all of the above recommendations can 
generate substantial health benefits for the elderly [1]. In addition 
to the recommendations about aerobic exercise for this population, 
the WHO also recommends inclusion of muscle-strengthening 
activities at moderate levels or with greater intensity, and that 
involve all major muscle groups, with a minimum weekly frequency 
of 2 days, as they provide additional health benefits [1]. Such 
recommendations are supported by the guidelines of the Brazilian 
Society of Diabetes (SBD) and by the Brazilian Guidelines on 
Hypertension.

However, the guidelines also suggest specific recommendations 
that require attention to some determining factors, such as 
blood glucose levels and blood pressure. A compilation of 
these recommendations is presented in Table 1. The above 
recommendations must be considered by the Physical Education 
or health professional who is working in physical rehabilitation 
through physical exercise, thus ensuring the safety and evolution 
of the student/patient. Considering the scientific evidence and 
recommendations of the related guidelines, this study aimed to 
report the prescription and follow-up of physical exercise, for 
eight weeks, in an 83-year-old individual who has a diagnosis of 
DM2, peripheral neuropathy, nephropathy, and systemic arterial 
hypertension in the home environment.

Table 1: Compiled recommendations for individuals with diabetes and high blood pressure.

The training session should not be performed if the BP is above 160/105mmHg.

It is recommended to measure the BP during aerobic exercise in hyper-reactive hypertensive patients and decrease the intensity if it is above 
180/105mmHg.

For individuals with diabetes who use insulin, the procedure below should be followed according to the pre-exercise blood glucose:

* If <90mmg/dl, ingest 15-30g of fast-acting carbohydrates before exercise onset, depending on individual and intended activity; some activities of 
short duration (30 minutes) or very high intensity (weight training, interval training, etc.) may not require any additional carbohydrate intake.

* If blood glucose is between 90 and 150mg/dl, consume carbohydrates from the beginning of exercise (0.5-1.0g/kg of body mass per hour of exercise), 
depending on the type of exercise and the amount of insulin.

* If blood glucose is between 150 and 250mg/dl, test ketones and does not exercise if they are present in moderate to large amounts. Start exercising at 
light to moderate intensity only.

* If blood glucose levels are above 250mg/dl, test ketones and do not exercise if they are present in moderate to large amounts.

Elderly people with diabetes should prioritize flexibility, balance, and muscle strength.

For people with diabetes and a diagnosis of peripheral neuropathy, the modality and intensity of training should be adapted according to the evaluation 
of kinesthetic and proprioceptive sensitivities, wearing adequate socks and shoes, and performing periodic foot exams.

For people with diabetes and nephropathy diagnosis, attention should be paid to the increased risk of hypoglycemia in those with a marked reduction 
in the glomerular filtration rate.

Material and Methods
Sample

Data collection occurred after the volunteer signed the free 
and clarified declaration, thus authorizing that the methods 
described here could be performed and disseminated in scientific 
circles. The sample consisted of 1 male, aged 83 years, diagnosed 
with DM2, peripheral neuropathy, nephropathy, systemic arterial 

hypertension, and a history of stroke. Makes regular use of 
medications to control blood glucose (including NPH insulin), high 
blood pressure, and kidney function. The patient has difficulty in 
walking due to a history of stroke, an outcome that compromised 
the balance and movements of the lower limbs (especially the ankle 
and feet region). Due to the difficulty in walking and the consequent 
risk of falling, the patient needs a walker in the home environment 
and outside. After the musculoskeletal assessment, it was observed: 
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mobility and strength compromised in the right ankle and adjacent 
muscles, mobility, and strength slightly compromised in the 
left ankle and adjacent muscles. General muscle strength with 
physiological levels preserved for the age group in knee extensors, 
hip flexors, thigh adductors and abductors, and upper limbs.

Methods

During the treatment, blood glucose and systemic blood 
pressure were measured before and after the exercise sessions. 
The Accu-Chek Active Roche glucometer was used to evaluate 
blood glucose, and glycemic values between 100 and 250mg/
dl were considered appropriate for physical exercise. In cases 
where blood glucose was lower than 100mg/dl pre-exercise, the 
individual ingested 15g of carbohydrates, and if blood glucose was 
above 250mg/dl, the exercises were postponed as recommended 
by the practical manual on physical exercise for people with DM2, 
a material developed by the SBD [8] and only stretching and 
hydration of the feet were performed, due to excessive skin dryness 
in the lower limbs. The Premium brand sphygmomanometer and 
stethoscope were used to measure systemic blood pressure. Blood 
pressure values up to 160/105mmHg were considered appropriate 
for physical exercise, and in the case of higher values, the individual 
only did stretch and hydration of the feet. In both cases of not 
executing the exercise session, the feet were hydrated with dersani 
oil or sunflower oil as recommended in the material provided by 
the SBD. The recommendation is to avoid applying the oil between 
the toes or soles of the feet to prevent fungi accumulation and 
reduce the risk of falling due to slipping [9].

Physical exercise protocol

Figure 1: Strengthening of anterior tibialis and 
gastrocnemius with mini theraband. Source: Figure 
elaborated by the author. (A) strengthening of the 
anterior tibialis muscle. (B) strengthening of the 

gastrocnemius muscle.

The physical exercise sessions occurred in the home 
environment, with the individual seated in a chair, and the 
walker was used as a support for standing or walking exercises. 
As recommended by the guidelines presented above, flexibility, 
balance, agility, strength, and aerobic exercises were prioritized. 
Flexibility exercises involved stretching the hamstrings, gluteus 

medius, gastrocnemius, pectorals, and lateral and posterior torso 
muscles. The passive and active stretching methods were used, with 
the maintenance of 30 seconds per stretching set, two sets of each. 
For the strength exercises, an elastic band (mini theraband) with 
medium tension was used, for the exercises to strengthen the tibialis 
anterior and gastrocnemius (Figures 1A & 1B), gluteus medius 
(Figure 2), and knee extensors (Figure 3). For the strengthening 
of the thigh adductors, a pilates toning ring with medium tension 
was used (Figure 4). For the work of brachial biceps strength, we 
used 2 rubber bands with medium resistance and with grippers 
on the extremities (Figure 5), with this same material, the bench 
press exercise was performed. To perform the hip flexor balance 
and strength exercises, hip flexion was performed in a standing 
position, alternately, with support on a chair or walker (Figure 5). 
For all strength exercises, 2 to 3 sets of 8 to 12 repetitions with 
90-second intervals were performed.

Figure 2: Strengthening of the gluteus medialis with 
mini theraband. Source: photo was elaborated by the 

author. The red arrow indicates the position of the 
theraband.

Figure 3: Strengthening of the thigh adductors with 
toning pilates ring. Source: Photo elaborated by the 

author.
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Figure 4: Strengthening of elbow flexors muscles. 
Source: Photo elaborated by the author.

Figure 5: Strengthening of the hip flexors in standing 
position alternated with walker support. Source: Photo 

elaborated by the author.

A small pilates ball was used for lower and upper limb agility 
exercises. The student sitting on the chair was encouraged to 
dominate the ball with their feet and perform the pass, alternating 
between right and left (Figures 6A & 6B). The agility of the upper 
limbs was exercised through throws with the hands, where the 
student needed to receive the ball and throw in sequence, an 
average time of 8 minutes. The aerobic work was carried out 
through locomotion in the building’s hall, with the help of a walker, 
with an average time of 15 minutes. The sessions lasted an average 
of 60 minutes total, all exercises and sessions were prescribed and 
monitored by a Physical Education professional, specialized in 
Diabetes and exercise prescription for special groups with a Ph.D. 
level and superior experience for ten years with the diabetic public.

Figure 6: Lower limb agility exercise with pilates ball: 
alternating mastery and passing. Source: Photo was 

elaborate by the author. (A) mastery (B) passing.

Results

Figure 7: Hydration of lower limbs. Source: Photo 
elaborated by the author. (A) Prior to hydration; lower 

limb with broad appearance of dryness. (B) After 
hydration; lower limb with less dryness appearance.

Over the ten weeks of follow-up, a total of 20 exercise sessions 
were performed. In three of them, as a safety measure, strength 
or aerobic exercises were not applied, due to higher blood 
pressure values than recommended by the Brazilian guidelines 
for arterial hypertension; in these cases, hydration of the lower 
limbs (Figures 7A & 7B) and stretching (Figure 8). The patient had 
forty measurements of capillary blood glucose (20 measurements 
before and 20 measurements immediately after the sessions) and 
40 measurements of blood pressure (20 measurements before 
and 20 measurements immediately after the sessions) collected. 
Considering the reference values suggested by the SBD, people 
with insulin-treated diabetes should exercise preferentially, with 
blood glucose levels above 100mg/dl and below 250mg/dl [5]. 
After blood glucose values analyze, the patient was able to perform 
the training sessions 100% of the time, since the blood glucose 
obtained was between the reference values (Graph 1). Considering 
the reference values suggested by the Brazilian guidelines on 
Arterial Hypertension, the patient was able to perform the training 
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session when the blood pressure, before physical exercise, was 
below 160/105mmHg. Three exercise sessions were not performed 

due to signs of uncontrolled blood pressure, values above the 
recommended (Graphs 2 & 3).

Figure 7: Hydration of lower limbs. Source: Photo elaborated by the author. (A) Prior to hydration; lower limb with 
broad appearance of dryness. (B) After hydration; lower limb with less dryness appearance.

Graph 1: Blood glucose values prior and immediately after the exercise sessions.

Graph 2: Systolic blood pressure measured prior and immediately after the exercise session.
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Graph 3: Diastolic blood pressure measured prior and immediately after the exercise session.

Discussion
The patient had a glycemic profile compatible with the practice 

of physical exercise in all sessions. During follow-up, he had baseline 
values above 100mg/dl and below 250mg/dl. In a single session 
(number 11), the teacher suggested ingesting 15g of carbohydrates 
after the end, to minimize the chance of hypoglycemia, considering 
that the student’s next meal was not close. It is important to 
highlight that the patient followed a regular diet recommended 
by his endocrinologist. Diet control is one of the main challenges 
in DM2 treatment and it must be observed in all patients with a 
high level of stringency. According to [5], the ideal components of 
a diet for the treatment of DM2 patients is: 45-60% carbohydrates 
(with possible individual adjustments depending on the patient 
demands); 20-35% total fat (preferably with monounsaturated 
and polyunsaturated fats); 15-20% proteins; 20g/1,000Kcal of 
dietary fibers. In the present case, the amount of carbohydrates 
was adjusted in association with the physical exercise protocols 
to better meet the patient energy expenditure needs. Works from 
[10] demonstrated that appetite regulation and insulin sensitivity 
modulation are fundamental for promoting anti-aging effects on 
cells, mainly through activation of anti-aging genes, such as Sirt1 
and Forkhead box proteins (FOXO1/FOXO3a). The importance of 
anti-aging genes in insulin sensitivity and diabetes maintenance 
has been reviewed by the works of [11] where it is highlighted the 
importance of appetite regulation and curbing diet programs to 
further improve the treatment to diabetic patients that suffer from 
comorbidities associated with obesity and insulin resistance, such 
as Non-alcoholic Fatty Liver Disease (NAFLD).

The glycemic reductions observed after most exercise sessions 
can be explained due to the increase in insulin sensitivity caused 
by the physical exercise, a mechanism that might involve the 
increased expression of the glucose transporter gene, GLUT4 
[12]. Immediate reductions in blood glucose are more frequent in 
light and moderate exercise [13] and when performing strength 
exercise before aerobic exercise [14]. High-intensity exercise 
increases the expression of counterregulatory hormones, mainly 
catecholamines and cortisol, which momentarily increase blood 
glucose due to increased intensity-induced glycogenolysis [15,16]. 

The results demonstrated that the patient presents constant 
fluctuations in blood pressure values, and a return to the specialist 
physician (cardiologist) was recommended to assess a possible 
need for medication adjustment. As a result of blood pressure 
variations, in four sessions it was decided not to perform the 
strength and flexibility exercises. In those situations, only passive 
mobilization of the lower limbs, massage, and hydration of the 
legs was performed. In most sessions, no explicit manifestations 
of post-exercise hypotension were observed. This finding follows 
the literature that investigated physical exercise as an alternative 
therapy for the treatment of resistant hypertension, and in some 
of the papers, promising results are reported [17] and [18]. The 
mechanisms involved in post-exercise hypotension are still under 
investigation, and some studies showed a correlation between the 
exercise intensity and its hypotensive effect. As suggested by [17], 
vigorous-intensity exercises could generate a greater hypotensive 
response after the sessions in comparison with moderate or low 
intensity exercises, possibly due to a long-lasting counterregulatory 
mechanism. However, the authors also saw a hypotensive response 
in light sessions, which demonstrates that there is still much to be 
researched regarding the hypothesis that post-exercise hypotension 
presents a dose-response relationship with intensity [18]. After the 
follow-up of ten weeks of physical exercise and musculoskeletal 
reassessment (based on the expertise of the Physical Education 
professional, a diabetes specialist), a few remarks followed:

a.	 No improvement in mobility and strength in the left ankle 
and adjacent muscles. Significant gains in mobility and strength 
in the right ankle and adjacent muscles, lower limb less affected 
after the stroke outcome. Significant improvements in strength 
in the upper and lower limbs, with emphasis on gains in knee 
extensors, thigh adductors, thigh abductors, hip flexors, and 
tibialis anterior.

b.	 Significant gains in motor skill and reflexes, with the 
performance of exercises with the ball, both in the lower limbs 
and in the upper limbs.

c.	 No balance gains were observed in the standing position, 
perhaps due to the sequelae already established by the stroke 
event.
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d.	 Improvements in walking with the walker were observed, 
in addition to increased skill and coordination. However, we 
cannot infer any fitness improvement. After analyzing all the 
outcomes presented over the ten weeks of physical exercise, 
it is noteworthy that the sessions were carried out within the 
parameters of glycemic and blood pressure safety, thanks to the 
recommendations found in the specialized guidelines.

Conclusion
We conclude that the specialized guidelines mentioned here, 

present safe exercise recommendations for the public with diabetes 
and systemic arterial hypertension. Such guidelines offer didactic 
tools, which must be followed by Physical Education professionals 
and other prescribers who use physical exercises as rehabilitation. 
It is noteworthy the importance of measuring blood glucose and 
blood pressure at each session, these being used as a guide for the 
performance or not of sessions, ensuring the health of practitioners. 
In addition, such records can and should be considered by the 
physicians involved in the student/patient’s treatment, evaluating 
possible modulations that may draw attention to non-physiological 
changes that may be subject to intervention.
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