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EFFECTS OF EXERCISE THERAPY ON DIABETIC NEUROPATHY: 

A SYSTEMATIC REVIEW AND META-ANALYSIS 

Abstract 

Objective: To evaluate the effects of exercise therapy on neuropathic symptoms, signs, 

psychosocial aspects, and physical function in people with diabetic neuropathy (DN). 

Methods: A search in PubMed, Web of Science, Physiotherapy Evidence (PEDro), and 

Cochrane databases was performed from inception to 24
th
 February 2023. Randomized clinical 

trials (RCTs) were selected in patients with DN comparing exercise therapy with a control 

group. The studies’ methodological quality was assessed with the PEDro scale. The Grading of 

Recommendations Assessment, Development and Evaluation (GRADE) approach was used to 

assess the overall quality. 

Results: Eleven RCTs (n=517 participants) were included. Nine studies showed high 

methodological quality. Mean (MD) and standardized mean differences (SMD) were observed 

in favor of exercise therapy for symptoms (MD= -1.05; confidence interval 95%= -1.90 to -

0.20), signs (SMD= -0.66; confidence interval 95%= -1 to -0.32), and physical function (SMD= 

-0.45; confidence interval 95%= -0.66 to -0.24). No changes were found in psychosocial aspects 

(SMD= -0.37; confidence interval 95%= -0.92 to 0.18). The overall quality of evidence was 

very low. 

Conclusion: The quality of evidence suggesting that exercise therapy provides short-term 

benefits in neuropathic symptoms, signs, and physical function in patients with DN is very low.  

Furthermore, there were no effects found on psychosocial aspects. 
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INTRODUCTION 

Peripheral neuropathies could be caused by systemic or local affectation. In both cases, 

the clinical affectations are characterized by sensory, motor, autonomic, or mixed 

symptoms and signs (Rosenberger et al, 2020). One of the most prevalent peripheral 

neuropathies is diabetic neuropathy (DN) (Jensen et al, 2011; Singer, Vernino, and 

Wolfe, 2012). The global prevalence of diabetes mellitus has increased over the last 

years, with three million more adults affected since 2014. In 2019, 425 million patients 

(8.6%) were reported worldwide and 629 million are expected by 2045. Between 30 and 

40% of patients with Diabetes Mellitus suffer from neuropathic pain (United Nations, 

2022). 

Diabetes Mellitus is characterized by disturbances in the glycemic control that results in 

high blood glucose levels. The high levels of glucose primarily affect different types of 

cells, such as vascular cells, Schwann cells, and neurons of the peripheral and central 

nervous system. This limits the capacity to regulate glucose levels, leading to an 

increase in endoneural capillary density and subsequent ischemia of the neural tissue. 

Additionally, vascular disturbances in the nervous system could cause hypoxia and less 

neural function (Tesfaye, Harris, Wilson, and Ward, 1992; Thrainsdottir et al, 2003). 

Clinically, DN is characterized by sensory disturbance, hypo- or hypersensitivity, 

allodynia, or hyperalgesia. In most cases, DN affects the feet, calves and, in advanced 

cases, the upper extremities (Jensen and Finnerup, 2014). More than 50% of the patients 

with DN refer to high-intensity pain that influences negatively on work and social 

activities (Sadosky et al, 2015). Also, it has been related to psychosocial alterations 

decreasing the quality of life. Many patients with DN experience high levels of anxiety 
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and depression, probably associated with pain interference in daily activities (Alleman 

et al, 2015; Finnerup et al, 2015, 2016). 

To manage Diabetes Mellitus, the Spanish Society of Endocrinology and Nutrition 

recommends a comprehensive approach that includes individualized exercise therapy 

and therapeutic education (Spanish Society of Endocrinology and Nutrition, 2022). 

Exercise has shown to improve blood glucose level in patients with Diabetes Mellitus. 

Depending on the type of exercise, baseline physical condition and post-exercise 

recovery the level of insulin could change by the regulation of hormones (Gargallo-

Fernández et al, 2022; Savikj and Zierath, 2020). 

Therapeutic exercise refers to any patient-adapted physical activity prescribed to 

achieve therapeutic goals. Aerobic, strengthening, sensorimotor and mobility training 

have been suggested for patients with different neuropathies (Streckmann et al, 2022). 

Additionally, multimodal approaches have been proposed, including psychosocial 

therapy combined with therapeutic exercise (Van Laake-Geelen et al, 2019) or the 

integration of exercise with nutritional interventions (Zilliox and Russell, 2019). In the 

case of DN, therapeutic exercise has shown to improve posture, balance, and reduce the 

fear of falling (De Oliveira Lima, Piemonte, Nogueira, and Nunes-Nogueira, 2021; 

Thukral, Kaur, and Malik, 2020). However, the current evidence base has low level of 

certainty (Thukral, Kaur, and Malik, 2020), and the effects of exercise on symptoms and 

other clinical or psychosocial aspects of DN are still unclear. 

Thus, the objective of this systematic review and meta-analysis was to evaluate the 

effects of therapeutic exercise in patients diagnosed with DN in terms of symptoms, 

signs, psychosocial aspects, and physical function. 

MATERIALS AND METHODS 
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Study design 

The protocol of this systematic review and meta-analysis was registered in the 

International Prospective Register of Systematic Reviews (PROSPERO) with the 

registration code CRD42022308064. This study was carried out following the Preferred 

Reporting Items for Systematic reviews and Meta-Analysis (PRISMA) statement 

(Shamseer et al, 2015). 

Search strategy 

The bibliographical search was conducted in PubMed, Web of Science (WoS), 

Physiotherapy Evidence Database (PEDro) and Cochrane Library from inception to 24 

February 2023. Medical Subject Headings (MeSH) and keywords "diabetic 

neuropathy", "diabetic neuropathies", "diabetic neuralgia", "exercise" and "physical 

activity" were combined linked with the Boolean operators (AND, OR) to the search 

strategy. The search strategy is shown in Appendix A. 

Study selection 

The included studies met the following criteria: (1) patients diagnosed with DN in the 

lower limbs; (2) exercise-based interventions, defined as any physical activity (e.g. 

aerobic, strengthening, sensorimotor, or its combination) targeted to achieve specific 

therapeutic goals; (3) comparison based on usual care, non-exercise conservative 

interventions, or no interventions; (4) outcomes consisted of neuropathic symptoms, 

signs, psychosocial aspects (anxiety, depression), and/or physical function as dependent 

variables; (5) randomized controlled trials (RCTs); (6) English or Spanish language. 

The exclusion criteria were: (1) no DN specific diagnostic; (2) inclusion of patients with 

ulcers in the lower limbs; (3) exercise interventions combined with other treatment 

modalities such as specific educational programs, whole-body vibration, electrotherapy, 
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manual therapy, or invasive therapies; (4) pharmacological or surgical treatment as a 

primary intervention. 

Data extraction 

Two reviewers independently (IH and SJ) assessed title and abstract to select potentially 

relevant studies. The studies were considered potentially relevant if both reviewers 

selected them. Disagreements were resolved by a third reviewer (RM). Then, the same 

independent reviewers extracted the full manuscript of each abstract for detailed full-

text review, quality evidence analysis, and data extraction.  

The data extraction process was performed following the standardize process adapted 

from the Cochrane Collaboration including: 1) characteristics of the study population; 

2) characteristics of the interventions; 3) outcome measures; 4) results; and 5) follow-up 

periods. Both reviewers compared the information and the third reviewer resolved any 

possible discrepancy. 

Quality assessment 

The PEDro scale was applied to assess the methodological quality of each study. The 

PEDro scale is an 11-item scale based on the Delphi list (Verhagen et al, 1998). The 

first item is related to external validity and was not taken into account for the total score 

(10 points). Each item is scored with yes or no, and a point is added for each affirmative 

answer. The PEDro scale has been validated to assess the methodological quality of 

clinical trials, with moderate inter-rater reliability (Maher et al, 2003; de Morton, 2009). 

A score <6 was considered low methodological quality (Hahne, Ford, and McMeeken, 

2010; Umehara and Tanaka, 2018). Methodological quality of the studies was assessed 

by the same independent reviewers and discrepancies were resolved by a third reviewer. 
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Evidence quality of each meta-analysis was assessed by two investigators using the 

Grading of Recommendations Assessment, Development and Evaluation (GRADE) 

approach. The GRADE evidence profiles and tables were made using the GRADE pro 

software, based on the data obtained in the meta-analyses and the PEDro scale scores. 

The overall classification categorizes the evidence into 4 levels: high, moderate, low, or 

very low. The evidence quality was downgraded based on the presence of risk of bias, 

inconsistency of results, indirectness of evidence, and imprecision (Cohen, 1988; The 

Cochrane Colaboration, 2019; Xie and Machado, 2021). The criteria established for the 

downgrading of evidence in each domain are detailed in Table 1.  

Data analysis and synthesis 

A qualitative synthesis of results was carried out according to the proposed objectives. 

Four different meta-analyses were performed for the outcomes of signs, symptoms, 

physical function, and psychosocial aspects (anxiety and depression). Short-term 

assessment mean, standard deviation (SD), and sample size from each group were 

extracted. The between-groups mean differences (MD) and SDs were used. 

Data were pooled for meta-analysis using a minimum of two trials assessed as clinically 

homogeneous. A statistical significance value of p<0.05 was determined. The 95% 

confidence interval (95% CI) of standardized mean difference (SMD) were presented in 

the forest plots. Trials were considered homogeneous if there was a common 

intervention and outcome measures. Moderate to high heterogeneity were considered if 

the I
2 

value exceeded 50%. The scores were transformed according to Cochrane 

recommendations when the studies used two or more different measurement tools for 

the same outcome (The Cochrane Colaboration, 2019). All meta-analyses were 

conducted using RevMan 5.4 software.  
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To test each study’s influence, we visually examined the forest plot and performed an 

exclusion sensitivity analysis. Funnel plots asymmetry to assess publication bias in the 

meta-analyses was not conducted in this study because the meta-analysis did not meet 

the rule of at least 10 trials included. 

RESULTS 

Characteristics of the eligible studies 

The search yielded 2621 records. Eleven RTCs (n= 517 participants) were eligible for 

inclusion in the qualitative and quantitative synthesis. The description of the selection 

process is shown in the PRISMA flowchart diagram (Figure 1).  

[Insert Figure 1] 

The included studies were published from 2014 to 2022. The mean ages of the 

participants ranged from 52 to 72 years, 50.1% were women and 49.9% men. The 

sample size was different in the included studies, only 1 RCT recruited more than 100 

participants (Venkataraman et al, 2019), 3 RCTs selected more than 50 participants 

(Monteiro et al, 2022; Sartor et al, 2014; Toth, Brady, Gagnon, and Wigglesworth, 

2014), and 4 RCTs recruited less than 30 participants (Abdelbasset et al, 2020; 

Cruvinel-Júnior et al, 2022; Gholami, Khaki, Mirzaei, and Howatson, 2021; Parsa, 

Attarzadeh Hosseini, Bije, and Hamedi Nia, 2018; Perrin et al, 2021).  

Exercise therapy interventions lasted from 8 to 24 weeks. The average training 

frequency was 2.5 weekly sessions, with a minimum of 1 (Venkataraman et al, 2019) 

and a maximum of 5 sessions (Parsa, Attarzadeh Hosseini, Bije, and Hamedi Nia, 

2018). The duration of each session ranged from 15 to 90 minutes. Most of the studies 

used combined exercise types (Monteiro et al, 2022; Parsa, Attarzadeh Hosseini, Bije, 
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and Hamedi Nia, 2018; Perrin et al, 2021; Sartor et al, 2014; Toth, Brady, Gagnon, and 

Wigglesworth, 2014; Venkataraman et al, 2019; Vrátná et al, 2022); aerobic exercise 

and strengthening were combined in 3 studies (Parsa, Attarzadeh Hosseini, Bije, and 

Hamedi Nia, 2018; Perrin et al, 2021; Venkataraman et al, 2019), balance training was 

also used in mixed exercise interventions (Monteiro et al, 2022; Sartor et al, 2014; 

Venkataraman et al, 2019; Vrátná et al, 2022). Other studies applied proprioceptive 

(Abdelbasset et al, 2020), resistance (Gholami, Khaki, Mirzaei, and Howatson, 2021), 

or aerobic training (Gholami, Nazari, and Alimi, 2020) in isolation. Eight studies 

compared exercise therapy with no intervention (Abdelbasset et al, 2020; Gholami, 

Khaki, Mirzaei, and Howatson, 2021; Gholami, Nazari, and Alimi, 2020; Monteiro et 

al, 2022; Parsa, Attarzadeh Hosseini, Bije, and Hamedi Nia, 2018; Sartor et al, 2014; 

Venkataraman et al, 2019; Vrátná et al, 2022), and 2 studies compared exercise with an 

educational intervention (Perrin et al, 2021; Toth, Brady, Gagnon, and Wigglesworth, 

2014). Sociodemographic, clinical, and intervention characteristics of each study are 

shown in Table 2. 

[Insert Table 2] 

DN symptoms were assessed in 5 studies using the self-reported section of the Michigan 

Neuropathy Screening Instrument (MNSI) (Gholami, Khaki, Mirzaei, and Howatson, 

2021; Monteiro et al, 2022; Parsa, Attarzadeh Hosseini, Bije, and Hamedi Nia, 2018; 

Perrin et al, 2021; Sartor et al, 2014). Signs of DN were assessed in 5 studies; 3 studies 

used the physical examination section of the MNSI (Parsa, Attarzadeh Hosseini, Bije, 

and Hamedi Nia, 2018; Perrin et al, 2021; Sartor et al, 2014) and 2 studies used the 

Michigan Diabetic Neuropathy Score (MDNS) (Gholami, Khaki, Mirzaei, and 

Howatson, 2021; Gholami, Nazari, and Alimi, 2020). Psychosocial aspects were 

assessed in two studies; anxiety was assessed using the Beck Anxiety Inventory 
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(Abdelbasset et al, 2020) and the anxiety subscale of the Hospital Anxiety and 

Depression Scale (Toth, Brady, Gagnon, and Wigglesworth, 2014), and depression was 

assessed using the Hamilton Depression Rating Scale (Abdelbasset et al, 2020) and the 

depression subscale of the Hospital Anxiety and Depression Scale (Toth, Brady, 

Gagnon, and Wigglesworth, 2014). The 6-Minute Walk (Abdelbasset et al, 2020), 30-

Second Chair Stand (Perrin et al, 2021; Vrátná et al, 2022), 5 Times Sit-to-Stand and 

Timed Up and Go tests (Venkataraman et al, 2019) were used to assess physical 

function. Outcome measures were recorded at baseline and post-intervention (short-term 

effect) in all studies. Only Monteiro et al. (2022), Cruvinel-Júnior et al. (2022), and 

Venkataraman et al. (2019) performed follow-up at 4, 9 and 12 months, respectively. 

Heterogeneity in the outcome measures prevented a quantitative analysis in the medium 

to long term. 

Quality of evidence 

According to PEDro scale, 9 studies presented high methodological quality 

(Abdelbasset et al, 2020; Cruvinel-Júnior et al, 2022; Gholami, Khaki, Mirzaei, and 

Howatson, 2021; Gholami, Nazari, and Alimi, 2020; Perrin et al, 2021; Sartor et al, 

2014; Toth, Brady, Gagnon, and Wigglesworth, 2014; Venkataraman et al, 2019) and 2 

studies showed low methodological quality (Parsa, Attarzadeh Hosseini, Bije, and 

Hamedi Nia, 2018; Vrátná et al, 2022). All studies provided central and dispersion 

values, and between-group comparisons for the main outcomes. Conversely, no study 

performed blinding of therapists or participants. The PEDro scores of each study are 

shown in Table 3. 

[Insert Table 3] 

Synthesis of results 
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Effects on neuropathic symptoms 

Six RCTs (n= 231) assessed the effects of exercise therapy compared to control on 

neuropathic symptoms (Cruvinel-Júnior et al, 2022; Gholami, Khaki, Mirzaei, and 

Howatson, 2021; Monteiro et al, 2022; Parsa, Attarzadeh Hosseini, Bije, and Hamedi 

Nia, 2018; Perrin et al, 2021; Sartor et al, 2014). Statistically significant differences 

were observed in favor of exercise therapy (MD= -1.05; 95%CI= -1.90 to -0.2; I
2
: 72%) 

(Figure 2A). 

Effects on neuropathic signs 

Five RCTs (n= 154) examined the effects on DN signs and were included in the analysis 

(Gholami, Khaki, Mirzaei, and Howatson, 2021; Gholami, Nazari, and Alimi, 2020; 

Parsa, Attarzadeh Hosseini, Bije, and Hamedi Nia, 2018; Perrin et al, 2021; Sartor et al, 

2014). Statistically significant differences were observed in favor of exercise therapy in 

the short term (SMD= -0.66; 95%CI= -1 to -0.32; I
2
: 43%) (Figure 2B). 

Effects on psychosocial aspects 

Two RCTs (n= 82) examined the effects of exercise therapy compared to control on 

psychosocial aspects (Abdelbasset et al, 2020; Toth, Brady, Gagnon, and Wigglesworth, 

2014). No statistically significant differences were found in the anxiety level (SMD= -

0.26; 95%CI= -1.31 to 0.8; I
2
: 80%), the depression level (SMD= -0.52; 95%IC= -1.29 

to 0.25; I
2
: 62%), or the pooled analysis (SMD= -0.37; 95%CI= -0.92 to 0.18; I

2
: 66%) 

in the short term (Figure 2C). 

Effects on physical function 

Four RCTs (n= 225) assessed the effects of exercise therapy compared to control on 

physical function (Abdelbasset et al, 2020; Perrin et al, 2021; Venkataraman et al, 2019; 
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Vrátná et al, 2022). There were statistically significant differences in favor of exercise 

therapy in the short term (SMD= -0.45; 95%CI= -0.66 to -0.24; I
2
: 37%) (Figure 2D). 

The overall quality of evidence according to GRADE was rated as very low for all the 

outcomes (Table 4). 

[Insert Figure 2] 

[Insert Table 4] 

DISCUSSION 

The present systematic review and meta-analysis found that the application of exercise 

therapy is superior to usual care or non-exercise educational interventions on 

neuropathic symptoms, signs, and physical function in patients with DN in the short-

term, but the overall quality of evidence was very low. 

The main reasons for the downgrade of evidence quality according to the GRADE 

approach were the absence of therapists or participants blinding, heterogeneity in 

measurement methods and interventions, and small sample sizes. Regarding PEDro 

scale scores, common methodological flaws were lack of allocation concealment and 

blinding. Thus, the absence of blinding among therapists and participants resulted in a 

decrease of the internal study quality and the overall quality of evidence. It should be 

noted that blinding of therapists may not be practicable in non-pharmacological 

interventions, but the incorporation of a sham exercise group or blinded assessors could 

be used to reduce the risk of bias.  

The meta-analyses of neuropathic symptoms and signs showed moderate statistically 

significant improvements in favor of exercise therapy. Parsa et al. (2018) and Perrin et 

al. (2021) proposed a combined intervention of aerobic exercise and strengthening. 
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Only Parsa et al. (2018) achieved statistically significant benefits, probably due to a 

longer intervention (16 weeks vs. 8 weeks). The primary exercise intervention lasted for 

12 weeks, with a frequency of 3 sessions per week. From a clinical perspective, these 

parameters appear to be the most consistent for improving neuropathic signs and 

symptoms in DN patients, and longer interventions may also be effective. However, 

further high quality studies are needed to confirm these hypotheses. The type of exercise 

were different in the studies: aerobic (Gholami, Nazari, and Alimi, 2020) or resistance 

exercises (Gholami, Khaki, Mirzaei, and Howatson, 2021); global (Gholami, Khaki, 

Mirzaei, and Howatson, 2021; Gholami, Nazari, and Alimi, 2020) or foot and ankle-

targeted exercises (Cruvinel-Júnior et al, 2022; Monteiro et al, 2022; Sartor et al, 2014); 

and isolated (Gholami, Khaki, Mirzaei, and Howatson, 2021; Gholami, Nazari, and 

Alimi, 2020) or combined exercises (Monteiro et al, 2022; Sartor et al, 2014). Thus, the 

heterogeneous interventions in the studies could condition the results. The RTCs 

included in the meta-analyses used the MNSI self-report questionnaire was used to 

assess pain, sensitivity, and perceived weakness as neuropathic symptoms, while 

physical examination tools (MNSI and MDNS) were used to assess the main signs of 

DN. Other meta-analyses showed improvements on total MNSI scores (Tatikola et al, 

2022) and nerve conduction velocity (Streckmann et al, 2022) in patients with different 

neuropathies. However, we found no meta-analysis independently assessing symptoms 

and signs of DN after the exercise therapy intervention. 

The meta-analysis of physical function showed differences in favor of exercise therapy. 

Although the intervention length varied slightly (8 to 12 weeks) in the studies included, 

the frequency of sessions ranged from 1 to 4 sessions per week and there was greater 

variability in the forms of exercise application. Regarding the type of exercise, the 

studies applied proprioceptive training in isolation (Abdelbasset et al, 2020) or 
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combined exercise programs with different components such as strengthening, aerobic, 

ankle mobility, stretching, proprioceptive, and/or balance (Perrin et al, 2021; 

Venkataraman et al, 2019; Vrátná et al, 2022). Different tools were used to assess 

physical function among studies, but all of them measured the ability to walk and/or sit-

to-stand. The quality of evidence probably has been reduced by the heterogeneity of the 

intervention and measurement methods.  

Therapeutic exercise appears to have a positive impact on patients with DN by reducing 

pro-inflammatory levels and promoting cardiovascular and neuromuscular adaptations 

leading to potential improvements in physical function, signs, and symptoms (Chapman 

et al, 2017; Cobianchi, Arbat-Plana, López-Álvarez, and Navarro, 2017; Thakur et al, 

2022), consequently resulting in a positive impact on activities of daily living. 

Additionally, as previous studies have reported, patients with DN often lead an inactive 

lifestyle due to pain and impaired physical function (Correia et al, 2021; McCarthy, 

Davey, Wackers, and Chyun, 2014). The improvements shown after the intervention 

based on exercise therapy could be a relevant factor to avoid sedentary behavior. 

Only two studies were included in the meta-analysis of psychosocial aspects 

(Abdelbasset et al, 2020; Toth, Brady, Gagnon, and Wigglesworth, 2014). Abdelbasset 

et al. (2020) found statistically significant improvements after the application of an 

intervention based on proprioceptive on the lower limbs. Toth et al. (2014) found no 

difference after the intervention consisted of aerobic exercise and stretching. Thus, 

exercise therapy applied in isolation could not be enough to achieve an impact in 

psychosocial status, but there was limited evidence that generates low certainty. Since 

Diabetes Mellitus is a chronic condition that usually courses with anxiety and 

depression (Abuhegazy et al, 2022; Mersha, Tollosa, Bagade, and Eftekhari, 2022), the 
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implementation of educational interventions could be beneficial for psychosocial status 

of patients with DN. 

From a clinical perspective, these results suggested with very low certainty that exercise 

therapy may be useful for improving neuropathic symptoms, signs, and physical 

function in patients with DN in the short term. The addition of other treatment 

modalities may be required to achieve improvements in psychosocial well-being. Mixed 

exercise interventions are the most commonly proposed, but the most beneficial 

components are unknown. No medium or long-term effects were reported due to the 

lack of follow-up in the eligible studies. Therefore, the exhaustive literature search, the 

methodological consistency, and rigorous data extraction and analysis were considered 

the main strengths. Some important limitations were the inadequate or unspecific 

description of the interventions, the heterogeneity in measurement methods and 

interventions, the small sample sizes, and the small number of studies included in the 

meta-analyses. Finally, medium- (Venkataraman et al, 2019) or long-term (Monteiro et 

al, 2022) outcomes were provided by two studies but different outcome measures were 

assessed, which prevented us from conducting a quantitative analysis. 

Future studies should provide a more specific and standardized description of exercise 

interventions for better applicability. In addition, medium- and long-term effects of 

exercise therapy should be investigated using homogeneous, valid and reliable 

measurement tools, such as the MNSI. 

CONCLUSION 

The results of this systematic review and meta-analysis found very low quality of 

evidence suggesting that exercise therapy provide short-term benefits in neuropathic 

symptoms, signs, and physical function in patients with DN, but no effects were found 
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in psychosocial aspects. Exercise interventions lasting for around 12 weeks, with 3 

sessions per week, based on mixed exercise programs, have been commonly proposed 

for these patients. However, additional research is necessary to determine the optimal 

training protocol, as well as to determine the medium- and long term effects of exercise 

therapy in patients with DN. 
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Table 1. Criteria for downgrading the quality of evidence in each domain according to the 

GRADE approach (The Cochrane Colaboration, 2019). 

Domains of evidence 

quality 

Downgrading of evidence quality 

One level Two levels 

Risk of bias >25% of participants from studies 

with low methodological quality, lack 

of randomization or allocation 

concealment, no sample size 

estimation, or no participants or 

assessors blinding. 

>50% of participants from studies with 

low methodological quality, lack of 

randomization or allocation 

concealment, no sample size 

estimation, or no participants or 

assessors blinding. 

Inconsistency of 

results 

Significant heterogeneity in outcome measurement or intervention 

I
2
 value ≥50% I

2
 value ≥75% 

Indirectness of 

evidence 

Strict selection criteria established to circumvent indirectness evidence domain 

reassessment. 

Imprecision 95%CI of an SMD >0.2 points 95%CI of an SMD >0.5 points 

Sample sizes <50 individuals Sample sizes <30 individuals 

95%CI of the risk ratio crossing the 

null value  

 

95% IC: 95% confidence interval; SMD: standardized mean difference. 
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Table 2. Characteristics of included studies. 

Author, year, country Group characteristics:  

N participants; age ± SD 

Type of diabetes Exercise group (dose, type) Control group Outcome (tool) PEDro 

score 

Cruvinel-Júnior et al, 2022 

Brazil 

EG: n= 15; 56.5±9.9 

CG: n= 15; 51.1±10.2 

90% DM type II 12 weeks, 3/week, 20-30 min/session 

Functional, stretching, and strengthening exercises of the 

extrinsic and intrinsic foot muscles 

Usual care Symptoms (MNSI) 8/10 

Vrátná et al, 2022 

Czech Republic 

EG: n= 16; 63.7±7.3 

CG: n= 16; 66.1±6.5 

DM type II 12 weeks, 3-4/week, 150 min/week 

Ankle mobility and strengthening, stretching, proprioception 

Usual care Physical function (30s-CST) 5/10 

Monteiro et al, 2022 

Brazil 

EG: n= 39; 61.5±11.7 

CG: n= 39; 60.1±8.9 

- 

 

12 weeks, 4/week 

Foot and ankle strengthening, gait and balance 

Usual care Symptoms (MNSI) 7/10 

Perrin et al, 2021 

Australia 

EG: n= 10; 70.1±12.9 

CG: n= 12; 72.2±7.1 

95,8% DM type II 8 weeks, 3/week, 60 min/session 

Aerobic (50% - 70% HR reserve), strengthening (RPE 7-8/10) 

Educational 

intervention 

Signs and symptoms (MNSI) 

Physical function (30s-CST) 

6/10 

Gholami et al, 2021 

Iran 

EG: n= 15; 63±3 

CG: n= 14; 64±3 

DM type II 12 weeks, 3/week, 90 min/session 

Resistance (50-60% RM) 

Usual care Symptoms (MNSI) Signs 

(MDNS) 

7/10 

Abdelbasset et al, 2020 

Saudi Arabia 

EG: n= 14; 53.4±5.3 

CG: n= 14; 52.8±5.7 

DM type II 

 

8 weeks, 3/week, 45 min/session 

Proprioceptive training focused on the lower limbs 

Usual care Anxiety (BAI) 

Depression (HDRS) 

Physical function (6MWT) 

7/10 

Gholami et al, 2020 

Iran 

EG: n= 16; 53.4±9.1 

CG: n= 15; 52.2±8.5 

DM type II 12 weeks, 3/week, 30-45 min/session 

Aerobic (50%-70% HR reserve) 

Usual care Signs (MDNS) 6/10 

Venkataraman et al, 2019 

Singapore 

EG: n= 70; 62 

CG: n= 73; 62 

DM type II 8 weeks, 1/week 

Strengthening, ankle mobility, aerobic, balance 

Usual care Function (TUG, 5STS) 6/10 
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Parsa et al, 2018 

Iran 

EG: n= 10; 56.4±4.1 

CG: n= 7; 58.7±3.9 

DM type II 

 

16 weeks, 3/week 

Strengthening, aerobic (50-75% HR reserve) 

Usual care Signs and symptoms (MNSI) 

 

3/10 

Sartor et al, 2014 

Brazil 

EG: n= 26; 59±4 

CG: n= 29; 60±12 

94.5% DM type II 

 

12 weeks, 2/week, 40-60 min/session  

Ankle mobility and strengthening, balance and gait 

Usual care  Signs and symptoms (MNSI) 8/10 

Toth, 2014 

Canada 

EG: n= 28; 54.8±6.7 

CG: n= 26; 55.4±7 

- 24 weeks, 3-5/week. 15-60 min/session  

Stretching, aerobic (40-60% HR reserve) 

Educational 

intervention 

Anxiety (HADS-A) 

Depression (HADS-D) 

8/10 

SD: standard deviation; EG: exercise group; GC: control group; DM: diabetes mellitus; HR: heart rate; RPE: Rating of Perceived Exertion; MNSI: Michigan Neuropathy Screening Instrument, 30s-CST: 30-second 

Chair Stand Test; MDNS: Michigan Diabetic Neuropathy Score; 6MWT: 6-Minute Walk Test; BAI: Beck Anxiety Inventory; HDRS: Hamilton Depression Rating Scale; TUG: Timed Up and Go test; 5STS: 5 Times 

Sit-to-Stand test; HADS-A: Hospital Anxiety and Depression Scale – Anxiety Subscale; HADS-D: Hospital Anxiety and Depression Scale – Depression Subscale. 
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Table 3. PEDro scale scores. 

Reference Items Total score 

1 2 3 4 5 6 7 8 9 10 11 

Cruvinel-Júnior et al, 2022 Y Y Y Y N N Y Y Y Y Y 8/10 

Vrátná et al, 2022 Y Y N Y N N N Y N Y Y 5/10 

Monteiro et al, 2022 Y Y Y Y N N Y N Y Y Y 7/10 

Perrin et al, 2021 Y Y Y N N N Y Y N Y Y 6/10 

Gholami et al, 2021 Y Y Y Y N N Y Y N Y Y 7/10 

Abdelbasset et al, 2020 Y Y N Y N N Y Y Y Y Y 7/10 

Gholami et al, 2020 Y Y N Y N N Y Y N Y Y 6/10 

Venkataraman et al, 2019 Y Y N Y N N N Y Y Y Y 6/10 

Parsa et al, 2018 Y Y N Y N N N N N Y Y 4/10 

Sartor et al, 2014 Y Y Y Y N N Y Y Y Y Y 8/10 

Toth et al, 2014 Y Y Y Y N N Y Y Y Y Y 8/10 

Out of ten; Y = criterion satisfied and N = criterion not satisfied. 1. Specified eligibility criteria. Not calculated in overall score. 2. Subjects randomly allocated to groups. 3. 

Concealed allocation. 4. Similar groups at baseline. 5. Blinding of subjects. 6. Blinding of therapists. 7. Blinding of assessors. 8. Measures of key outcomes obtained from 

more than 85% of those initially allocated to groups. 9. All subjects received the treatment or control condition as allocated or intent-to-treat analysis was performed. 10. 

Statistical comparisons reported for at least one key outcome. 11. Central and variability measures reported. 
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Table 4. GRADE assessment of exercise therapy vs. control. 

Certainty assessment № of patients Effect 

Certainty Importance 

№ of 

studies 
Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations [Exercise therapy] [Control] 

Relative 

(95% CI) 

Absolute 

(95% CI) 

Neuropathic symptoms (assessed with: Michigan Neuropathy Screening Instrument) 

6 randomised 

trials 

seriousa seriousd not serious very seriousf,h none 115 116 - MD 1.05 SD 

lower 

(1.90 lower to 

0.20 lower) 

⨁◯◯◯ 

Very low 

CRITICAL 

Signs (assessed with: Michigan Neuropathy Screening Instrument, Michigan Diabetic Neuropathy Score) 

5 randomised 

trials 

seriousa seriouse not serious very seriousg,h none 77 77 - SMD 0.66 SD 

lower 

(1 lower to 0.32 

lower) 

⨁◯◯◯ 

Very low 

CRITICAL 

Anxiety (assessed with: Beck Anxiety Inventory, Hospital Anxiety and Depression Scale-Anxiety) 
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Certainty assessment № of patients Effect 

Certainty Importance 

№ of 

studies 
Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations [Exercise therapy] [Control] 

Relative 

(95% CI) 

Absolute 

(95% CI) 

2 randomised 

trials 

very seriousa very seriousc,e not serious very seriousf,h none 42 40 - SMD 0.26 SD 

lower 

(1.31 lower to 

0.8 higher) 

⨁◯◯◯ 

Very low 

IMPORTANT 

Depression (assessed with: Hamilton Depression Rating Scale, Hospital Anxiety Depression Scale-Depression) 

2 randomised 

trials 

very seriousa,b very seriousd,e not serious very seriousf,h none 42 40 - SMD 0.52 SD 

lower 

(1.29 lower to 

0.25 higher) 

⨁◯◯◯ 

Very low 

IMPORTANT 

Physical function (assessed with: 6-Minute Walk, 30-Second Chair Stand, 5 Times Sit-to-Stand, Timed Up and Go) 

4 randomised 

trials 

very seriousa seriouse not serious seriousg none 110 115 - SMD 0.45 SD 

lower 

(0.66 lower to 

0.24 lower) 

⨁◯◯◯ 

Very low 

IMPORTANT 

CI: confidence interval; MD: mean difference; SMD: standardized mean difference; SD: standard deviation; a: more than 50% of participants were from studies without blinding of participants or assessors; b: more 

than 50% of participants were from studies with lack of allocation concealment; c: heterogeneity among results of studies (I2 ≥75%); d: heterogeneity among results of studies (I2 ≥50%); e: heterogeneity among 

measurement methods and interventions; f: 95% CI of SMD >0.5; g: 95% CI of SMD >0.2; h: sample sizes <50 individuals.
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Figure 1. Flow diagram. 
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(D) 

Figure 2. (A) Forest plot of neuropathic symptoms for exercise therapy versus control in the 

short term. (B) Forest plot of neuropathic signs for exercise therapy versus control in the short 

term. (C)  Forest plot of anxiety, depression and pooled analysis (psychosocial aspects) for 

exercise therapy versus control in the short term. (D) Forest plot of physical function for 

exercise therapy versus control in the short term. 

 

 

 

 

 

 

 



32 

 

Appendix A. Search strategy. 

PubMed #1 ("diabetic neuropathies"[MeSH Terms] OR ("diabetic"[All Fields] AND 

"neuropathies"[All Fields]) OR "diabetic neuropathies"[All Fields] OR 

("diabetic"[All Fields] AND "neuropathy"[All Fields]) OR "diabetic 

neuropathy"[All Fields] OR ("diabetic neuropathies"[MeSH Terms] OR 

("diabetic"[All Fields] AND "neuropathies"[All Fields]) OR "diabetic 

neuropathies"[All Fields]) OR ("diabetic neuropathies"[MeSH Terms] OR 

("diabetic"[All Fields] AND "neuropathies"[All Fields]) OR "diabetic 

neuropathies"[All Fields] OR ("diabetic"[All Fields] AND "neuralgia"[All 

Fields]) OR "diabetic neuralgia"[All Fields])) AND ("exercise"[MeSH Terms] 

OR "exercise"[All Fields] OR "exercises"[All Fields] OR "exercise 

therapy"[MeSH Terms] OR ("exercise"[All Fields] AND "therapy"[All 

Fields]) OR "exercise therapy"[All Fields] OR "exercise s"[All Fields] OR 

"exercised"[All Fields] OR "exerciser"[All Fields] OR "exercisers"[All 

Fields] OR "exercising"[All Fields] OR ("exercise"[MeSH Terms] OR 

"exercise"[All Fields] OR ("physical"[All Fields] AND "activity"[All Fields]) 

OR "physical activity"[All Fields])) 

Filter: Clinical trial 

 

Cochrane #1 

#2 

#3 

#4 

(diabetic neuropathies AND exercise) in Title, Abstract, Keywords in Trials 

(diabetic neuropathy AND exercise) in Title, Abstract, Keywords in Trials 

(diabetic neuralgia AND exercise) in Title, Abstract, Keywords in Trials 

#1 OR #2 OR #3 

   

PEDro #1 

#2 

“diabetic neuropathy” AND “exercise”  

“diabetic neuropathy” AND “physical activity” 
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Web of 

Science 

#1 (diabetic neuropathy OR diabetic neuropathies OR diabetic neuralgia) AND 

(exercise) (Topic) 

 

 


