
Journal of Health and Allied Sciences NU • Article in Press • 1

Journa{ of J-fea{tfi ancf .'A.{Ciecf Sciences.mi

Published by 

IC')) ScientificScholar® 

� Knowledge is power 

Online ISSN :  2582-4287

Official Publication of Nitte University Mangalore India

https://jhas-nu.in/

Journal of Health and Allied Sciences NU

is is an open-access article distributed under the terms of the Creative Commons Attribution-Non Commercial-Share Alike 4.0 License, which allows others to remix, transform, and build upon 
the work non-commercially, as long as the author is credited and the new creations are licensed under the identical terms. ©2026 Published by Scientific Scholar on behalf of Journal of Health and 
Allied Sciences NU

Original Article

Effect of Home-Based Exercise on Functional Performance and Risk 
of Fall in Diabetic Neuropathy Patients
Sarulatha Haridass1*, Ramesh Kumar Jeyaraman1, Prabhakar Kamarthy2, Prabhavathi Kanala3

1R. L. Jalappa College of Physiotherapy, Departments of 2Medicine, 3Biochemistry, Sri Devaraj Urs Academy of Higher Education and Research, Kolar, Karna-
taka, India

ABSTRACT
Objectives: Diabetic neuropathy (DN) significantly impairs mobility and increases fall risk. While supervised exercise benefits are well documented, 
home-based protocols aligned with international guidelines and targeting functional outcomes remain underexplored, particularly in rural settings.

Material and Methods: This study aimed to evaluate the effectiveness of a structured, evidence-based, home exercise protocol on functional perfor-
mance and fall risk in participants with diabetic peripheral neuropathy (DPN) living in rural India. A total of 56 participants with DPN (mean age 57.4 
± 12.6 years, mean Michigan diabetic neuropathy score (MDNS) 9.29) performed a 4-week structured home exercise program targeting lower extremity 
strength, balance, and gait. Functional performance was assessed using the short physical performance battery (SPPB) and fall risk using the dynamic 
gait index (DGI). Glycaemic parameters (Fasting blood sugar [FBS], postprandial blood sugar [PPBS], and glycated haemoglobin [HbA1C]) were also 
analysed.

Results: The data were analysed using Systat Sigma Plot software. A p ≤0.05 was considered statistically significant. Significant post-intervention im-
provements were observed in SPPB by 2.04 points and DGI by 3.37 points (p <0.001). These improvements were accompanied by significant reductions 
in FBS and PPBS - FBS: 167.98 ± 42.77 to 144.55 ± 30.46 mg/dL; PPBS: 253.30 ± 54.48 to 202.20 ± 37.97 mg/dL. Significant improvements were observed, 
particularly a shift from high-risk to moderate fall risk category. 

Conclusion: This prospective interventional study demonstrates that a structured, home-based exercise protocol can meaningfully improve functional 
performance and reduce fall risk in participants with DPN. Its feasibility and impact in a rural Indian cohort underscore its potential for scalable imple-
mentation in low-resource settings. 
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INTRODUCTION
Diabetes mellitus (DM) continues to pose a significant public 
health challenge worldwide. According to global estimates, 
the number of participants with diabetes is projected to reach 
578 million by 2030 and 700 million by 2045, marking an 
increase of ~25-51%.[1] The International Diabetes Federation 
reports that the South-East Asian region alone accounts for 88 
million people living with diabetes; notably, India contributes 
77 million cases as of 2019, ranking 2nd globally.[2]

A major complication associated with diabetes is diabetic 
peripheral neuropathy (DPN), a condition characterised by 
progressive nerve damage that affects up to 50% of diabetic 

individuals over time.[3] Its development is associated with 
factors such as the duration of diabetes, poor glycaemic 
control, hypertension, cardiovascular disease, and 
depression.[4] DPN often leads to sensory loss, pain, and 
motor dysfunction, primarily in the lower extremities. These 
impairments contribute to balance deficits and alter gait, 
significantly increasing the risk of falls.

Epidemiological studies have reported that the prevalence 
of DPN varies widely across populations. For instance, a 
longitudinal study reported a DPN prevalence of 26.7%[4] 
while studies among individuals with type 1 diabetes have 
shown prevalence rates ranging from 8.2% in youth to up to 
58% in adults.[5] The prevalence is consistently higher in those 
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with type 2 diabetes, with values ranging from 26-51%.[6,7] 
Additionally, community-based research in India has shown 
DPN prevalence ranging from 25-41% in coastal Karnataka[8] 

and around 26% in urban South India.[9]

DPN not only reduces quality of life but also leads to serious 
complications such as foot ulcers and amputations.[10] One-
third of participants experience neuropathic pain, burning, 
tingling, and electric shock-like sensations, which may coexist 
with or without sensory deficits.[11] These symptoms, coupled 
with muscle weakness and diminished proprioception, impair 
daily activities and heighten fall risk.

Despite the growing burden of DPN in India, especially in 
rural populations, there is a relative scarcity of research 
addressing its functional consequences and the role of 
physiotherapeutic interventions. While pharmacological 
options offer limited relief, physical therapy has shown 
promise in improving strength, balance, and proprioception 
in participants with DPN.[12]

Given the chronic nature of DPN and the barriers many 
participants face in accessing in-person physiotherapy, 
especially in rural and resource-limited settings, home-based 
exercise interventions represent a practical and scalable 
alternative. Structured programmes aligned with evidence-
based guidelines from organisations such as the American 
Diabetes Association (ADA) and American College of 
Sports Medicine (ACSM) can offer functional benefits while 
reducing logistical burdens.

Although some prior studies have explored home-based 
programmes using educational booklets,[13,14] few have 
rigorously examined the impact of such interventions 
on validated functional outcomes like the short physical 
performance battery (SPPB) and dynamic gait index (DGI), 
particularly in the Indian context.

Therefore, the present study aimed to evaluate the effect of 
a structured, expert-validated, home-based therapeutic 
exercise program on balance, risk of falls, and functional 
performance in participants with diabetic neuropathy (DN) 
attending a rural hospital in India.

MATERIAL AND METHODS
Study design

This prospective interventional study was conducted to 
evaluate the effects of a structured home-based exercise 
program on balance, gait function, and fall risk in individuals 
with DPN. The study was approved by the Institutional Ethics 
Committee (Approval No: SDUAHER/KLR/CEC/170/2019-
20) and registered under the Clinical Trial Registry of India 
(CTRI/2021/01/030588). Written informed consent was 

obtained from all participants in English or Kannada, in 
adherence with ethical standards.

Participant recruitment

Participants were recruited using a convenience sampling 
method from a tertiary care hospital. A total of 154 participants 
with DM were screened. Of these, 56 participants with DPN 
were recruited based on the following criteria: age between 
40 and 70 years, confirmed type 2 diabetes, and a clinical 
diagnosis of DPN established by a consulting physician, among 
which 4 participants dropped out at the end of 1st week and 
hence 56 participants only completed the study. Subsequently, 
participants were further included if they presented with 
a Michigan diabetic neuropathy score (MDNS) ≥7, which 
indicated significant neuropathic symptoms among the study 
population, and possessed the ability to stand and walk (with 
or without assistance). Participants were excluded if they had 
cognitive impairment, severe neurological or musculoskeletal 
conditions, vision loss, postural hypotension, foot ulcers or 
amputations, peripheral vascular disease, or if they had 
received rehabilitation treatment within the past 6 months.

Sample size estimation

The sample size was calculated using power analysis with a 
type I error of 0.05 and 80% power. Based on an expected 
mean difference of 0.85 and SD of 2.65 for the primary 
outcome measure SPPB, a clinically meaningful difference of 
1 point was anticipated. The required sample size was 58, and 
it was rounded to 60 to accommodate a 10% dropout rate.

Outcome measures

Demographic data, diabetes duration, comorbidities (e.g., 
hypertension, cardiopulmonary diseases, arthritis), and BMI 
were collected. Primary outcomes included balance, gait, and 
fall risk assessed using the SPPB and the DGI. Secondary 
outcomes included fasting blood sugar (FBS), postprandial 
blood sugar (PPBS), and glycated haemoglobin (HbA1C). 
FBS and PPBS were measured at baseline and after 4 weeks, 
while HbA1C was assessed at baseline and 3 months post-
intervention.

Intervention protocol

A structured home-based exercise module was developed 
based on recommendations from the ACSM and ADA.[12] 
The protocol included exercises targeting lower limb 
strength, flexibility, coordination, and balance [Table 1] and 
was validated by a panel of physiotherapy and diabetic care 
experts.
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Each exercise session lasted 30-45 min. The program was 
implemented for 4 weeks (12 sessions per participant). 
Frequency, sets, and repetitions were increased after the 
initial 2 weeks as tolerated.

Participants received 1 week of supervised bedside instruction 
followed by 3 weeks of independent home-based exercise. 
Each participant was provided with an illustrated booklet 
and guided to perform exercises safely. Telephone follow-
up was conducted weekly to monitor adherence and address 
concerns. Participants were advised to monitor their blood 
glucose levels before and after exercising and were instructed 
to stop in case of breathlessness, cramps, dizziness, or changes 
in foot coloration. Four participants dropped out in the first 
week due to health or logistical reasons.

RESULTS
The baseline characteristics of the study participants are 
as follows. The mean age was 57 years, with an average 
diabetes duration of approximately 5 years. Of the total 56 
participants, 32 were female (57%), while 24 were male (43%). 
The mean MDNS score was 9.29 ± 2.01, indicating significant 
neuropathic symptoms among the study population. The 
mean age of the individuals was 57.43 ± 12.63 years, the 
average height recorded was 158.9 ± 4.30 cm, and the mean 
weight was observed to be 69.67 ± 5.86 kg.

The statistical analysis was performed using Systat Sigma Plot 
software. Prior to selecting statistical tests, the normality of 
data distribution for each outcome measure was assessed 
using the Shapiro-Wilk test. For variables where the 
assumption of normality for the differences between pre- and 
post-intervention measurements was met, paired t-tests were 

employed for FBS, PPBS, and HbA1C levels. For outcomes 
that did not meet the normality assumption, such as the SPPB 
and DGI, Wilcoxon signed-rank tests were utilised for pre- 
and post-test comparisons. A p-value <0.05 was considered 
statistically significant. Descriptive statistics for mean ± SD 
are reported.

Glycaemic parameters

FBS significantly decreased from 167.98 ± 42.77 mg/dL to 
144.55 ± 30.46 mg/dL. PPBS reduced from 253.30 ± 54.48 
mg/dL to 202.20 ± 37.97 mg/dL. These changes suggest 
improved glucose regulation following the 4-week home 
exercise program.

Functional outcomes

The SPPB score increased by a mean of 2.04 points, surpassing 
the minimal clinically important difference (MCID) of 1 
point. Similarly, DGI improved by 3.37 points, exceeding the 
established MCID of 1.9 points and indicating improved gait 
stability and reduced fall risk. Participants progressed from 
a high-risk to a moderate fall risk category based on DGI 
scores.

These findings demonstrate both statistically significant and 
notable improvements in functional mobility and fall risk 
among individuals with DPN who participated in the home-
based exercise intervention.

DISCUSSION
DPN is a common and debilitating complication of 
diabetes, significantly impacting quality of life through 

Table 1: Evidence-based home exercise for DPN
Exercise 
type

Specific activity Intensity/Load Frequency Sets Repetitions/Duration/
Others

Aerobic Walking/Static cycling Moderate; 20-30 
minutes/session

4 times/week N/A Continuous, 20-30 
minutes

Mobility Sit-to-stand, wall squatting, and forward 
and side lunge exercises.

Body weight 
initially

3 times/week 1-3 sets (Weeks 
1-2), 3-5 sets 
(Weeks 3-4)

6-15 reps (Weeks 1-2), 
15-30 reps (Weeks 3-4)

Resistance Resisted lower limb exercises (e.g., cuff 
weights)

2 kg for each lower 
limb

3 times/week 1-3 sets (Weeks 
1-2), 3-5 sets 
(Weeks 3-4)

8-15 reps per joint 
action

Balance Forward and side reaching in normal 
stance, tandem standing, forward/side 
reaching in tandem stance, 
tandem walking for at least 10m. 
Standing and walking on a mattress at a 
comfortable pace for at least 10 minutes.

N/A 3 times/week 1-3 sets (Weeks 
1-2), 3-5 sets 
(Weeks 3-4)

15-30 seconds or 10-15 
minutes

DPN: Diabetic peripheral neuropathy, N/A: Not applicable.
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symptoms such as muscle weakness, pain, and reduced 
mobility.[15] Given the growing burden of DPN in India, 
particularly in rural populations where access to supervised 
physiotherapy is limited, our study's primary contribution is 
the development and evaluation of a structured, evidence-
based, home-based exercise program. This protocol, aligned 
with recommendations from the ADA and ACSM, was 
validated by experts and applied in a rural Indian cohort. 
The method is notably enhanced by the use of dual validated 
outcome measures, SPPB and DGI, to comprehensively assess 
functional changes and fall risk, distinguishing it from prior 
studies that often relied on generic educational booklets or 
single-domain outcomes.

Functional performance and fall risk improvement

The findings of the current study demonstrate statistically 
significant improvements in functional performance and a 
reduction in fall risk among participants with DPN following 
the 4-week home-based exercise intervention. The observed 
improvement on the SPPB surpassed the MCID of 1 point, 
signifying enhanced mobility and balance with potentially 
meaningful reductions in fall risk for daily life in participants 
with DPN. This reflects a tangible enhancement in tasks 
such as balance, gait speed, and chair stand ability, which 
are directly associated with peripheral nerve function in 
diabetic individuals. The marked increase in DGI scores 
exceeding its established MCID of 1.9 points indicates that 
these gains reflect substantial improvements in gait stability 
and transitions from high to moderate fall risk categories, 
which have practical implications for participant safety. These 
positive changes underscore the program's effectiveness 
in improving balance, gait stability, and overall functional 
mobility, key predictors of fall risk in participants with DPN.

Importantly, the average improvement in SPPB signifies that 
these gains are not just statistically significant but highly 
relevant for real-world function. For participants with 
DPN, crossing this threshold means a genuine reduction 
in fall risk and greater independence in everyday tasks. 
Similarly, changes in DGI parameters suggest that the 
intervention provides substantial benefit against falls, as 
participants shifted from high to moderate risk categories. 
These findings support the practical value of home-based 
exercise, particularly in rural and low-resource settings 
where access to supervised therapy is limited. The protocol’s 
success aligns with ADA and ACSM recommendations, 
facilitating integration into routine care. Prior interventions 
using booklets or focusing only on foot-ankle exercises 
were less effective in altering validated measures of balance 
and gait, highlighting the comprehensive advantage of this 
structured approach. Future research should further explore 

its durability over longer periods and directly compare its 
impact with standard supervised treatments.

Glycaemic control outcomes

Beyond functional gains, the home-based exercise protocol 
also yielded positive effects on glycaemic parameters. We 
observed significant reductions in both FBS from 167.98 to 
144.55 mg/dL and PPBS from 253.30 to 202.20 mg/dL. These 
improvements suggest enhanced glucose regulation, which is 
vital for managing diabetes and mitigating the progression 
of neuropathic complications. While the HbA1C assessment 
was conducted at 3 months post-intervention, the immediate 
changes in FBS and PPBS highlight the acute metabolic 
benefits of regular exercise. This finding is consistent with 
other studies that have reported improvements in glycaemic 
control after exercise interventions in diabetic populations.

Feasibility in resource-limited settings

This study showed the feasibility and impact of a structured, 
home-based exercise program in a rural Indian cohort. 
Given the chronic nature of DPN and the substantial barriers 
many participants face in accessing in-person physiotherapy, 
particularly in resource-limited environments, our home-
based model presents a practical and scalable alternative. 
Participants received initial supervised instruction for 1 
week, followed by 3 weeks of independent home exercise 
supported by an illustrated booklet and weekly telephonic 
follow-ups to monitor adherence. The low dropout rate of 
4 participants in the first week further supports the exercise 
programme's feasibility and acceptability. This participant-
centred approach empowered participants to actively manage 
their condition within their home environment, underscoring 
the potential for integrating such programmes into primary 
care pathways.

Comparison with existing literature

Our findings have been substantiated with existing literature 
on exercise interventions for DPN. Prior studies explored 
the feasibility of home-based programs using educational 
booklets for foot and ankle exercises in participants with 
DPN.[13,14] While a study reported preliminary improvements 
in DPN severity and foot-ankle kinematics,[14] another 
study using an 8-week home-based foot-ankle exercise 
program with an educational booklet could not significantly 
modify risk factors related to foot ulcers or show significant 
changes in foot muscle strength, dynamic balance, DPN 
symptoms, plantar pressure distribution, or lower extremity 
biomechanics during gait.[16] In contrast, our structured 
home-based protocol achieved significant functional 
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outcomes as measured by SPPB and DGI, directly addressing 
gait and balance deficits.

A randomised controlled trial on home-based hand and foot 
mobility exercises reported decreased neuropathic disability 
but failed to show any significance in functional outcomes on 
balance and lower limb function in participants with DPN.[17] 
The success of this exercise program in improving balance 
and lower limb function (demonstrated by SPPB and DGI 
scores), therefore, highlights the effectiveness of its specific 
structured components [Table 2]. A 12-week home-based 
aerobic and resistance exercise program produced significant 
improvements in glycaemic control, body composition, lipid 
profile, and quality of life in women with type 2 diabetes, but 
changes in these outcomes were not related to balance and 
walking performances.[18] Our study not only established 
significant reductions in the fasting and postprandial glucose 
levels (FBS: 167.98 ± 42.77 to 144.55 ± 30.46 mg/dL; PPBS: 
253.30 ± 54.48 to 202.20 ± 37.97 mg/dL) but also showed 
marked improvements in balance and gait, addressing both 
metabolic and functional aspects of DPN. This suggests a 
more comprehensive benefit of our program design.

Our findings are consistent with other research supporting the 
benefits of exercise for DPN. A study on supervised aerobic 
and resistance exercise showed improvements in neuropathic 
symptoms, nerve conduction velocity, and cutaneous 
functions.[19] Similarly, another study demonstrated that 
3-week Swiss ball-based static and dynamic balance exercises 
improved postural stability and balance among participants 
with DPN, supporting the inclusion of balance components 

in our protocol.[20] Low-intensity resistance and lower limb 
exercises have also been reported to improve balance, pain, 
and tingling, while reducing inflammation and improving 
physiological conditions in participants with DPN. Low-
intensity resistance and aerobic exercises improved lower limb 
muscle strength, DPN symptoms, and enhanced quality of life 
more effectively than moderate intensity recommendations, 
reinforcing the suitability of the low to moderate intensity 
adopted in our program [Table 1].[21] Furthermore, aerobic 
exercise has been shown to improve DPN symptoms and 
promote the re-growth of cutaneous fibres, potentially 
restoring peripheral nerve function.

Limitations
The primary limitation of this study is the absence of a 
control group, which limits causal inference. Additionally, the 
short 4-week duration and follow-up may not capture long-
term adherence or sustained effects. The lack of blinding of 
participants and outcome assessors may have introduced bias, 
and adherence data relied on self-report via telephone follow-
up, which may affect accuracy. The relatively small sample size 
also restricts generalisability. Future research should include 
longer follow-up, larger samples, and direct comparisons 
with supervised physiotherapy to assess effectiveness and 
cost-efficiency better.

CONCLUSION

In conclusion, this study significantly contributes to the 
growing body of literature by demonstrating that a low-
cost, structured, home-based exercise protocol can lead to 
functional improvements in balance and gait, key predictors 
of fall risk, alongside improved glycaemic control in 
participants with DPN. Designed in accordance with ADA 
and ACSM guidelines and tailored to the needs of a rural 
Indian population, the program proved to be both feasible 
and effective. This approach not only empowers participants 
to take an active role in managing their condition. It also 
underscores the potential of home-based programs as a 
scalable, cost-effective strategy in the continuum of diabetes 
care, particularly suitable for integration into primary care 
pathways in resource-limited environments.
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Table 2: Comparison of pre- and post-test measures of glucose 
levels, physical performance, and risk of falls in participants with 
DPN
Parameters Mean ± SD Value p value
FBS (mg/dL) Pre 167.98 ± 42.77 #t = 6.8 <0.001* 

Post 144.55 ± 30.46
PPBS (mg/dL) Pre 253.30 ± 54.48 #t = 10.56 <0.001* 

Post 202.20 ± 37.97
HbA1C (%) Pre 10.74 ± 2.39 #t = 7.816 <0.001* 

Post 8.67 ± 1.50
SPPB Pre 7.82 ± 1.54 Z = 6.024 <0.001* 

Post 9.86 ± 1.96
DGI Pre 10.88 ± 2.50 Z = 5.922 <0.001* 

Post 14.25 ± 2.91
#paired t test, Wilcoxon signed rank test; *p < 0.05 considered significant, n 
= 56. SD: Standard deviation, FBS: Fasting blood sugar, PPBS: Postprandial 
blood sugar, HbA1C: Glycated haemoglobin, SPPB: Short Physical 
Performance Battery, DGI: Dynamic Gait Index.
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