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ABSTRACT

Background: Exercise is one of the crucial factors in the management of type 2 diabetes mellitus (T2DM). Many
papers have highlighted the role of exercise for people with T2DM; nevertheless, the latest information is needed to be
summarized. Furthermore, there is still a lack of manuscripts revealing the types of exercise for T2DM comprehensively
with the mechanism involved which results in the advantageous outcomes from the exercise. The aim of this manuscript is

to summarize the modalities of exercise for T2DM with a brief metabolic mechanism.
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INTRODUCTION

of lifestyle, the prevalence of type 2 diabetes mellitus

(T2DM) has a gradually increasing trend, not only in
developing countries but also in developed countries, which
approximately 425 million peoplein2017 (8.3% ofthe world’s
population) suffered T2DM and is predicted to increase by
48% by 2045.1Y Furthermore, the national prevalence of DM
in Indonesia as a developing country is doubled from 1.1%
in 2007 to 2.0% in 2018 with an age over 15 years old.**]
In the United States, in comparison, has reached 9.3% of
the population in 2015.1 This, consequently, makes health-
care providers evaluate the most effective intervention,
particularly in physical activity as a non-pharmacological
therapeutic strategy.

In this globalization era coincidence with urbanization

Exercise is considered as an attempt to improve insulin
sensitivity, muscle mass, and glycemic control of those with
DM. However, the benefits of exercise and the potential of
exercise prescription still are lack of success to encourage
those with T2DM to participate because of impediments,
both real and perceived.>®! Having exercise might be a
challenge for people with T2DM since they have biological

impairments that are going to be analyzed in this review.
Moreover, exercise prescription also becomes a challenge
for providers to educate persons with DM regarding the
essential role of exercise prescription and its delivery and
to contemplate the safety, attaining, and effective activity.
This can be seen in Portugal that only 60% of T2DM people
reported not practicing any kind of exercise.”

A reason that might influence little participants who conduct
exercise is insufficiency of knowledge related to the crucial
of the exercise for them.[®] There are some modalities of
exercise can be undertaken by those with T2DM, such as
aerobic training, resistance training, combination of aerobic-
resistance training, and high-intensity interval training (HIIT)
which all of them will be summarized and updated in this
review.

IMPORTANCE OF EXERCISE

Exercise exerts definitely an improvement in quality of life,
although the scale of measurement of quality of life is still
inconsistent,”” in general, and metabolic control specifically
for patients with T2DM.II4 Thus, it is important to those
caring for patient T2DM to understand the mechanism of
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exercise prescription including type, intensity, duration,
frequency, and intervention period which issues the
heterogeneity.'” Related to weight loss and muscle mass and
muscle tone improvement, exercise affects the self-image
on their performance and body composition.!'! Exercise, in
general, in patients with T2DM is hypothesized to restore
the availability of cAMP-response element-binding protein,
which regulates the differentiation of neurons, [-cells,
adipocytes, and smooth muscle cell.['?!

Regular exercise, either aerobic or resistance training, is
provenimproving insulin sensitivity in T2DM.!""' The possible
reason for recommendation exercise no less than every 48 h
by The American College of Sports Medicine and American
Diabetes Association (ADA) is the effect of exercise in
insulin-sensitizing improvement may be lost after 48—72 h.
Another meta-analysis reported that performing exercise
training in 13 weeks, which similar to the lifetime of red
blood cells, will improve glycated hemoglobin (HbA1C%),
it is, therefore, stimulating the change of HbA1C% through
exercise training is possible in such a short timeframe.['*]

In addition, chronic exercise training effect on those with
T2DM is an adaptation in glucose/insulin metabolism.!"!
The surprising finding is that there is heightening blood
pressure reduction (—6.17 mmHg; 95% confidence interval
[CI] —8.83—3.51) in individuals with T2DM conducting
exercise more than 150 min/week compared to the
exercise performed <150 min/week (—2.80 mmHg; 95%
CI-3.86——1.74).2%  Accordingly, exercise training also
alleviates both vascular structure and function by alleviating
endothelium-dependent dilation and vascular rarefaction
in skeletal muscle microcirculation which is reversing
the effect of T2DM.!! Even though an exercise program
seems promising to whom with T2DM, that is still becomes
a challenge to encourage people with T2DM to participate
in exercise program due to a lack of comprehension of their
disease and lack of confidence in the ability to get involved
in exercise program.l'™! In addition, they may have some
physical barriers that limit their movement.*?

AEROBIC TRAINING

Aecrobic training is characterized by continuous and large
muscle group movement rhythmically, such as walking,
jogging, and cycling, for most T2DM patients, brisk walking
and jogging are considered as a moderate-intensity and
vigorous-intensity aerobic exercise, respectively.?! ADA
stated that at least 150 min/week or more of moderate
to vigorous-intensity activity (for instance, at 50-70%
maximal heart rate) and once in 3 days of daily exercise is
recommended to enhance insulin action.!' It is recommended
to conduct a weekly minimum of 90 min of vigorous-intensity
aerobic exercise for T2DM patients with no cardiovascular or
musculoskeletal contradictions.”

Aerobic training enhances mitochondrial density, insulin
sensitivity, oxidative enzyme, conformity of blood vessel, lung
function, and cardiac output.”? It uses oxygen utilization from
free fatty acid, muscle/liver stored, and circulating glucose.™ The
recommendation of aerobic training — comprises continuous,
rhythmic movement of large muscle group which can be found
in walking, jogging, and cycling — for T2DM should be engaged
moderate to vigorous (65%—-90% of maximum heart and rate)
training at least 23 days/week or 150 min/week with no more
than 2 consecutive days.?>?* Supervised aerobic training at least
8 weeks has an impact significantly and clinically to improve
VO, and HbAlc;® whereas the protocol performed in the
studies varies between 8 and 52 weeks.>?"! It is reported that
acrobic training within 12 weeks is successful to improve -cell
function to those who have less severe conditions of diabetic.*!

Individuals with T2DM are well-described with decreasing of
cardiorespiratory fitness leading to impair cardiac, vascular, and
skeletal muscle parameters.”®?% Diabetes per se is an obvious
contributor to those damages in which insulin resistance (IR) is
the culprit for decreasing maximal oxygen consumption and or
submaximal exercise capacity.®*% Furthermore, individuals
with T2DM have slower oxygen uptake kinetics implying
declined capacity in an acute change in oxygenation requirement
at the beginning of the exercise.”” The previous narrative
review gives a further explanation regarding mitochondrial
dysfunction in T2DM, particularly in cardiac tissue, skeletal
muscle, and the vasculature which can decrease vasomotion
and generate excessive reactive oxygen species (ROS) in the
vascular.®®! Decreasing of peroxisome proliferator-activated
receptor-gamma coactivator-1 alpha (PGC-1a) expression, one
of the transcriptional activators of mitochondrial biogenesis,
occurs in T2DM conditions leading to mitochondrial
adenosine triphosphate (ATP) deterioration and excessive ROS
production.*!! Relating to mitochondrial biogenesis, exercise
in people with T2DM is might warrant to increase PGC-la
expression as a key mitochondrial regulator.*! Nevertheless,
it is needed further to study the effect of different training
modalities in those with T2DM toward PGC-1la expression
since there is still no sufficient data explaining both aerobic and
resistance training impacting mitochondrial biogenesis. The
data by Barres et al. accounted for stationary cycling at 40% and
80% of maximal aerobic capacity leading to decrease PGC-1a,
peroxisome proliferator-activated receptors, and pyruvate
dehydrogenase kinase 4 methylation in humans.?* Another
supporting detail that potentially increases glucose uptake after
training in individuals with T2DM is increasing of glucose
transporter 4 (GLUT4) through transcription factor myocyte
enhancing factor (MEF2A) and increases phosphorylation of
AS-160 (still in postulate).20-323433]

RESISTANCE TRAINING

Another type of exercise prescription in individuals with
T2DM is resistance exercise, which benefits to improve
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glycemic control, IR, fat mass, blood pressure, strength, and
lean body mass.?? The basic recommendation for resistance
exercise to strengthen the muscle in people with T2DM
is at least 2 days a week, on non-consecutive days, one to
four sets of 5—10 multijoint per exercise session with a slow
progression of the number of sets and the load.” Resistance
exercise was considered to have less benefit compared to
aerobic exercise at first,?® but recently some meta-analysis
has revealed the role of resistance exercise in T2DM
improvement.?*3¢4 Nery et al. concluded that, compared to
aerobic exercise, resistance training for more than 12 weeks
could more enhance VO,  while HbAlc value and lipid
profiles were no difference.

Resistance training is proven to improve HbAlc values.
HbA 1c,aproduct formed by glucose and the free amino acid of
the hemoglobin B chain-N-terminal proline, is a unanimously
acceptable parameter to monitor long-term blood glucose
levels.*? A meta-analysis concluded that resistance training is
capable of lowering HbA 1¢ values on average 0.48-0.67%.!
The explanation regarding the roles of resistance training to
improve glycemic control mainly enhances the strength and
the size of muscle.?”! Some reviews by Codella et al. and
Pesta et al. demonstrate further details that those results from
three ways [Figure 1]. First, phosphatidylinositol 3-kinase-
Akt-mammalian target of rapamycin pathway which induces
activation of phosphorylated adenosine monophosphate-
activated protein kinase (AMPK) activity. This increases
ATP production through target protein phosphorylation. The
phosphorylation of target proteins also intensifies GLUT 4
translocation and lipid oxidation which eventually increases
glucose uptake. Second, resistance training is able to activate
a crucial sensor for intracellular calcium signaling and
muscle remodeling called calmodulin-dependent protein
kinase II leading to activation of transcription factors such

Metabolic control of resistance training
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Figure 1: The three mechanisms of resistance training to
improve glycemic control

as MEF and its target genes such as PGC-la and glucose
GLUT4. Third, oxidant production during resistance
training might benefit on muscle differentiation and lead
to initiate mitochondrial biogenesis. This is considered as
transient ROS which is essential to handle the pro-oxidant
environment.B34041 - Another explanation states glucose
utilization during resistance training promotes insulin action
in skeletal muscle through enhancement of GLUT-4, insulin
receptor, protein kinase B-a/B, glycogen synthase, glycogen
synthase total activity, insulin-stimulated-glucose disposal,
glycogen synthesis, and probably muscle modification into
fast-type to slow-type fibers.[1*34]

Two major types of resistance training, namely, lactic-acid
free and lactic-acid related. Lactic acid-free covering jumps,
launches, weight lifting, and 100-m dashes are really short
duration and low energy consumption. While lactic-acid
related including 400-800 m runs, hurdle and anaerobic
phases of team sport matches are featured by short (from 1 to
5 min) and partial combustion of glycogenolysis-dependent
glucose.P!

AEROBIC-RESISTANCE TRAINING

Nevertheless, the effectiveness of the type of exercise
is still unclear since another meta-analysis declared no
difference between resistance and aerobic training.*” The
previous meta-analysis concluded that resistance training
(i.e., free weights, weight machines, body weight, and
clastic resistance bands) would be considerably expected
to lower HbAlc values and lipid profiles than aerobic
exercise (i.e., walking, cycling, jogging, and swimming).
A combination of resistance exercise and endurance training
show more benefit compared to both groups per se and it
affects greater improvement in variables related to glycemic
control and inhibits cytokines inflammatory.®’#1 Moreover,
the previous meta-analysis by Sukala e al. stated that the
biggest reduction of HbAlc value (—1.1-—2.2%) occurred to
those with T2DM performing aerobic and resistance training
at least 16 weeks.?! Furthermore, combination of aerobic
and resistance training has demonstrated in numerous well-
sized trials such as Health Benefits of Aerobic and Resistance
Training in individuals with type 2 diabetes trial, Diabetes
Aerobic and Resistance Exercise trial, and Italian Diabetes
and Exercise Study study.[*+7

HIGH-INTENSITY INTERVAL
TRAINING

HIIT is considered as time-saving exercise intervention
that might benefit similarly with moderate-intensity aerobic
training.*®! HIIT comprises 15 s—4 min; >90% maximal
oxygen uptake followed by a recovery period (40-50%
maximal oxygen uptake) of equal or longer duration than the
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work interval.®! In terms of HbA1C, systolic and diastolic
blood pressure, total cholesterol, high-density lipoprotein, and
low-density lipoprotein cholesterol, triglycerides, body mass
index (BMI), and waist-to-hip ratio, there is no difference
between those two modalities.?”” HIIT could be performed
on a stationary bike consisting 4-6 repeated in 30-60 s
bouts and a single session lasts approximately 10 min.*
Compared to moderate-intensity continuous training, HIIT
provides the higher functional capacity (VO, increased
3.02 mL/kg/min) and it, in general, has been published that
it is able to improve the cardiometabolic risks in individuals
with T2DM, including reducing body weight and A1C
levels, increasing aerobic fitness, controlling blood pressure,
and alleviating lipidemia parameters.*®*! Nevertheless,
there is still an extensive range of baseline age, duration of
T2DM, glucose level, insulin utility, variation intervention,
supervision, dietary management, and dietary management.
A single bout of HITT is able to activate PGC-1a through
its nuclear translocation improvement and eventually induces
AMPK activation.”%

The size effect of exercise in glycemic control varies between
individuals with T2DM. It is still unclear the exercise
prescription toward those with T2DM since numerous factors
might be contributing to the effect.

1. BMI
Individuals with T2DM with a high baseline BMI are
contemplated to have lower glycemic control compared
to those T2DM with non-obese status due to attenuating
insulin signaling; which in turn, lower glucose uptake.!"”!
2. Medication

Blood glucose levels should be ultimately controlled
before addressing exercise to subject with T2DM. This
means that the time of medications and meals needs
to be monitored intended to make safe and effective
exercise. One of the customarily prescribed oral
antihyperglycemic medications is metformin which is
the most recommended by ADA and has a role to increase
insulin-stimulated glucose uptake through AMPK
activation.! Although it is well-known that metformin
and resistance training has capability to independently
activate AMPK, the synergistic effect of the combination
of metformin and resistance exercise is still unclear since
both of them might have a distinct adaptation in B-cell
pancreas or in the liver,#*4!

Insulin sensitizers such as thiazolidinedione and
metformin have a crucial role in impacting the exercise
outcome. Genes and signaling pathways which differ
among individuals might lead to wvariation in the
physiological response to medication.*”y However,
some medications are generally proven to improve
VO, . Rosiglitazone, for example, with dose 4 g/
day for 4 months is able to augment VO, by 7%; as
a result, there is improving insulin responsiveness on

the participants with T2DM.?¥ Furthermore, subjects
with T2DM who rely only on insulin injection for their
medication have to know exactly the level of blood
insulin after specific time of insulin injection since
they experience two conditions, namely, blunt insulin
production and “stress hormone” increment (including
catecholamines, glucagon, and cortisol) which eventually
lead to insulin deficiency.?!
3. Complication

The exercise prescription for individuals with T2DM and
with the complication existence needs to be personally
tailored. The customarily exacerbating complications
are cardiovascular disease, peripheral neuropathy,
retinopathy, and nephropathy which each condition has
different considerations.*¥! The previous review data
explained that those with cardiovascular disease require
an evaluation from the cardiologist, those with peripheral
neuropathy are insisted to wear appropriate footwear and
to examine their foot periodically, those with retinopathy
have to be deliberated on the stage of retinopathy.
Individuals with T2DM and moderate retinopathy non-
proliferative are prohibited to have exercise causing
sudden blood pressure spikes; those categorized in severe
non-proliferative are not allowed to jump, sudden head
shakes, and very intensive efforts; while those classified
in intravitreal bleeding need to stop their exercise. In
terms of nephropathy complication, subjects T2DM with
nephropathy stage more than 3 are suggested to do their
training started at low intensity and volume.

CONCLUSION

All modalities of exercise represent an effective interventional
strategy to improve a diabetic condition. This narrative
review provides updated information in the exercise as a part
of the management of T2DM. There are numerous proved
beneficial resulting from the exercise for T2DM, but it still
becomes a challenge to encourage those with T2DM to
perform the exercise accordant with the recommendations.

COMPETING INTERESTS

There is no financial and non-financial competing interest in
this manuscript.

FUNDING INFORMATION

This manuscript did not receive any specific funding from
public, commercial, or non-profit sectors.

AUTHOR CONTRIBUTIONS

The author is responsible for the substantial contributions
to the conception or design of the work; or the acquisition,

4 CLINICAL RESEARCH IN DIABETES AND ENDOCRINOLOGY

VoL2 + Issue2 -« 2019



Dewi: Exercise for type 2 diabetes mellitus

analysis, or interpretation of data for the work; drafting the
work or revising it critically for important intellectual content;
final approval of the version to be published; and agreement
to be accountable for all aspects of the work in ensuring that
questions related to the accuracy or integrity of any part of
the work are appropriately investigated and resolved.

ACKNOWLEDGMENT

The author would like to thank the library of Unimus which
provides the facility for accessing the journals for references.

REFERENCES

10.

I1.

12.

13.

International Diabetes Federation. IDF Diabetes Atlas. 8" ed.
Brussels, Belgium: International Diabetes Federation; 2017.
p. 1-150.

Badan Litbangkes RI. Riset Kesehatan Dasar 2007. Indones:
Kementeri Kesehat Republik Indones. 2008. p. 1-384.
Kemenkes. Riset Kesehatan Dasar
New Delhi: Kemenkes; 2018.

Centers for Disease Control and Prevention. National Diabetes
Statistics Report. Atlanta, Georgia: Centers for Disease Control
and Prevention; 2017.

Strollo F, Gentile S, Assaloni R, De Fazio C, Corigliano G.
Exercise related care pathways for people with diabetes:
Literature review and expert consensus. Diabetes Metab Syndr
2019;13:2755-62.

Abdelhafiz AH, Sinclair AJ. Diabetes, nutrition, and exercise.
Clin Geriatr Med 2015;31:439-51.

Mendes R, Sousa N, Almeida A, Subtil P, Guedes-Marques F,
Reis VM, et al. Exercise prescription for patients with Type 2
diabetes-a synthesis of international recommendations:
Narrative review. Br J Sports Med 2016;50:1379-81.

Balducci S, Sacchetti M, Haxhi J, Orlando G, D‘Errico V,
Fallucca S, et al. Physical exercise as therapy for Type 2 diabetes
mellitus. Diabetes Metab Res Rev 2014530 Suppl 1:13-23.
Pan B, Ge L, Xun YQ, Chen YJ, Gao CY, Han X, et al.
Exercise training modalities in patients with Type 2 diabetes
mellitus: A systematic review and network meta-analysis. Int J
Behav Nutr Phys Act 2018;15:72.

Bharara M, Rajpathak SN, Gunter MJ, Wylie-Rosett J, Ho GY,
Kaplan RC, et al. Change in insulin sensitivity in response
to different modalities of exercise: A review of the evidence.
Diabetes Metab Res Rev 2009;28:3-12.

Gillison FB, Skevington SM, Sato A, Standage M,
Evangelidou S. The effects of exercise interventions on quality
of life in clinical and healthy populations; a meta-analysis. Soc
Sci Med 2009;68:1700-10.

Sampath Kumar A, Maiya AG, Shastry BA, Vaishali K,
Ravishankar N, Hazari A, et al. Exercise and insulin resistance
in Type 2 diabetes mellitus: A systematic review and meta-
analysis. Ann Phys Rehabil Med 2019;62:98-103.

Nicolucci A, Balducci S, Cardelli P, Cavallo S, Fallucca S,
Bazuro A, et al. Relationship of exercise volume to
improvements of quality of life with supervised exercise
training in patients with Type 2 diabetes in a randomised
controlled trial: The Italian Diabetes and Exercise Study

2018.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

(IDES). Diabetologia 2012;55:579-88.

Cai H, Li G, Zhang P, Xu D, Chen L. Effect of exercise on the
quality of life in Type 2 diabetes mellitus: A systematic review.
Qual Life Res 2017;26:515-30.

Jenkins DW, Jenks A. Exercise and diabetes: A narrative
review. J Foot Ankle Surg 2017;56:968-74.

Geary K, Knaub LA, Schauer IE, Keller AC, Watson PA,
Miller MW, et al. Targeting mitochondria to restore
failed adaptation to exercise in diabetes. Biochem Soc
Trans 2014;42:231-8.

Thomas DE, Elliott EJ, Naughton GA. Exercise for
Type 2 diabetes mellitus. Cochrane Database Syst Rev
2006;19:CD002968.

Grace A, Chan E, Giallauria F, Graham PL, Smart NA. Clinical
outcomes and glycaemic responses to different aerobic exercise
training intensities in Type Il diabetes: A systematic review
and meta-analysis. Cardiovasc Diabetol 2017;16:37.

Way KL, Hackett DA, Baker MK, Johnson NA. The effect
of regular exercise on insulin sensitivity in Type 2 diabetes
mellitus: A systematic review and meta-analysis. Diabetes
Metab J 2016;40:253-71.

Figueira FR, Umpierre D, Cureau FV, Zucatti AT,
Dalzochio MB, Leitao CB, et al. Association between physical
activity advice only or structured exercise training with blood
pressure levels in patients with Type 2 diabetes: A systematic
review and meta-analysis. Sports Med 2014;44:1557-72.
Laughlin MH. Physical activity-induced remodeling of
vasculature in skeletal muscle: Role in treatment of Type 2
diabetes. J Appl Physiol (1985) 2016;120:1-6.

Colberg SR, Sigal RJ, Fernhall B, Regensteiner JG,
Blissmer BJ, Rubin RR, et al. Exercise and Type 2 diabetes:
The American college of sports medicine and the American
Diabetes Association: Joint position statement. Diabetes Care
2010;33:e147-67.

Kirwan JP, Sacks J, Nieuwoudt S. The essential role of exercise
in the management of Type 2 diabetes. Cleve Clin J Med
2017;84:S15-S21.

Zanuso S, Jimenez A, Pugliese G, Corigliano G, Balducci S.
Exercise for the management of Type 2 diabetes: A review of
the evidence. Acta Diabetol 2010;47:15-22.

Nery C, Moraes SR, Novaes KA, Bezerra MA, Silveira PV,
Lemos A. Effectiveness of resistance exercise compared
to aerobic exercise without insulin therapy in patients with
Type 2 diabetes mellitus: A meta-analysis. Braz J Phys Ther
2017;21:400-15.

Sukala WR, Page R, Cheema BS. Exercise training in high-risk
ethnic populations with Type 2 diabetes: A systematic review
of clinical trials. Diabetes Res Clin Pract 2012;97:206-16.

De Nardi AT, Tolves T, Lenzi TL, Signori LU, Silva AM.
High-intensity interval training versus continuous training
on physiological and metabolic variables in prediabetes and
Type 2 diabetes: A meta-analysis. Diabetes Res Clin Pract
2018;137:149-59.

Wahl MP, Scalzo RL, Regensteiner JG, Reusch JE. Mechanisms
of aerobic exercise impairment in diabetes: A narrative review.
Front Endocrinol (Lausanne) 2018;9:181.

Reusch JE, Bridenstine M, Regensteiner JG. Type 2 diabetes
mellitus and exercise impairment. Rev Endocr Metab Disord
2013;14:77-86.

Stephens NA, Sparks LM. Resistance to the beneficial effects of

CLINICAL RESEARCH IN DIABETES AND ENDOCRINOLOGY  ®

VoL 2

e Issue2 -« 2019 5



Dewi: Exercise for type 2 diabetes mellitus

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

exercise in Type 2 diabetes: Are some individuals programmed
to fail? J Clin Endocrinol Metab 2015;100:43-52.

Wada J, Nakatsuka A. Mitochondrial dynamics and
mitochondrial dysfunction in diabetes. Acta Med Okayama
2016;70:151-8.

Zanuso S, Sacchetti M, Sundberg CJ, Orlando G, Benvenuti P,
Balducci S. Exercise in Type 2 diabetes: Genetic, metabolic
and neuromuscular adaptations. A review of the evidence. Br J
Sports Med 2017;51:1533-8.

Barres R, Yan J, Egan B, Treebak JT, Rasmussen M, Fritz T,
et al. Acute exercise remodels promoter methylation in human
skeletal muscle. Cell Metab 2012;15:405-11.

Buresh R, Berg K. Exercise for the management of
Type 2 diabetes mellitus: Factors to consider with current
guidelines. J Sports Med Phys Fitness 2018;58:510-24.

Asano RY, Sales MM, Browne RA, Moraes JF, Coelho
Junior HJ, Moraes MR, et al. Acute effects of physical exercise
in Type 2 diabetes: A review. World J Diabetes 2014;5:659-65.
Gordon BA, Benson AC, Bird SR, Fraser SF. Resistance training
improves metabolic health in Type 2 diabetes: A systematic
review. Diabetes Res Clin Pract 2009;83:157-75.

YangZ, Scott CA,Mao C, Tang J, Farmer AJ. Resistance exercise
versus aerobic exercise for Type 2 diabetes: A systematic
review and meta-analysis. Sports Med 2014;44:487-99.
Strasser B, Pesta D. Resistance training for diabetes prevention
and therapy: Experimental findings and molecular mechanisms.
Biomed Res Int 2013;2013:805217.

Ishiguro H, Kodama S, Horikawa C, Fujihara K, Hirose AS,
Hirasawa R, et al. In search of the ideal resistance training
program to improve glycemic control and its indication for
patients with Type 2 diabetes mellitus: A systematic review
and meta-analysis. Sports Med 2016;46:67-77.

Pesta DH, Goncalves RL, Madiraju AK, Strasser B, Sparks LM.
Resistance training to improve Type 2 diabetes: Working toward
a prescription for the future. Nutr Metab (Lond) 2017;14:24.
Lee J, Kim D, Kim C. Resistance training for glycemic control,
muscular strength, and lean body mass in old Type 2 diabetic
patients: A meta-analysis. Diabetes Ther 2017;8:459-73.

Chen J, Xing Y, Zhao L, Ma H. The association between
Helicobacter pylori infection and glycated hemoglobin a in

43.

44.

45.

46.

47.

48.

49.

50.

diabetes: A meta-analysis. J Diabetes Res 2019;2019:3705264.
Codella R, Talacqua M, Terruzzi I, Luzi L. May the force be
with you: Why resistance training is essential for subjects with
Type 2 diabetes mellitus without complications. Endocrine
2018;62:14-25.

Schwingshackl L, Missbach B, Dias S, Konig J,
Hoffmann G. Impact of different training modalities on
glycaemic control and blood lipids in patients with Type 2
diabetes: A systematic review and network meta-analysis.
Diabetologia 2014;57:1789-97.

Balducci S, Zanuso S, Nicolucci A, De Feo P, Cavallo S,
Cardelli P, et al. Effect of an intensive exercise intervention
strategy on modifiable cardiovascular risk factors in subjects
with Type 2 diabetes mellitus: A randomized controlled trial:
The Italian Diabetes and Exercise Study (IDES). Arch Intern
Med 2010;170:1794-803.

Sigal RJ, Kenny GP, Boulé NG, Wells GA, Prud‘homme D,
Fortier M, et al. Effects of aerobic training, resistance training,
or both on glycemic control in Type 2 diabetes: A randomized
trial. Ann Intern Med 2007;147:357-69.

Church TS, Blair SN, Cocreham S, Johannsen N,
Johnson W, Kramer K, et al. Effects of aerobic and
resistance training on hemoglobin Alc levels in patients
with Type 2 diabetes: A randomized controlled trial. JAMA
2010;304:2253-62.

Jelleyman C, Yates T, O‘Donovan G, Gray LJ, King JA,
Khunti K, et al. The effects of high-intensity interval training
on glucose regulation and insulin resistance: A meta-analysis.
Obes Rev 2015;16:942-61.

Wormgoor SG, Dalleck LC, Zinn C, Harris NK. Effects of
high-intensity interval training on people living with Type 2
diabetes: A narrative review. Can J Diabetes 2017;41:536-47.
Bird SR, Hawley JA. Exercise and Type 2 diabetes: New
prescription for an old problem. Maturitas 2012;72:311-6.

How to cite this article: Dewi L. Modalities of Exercise
Intervention for Type 2 Diabetes Mellitus: Narrative
Review. Clin Res Diabetes Endocrinol 2019;2(2):1-6.

CLINICAL RESEARCH IN DIABETES AND ENDOCRINOLOGY

VoL2 + Issue2 -« 2019



