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Abstract 

Background: Diabetic nephropathy becomes a disease with a high mortality rate in this modern 
era of technology. Dialysis in diabetic patients affects kidney functioning is the most common 

treatment for end-stage renal failure but had different musculoskeletal complications due to 
bone mineral metabolisms like muscular cramping, atrophy and muscular weakness, restless leg 

syndrome and limb pain that lowers the quality of life and physical function. Objective: To 
evaluate the effects of low-impact strengthening exercises on limb pain, strength, glycemic 
control, hypertension and quality of life of patients with end-stage renal disease. Methods: The 

randomized controlled study was designed to check the effectiveness of low-impact 
strengthening exercises on patients involved in the treatment and control group. Using non-

probability purposive sampling, data was collected from different hospitals in Faisalabad by 
providing treatment for six consecutive weeks. Outcomes of measures were pain, strength, 
glucose level, blood pressure and quality of life which were estimated through the numeric pain 

rating scale, manual muscle testing, glucometer, sphygmomanometer and kidney disease quality 
of life questionnaire respectively. Results: Low-impact strengthening exercises in the treatment 

group showed improvement in muscle strength, blood pressure, glycemic level, pain and quality 
of life in diabetic patients with end-stage renal disease as compared to the control group. Mean 
values showed that there was a statistically significant difference in different variables between 

both groups. Conclusion: It was concluded that there is a statistically significant difference 
between both groups in the improvement of limb pain and limb muscle strength by low-impact 

strengthening exercises. These exercises have positive effects on diabetic patients with end-
stage renal disease in the treatment group as compared to the control group. 
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Introduction: 

 

Diabetes Mellitus due to metabolic 
derangements causes glomerular pathology of 
kidneys that can be treated by long-term 

hemodialysis and kidney transplants. Diabetes 
alters micro-vascular hemodynamics that 

causes diabetic kidney disease due to 
hypertension and aging-related nephron loss 
that can be treated by managing glucose level 

and blood pressure.1 Hyperglycemia induces 
changes in energy utilization and 

mitochondrial dysfunction causes metabolic 
alterations that can affect disease glucose 
control and reduce the risk of diabetic kidney 

disease.2 Kidney function can be measured 
properly by glomerular filtration rate (GFR) 

and other testing including urine samples, 
imaging studies, blood culture and biopsy.  
 

Age-related decline in GFR value is considered 
normal. In the United States, approximately 98 

percent of patients start dialysis by GFR falling 
below 15 mL per minute per 1.73 m2.3 The 
normal values of GFR are 120 to 130mL if the 

value is less than that of it, the patient can 
move to kidney failure.4 Diabetic nephropathy 

is classified as associated with proteinuria in 
diabetes and 20 to 30% of type 1 diabetic 
patients have micro-albuminemia with a mean 

duration of 15 years and less than half progress 
to macroalbunemia that can progress to end-

stage renal disease (ESRD) and prevalence 
estimated to renal failure lower in type-2 than 
in type-1.5  

 
Diabetes type-1 and type-2 have similar 

prevalence in male and female but diabetic 
mortality rate and kidney complications are 
more in women due to hormonal fluctuations, 

obesity and dyslipidemia.6 Stages described 
with GFR which is greater than 90, considered 

normal and less than 15 considered kidney 
failure.4 About 20-40% of patients 
provenances with chronic kidney disease have 

diabetes with risk factors of hyperglycemia, 

obesity, genetic locus and hypertension and 
kidney-diseased patient have the complication 

of urine albumin secretion or decrease in 
GFR.7 More than 50 % of dialysis patients 
facing musculoskeletal pain (diabetic patients 

are more prone to muscle wasting and 
accelerated lean body mass loss and prevalent 

patients 39% face muscle atrophy.8 Patients on 
dialysis with a metabolic syndrome like 
diabetes have a high prevalence of 69.3%.9 

Muscle wasting pathogenesis in hemodialysis 
patients, including ubiquitin-proteasome 

system, caspase-3, insulin/insulin-like growth 
factor-1 (IGF-1) signaling, endogenous 
glucocorticoids, metabolic acidosis, 

inflammation, and sex hormones.10 
Hemodialysis patients have muscle weakness 

and muscle atrophy that lessens physical 
performance.3  
 

Patients with ESRD have lower exercise 
capacity and physical activity as compared to 

healthy individuals so a proper exercise plan 
increases the level of physical activity and 
exercise capacity.11 Resistance exercise 

produces an anabolic effect on hemodialysis 
patients.12 Home-based exercise plan proves 

improvement in physical function in a stable 
dialysis patient.13 Resistance training affects 
glycemic control in diabetes patients.14 Large 

proportion of patients with diabetes even with 
normal micro albuminuria presented with 

kidney dysfunction.15 Elevated fructosamine 
serum level linked with kidney dysfunction in 
diabetes patients.16  

 
Exercises can improve the physical functioning 

in hemodialysis patients.17 Level of kidney 
failure in kidney disease patients assessed by 
estimated glomerular filtration rate (eGFR).18 

Diabetes leads to diabetic kidney disease and 
its initial treatments were controlling blood 

pressure, and glucose levels and inhibiting the 
renin-angiotensin system.19 Chronic 
musculoskeletal pain in kidney disease patients 

leads to affect the quality of life.20  
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In Pakistan, despite urbanization, the 
population in rural areas is >60% in all four 

provinces due to the hot climate, especially in 
males working in agricultural fields who have 
histological appearance of tubulointerstitial 

nephritis. Diabetes mellitus has increased 
ESRD to 51% of patients.21 Drinking 

contaminated water containing cadmium and 
arsenic has been recognized as nephropathic 
due to its oxidative stress. Environmental and 

occupational agents such as heavy metals, 
industrial chemicals, elevated temperatures, 

and infections could enter the human body 
through oral, inhalational, or transdermal 
routes, and may exert deleterious effects on all 

organ systems.  
 

The effects of agents might be controlled by 
genetic susceptibility and comorbid conditions 
may lead to chronic kidney disease.22 Stone 

disease found that 67% of the patients had 
renal failure, 13.33% remained on 

hemodialysis, 3.05% underwent a kidney 
transplant and 16.11% died from the disease 
prevalence of diabetes mellitus of 5.5%–22%, 

hypertension of 19.8% and chronic kidney 
disease of 5.0% to 31.2%.23 Multiple exercise 

plans and management protocols have yet to be 
designed and used by different researchers and 
conclude different results. Many 

musculoskeletal complications arise in patients 
undergoing dialysis and have negative effects 

on functional status and quality of life.  
 
To overcome these complications and for 

improvement in physical function, a well-
developed exercise plan can be developed after 

dialysis in the ward and guide home exercise 
plan to meet the need of these patients. 
Moreover, there is very little research on these 

specific strengthening exercises on dialysis 
patients and their effects on quality of life. The 

study was designed to evaluate the effects of 
low-impact strengthening exercises on limb 
pain, strength, glycemic control, hypertension 

and quality of life of patients with ESRD.  

Methods 

 

A randomized controlled trial was conducted 
by forming two comparable groups from the 
selected sample using non-probability 

purposive sampling. Group A/Treatment group 
followed the exercise plan while the control 

group had been given the general care 
guidelines. All patients were chosen from the 
dialysis ward in the indoor patient department 

(IPD) of Madinah teaching hospital, Allied 
hospital, Rathore Hospital and Surayah Majeed 

Hospital, Faisalabad. It was taken 6 weeks’ 
duration to collect and analyze data after 
approval of the synopsis.  

 
Almost 40 participants were selected from the 

dialysis wards and had 20 in each group.24 The 
screening was done by using questionnaires 
formed on basis of inclusion and exclusion 

criteria, 80 patients were screened to get 30 
patients according to study demand. A signed 

consent form was obtained from the 
participants before inclusion into the study. A 
data collection letter was taken from the 

university. Consent was obtained from the 
head of the department of dialysis ward and 

urology.  
 
Vitally stable patients on dialysis, during 

dialysis systolic blood pressure <130 and 
diastolic pressure<80-85 and temperature <100 

degrees Fahrenheit. Patient's heart rates < 100 
beats per minute while respiratory rates are 
<20 breaths per minute and patients on dialysis 

for a minimum of 3 months to reduce the 
complications of exercise, patients with 

diabetes of type-1 or type-2 aged between 30 
to 45 years.25 Patients with mild or moderate 
levels (1-7) of musculoskeletal pain on the 

numeric pain rating scale (NPRS) scale. 
Alcoholic patients or patients with drug abuse, 

malignancy, psychological disorders, and 
patients with other cardiovascular or kidney 
diseases were excluded from the trial. Primary 

outcome measures were glucose level, blood 
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Mean values of glycemic level 

between group 1 and 2 
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pressure and pain intensity. A glucometer was 
used to assess glucose levels, 

Sphygmomanometer for measuring blood 
pressure26 and a Musculoskeletal pain 
assessment was done using a numeric pain 

rating scale (NPRS).27 Secondary outcomes 
were manual muscle testing (MMT) to assess 

strength28 and kidney disease quality of life 
KDQOL-36 questionnaire. Quality of life is 
lowered in the majority of the patients with 

chronic hemodialysis. The exercise plan 
consisted of arm curl, arm extension, lower leg 

extension, straight leg extension, seated 
marching, back leg swing, heel raised, and side 
leg lift three times a week in 10-15 minutes 

with 5-10 repetitions.17 Control group: There 
was no exercise plan used for the control 

group. Only general health care was provided 
to this group. Treatment group: Low-impact 
strengthening exercises of upper and lower 

extremities with 10 repetitions during dialysis 
and these exercises were performed 3 days a 

week under observation in a controlled 
environment for 15 minutes duration.29 After 1 
week of exercises, guidance was given to 

patients about a home-based exercise plan 
regularly which was performed in research in 

2009 that had positive outcomes on blood 
pressure management, exercise intolerance, 
heart rate and proteinuria and increase exercise 

tolerance, improved lipid and glucose 

control.26 Limb pain was measured on every 
session of dialysis 3 times a week by NPRS. 

Blood pressure and glucose level were 
measured on every session of dialysis 3 times a 
week by glucometer and sphygmomanometer. 

Quality of Life was assessed at the 1st session 
of the 1st week and the 18th session of the 6th 

week of study by KDQOL-36 questionnaires. 
Muscle strength was also assessed at the 1st 
session of the 1st week and the 18th session of 

the 6th week of study MMT. Treatment was 
provided 3 times a week for 6 weeks and a 

home exercise prescription followed regularly 
that is started after one week of study.  
Home exercises were guided and brochures 

were given to patients to remember those 
exercises. Follow-up of 6 weeks in 3 sessions a 

week, performed limb strengthening exercises 
with 10 repetitions of each exercise during 
dialysis recorded and then improvement in 

muscle strength, limb pain, glycemic level, 
blood pressure and quality of life of patients 

with kidney disease were measured. Statistical 
analysis was performed through SPSS version 
20. Group statistics with an independent 

sample t-test was used in the between-group 
analysis. Repeated measures ANOVA has used 

within-group analysis for glucose level, blood 
pressure and pain. The paired sample t-test was 
used within groups for KDQOL and MMT. 

 

Figure I: Comparison of Mean Values of Pre-Monitored Glycemic Level Before Every Session of 18  

 

Sessions of 6 Weeks’ Duration Between Group A and B 
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It represented a comparison of mean values of the glycemic level before 1st session at baseline 

and after every session at every session of 18 sessions of 6 weeks duration between groups A 
and B. Mean values showed that there was no significant difference in glycemic level between 
both groups. (Figure I) 

 
Figure II: Comparison of Mean Values of Pre-Monitored Blood Pressure Before Every Session of 18 

Sessions of 6 Weeks Duration Between Both Groups  

 
 

 
 

 
 
 

 
 

 
 
 

 
 

A comparison of mean values of pre-monitored blood pressure at every session of 18 sessions of 
6 weeks duration between both groups was represented. Mean values showed that there was a 
statistically significant difference in blood pressure between both groups. (Figure II)  

 
Figure III: Comparison of Mean Values of Pre-Monitored Pain  Before Every Session of 18 Sessions of 

6 Weeks Duration Between Group A and Group B 
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The figure represented a comparison of mean values of pre-monitored pain values at every session 

of 18 sessions of 6 weeks duration between groups A and B. Mean values showed that there was a 
statistically marked difference in pain especially in increasing sessions between both groups. 
(Figure III). Figure IV: Comparison of Mean Values of Muscle Strength Pre-Monitored at 1st 

Session and Post-Monitored at 18th Session of 6 Weeks Duration Between Both Groups.  
 

 
 
 

 
 

 
 
 

 
 

 
 
 

 
The bar graph represented a comparison of mean values of muscle strength pre-monitored at 1st 

session and post-monitored at the 18th session of 6 weeks’ duration between both groups. Mean 
values showed that there was a statistically marked difference in strength, especially in increasing 
sessions between both groups. (Figure IV) Figure V: Comparison of Mean Values of KDQOL 

Pre-Monitored at 1st Session And Post-Monitored at 18th Session of 6 Weeks’ Duration Between 
Both Groups  
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It represented a comparison of mean values of 
KDQOL pre-monitored at 1st session and post-

monitored at the 18th session of 6 weeks’ 
duration between both groups. Mean values 
showed that there was a statistically significant 

difference in kidney disease quality of life, 
especially in increasing sessions between both 

groups. (Figure V)  
 
Discussion 

 

The primary purpose of this study was to 

examine and compare the effects of low-impact 
strengthening exercises in diabetic dialysis 
patients with ESRD. Strengthening exercises 

have positive results in decreasing pain, 
maintaining blood pressure, controlling 

glycemic levels and enhancing the strength of 
muscles and also affect positively the quality of 
life in patients who had diabetic kidney disease. 

Likewise, a cross-sectional study of diabetic 
polyneuropathy (DPN) patients and non-DPN 

patients showed reduced lower extremity 
muscle strength (in older type 2 diabetes 
patients and also decreased mobility. The study 

concluded that by properly monitoring glycemic 
levels, the quality of life in DPN patients can be 

maintained.30  
 
Another previous research that documented 

Diabetic Polyneuropathy patients and 39 
diabetic non-polyneuropathy patients and 19 

healthy subjects performed isometric and 
isokinetic lower limb muscle strength tests and 
19 healthy subjects performed isometric and 

isokinetic lower limb muscle strength test to test 
the effects of both diabetes mellitus type 2 and 

diabetic polyneuropathy (DPN) on mobility, 
muscle strength and health-related quality of life 
(HR-Quality of Life). Mobility was tested by a 

timed up and go test (TUGT), a 6 min walk test 
and the physical activity scale HR-Quality of 

Life tested by the SF36 questionnaire. Both 
types of patients with and without 
polyneuropathy of diabetes have decreased 

maximal muscle strength in the lower limbs and 

less mobility. These abnormalities cause in loss 
of health-related quality of life. Previous 

research proved beneficial effects on the blood 
circulation of dialysis patients by generating 
anti-inflammatory actions, interleukin-6 is 

generated by muscle fibers. Interleukin-6 
induces the appearance in the circulation of 

other anti-inflammatory cytokines interleukin-1 
receptor antagonists and interleukin-10 and 
inhibits the production of the pro-inflammatory 

cytokine tumor necrosis factor-a. Interleukin-6 
enhances lipid turnover, enhances lipolysis and 

fat oxidation.  
 
Regular exercise-induced suppression of Tumor 

Necrosis Factor-a and protection against TNF-a-
induced insulin resistance. Recently, IL-6 was 

released by contracting skeletal muscle fibers, 
and beneficent in low-grade inflammation such 
as diabetes and cardiovascular diseases.31 

Identically, a study was conducted that 
documented as physical exercise is the non-

pharmacological strategy in the treatment of 
hypertension because of its effects on oxidative 
stress and endothelial function due to decreased 

bioavailability of nitric oxide in its 
pathogenesis. Studies found that aerobic 

exercise decreases blood pressure and oxidative 
stress in hypertensive subjects and intense 
aerobic exercise can also injure endothelial 

cells.  
 

Isometric exercise decreases systolic blood 
pressure. Aerobic training proved beneficial in 
the prevention and treatment of hypertension 

and cardiovascular disease through a reduction 
in oxidative stress.32 Muscle weakness and 

wasting are common in hemodialysis (HD) 
patients and hand grip and pinch grip tests to 
measure muscle strength in 209 adult 

hemodialysis patients. Pinch strength is a more 
valid and easier tool to measure strength in 

hemodialysis patients than hand grip strength.33 
It is recommended to conduct studies on large 
scale with an increased sample size and 

compare the effects of low-impact strengthening 
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exercises pre and post-dialysis patients. The 
alternate hypothesis has been accepted and the 

null hypothesis rejected.  
 
Conclusion 

 

It is concluded that low-impact strengthening 

exercises have positive effects on diabetic 
patients with ESRD in the treatment group as 
compared to the control group. There is a 

significant statistical difference between 
treatment and control groups in the 

improvement of limb pain and muscle strength 
by low-impact strengthening exercises. 
 

Declarations 

 

Consent to participate: Written consent had 
been taken from patients. All methods were 
performed following the relevant guidelines and 

regulations. 
 

Availability of data and materials: Data will 
be available on request. The corresponding 
author will submit all dataset files. 

 

Competing interests: None 

 

Funding: No funding source is involved.  
 

Authors' contributions: All authors read and 
approved the final manuscript. 

 

CONSORT Guidelines: All methods were 
performed following the relevant guidelines and 

regulations. 
 

References 

 
1. Thomas MC, Brownlee M, Susztak K, 

et al. Diabetic kidney disease. Nature reviews 
Disease primers 2015; 1(1): 1-20. 

http://dx.doi.org/10.1038/nrdp.2015.18 

2. Reidy K, Kang HM, Hostetter T, 

Susztak K. Molecular mechanisms of diabetic 
kidney disease. The Journal of clinical 

investigation 2014; 124(6): 2333-40. 
https://doi.org/10.1172/JCI72271 

3. Johansen KL, Shubert T, Doyle J, 
Soher B, Sakkas GK, Kent-Braun JA. Muscle 

atrophy in patients receiving hemodialysis: 
effects on muscle strength, muscle quality, and 
physical function. Kidney international 2003; 

63(1): 291-7. https://doi.org/10.1046/j.1523-
1755.2003.00704.x 

4. Piccoli GB, Grassi G, Cabiddu G, et al. 
Diabetic kidney disease: a syndrome rather than 

a single disease. The review of diabetic studies: 
RDS 2015; 12(1-2): 87. 
doi: 10.1900/RDS.2015.12.87 

5. Ghaderian SB, Hayati F, Shayanpour S, 
Mousavi SSB. Diabetes and end-stage renal 
disease; a review article on new concepts. 

Journal of renal injury prevention 2015; 4(2): 
28. doi: 10.12861/jrip.2015.07 

6. Maric-Bilkan C. Sex differences in 
diabetic kidney disease.  Mayo Clinic 

Proceedings; 2020: Elsevier; 2020. p. 587-99. 
https://doi.org/10.1016/j.mayocp.2019.08.026 

7. Gheith O, Farouk N, Nampoory N, 
Halim MA, Al-Otaibi T. Diabetic kidney 

disease: world wide difference of prevalence 
and risk factors. Journal of nephropharmacology 
2016; 5(1): 49. 

8. Carrero JJ, Chmielewski M, Axelsson J, 

et al. Muscle atrophy, inflammation and clinical 
outcome in incident and prevalent dialysis 
patients. Clinical nutrition 2008; 27(4): 557-64. 

https://doi.org/10.1016/j.clnu.2008.04.007 

9. Young DO, Lund RJ, Haynatzki G, 
Dunlay RW. Prevalence of the metabolic 
syndrome in an incident dialysis population. 

Hemodialysis International 2007; 11(1): 86-95. 
https://doi.org/10.1111/j.1542-

4758.2007.00158.x 

10. Chen C-T, Lin S-H, Chen J-S, Hsu Y-J. 

Muscle wasting in hemodialysis patients: new 

https://doi.org/10.1172/JCI72271
https://doi.org/10.1900%2FRDS.2015.12.87
https://doi.org/10.12861%2Fjrip.2015.07


                     DOI: 10.55735/hjprs.v2i2.83 
R        Strengthening Exercises in End-Stage Renal Disease  

 

 

Asif K et al. 

The Healer Journal | October 2022 | Volume 2 - Issue 2 | Page 137 

therapeutic strategies for resolving an old 
problem. The Scientific World Journal 2013; 

2013. https://doi.org/10.1155/2013/643954 

11. Capitanini A, Lange S, D'Alessandro C, 

et al. Dialysis exercise team: the way to sustain 
exercise programs in hemodialysis patients. 

Kidney and Blood Pressure Research 2014; 
39(2-3): 129-33. 
https://doi.org/10.1159/000355787 

12. Johansen KL, Painter PL, Sakkas GK, 

Gordon P, Doyle J, Shubert T. Effects of 
resistance exercise training and nandrolone 
decanoate on body composition and muscle 

function among patients who receive 
hemodialysis: a randomized, controlled trial. 

Journal of the American Society of Nephrology 
2006; 17(8): 2307-14. 
https://doi.org/10.1681/ASN.2006010034 

13. Tao X, Chow SKY, Wong FKY. A 

nurse-led case management program on home 
exercise training for hemodialysis patients: A 

randomized controlled trial. International 
journal of nursing studies 2015; 52(6): 1029-41. 
https://doi.org/10.1016/j.ijnurstu.2015.03.013 

14. Gulve EA. Exercise and glycemic 

control in diabetes: benefits, challenges, and 
adjustments to pharmacotherapy. Physical 
Therapy 2008; 88(11): 1297-321. 

https://doi.org/10.2522/ptj.20080114 

15. Dwyer JP, Parving H-H, Hunsicker LG, 
et al. Renal dysfunction in the presence of 
normoalbuminuria in type 2 diabetes: results 

from the DEMAND study. Cardiorenal 
medicine 2012; 2(1): 1-10. 

https://doi.org/10.1159/000333249 

16. Neelofar K, Ahmad J. A comparative 

analysis of fructosamine with other risk factors 
for kidney dysfunction in diabetic patients with 
or without chronic kidney disease. Diabetes & 

Metabolic Syndrome: Clinical Research & 
Reviews 2019; 13(1): 240-4. 

https://doi.org/10.1016/j.dsx.2018.08.007 

17. Painter P, Carlson L, Carey S, Paul SM, 
Myll J. Physical functioning and health-related 

quality-of-life changes with exercise training in 
hemodialysis patients. American Journal of 
Kidney Diseases 2000; 35(3): 482-92. 

https://doi.org/10.1016/S0272-6386(00)70202-2 

18. Levey AS, Stevens LA, Schmid CH, et 
al. A new equation to estimate glomerular 
filtration rate. Annals of internal medicine 2009; 

150(9): 604-12. https://doi.org/10.7326/0003-
4819-150-9-200905050-00006 

19. Toth-Manikowski S, Atta MG. Diabetic 
kidney disease: pathophysiology and therapeutic 

targets. Journal of diabetes research 2015; 2015. 
https://doi.org/10.1155/2015/697010 

20. Caravaca F, Gonzales B, Bayo MÁ, 
Luna E. Musculoskeletal pain in patients with 

chronic kidney disease. Nefrología (English 
Edition) 2016; 36(4): 433-40. 
https://doi.org/10.1016/j.nefroe.2016.11.010 

21. Lok P, Crawford J. The effect of 

organisational culture and leadership style on 
job satisfaction and organisational commitment: 
A cross‐national comparison. Journal of 

management development 2004. 
https://doi.org/10.1108/02621710410529785 

22. Soderland P, Lovekar S, Weiner DE, 
Brooks DR, Kaufman JS. Chronic kidney 

disease associated with environmental toxins 
and exposures. Advances in chronic kidney 

disease 2010; 17(3): 254-64. 
https://doi.org/10.1053/j.ackd.2010.03.011 

23. Imtiaz S, Salman B, Qureshi R, Drohlia 
MF, Ahmad A. A review of the epidemiology of 
chronic kidney disease in Pakistan: A global and 

regional perspective. Saudi Journal of Kidney 
Diseases and Transplantation 2018; 29(6): 1441. 

https://www.sjkdt.org/text.asp?2018/29/6/1441/
248307 



                     DOI: 10.55735/hjprs.v2i2.83 
R        Strengthening Exercises in End-Stage Renal Disease  

 

 

Asif K et al. 

The Healer Journal | October 2022 | Volume 2 - Issue 2 | Page 138 

24. Carter R, Lubinsky J. Rehabilitation 
research: principles and applications: Elsevier 

Health Sciences; 2015. 

25. Ghonemy TA, Farag SE, Soliman SA, 

El-Okely A, El-Hendy Y. Epidemiology and 
risk factors of chronic kidney disease in the El-

Sharkia Governorate, Egypt. Saudi Journal of 
Kidney Diseases and Transplantation 2016; 
27(1): 111. 

26. Leehey DJ, Moinuddin I, Bast JP, et al. 

Aerobic exercise in obese diabetic patients with 
chronic kidney disease: a randomized and 
controlled pilot study. Cardiovascular 

diabetology 2009; 8(1): 1-8. 

27. Malaki M, Willis Aa, Jones R. 

Congenital anomalies of the inferior vena cava. 
Clinical radiology 2012; 67(2): 165-71. 

https://doi.org/10.1016/j.crad.2011.08.006 

28. Youssef MK, Philips MV. Effect of 

exercise in patients with diabetic kidney disease. 
International Journal of Therapy And 

Rehabilitation 2016; 23(10): 472-9. 
https://doi.org/10.12968/ijtr.2016.23.10.472 

29. Parsons TL, Toffelmire EB, King-
VanVlack CE. The effect of an exercise 

program during hemodialysis on dialysis 

efficacy, blood pressure and quality of life in 
end-stage renal disease (ESRD) patients. 

Clinical nephrology 2004; 61(4): 261-74. 

30. Nomura T, Kawae T, Kataoka H, Ikeda 

Y. Loss of lower extremity muscle strength 
based on diabetic polyneuropathy in older 

patients with type 2 diabetes: Multicenter 
Survey of the Isometric Lower Extremity 
Strength in Type 2 Diabetes: Phase 2 study. 

Journal of diabetes investigation 2021; 12(3): 
390-7. 

31. Wagenmakers AJ, Pedersen BK. The 
anti-inflammatory effect of exercise: its role in 

diabetes and cardiovascular disease control. 
Essays in biochemistry 2006; 42: 105-17. 

https://doi.org/10.1042/bse0420105 

32. Larsen MK, Matchkov VV. 

Hypertension and physical exercise: the role of 
oxidative stress. Medicina 2016; 52(1): 19-27. 

33. El‐Katab S, Omichi Y, Srivareerat M, 
Davenport A. Pinch grip strength as an 

alternative assessment to hand grip strength for 
assessing muscle strength in patients with 
chronic kidney disease treated by 

haemodialysis: a prospective audit. Journal of 
human nutrition and dietetics 2016; 29(1): 48-

51. https://doi.org/10.1111/jhn.12331 

 


