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Introduction 

Acute or chronic exercise is an important non-pharmacological tool for type 2 diabetics, but its interruption 

characterizes the principle of reversibility and loss of physiological adaptations, glycemic control, and quality of 

life. 

Purpose 

To perform anthropometric, cardiovascular, glycemic control and muscle strength assessments in diabetic volunteers 

after the interruption of physical training, and to compare the results with those obtained before the Covid-19 

pandemic. 

Methods 

16 volunteers, type 2 diabetics, participated in a concurrent training program, three weekly sessions lasting 60 

minutes each. Anthropometric, cardiovascular, glycemic control parameters and muscle strength were evaluated 

during 24 months of training and after an equal period of detraining resulting from the Covid-19 pandemic. 

Results 

There were significant reductions in cardiovascular parameters (heart rate and blood pressure), blood glucose and 

muscle strength during the training period, but reversed in the detraining period.  
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Conclusion 

The results demonstrate the deleterious effects of the interruption of physical training and the importance of regular 

physical exercise/physical activity in glycemic control in patients with type 2 diabetes. 

Keywords:  Physical Detraining, Type 2 Diabetics, Physiological Parameters 

Introduction 

Among the chronic non-communicable diseases (NCDs), diabetes mellitus (DM) is one of the most worrisome 

globally, having seen the estimated prevalence of 9.3% in the world population, which represents 463 million 

people, and approximately the half of them is unaware of their condition. Another aggravating factor is the epidemic 

projections in a few decades: in 2030, it is estimated that there will be 576 million and, in 2045, 700 million 

diabetics [1-2]. In Brazil, the situation is no different. In 2013, the country ranked 4th among those with the highest 

number of cases, about 11.9 million or 6.9% of the population, with 6.5% among men, 7.2% among women, and 

corresponded to 12 % of total hospitalizations and 15.4% of hospital costs between 2008 and 2010 [3]. In 2011, the 

Minas Gerais State Health Department (SHD/MG) estimated that 10% of the adult population or approximately 1.3 

million are diabetics [4]. 

In this scenario and considering the scientific evidence on the benefits of education in DM and the regular practice 

of physical exercises in controlling the disease, we sought to implement in 2017, in a private university center in the 

interior of Minas Gerais, an educational program for people with type 2 DM (DM2), with the differential of 

including supervised concurrent physical training sessions. 

However, at the end of 2019, the first cases of a respiratory infection caused by a new type of coronavirus, called 

SARS-CoV-2 by the International Committee on Taxonomy of Viruses [5-6]. Due to the high rate of global 

infection in early 2020, the World Health Organization (WHO) came to name it as COVID-19, being characterized 

as a pandemic in March of that same year [7]. 

To mitigate viral transmission at a time when there were still no effective pharmacological measures, there was a 

need to immediately impose social distancing [8, 9, 10], causing the interruption of numerous human activities, 

including the proposed educational program. It is believed that the discontinuation of that program, especially 

regarding physical training, had a negative impact on anthropometric, cardiovascular, muscle strength and blood 

glucose parameters. Thus, the objective of the present study was to perform anthropometric, cardiovascular, blood 

glucose and muscle strength assessments in diabetic volunteers after the interruption of the program, and to compare 

the results with those obtained prior to the Covid-19 pandemic. 

Materials and Methods 

Outline and ethical aspects the present study was developed from the matrix project entitled "Evaluation of an 

educational program for people with type 2 diabetes mellitus, with a focus on the practice of physical activities and 

foot care", approved by the Research Ethics Committee of the University Center of the Guaxupé Educational 

Foundation (UNIFEG), opinion No. 2,029,352, of May 3, 2017. 

This was a longitudinal and intervention study, with a single comparison group, for the analysis of “before and 

after” results [11], referring to the educational and physical training program with people with DM2, centered on 

self-care and concurrent physical training. The representation of all stages of the matrix project and of the present 
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study is shown in (Figure 1). In previous studies [12, 13], arising from the same matrix project, the methodological 

aspects, described below. 

 

Figure 1: Matrix Project Scheme. 

     

Study Sample 

The base population consisted of people with a medical diagnosis of DM2, regardless of the duration of the disease, 

not hospitalized and in outpatient follow-up. The invitation to the study was carried out in public health services and 

by the local media. For the selection of the sample, the following inclusion/exclusion criteria were considered: 

Inclusion criteria: people of both sexes, aged at least 40 years, sedentary or not very active, without complications 

in an advanced stage, whose drug treatment included the use of oral antidiabetic drugs (OADs) and/or insulin, and 

who were able to keep dialogue. 

Exclusion criteria: people with DM2 who had at least one of the following conditions were excluded: undergoing 

hemodialysis, amaurosis, presence of sequelae of stroke/heart failure, previous amputations at any level of the lower 

limb, injury process or active ulcer in lower limbs, presence of any other disabling complication; use of a wheelchair 

and/or stretcher; inability to communicate verbally; and participants in a physical training program at another 

institution. 

Thus, the sample was initially composed of 33 people with DM2 who met the inclusion criteria and voluntarily 

attended the study site. After being instructed on the objectives and procedures of the study, including the need for a 

medical certificate for the practice of physical exercises, the Free and Informed Consent Term (FICT) was provided 

for reading and signing. However, 15 participants dropped out of the study due to lack of interest and/or lack of time 

to attend physical training sessions. The remaining 18 participants attended educational meetings and physical 

training sessions, as well as follow-up assessments. After the interruption of program activities, due to the Covid-19 

pandemic, the detraining evaluation was carried out, in which 16 participants attended, which, therefore, made up 

the sample of the present study. 

Data collect 
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All evaluations obtained were recorded in individual physical training sheets, with four evaluations carried out 

before the pandemic enactment, with intervals of approximately six months, and one after, totaling five evaluations. 

In each of the five assessments, blood glucose variables (glycemic control), anthropometric, cardiovascular and 

muscle strength were analyzed. 

Anthropometric Assessment 

Counted measurements of total body weight, waist circumference, and body mass index. Body weight was measured 

using a Plenna Acqua® 180Kg digital scale with a precision of 100 grams supported on level ground. Total height 

was measured using a WCS Wood Compact® stadiometer with millimeter precision. Waist circumference was 

measured using a flexible measuring tape with 1mm precision from the PAMED brand. With the values of body 

weight and total height it was possible to obtain the body mass index (BMI). 

Cardiovascular Assessment 

The evaluation consisted of the parameters heart rate (HR), systolic blood pressure (SBP) and diastolic blood 

pressure (DBP). HR was obtained using the Polar FT01® frequency meter, with three components (reader, elastic 

strap and watch), keeping the participants in the orthostatic position during the exam. SBP and DBP were measured 

with an aneroid sphygmomanometer (Premium®), previously calibrated by the National Institute of Metrology, 

Quality and Technology (InMetro) and stethoscope (Premium Rappaport®), using a technique standardized by the 

7th Brazilian Directive on Arterial Hypertension [14]. 

Glycemic Control 

The analysis of glycemic control took place through capillary blood glucose, where the Accu-Check® device was 

used. The reason for using this method was due to its low cost and easy access; availability of equipment and 

supplies at the study site; obtaining immediate results; and as a motivating factor for the adherence of participants to 

the study, as it allows the practical assessment of the effects of interventions, especially physical exercises. 

Muscle Strength Assessment 

It consisted of tests of 1RM in the bench press and leg press machines [15]. 

Study interventions 

In the education program, illustrative posters prepared by the researchers were used, relating to the general 

management of the disease, to self-care, which included the following themes: description of the disease process and 

treatment modalities; practice of physical activity integrated into the lifestyle; blood glucose monitoring and its 

interpretation; body weight control; proper use of medications; and prevention of complications. In the physical 

training program, the concurrent training methodology was adopted (aerobic physical exercises in combination with 

anaerobic or resistance physical exercises) with three weekly sessions, one hour long, and moderate to intense 

intensity. 

The physical training methodology adopted was concurrent training, characterized by aerobic physical exercises in 

combination with resistance physical exercises. The training sessions took place at CESEF, 3 weekly sessions 

lasting 60 minutes. Aerobic exercise occurred on elliptical, treadmill and bicycle ergometers with moderate intensity 

and duration of 3 minutes. Resistance training was performed on weight machines, with 3 sets, 12 repetitions, with a 
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1-minute interval between sets and exercises, moderate intensity (50% of 1RM), 30 minutes of duration and where 

the main muscle groups of the upper and lower limbs [16].  

Statistical analysis 

The collected data were double-entered in the MS-Excel application and then processed electronically for validation. 

Subsequently, the data sheet was exported to the GraphPad InStat software, version 3.10 (public domain). Numerical 

data related to anthropometric, cardiovascular, muscle strength and glycemic parameters were submitted to the 

Komolgorow-Smirnov and Levene tests to verify, respectively, the normal distribution and homogeneity of 

variances. 

For comparisons between two dependent samples (between the follow-up assessments, as well as in the comparison 

of these with the detraining one), the paired t-test was used, since the normal distribution was evidenced. The results 

were expressed as mean and standard deviation, with a significance level (p) lower than 0.05. 

Results 

In the present study, no significant reductions were found in the anthropometric parameters studied (body weight, 

BMI, and waist circumference), shown in Figure 02. A continuous reduction in all values compared to the 1st 

evaluation (beginning of the study) is observed, making to increase after the pandemic period, represented by the 5th 

assessment (end of the study). The mean (±SD) of body weight in the first assessment was 78.6±15.8 kg and 

reduced to 72.4±14.1 kg in the fourth assessment but increased to 76.0±15.1 kg later. of the pandemic. The same 

behavior was observed in BMI, whose average in the first evaluation was 32.5±6.5 kg/m2 (grade 1 obesity), reduced 

to 28.6±5.2 kg/m2 (overweight) in the fourth evaluation and increased to 31.5±6.2 kg/m2 (grade 1 obesity). The 

mean waist circumference in the first evaluation was 109.5 ±12.7 cm, reduced to 103.6 ±9.6 cm in the fourth 

evaluation and returned to 109.7±11.9 cm. However, the waist circumference results throughout the study showed 

values above normal. 

Figure 2: Behavior of anthropometric parameters. 

   

(Figure 3) presents the average results of the HR behavior in all evaluations, being before the performance and post 

at the end of it. 
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It is observed that the behavior of the heart rate results is like those found in the anthropometric parameters, 

continuous reduction throughout the first four assessments with an increase after the pandemic, represented in the 

fifth assessment. The values in the second, third and fourth evaluations are significantly lower when compared to the 

result in the fifth evaluation, both in pre and post values. The mean values of SBP and DBP before and after the five 

assessments are shown in Figure 4. They were significantly reduced between the 2nd, 3rd and 4th assessments when 

compared to the 5th assessment. 

Figure 3: Behavior of HR parameter. 

 

* Significant difference between 2nd, 3rd, and 4th assessments with the 5th assessment. P < 0.05 

Figure 4: Behavior of SBP and DBP parameters. 

    

* Significant difference between 2nd, 3rd, and 4th assessments with the 5th assessment. P < 0.05 

 

This behavior of blood glucose, both in pre and post evaluation are shown in figure 5, also in average values for pre 

(previous) and post (post) to each evaluation. 
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Figure 5:  Behavior of Blood Glucose parameter. 

   

* Significant difference between 2nd, 3rd, and 4th assessments with the 5th assessment. 

Significant difference between 2nd, 3rd, and 4th assessments with the 1st assessment. P < 0.05 

Regarding the mean values of muscle strength, analyzed by the 1RM tests in the bench press and leg press machines, 

no significant differences were found in leg press for both pre and post evaluation mean values. However, for the 

1RM test in the bench press, significant differences were observed between the 2nd, 3rd and 4th evaluations when 

compared to the 1st evaluation. But from these evaluations for the 5th evaluation carried out after the pandemic, 

there was an increase, but without significance (Figure 6). 

Figure 6: Behavior of Muscle Strength parameter. 

    

Significant difference between 2nd, 3rd, and 4th assessments with the 1st assessment. 

  Significant difference between the 4th assessment and the 1st assessment. P < 0.05 
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The aim of the study was to perform anthropometric, cardiovascular, glycemic control and muscle strength 

assessments in diabetic volunteers after the interruption of the program, and to compare the results with those 

obtained prior to the Covid-19 pandemic. The hypothesis was that the parameters studied, during the concurrent 

training program, would show improvements that would be reversed during the Covid-19 pandemic period due to 

the effect of detraining. 
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Anthropometric Parameters 

Regarding the anthropometric parameters studied (body weight, waist circumference and BMI), continuous 

reductions in values were observed, but without statistical significance during the concurrent training period. When 

compared to post-pandemic values, there were increases in the results, but also without significance. 

Body weight and BMI parameters were studied in 47 volunteers (mean age 70 years) who participated in a training 

period of 9 consecutive months, with 86 sessions of 45 minutes duration, consisting of cardiorespiratory and 

resistance exercises of moderate intensity. After the training period, the volunteers were instructed to maintain their 

normal lifestyles that included eating patterns and physical routines, but without participating in a systematic 

exercise program for three months (detraining period), in which significant changes were observed. When 

comparing with the results of the present study, the same behavior of body weight and BMI was noticed, a reduction 

during the training period, but after the interruption, the values returned to the pre-training results, however, without 

statistical significance [17]. 

The difference in the results of the parameters analyzed between the studies can perhaps be explained by the training 

and untraining time, as well as by the size and characteristics of the studied samples. In the present study, there were 

two years of training and detraining, while in the study, there were 9 months of training with 3 months of detraining. 

This 21-month difference in detraining is quite significant for reducing training-induced physiological adaptations, 

even if it was for 2 years. The interruption of training or its marked reduction, present in the pandemic period, can 

almost completely reverse the induced physiological adaptations, which is called the principle of reversibility [18]. 

Another important detail is that, in the study, it was suggested that the volunteers maintain their patterns of physical 

routines, which were possibly not drastically interrupted because they were not in a pandemic scenario, contrary to 

what happened in the present investigation. The presence of non-communicable chronic diseases, as characterized in 

the investigated sample, was also not made explicit in the study. This difference is important for the ability to train 

and, added to the other circumstances mentioned, are factors that could contribute to the lack of statistical 

significance between the times of the parameters studied. 

Another study analyzed the behavior of BMI, after detraining, in 37 diabetic volunteers, aged between 69 and 72 

years, who participated in a circuit training program composed of aerobic exercises, muscle strengthening and 

stretching. Three weekly sessions of one hour duration and moderate to high intensity were performed for 12 weeks, 

followed by eight weeks of detraining. The results showed no significant differences in pre-training, post-training 

and post-detraining BMI values [19]. This behavior differs from that of the present study, in which there was a 

continuous reduction in values as the training lengthened. After the pandemic, the values returned to those observed 

in the 1st evaluation, which corresponded to the beginning of the training program, without statistical significance. It 

can be inferred that this difference in the BMI results found between the studies may be due to the training and 

detraining time. The methodology in this last study was just 12 weeks of training with 8 weeks of detraining, which 

is shorter than those proposed in the present research. Such difference could have contributed for the results of the 

present study to be, even if not significant, more satisfactory for the control of glycemia in diabetic patients. 

The effect of detraining on body weight and BMI was also studied in diabetic volunteers who performed different 

models of physical training. Thirty volunteers aged 48.1±1.7 years, body weight of 71.7±6.1 Kg, BMI of 26.0±2.1 
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Kg/m2, on average, participated in a physical training program lasting 12 weeks (either aerobic training or resistance 

training) and 6 weeks of detraining. The results showed a reduction in body weight and BMI values during training 

in both groups, but in the aerobic group, both parameters remained close to the values at the end of training. This 

indicates that aerobic training is more efficient in promoting more significant physiological adaptations than 

resistance training. In the present study, the values of both parameters at the end of the pandemic (5th assessment) 

were lower than those obtained in the 1st assessment. The difference in these results between the samples can be 

explained by the training time and the training model proposed in the present study. In the study mentioned above, 

the group participated in a training program either aerobic or resistance for 12 weeks and, in the present 

investigation, concurrent training was prescribed (aerobic and resistance in the same session), lasting 24 months, 

followed by detraining in same period. The longer training time could have provided significant adaptations, which 

would require more detraining time to return to baseline values [20]. 

 

Cardiovascular Parameters 

The behavior of cardiovascular parameters (HR, SBP and DBP) in the present study was similar, that is, the values 

reduced during the concurrent training program (2nd, 3rd, and 4th evaluations) and significantly increased to those 

of pre-training, after the detraining occurred in the COVID-19 pandemic (5th assessment). HR, like all other 

parameters, was assessed before and after each session. Regarding their pre and post behavior, significant reductions 

were observed during the concurrent training period (2nd, 3rd, and 4th evaluations) in relation to the result of the 5th 

evaluation. These findings are corroborated by a study that analyzed the behavior of cardiovascular parameters in 47 

elderly women who underwent training for 9 months, with cardiorespiratory and resistance exercises of moderate 

intensity, and then remained in three months of detraining. The results showed significant increases in the behavior 

of HR, SBP and DBP after the detraining period. The authors concluded that the respective period was sufficient to 

promote hemodynamic decline in elderly women and suggest that it should be avoided [17]. However, in the present 

study, the detraining period was very long (two years) compared to the study, which coincided with the period of the 

pandemic. The increase in the mean values of HR after detraining can be explained by the increase in sympathetic-

adrenergic tone to the myocardium during detraining, and this behavior is directly related to the inactivity time [21]. 

Diabetic patients, such as the volunteers in the present study, may have cardiac autonomic neuropathy, which is 

characterized by hyperactivity of the sympathetic autonomic nervous system and consequent progressive loss of 

parasympathetic cardiac inflow, thus losing cardioprotective function [22]. This change in the autonomic 

adjustments in the heart, with an increase in sympathetic tone and consequently cardioaccelerator, could explain this 

significant increase in HR behavior both at rest (pre) and at the end of the concurrent training session (post), after 

the pandemic. 

Regarding the other cardiovascular parameters, SBP and DBP, shown in figure 4, the same behavior of HR is 

observed. A significant reduction during the concurrent training program and, after the pandemic, uplift to both PAS 

and PAD. The explanation for this behavior in SBP may be related to the adaptations induced by concurrent 

training, which is characterized by being composed of aerobic exercises combined with resistance exercises. In this 

case, the training program induced specific adaptations, both anatomical and physiological, which are imposed by 
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the pressure and volume loads of physical exercises. During aerobic exercise, there is a persistent increase in cardiac 

output, which stimulates left ventricular chamber dilation. In resistance exercises, due to the elevation of 

intrathoracic pressure, there are compensatory increases in the thickness of the left ventricle [24]. These cardiac 

anatomical adaptations make the heart more efficient, reducing HR at rest and at the same exertion load and, as a 

result, reducing SBP [24].  

The DBP is related to the peripheral resistance that regulates the blood supply to the tissues, due to its flow through 

the conductance vessels, so the pressure will rise with an increase in the systemic resistance [25]. Elevation in 

peripheral resistance may occur due to loss of arterial elasticity due to gradual fragmentation and loss of elastic 

fibers and accumulation of collagen fibers [26].  

However, the process of arterial stiffening may be accelerated with aging and mainly by DM [27]. In the present 

study, significant reductions in DBP are observed both pre- and post-assessment. These results are corroborated by a 

study that analyzed arterial stiffening in 36 diabetics (71.4±0.7 years), who performed physical training for three 

months, in three weekly sessions lasting 60 minutes each, with an aerobic group (treadmill treadmill and cycle 

ergometer) and non-aerobic (exercise with ball and dumbbells). The results demonstrate the effectiveness of aerobic 

training in reducing arterial stiffening [27].  

However, when studying the effect of a predominantly anaerobic exercise model, the results corroborate those 

observed in the present investigation. In the study by Andrade et al. (2022), SBP, DBP, HR and postprandial blood 

glucose were evaluated in 22 diabetic volunteers who were divided into a control group and a Pilates group. The 

authors observed significant reductions in the 4th and 8th weeks of training in DBP [28], results that are similar to 

those of the present study. 

The interruption of training or detraining induces serious adjustments to the cardiovascular system, including cardiac 

atrophy observed in short periods, between the 1st and 8th week. This cardiac atrophy may be closely associated 

with reductions in anatomical and physiological adaptations (ventricular mass and thickness) induced by the training 

program, which may compromise physical performance characterized by significant increases in the parameters 

studied, HR, SBP and DBP [23].  

Glycemic Control 

Among all the parameters studied, the behavior of blood glucose was the one that most changed during the study. In 

the 1st evaluation (beginning of the study) the mean value at rest, immediately before the performance of the first 

training session, was 189mg/dl, however it reduced significantly in the 2nd, 3rd, and 4th evaluations (respectively, 

143mg/dl, 125mg/dl and 112mg/dl or -25%, -34% and -41%). However, in the 5th evaluation (post-pandemic 

detraining period) the mean value rose significantly to 182mg/dl or 62.5% of the result obtained in the 4th 

evaluation. 

The same behaviour was presented in the analyzes that occurred at the end of each evaluation or at the moment after. 

The mean value was 161mg/dl and significantly reduced in the 2nd, 3rd, and 4th evaluations (respectively 116mg/dl, 

101mg/dl and 101mg/dl or -28%, -37% and -37%). As observed in the pre-session, the mean blood glucose value in 

the 5th assessment was 116mg/dl or 12%. 
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This glycemic behavior is corroborated by results obtained in a study with albino-wistar rats, which induced DM by 

infusion of streptozotocin, and the animals were divided into a control group and an aerobic training group (three 

sessions per week for eight weeks, followed by four weeks of detraining). The authors observed a significant 

reduction in blood glucose, glycated hemoglobin, and insulin during the eight-week period of training, but these 

values significantly increased again after the four weeks of detraining [29]. When compared with the results 

obtained in the present study, there are differences in the sample and methodology of the training program and 

despite this, the results are similar. A study in elderly women showed the same behavior of blood glucose at rest. A 

total of 28 volunteers, with a mean age of 70.3±2.3 years, participated in a multicomponent training program (a 

program that exercised all physical skills: endurance, muscular strength, coordination, flexibility, and balance) for 

nine months, being 86 training sessions, lasting 45 minutes, two weekly sessions and at the end, detraining for 3 

months. The results showed a significant increase in glycemic values at rest after the detraining period when 

compared to the values at the end of the multicomponent training period [17]. 

The training methodology was also studied in relation to the behavior of glycemia and glycated hemoglobin in 

another research. In this, 30 volunteers of both sexes, 48.1±1.7 years old, 71.7±6.1Kg and 26.0±2.1 Kg/m2, were 

divided into an aerobic group and a resistance group, the training program was six weeks followed by the same 

period of detraining. The results showed a significant reduction in mean blood glucose values at the end of the 

training period, however, a significant increase in the same results at the end of the detraining period [20]. There are 

differences in the training methodology between the study and the present study, in which there were two years of 

training, but also two years of detraining caused by the pandemic. Despite being different times, the proportionality 

between training and detraining period were similar in both studies and demonstrates the importance of physical 

exercise in glycemic control. 

Participation in a physical training program (aerobic, resistance and concurrent) induces important adaptations in 

adipocytes and skeletal muscles that will allow type 2 diabetics to control their blood glucose [30]. In adipocytes, 

exercise mainly improves insulin signaling steps [31]; modulates the expression and release of adipokines [32, 33] 

and reduces the size of adipose tissue, mainly visceral [34].  

Insulin acts on numerous tissues, but mainly on the liver, adipose tissue, and skeletal muscles by promoting, mainly, 

the elevation of glucose uptake through a process called the insulin cascade. Physical training induces an increase in 

the protein expression of glucose transporters (Glut4), in the activation of molecules present in the insulin cascade, 

such as insulin receptor substrates 1 (IRS-1), phosphoinositide 3 kinase (PI3K) and protein kinase B (Akt) and, 

therefore, increased glucose uptake by tissues [31].   

In obese individuals, adipose tissue behaves like an inflamed tissue, increases the expression of pro-inflammatory 

adipokines (TNF-alpha, IL1-beta, IL-6, among others) and inhibits anti-inflammatory (adiponectin). This effect 

increases insulin resistance in skeletal muscles and adipose tissue, by activating the phosphorylation of the 

serine/tyrosine pathway that acts in the inhibition, mainly of IRS-1 [31]. Participation in a six-week aerobic training 

program was sufficient to significantly reduce TNF-alpha values and improve glycemic control in diabetics [32]. 

The reduction in the size of adipose tissue, mainly visceral, is an important physiological adaptation induced by 
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physical training in diabetics. By reducing its size, mainly visceral, it reduces the expression and release of pro-

inflammatory adipokines and elevates the anti-inflammatory, which reduces insulin resistance [33].  

In skeletal muscles, participation in a training program increases glucose uptake, expression, and translocation of 

Glut4 mainly, which will allow glycemic control in diabetics [30]. Skeletal muscle is one of the most dynamic and 

plastic tissues in the human body, representing approximately 40% of total body mass or about 50% to 75% of all 

body proteins. It is a metabolically active tissue, mainly during physical exercise [34]. In addition to these 

characteristics, skeletal muscle also plays an important role in the control of postprandial blood glucose, about 80% 

of all ingested glucose is absorbed through insulin-dependent uptake [35]. Insulin is one of the main glycemic 

control hormones and the membrane of the skeletal muscle fiber has receptors that, when stimulated, activate the 

IR/IRS/PI3K/Akt pathway that promotes the translocation of glucose transporters (Glut4) and the uptake of glucose 

[36]. 

However, insulin is not the only mechanism for glucose uptake by skeletal muscles [37]. Physical exercise also 

increases your glucose uptake capacity through muscle contraction. In models of acute physical training, muscle 

contractions induce an increase in energy demand by increasing glycolysis and oxidative phosphorylation of 

adenosine triphosphate (ATP) [38]. Elevation of ATP oxidative phosphorylation reduces its AMP/ATP ratio and, 

consequently, the activation of adenosine monophosphate-activated protein kinase (AMPK). Activation of AMPK 

increases glucose uptake in skeletal muscles, active by increasing the translocation and expression of the glucose 

transporter (Glut4) from the cytoplasm to the cell membrane of the muscle fiber [39, 40].  

Muscle contraction also activates another glucose uptake pathway by increasing intracellular calcium concentration. 

This pathway is called calcium/calmodulin signaling dependent on protein kinase (CMPK) and, when activated, 

promotes the translocation of Glut4 [40]. In chronic models, physical exercise increases glucose uptake by muscles 

by increasing insulin sensitivity [41]. Effectively, diabetic volunteers have the same glucose uptake capabilities as 

non-diabetics [40].  

The interruption in the partial or even total training program induces different anatomical and physiological changes 

both in the short and in the long term [18, 21]. Among the consequences of detraining, there is dysregulation of 

insulin secretion and blood glucose concentration, and a decrease in the glucose transporter, GLUT4 [20]. In the 

present study, the adaptations described in adipocytes or even in skeletal muscles were not analyzed, however, we 

observed significant reductions in glycemia in pre and post evaluation during the period of concurrent physical 

training, which were reversed by the detraining induced by the pandemic. 

Muscle Strength Parameter 

Figure 6 shows the mean values of the tests performed by diabetic volunteers to measure muscle strength. Regarding 

the bench press exercise, significant elevations were found in the 2nd, 3rd, and 4th evaluations in relation to the 1st 

evaluation, which represents the beginning of the training program. But no differences were found between the 

assessments before and after the pandemic. Regarding the leg press exercise, a significant difference was found only 

in the 4th assessment in relation to the 1st assessment. 

In one study, 18 women aged 55.8±5.1 years and 9.8±5.4 years diagnosed with DM, on average, participated in a 

concurrent training program for nine months and achieved significant improvements in muscle strength. However, 
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they interrupted training for three months (detraining), and muscle strength values reduced, but remained 

significantly higher than resting values [42]. This behavior in muscle strength was also observed in the present 

study, in which muscle strength increased during the training program and decreased during the detraining period, 

but with higher values than those observed in the 1st evaluation. 

With aging, there is a progressive reduction in skeletal muscle mass and strength, called sarcopenia [43]. This loss 

occurs more markedly in diabetic patients compared to age-matched normoglycemic patients and denotes that it is 

age-related and is accelerated by the loss of glycemic control [44]. Studies suggest that this sarcopenia is due to the 

atrophy of type 2 skeletal muscle fibers [43] which have anaerobic metabolic characteristics, high production of 

force and tension [44]. 

Final Considerations 

Participation in a session or in a physical training program with a predominance of aerobic or resistance exercises or 

their combination revealed to be important non-pharmacological tools for glycemic control. In the present 

investigation, a 24-month program of concurrent training promoted important physiological adaptations observed in 

anthropometric, cardiovascular, glycemic control and muscle strength in type 2 diabetic volunteers. However, its 

complete interruption, characterized by detraining (principle of reversibility in training), longer than 4 weeks, 

interrupted the improvements in physical performance and induced a complete reversal of the adaptations in the 

parameters studied, with impairment of physical fitness, glycemic control, and cardiovascular performance. The 

concurrent training program, of this duration, was not enough to prevent the physiological losses imposed by 

detraining, thus denoting the importance of continuous and uninterrupted participation in this training model for type 

2 diabetic individuals. 
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