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Abstract 

As globally increasing diabetic population with an early onset is associated with obesity and musculoskeletal 

disorders. India, being the diabetic capital, diabetic core with major focus on musculoskeletal disorders such 

as lowback ache, osteoarthritis, neck and shoulder ailments remain unfocussed.  

This original research aims at 1. Analyzing the prevalence of musculoskeletal disorders among diabetic 

subjects 2. Evaluate the rate of obesity and 3. To overview various physical therapeutic means of treating 

MSD related disorders among Type II diabetic  

Materials and Methodology: 300 known type II diabetic subjects of both sex of all age groups   were 

recruited from Chennai were evaluated analyzed for BMI, WC, Lowback ache, osteoarthritis knee, shoulder 

and neck ailments. This study was conducted during the period of 2013-2016 where special diabetic camps 

were organized.  

The results were analyzed, tabulated using due statistical means. 22% low backache, 20% with osteoarthritis 

knee, 18% shoulder and neck ailments with male at 54% and mean BMI of 27.5 kg/m
2
.   

Conclusion: an evaluation of MSD among type II diabetic mellitus, a non focused area in diabetic care was 

given an insight in this original research report for further planning prevention and improve QOL of diabetic 

subjects. 
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Introduction 

Diabetic mellitus being a chronic metabolic 

disorder can affect various systems of human 

body, hence influences on functioning of different 

organs including brain, heart, kidness, circulatory 

and musculoskeletal tissues. As with micro 

angiopathy associated with diabetes, causing 

diminished blood flow interferes with metabolism 

of nerves, muscles and bones, hence causing pain, 

diminished physical activities and a drop in 

quality of life. With modern life style with 

sedentary nature, erratic food habits and low 

physical activity adding up to obesity, with impact 

of obesity, diabetes and modern life style,  
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Musculo skeletal complaints such as pain, 

restriction of mobility, difficulty for daily 

routines, as evidenced with an increase in low 

back ache, osteoarthritis of knee, cervical 

spondylosis globally. Disability due to 

musculoskeletal disorders have increased by 45% 

from 1990 to 2010 in particular osteoarthritis 

which is expected to continue to rise. With an 

increasingly obese, sedentary and ageing 

population (VOS etal 2012). Focus on 

understanding of disease mechanisms (Hancock 

etal 2011) and there is a strong need for better 

understanding of more specific factors, such as 

life style occupational and biological factors in 

order to improve diagnostic and therapeutic 

strategies and develop evidence based preventive 

measures (Sànchez 2014) 

People with diabetes have more outpatient visits, 

use more medications, have a higher probability 

of being hospitalized and are more likely to 

require emergency and long term care  than 

people without the disease, in the US people with 

diabetes spent 2.5 times for medical care than 

people without the condition (ADA 2015) and 

global annual health expenditure for diabetes in 

2010 was between $ 376 million to $ 672 billion 

USD which accounts for 12% of the world’s total 

health expenditure that year (ADA 2015). 

Type II diabetes, with an asymptomatic phase 

between the actual onset of diabetic hyper 

glycemia and clinical diagnosis, which may lost to 

at least 4-7 years and 30-50% cases of type II 

diabetes patients remained undiagnosed. This 

leads to the development of chronic complications 

which remain the chief problems in diabetic care, 

and which cause a lack of fitness to work, 

disability and premature death (Spijkerman etal 

2003). Diabetes associated vascular alterations 

include anatomic, structural and functional 

changes leading to multi organ dysfunction 

(Rahman etal 2007). The goal of treatment in type 

II diabetes is to achieve and maintain optimal 

blood glucose, lipid and blood pressure levels to 

prevent or delay chronic complications of diabetes 

(ADA 2010). Diet and physical activity are 

control to the management and prevention   of 

type II diabetes as they help to treat associated 

above said factors, aid in weight loss and 

maintenance (Colberg etal 2003).  

As physical therapists increasingly become first 

line provides of treatment for musculoskeletal and 

movement disorders in people with diabetes, it 

will be important for clinicians to be keenly aware 

of the underlying vascular deficits associated with 

diabetes, even they are not the reasons for referral 

(Cad etal 2008) additionally physical therapists 

will play an important role in the care of the 

people with diabetes because of the interventions 

provided with therapeutic exercises which  can 

assist in alleviating symptoms slow the metabolic 

progression to overt type II diabetic mellitus, and 

reduce morbidity and mortality associated with 

these complications (Davey Smith etal 2005) 

 

This original research study aims at  

1. Analyse the prevalence of low back ache, 

osteoarthritis knee, cervical spondylosis 

and other MSD among diabetic subjects. 

2. To highlight the significance of 

physiotherapy role in prophylactic and 

therapeutic   

 

Materials & Methodology 

Following ethical committee clearance, special 

diabetic camps were conducted between 2013- 

2016 in Chennai. Subjects were then recruited 

among the participants after confirming that they 

were diagnosed and duly getting treated by 

physician. 300 type II diabetic subjects of both sex 

of all age group were screened for obesity and 

musculoskeletal ailments by qualified 

physiotherapists.  

Inclusion Criteria 

Men and women of both sex of all ages of any age 

group, known type II diabetic and getting 

continued physicians prescribed drug therapy 

Exclusion Criteria: Type I diabetes, undiagnosed 

diabetic subjects Study Design: With a sample 

size of 300 known type II diabetic subjects, 
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convenient sampling and an cross sectional 

analytical study.  

The data were recorded, results were analyzed 

with statistical means and mentioned as in the 

table: 1 below 

Table on results of gender, age wise distribution, 

BMI, WC, LBA, OA, Neck and Arm, others, No 

MSD in %  

 

Gender %  Years BMI 

Kg/m
2
 

WC cm LBA% OA% Neck & Arm % Others NO 

MSD 

M 54 31-40 – 21% 27.5 99.45 18 22 20 7 33% 

F 46 41-50 – 38%        

  51-60 – 41%        

                Note: X others include poly arthralgia, Plantar Fasciitis etc  

 

Discussion  

Although regular physical activity may prevent or 

delay diabetes and its complications  (Balducci 

etal 2006) most people with type II diabetes are 

not active (Moroto etal 2007) but Asian Indians 

are genetically predetermined for physical activity 

(Ramachandran 2006) with inference to above 

table displaying results of this study the following 

hypothetical questions arises:  

1) Does obesity be associated with 

musculoskeletal ailments in diabetic 

mellitus?  

2) Impact of these musculoskeletal disorders 

on diabetic subjects with their QOL? 

3) Impact of physical therapy on obesity and 

diabetic management?  

 

Type II diabetes results from a combination of the 

inability of muscle cells to respond to insulin 

secretion. Genetic and environmental factors are 

strongly implicated in the development of type II 

diabetes, through the exact genetic effects are 

complex and not clearly defined but risk increases 

with age, obesity and physical inactivity (ADA 

2010). Many people with type II diabetes can 

achieve BG control by following a nutritious meal 

plan and exercise program, (losing excess weight, 

implementing necessary self care behaviors and 

taking oral medications) (Sheri Colberg etal 

2010). An RCT of 1 hour daily moderate aerobic 

exercises alone with fat loss as equivalent to 

caloric restriction, with resultant greater insulin 

action (Ross etal 2000). In observational studies 

(Rose etal 2004) individuals who successfully 

maintained large weight during loss during at least 

a year typically engaged in moderate to vigorous 

exercises of 7 hours/ week (Donnelly etal 2009). 

musculoskeletal disorders are second most 

common cause of disability  worldwide ailments 

(Hoy etal 2014) low back pain being the most 

frequent condition (Hoy etal 2014) of 

musculoskeletal disorders related. There is the 

potential for better management by implementing 

effective health promoting actions (Bunch Binder 

etal 2001). As in this study where with mean BMI 

of 27.5 kg/m
2 

and 99.45 waist circumference high 

prevalence of obesity, which not only affects their 

diabetic related complication but also MSD hence 

weight loss based exercises are highly 

recommended to combat obesity and MSD as in 

line which above researches.  

While USA will spend 52% of global expenditure, 

India. The country with largest population living 

with diabetes spend an estimated $ 2.8 billion or 

1% of the world expenditure on diabetes. 

Lowback ache involves huge economic twice 

health care system, as on lumbar discectomy 

(Common Surgical Management of Low Back 

Ache) alone costs to $ 300 million annually 

(Schoenfield and Weiner 2010).Lowback ache 

(Saloman etal 2010) leading disability contributor 

(Lim etal 2010) and cause reduction in the QOL 

(Gratchel etal 2007) resistance and flexibility 

exercises twice a week improves QOL with strong 

evidence (Blair etal 2011). Osteoarthritis, most 

common joint disorder which increases due to 

obesity and among an ageing population causing 

pain and functional disability. Where strong 
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evidence supports exercises and weight loss in the 

management of osteoarthritis (Svege etal 2013). 

QOL can  be influenced by medical interventions, 

psycho social factors, maintaining a good 

glycemic control, life style changes and other co 

existing medical conditions (Rubin etal 1999) and 

QOL was reflected by good glycemic control with 

lowering of 1% hba1c (Testa etal 1998) 

Systematic reviews reveal that existing treatment 

for  musculoskeletal disorders have only small 

effects at best, with interventions biological, 

psychological or social approaches (Pincus etal 

2013). As reflected in the table this study subjects 

between 41-60 years  were 79% peak productive 

part of life were found to be diabetic, hence an 

active life with physical activities, life style 

modification was highly emphasized to improve 

participants QOL   

Evidence supporting recommendations of 

preventive measures such as weight loss (Hench  

etal 2013) and exercise for low back pain (Choi 

etal 2010). Osteoarthritis is the common joint 

disorder causing pain and functional disability. 

The burden due to osteoarthritis is anticipated to 

further increase due to obesity and an ageing 

population (VOS etal 2010) with low grade 

inflammation underlying pathogenic mechanisms 

are not fully understood and currently there is no 

curative treatment management mostly depends 

on symptom state and the us of non 

pharmacological and pharmacological therapy 

with joint replacement as the treatment end point 

(Beren Baum 2013). Strong evidence supports 

exercise and weight loss for the management of 

osteoarthritis (Nelson etal 2013). The most 

successful programs for long term weight control 

have involved combinations of diet, exercise and 

behavior modification (Wing etal 2002) as 150 

minutes / week of brisk walking are usually 

insufficient for major weight loss (Boule etal 

2001) as obese and older people frequently have 

difficulty performing sufficient exercise to create 

a large energy deficit and can easily counter 

balance expenditures by eating more (Wing etal 

2002). As shown in table of results 67% of this 

study subjects have some form of MSD, thus 

reducing their QOL however with due exercises 

and modification of their living pattern with diet, 

regular walking, specific exercises the chances for 

disability and dependence associated with MSD 

and diabetics can best be prevented as evidenced 

with the above studies.  

The maintenance of normal BG at rest and during 

exercise depends largely on the coordination of 

the sympathetic and endocrine systems (Sui etal 

2008) contracting muscles increase uptake of BG, 

although BG levels are usually maintained by 

glucose production via liver glycolysis and 

gluconeogenesis and mobilization of free fatty 

acids (Wahren etal 2007), however fuel use is 

influenced by intensity and duration of physical 

activity (Bajpeyi etal 2009) with increasing 

exercise intensity, there is a greater reliance on 

carbohydrate as long as sufficient amounts are 

available in muscle or blood (Kang etal 1996). 

During early phase of exercise, glycogen provides 

the bulk of the fuel for working muscles, as 

glycogen stores become depleted, muscles 

increase their uptake and use of circulating BG 

along with free fatty acids released from adipose 

tissue (Bergman etal 1999) intra muscular lipid 

stores are more readily used during longer 

duration activities and recoveries (Pruchnic etal 

2004). Glucose production also shifts from hepatic 

glycogenolysis to enhanced gluconeogenesis as 

duration increases (Wahren etal 2007)  

 

Critical Analysis of this Study 

1) Being a cross sectional and analytical 

study no specific intervention was used 

here  

2) Analysis of neuropathy, balance and visual 

involvement were not done  

3) This report was of single one time contact 

with subjects  

4) Confirmatory diabetic status (hba1c) 

depends on various laboratory values and 

different diabetologist prescription (Which 

were not Uniform)  
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5) Level of uniform physical exertion, diet, 

occupation and other related details were 

not reported in this study which is of 

significant to diabetes and musculoskeletal 

disorders  

 

Limitations of this Study was being an 

observational and no physiotherapeutic 

intervention were used and further follow up is 

required, evaluatory means such as NMRI, X- ray, 

Biothesiometry, nerve conduction study, bone 

scan, Doppler study of peripheral vascularity 

weight loss, life style modifications are further 

recommended as continuation of this original 

Indian diabetic research report.   

 

Conclusion 

There exist a great need for epidemiological life 

style changes such as weight loss and physical 

activity. Also to focus on understanding the 

biological mechanisms, translation of clinical 

findings from basic science to clinical applications 

such as future preventive, diagnostic and 

therapeutic strategies. This will enable us to 

understand the impact of a wide range of 

determinants and risk factors for the development 

of different musculoskeletal disorders from early 

to old age, help us to plan and develop affordable 

strategies in order to respond to the growing 

disease burden and NCDS.  An analysis of 

musculoskeletal disorders among type II diabetic 

mellitus gives an insight for the need to develop 

various preventive and therapeutic strategies. 

With the huge economic impact on health care 

and influencing quality of life of the subjects 

involved, this study gets more significant  

 

References 

1. Vos T, Flaxman AD, Naghavi M, et al. 

Years lived with disability (YLDs) for 

1160 sequelae of 289 diseases and injuries 

1990–2010: a systematic analysis for the 

Global Burden of Disease Study 2010. 

Lancet 2012;380:2163–96.  

2. Hancock MJ, Maher CG, Laslett M, et al. 

Discussion paper: what happened to the 

‘bio’ in the bio-psycho-social model of 

low back pain? Eur Spine J 2011;20:2105–

10 

3. Sànchez-Riera L, Carnahan E, Vos T, et 

al. The global burden attributable to low 

bone mineral density. Ann Rheum 

Dis2014. Published Online First 1 Apr 

2014. doi:10.1136/annrheumdis-2013-

204320 

4. American Diabetes Association. Statistics 

About Diabetes. Secondary Statistics 

About Diabetes 2015. 

5. Spijkerman AM, Dekker JM, Nijpels 

G, Adriaanse MC, Kostense PJ, Ruwaard 

D, Stehouwer CD, Bouter LM, Heine RJ. 

Microvascular complications at time of 

diagnosis of type 2 diabetes are similar 

among diabetic patients detected by 

targeted screening and patients newly 

diagnosed in general practice: the hoorn 

screening study. Diabetes Care. 2003 Sep; 

26(9):2604-8. 

6. Rahman S, Rahman T, Ismail AA, Rashid 

AR. Diabetes-associated macrovascul-

opathy: pathophysiology and 

pathogenesis. Diabetes Obes 

Metab. 2007;9:767–780 

7. American Diabetes Association Standards 

of medical care in diabetes 2010. Diabetes 

Care 2010; 33(Suppl. 1):S11–S61 

8. Colberg SR, Swain DP, Vinik AI: Use of 

heart rate reserve and rating of perceived 

exertion to prescribe exercise intensity in 

diabetic autonomic neuropathy. Diabetes 

Care 2003;26(4):986–90  

9. Cade. Diabetes-Related Microvascular and 

Macrovascular Diseases in the Physical 

Therapy Setting. This work was supported 

by National Institutes of Health grant 

K0K074343A. Phys Ther. 2008 Nov; 

88(11): 1322–1335 

10. Davey Smith G, Bracha Y, Svendsen KH, 

et al. Incidence of type 2 diabetes in the 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Spijkerman%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=12941726
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dekker%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=12941726
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nijpels%20G%5BAuthor%5D&cauthor=true&cauthor_uid=12941726
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nijpels%20G%5BAuthor%5D&cauthor=true&cauthor_uid=12941726
https://www.ncbi.nlm.nih.gov/pubmed/?term=Adriaanse%20MC%5BAuthor%5D&cauthor=true&cauthor_uid=12941726
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kostense%20PJ%5BAuthor%5D&cauthor=true&cauthor_uid=12941726
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ruwaard%20D%5BAuthor%5D&cauthor=true&cauthor_uid=12941726
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ruwaard%20D%5BAuthor%5D&cauthor=true&cauthor_uid=12941726
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stehouwer%20CD%5BAuthor%5D&cauthor=true&cauthor_uid=12941726
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bouter%20LM%5BAuthor%5D&cauthor=true&cauthor_uid=12941726
https://www.ncbi.nlm.nih.gov/pubmed/?term=Heine%20RJ%5BAuthor%5D&cauthor=true&cauthor_uid=12941726
https://www.ncbi.nlm.nih.gov/pubmed/12941726


 

Dr Harish Narayanan et al JMSCR Volume 05 Issue 10 October 2017 Page 29155 
 

JMSCR Vol||05||Issue||10||Page 29150-29157||October 2017 

Randomized Multiple Risk Factor 

Intervention Trial. Ann Intern Med. 

2005;142:313–322. 

11. Balducci S, Iacobellis G, Parisi L, et 

al.: Exercise training can modify the 

natural history of diabetic peripheral 

neuropathy. J Diabetes 

Complications 2006; 20(4):216–23 

12. Morrato EH, Hill JO, Wyatt HR, 

Ghushchyan V, Sullivan PW: Physical 

activity in U.S. adults with diabetes and at 

risk for developing diabetes, 

2003. Diabetes Care2007; 30(2):203–9  

13. Ramachandran A, Snehalatha C, Mary S, 

et al.: The Indian Diabetes Prevention 

Programme shows that lifestyle 

modification and metformin prevent type 2 

diabetes in Asian Indian subjects with 

impaired glucose tolerance (IDPP-

1). Diabetologia2006;49(2):289–97  

14. American Diabetes Association Diagnosis 

and classification of diabetes 

mellitus. Diabetes Care 2010; 33(1 

Suppl.):S62–9  

15. Sheri R. Colber,  Ronald J. Sigal,  

Fernhall, Judith G. Regensteiner, Bryan J. 

Blissmer, Richard R. Rubin, Lisa Chasan-

Taber, Ann L. Albright, Barry Braun. 

Exercise and Type 2 Diabetes. The 

American College of Sports Medicine and 

the American Diabetes Association: joint 

position statement. Diabetes Care, Volume 

33, Number 12, December 2010. PP: e-147 

-167 

16. Ross R, Dagnone D, Jones PJ, et 

al.: Reduction in obesity and related 

comorbid conditions after diet-induced 

weight loss or exercise-induced weight 

loss in men. A randomized, controlled 

trial. Ann Intern Med 2000; 133(2):92–103 

17. Ross R, Janssen I, Dawson J, et 

al.: Exercise-induced reduction in obesity 

and insulin resistance in women: a 

randomized controlled trial. Obes 

Res 2004;12(5):789–98 

18. Donnelly JE, Blair SN, Jakicic JM, 

Manore MM, Rankin JW, Smith BK: 

American College of Sports 

Medicine Position Stand: appropriate 

physical activity intervention strategies for 

weight loss and prevention of weight 

regain for adults. Med Sci Sports 

Exerc 2009; 41(2):459–71 

19. Hoy D, March L, Brooks P, et al. The 

global burden of low back pain: estimates 

from the Global Burden of Disease 2010 

study. Ann Rheum Dis 2014;73:968–74. 

20. Buchbinder R, Jolley D, Wyatt M. 2001 

Volvo Award Winner in Clinical Studies: 

effects of a media campaign on back pain 

beliefs and its potential influence on 

management of low back pain in general 

practice. Spine (Phila Pa 

1976) 2001;26:2535–42. 

21. Schoenfeld, Bradley K Weiner. Treatment 

of lumbar disc herniation: Evidence-based 

practice. International Journal of General 

Medicine 2010:3 209–214 

22. Solomon, Karen H. Rosenlof, Robert W. 

Portmann, John S. DanielSean M. Davis, 

Todd J. Sanford Gian-Kasper Plattne. 

Contributions of Stratospheric Water 

Vapor to Decadal Changes in the Rate of 

Global Warming. Science  05 Mar 2010: 

Vol. 327, Issue 5970, pp. 1219-1223 

23. Lim SS, Vos T, Flaxman AD, et al. A 

comparative risk assessment of burden of 

disease and injury attributable to 67 risk 

factors and risk factor clusters in 21 

regions, 1990-2010: a systematic analysis 

for the Global Burden of Disease Study 

2010. Lancet. 2013; 380(9859):2224–60. 

24. Gatchel RJ, Peng YB, Peters ML, Fuchs 

PN, Turk DC (2007) The biopsychosocial 

approach to chronic pain: scientific 

advances and future directions. Psychol 

Bull 133: 581–624. 

25. Blair, Douglas A. Granger, Michael 

Willoughby, Roger Mills-Koonce, Martha 

Cox, Mark T. Greenberg, Katie T. 



 

Dr Harish Narayanan et al JMSCR Volume 05 Issue 10 October 2017 Page 29156 
 

JMSCR Vol||05||Issue||10||Page 29150-29157||October 2017 

Kivlighan, Christine K. Fortunato, and the 

FLP Investigators. Salivary Cortisol 

Mediates Effects of Poverty and Parenting 

on Executive Functions in Early 

Childhood. Published in final edited form 

as: Child Dev. 2011 November; 82(6): 

1970–1984. doi:10.1111/j.1467-

8624.2011.01643.x. 

26. Svege I, Nordsletten L, Fernandes L, et 

al. Exercise therapy may postpone total hip 

replacement surgery in patients with hip 

osteoarthritis: a long-term follow-up of a 

randomised trial. Ann Rheum 

Dis 2013. Published Online First 20 Nov 

2013. doi:10.1136/annrheumdis-2013-

203628. 

27. Salomon JA, Vos T, Hogan DR, et 

al. Common values in assessing health 

outcomes from disease and injury: 

disability weights measurement study for 

the Global Burden of Disease Study 

2010. Lancet 2013;380:2129–43. 

28. Rubin RR, Peyrot M. Quality of life and 

diabetes. Diabetes Metab Res 

Rev. 1999;15(3):205–218. 

29. Testa MA, Simonson DC, Turner RR. 

Valuing quality of life and improvements 

in glycemic control in people with type 2 

diabetes. Diabetes Care 1998;21:C44-C53. 

30. Pincus T, Kent P, Bronfort G, et 

al. Twenty-five years with the 

biopsychosocial model of low back pain-is 

it time to celebrate? A report from the 

twelfth international forum for primary 

care research on low back pain. Spine 

(Phila Pa 1976)2013;38: 2118–23. 

31. Heuch I, Heuch I, Hagen K, et al. Body 

mass index as a risk factor for developing 

chronic low back pain: a follow-up in the 

Nord-Trondelag Health Study. Spine 

(Phila Pa 1976) 2013;38:133–9. 

32. Choi BK, Verbeek JH, Tam WW, Jiang 

JY: Exercises for prevention of 

recurrences of low-back pain. Cochrane 

Database Syst. Rev. 1, CD006555 (2010). 

33. Vos T, Flaxman AD, Naghavi M, et 

al. Years lived with disability (YLDs) for 

1160 sequelae of 289 diseases and injuries 

1990–2010: a systematic analysis for the 

Global Burden of Disease Study 

2010. Lancet 2012;380:2163–96. 

34. Berenbaum F. Osteoarthritis as an 

inflammatory disease (osteoarthritis is not 

osteoarthrosis!). Osteoarthritis 

Cartilage 2013;21:16–21. 

35. Nelson AE, Allen KD, Golightly YM, et 

al. A systematic review of 

recommendations and guidelines for the 

management of osteoarthritis: the chronic 

osteoarthritis management initiative of the 

U.S. Bone and Joint Initiative. Semin 

Arthritis 

Rheum 2013. doi:10.1016/j.semarthrit.201

3.11.012 [Epub ahead of print 4 Dec 

2013]. 

36. Wing, RR. (2004) Behavioral approaches 

to the treatment of obesity. In Bray, 

GA and Bouchard, C eds. Handbook of 

Obesity: Clinical Applications. 2nd ed., 

Marcel Dekker, Inc.: New York. pp 147–

167. 

37. Boule' NG, Haddad E, Kenny GP, Wells 

GA, Sigal RJ: Effects of exercise on 

glycemic control and body mass in type 2 

diabetes mellitus: a meta-analysis of 

controlled clinical 

trials. JAMA 2001;286(10):1218–27  

38. Wing RR: Exercise and weight control. In 

Ruderman N, Devlin JT, Schneider SH, 

Kriska A, editors. : Eds. Handbook of 

Exercise in Diabetes. Alexandria (VA): 

American Diabetes Association; 2002. p. 

355–64 

39. Sui X, Hooker SP, Lee IM, et al. : A 

prospective study of cardio respiratory 

fitness and risk of type 2 diabetes in 

women. Diabetes Care 2008; 31(3):550–5  

40. Wahren J, Ekberg K: Splanchnic 

regulation of glucose production. Annu 

Rev Nutr 2007;27:329–45 



 

Dr Harish Narayanan et al JMSCR Volume 05 Issue 10 October 2017 Page 29157 
 

JMSCR Vol||05||Issue||10||Page 29150-29157||October 2017 

41. Bajpeyi S, Tanner CJ, Slentz CA, et al. 

: Effect of exercise intensity and volume 

on persistence of insulin sensitivity during 

training cessation. J Appl Physiol 

2009;106(4):1079–85 

42. Kang J, Robertson RJ, Hagberg JM, et al. 

: Effect of exercise intensity on glucose 

and insulin metabolism in obese 

individuals and obese NIDDM 

patients. Diabetes Care 1996;19(4):341–9 

43. Bergman BC, Butterfield GE, Wolfel EE, 

Casazza GA, Lopaschuk GD, Brooks 

GA: Evaluation of exercise and training on 

muscle lipid metabolism. Am J 

Physiol1999;276(1 Pt 1):E106–E17  

44. Pruchnic R, Katsiaras A, He J, Kelley DE, 

Winters C, Goodpaster BH: Exercise 

training increases intramyocellular lipid 

and oxidative capacity in older adults. Am 

J Physiol Endocrinol Metab 2004; 

287(5):E857–E862  

45. Wahren J, Ekberg K: Splanchnic 

regulation of glucose production. Annu 

Rev Nutr 2007;27:329–45. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 


