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#ZEL: kSt v BEER I AR LR R 7

a7 %EF /1P &g (Population/ Problem) :

* Type 2 diabetes mellitus

fi » # % (Intervention) :

 Exercise (Aerobic exercise * Resistance exercise)

man 't #2 (Comparison) :

* No physical exercise

% % (Outcomes) -

* blood glucose improve (control)
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2 AC L e This study was carried out in accordance with the Preferred Reporting Items
Medline, Cochrane for Systematic Reviews and Meta-Analyses (PRISMA) statement for quality of
THER ﬁ? g7 reporting meta-analysis. Studies were identified by an electronic search and
#LE, EMBASE %) » hand search. We searched the databases MEDLINE via PubMed, CINHAL,
ESNES Sk Scopus and_WEmcience, and the Cochrane Central Register of

FICE ) LY Controlled Trials. We also used Google Scholar to find out additional full-
M5 ~VWeb of text articles from the earliest record to June 2017. The search strategy
Science, Scopus® combined terms related to aerobic exercise training, strength training, and
Google Scholar) ~ IR. Specifically, the keywords used were “strength training, weight training,
BEEETRE o resistance training, progressive training, progressive resistance,

weightlifting; or aerobic exercise, endurance exercise, aerobic training,
endurance training. cardio training. exercise. phvsical endurance. phvsical
exertion: and insulin sensitivity, IR, tolerance test, oral glucose tolerance

¢ JRAEF B R 0T
NWE2 X E KR

Fgf? * }IeSHi ¢z test (OGTT), insulin tolerance test (ITT)”. The review included studies that
- &8 % 7 (text compared the effectiveness of a structured exercise intervention with a
words) ° control group that received no physical exercise to find out the effect on

different outcome measures of interest.
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https://www.sciencedirect.com/topics/medicine-and-dentistry/endurance-training
https://www.sciencedirect.com/topics/medicine-and-dentistry/insulin-sensitivity
https://www.sciencedirect.com/topics/medicine-and-dentistry/oral-glucose-tolerance-test
https://www.sciencedirect.com/topics/medicine-and-dentistry/oral-glucose-tolerance-test
https://www.sciencedirect.com/topics/medicine-and-dentistry/insulin-tolerance-test

e Studies were included in the systematic review with meta-analysis if they were
of T2DM in people 18 years or older and the exercise training intervention
involving aerobic exercise (continuous, intermittent, or high-intensity interval
training), progressive Rl, or both. Studies had to investigate the primary outcome
insulin resistance, including fasting insulin (FI), homeostatic model assessment for
insulin resistance (Homa-IR), fasting blood sugar (FBS), glycated
hemoglobin (Hba,.) or body mass index (BMI). Homa-IR was calculated as fasting
insulin (ulU/L) x fasting glucose (nmol/L)/22.5 [5].

2.9, BehitPioit

e Data were extracted on the participant characteristics age, sex, BMI, exercise
intervention (mode of exercise, exercise frequency, intensity, duration, and
intervention duration and measures of insulin sensitivity independently by 2

researchers (ASK, SG), with disagreements resolved by discussion with 2
investigators (AGM, BAS) (Table 1).

+ sisnuzEEn

SAMER L EIRR TS
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https://www.sciencedirect.com/topics/medicine-and-dentistry/type-2-diabetes
https://www.sciencedirect.com/topics/medicine-and-dentistry/homeostatic-model-assessment
https://www.sciencedirect.com/topics/medicine-and-dentistry/glycated-hemoglobin
https://www.sciencedirect.com/topics/medicine-and-dentistry/glycated-hemoglobin
https://www.sciencedirect.com/topics/medicine-and-dentistry/body-mass-index
https://www.sciencedirect.com/science/article/pii/S1877065718314830?via=ihub
https://www.sciencedirect.com/science/article/pii/S1877065718314830?via=ihub

P R I S IVI A From the electromc database search 2242 articles were

and 11 amcles were mcluded in the ﬁnal review (Fig. 1). Amcles

|

2 o e e were excluded because of inappropriate title and study methodol-

=] Records identified through ional records identifi . =3 s

= database searchirig Buoigh ot sourcas ogy: np control group. improper §mdy desngn..outcome measure.

g (n=2241) (n=1) statistical analysis, and tools used in the study; inappropriate data;

§ and report written in other than the English language.

75 l l Data for 846 participants were analyzed: 440 in the interven-
— tion group, and 406 in the control group. People with T2DM and
— Records after duplicates removed healthy age-matched controls were included. The descriptive

(n=2014 ) characteristics of participants are in Table 1. Most participants

2 were recruited from hospital and outpatient settings.

g

g

A Records screened Records excluded « )

(n=2014) T {n=1916) o
Full-text articles assessed Full-text articles excluded, ‘J‘:
%’ for eligibility > with reasons
{n=98) {n =87)
g =2 g B
% v Y ~ 3P ".=-— —
l P TS RREE G
Studies included in 2 =
o qualitative synthesis k' E‘& lé K MeSH ;j‘ g
Y {n=11) 2 L 2
— _E R
I & e R R

E ' f_\f_'_ IJ\ < ._‘]1' j"\ ﬁ &

3 Studies included in ,

E quantitative synthesis r‘ﬁ il J;’ 3 I:: f’;F\ PN :BI,

(meta-analysis) — I* * N
(n=11) > '_;_’/,j_\?}_i-‘-;y = -ié;
) 2 Rt
P100.101 . i e
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Table 1
Demographic data for studies in the systematic review.

Author name Year  Journal Type of intervention Duration of
intervention

Intervention group Control group

Katsui et al, 2001 Diabetes care Aerobic training and diet No group 6 weeks

Short et al. 2003 Diabetes Aerobic control and exercise program Flexibility exercises 16 weeks

O’'Donovan et al, 2005  Eur ] Appl Physiol High and moderate intensity exercise No exercise 24 weeks

Lazarevic et al. 2006 Diabetes Metab Structured and supervised aerobic exercise  No exercise 6 months
program

Michishita et al, 2008 Diabetes Res Clin Pract Submaximal exercise testing - NGT, IGT, No group 12 weeks
DM

Misra et al. 2008 Diabetes Care Supervised Progressive resistance exercise  No group 12 weeks
training protocol

Jorge et al. 2011 Metabolism Aerobic, resistance, and combined exercise  No exercise 12 weeks
training

El-Kader et al, 2011 Journal Adv Res Aerobic and resistance exercise training No group 3 months

Geirsdottir et al. 2012 Journal Gerontol Resistance exercise program Healthy older group 12 weeks

Mavros et al, 2013  Diabetes Care High-intensity progressive resistance Sham 12 months
training

Motahari-Tabari et al. 2015  Global ) Health Science Aerobic exercise No group 8 weeks

RCT, randomized controlled trial; DM, diabetes mellitus; NGT, normal glucose tolerance; IGT, impaired glucose tolerance.
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2.3 Bk ‘%Gi:TER

e Two researchers (ASK, AGM) assessed the
methodological quality of the included studies with

blinding by using a modified Downs and Black
checklist recommended by the Cochrane Handbook
for Systematic Reviews of Interventions. (Table 2).

2.4 3t a 7

e We adopted a random-effects model for the meta-

analysis because we anticipated considerable
heterogeneity among the studies.
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Table 2

Downs and Black checklist for methodological quality of studies.
Downs and Katsui Short et al. O'Donovan  Lazarevic Michishita Misra et al. Jorge et al. El-Kader Ceirsdottir Mavros et al.  Motahari-Tabari
Black questions et al. (2001) (2003) et al. (2005) et al. (2006) (2008) (2008) (2011) (2011)  (2012) {2013) et al. (2015)
1 Y Y Y Y Y Y Y Y Y Y Y
2 Y Y Y Y Y Y Y Y Y Y Y
3 Y Y Y Y Y Y Y Y Y Y Y
4 Y Y Y Y Y Y Y Y Y Y Y
5 Y Y Y Y Y Y Y Y Y Y Y
6 Y Y Y Y Y Y Y Y Y Y Y
7 N N Y Y Y Y Y Y Y Y Y
8 N N Y Y Y N Y N N N N
9 N N Y N N N N N N N N
10 Y Y Y Y Y Y Y Y Y Y Y
11 Y Y Y Y Y Y Y Y Y Y Y
12 Y Y Y Y Y Y Y Y Y Y Y
13 Y Y Y Y Y Y Y Y Y Y Y
14 N Y Y N urp Y N N uTD Y N
15 N Y Y N utD Y N N uThD Y Y
16 utpD Y Y N urp Y N N N Y N
17 Y Y Y Y uTtoD Y Y N N uTD N
18 Y Y Y Y Y Y Y Y Y Y Y
19 uTD Y Y Y Y Y Y Y Y Y Y
20 Y Y Y Y Y Y Y Y Y Y Y
21 Y Y Y Y Y Y Y Y Y Y Y
22 Y Y Y Y Y Y Y Y Y Y Y
23 N Y Y Y Y uTD Y uTD Y Y Y
24 Y Y Y Y uTp N Y N Y Y Y
25 UTD Y Y Y N N Y N Y Y Y
26 uTtD UTD Y Y urp uUTD Y uTD Y Y Y
27 N N N N N N N N N N N
Total Score 16 22 26 22 18 20 22 16 20 23 21

UTD: unable to determine.

?"‘E (10) > #F3m2xk (3) » p¥Wocik (HLfoiR
+ “sinansun et (1) o 18
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Downs and Black checklistfd 4

Reporting
| Is the hypothesis/aim/objective of the study clearly described? Yes=1
No=0
Are the main outcomes to be measured clearly described in the Introduction or o=
) ) - i Werw S siefl o shten ey the bt vy
" Methods section” If the main outcomes are first mentioned in the Results Yes=1
= section, the question should be answered no No=0 " . achory e narirorcatlorre: =

{re the characteristics of the patients included in the study clearly described?

In cohort studies and tnals, inclusion and/or exclusion criteria should be given Yes=1 | snedhe 2 by
3 In case-control studies, a case-definition and the source for controls should be No=0 -
No= "
given
Auaorred ity - bas -
Are the interventions of interest clearly described? Treatments and placebo Yes = -
= W aw smtrese mu . Ay e \
4 (where relevant) that are to be compared should be clearly described [ g Y |
No=0 s | e Vo sk -, oy of hnwwing witich | 1"
Are the distributions of principal confounders in each group of subjects to be Yes=2 pas howr o, % | b e z
5 compared clearly described” A list of principal confounders is provided Partially = 1 W —~ vy —~ v y— — Fes *® 1 =
No=0 a s o =

Are the main findings of the study clearly described? Simple outcome data 1 sl

(including denominators and numerators) should be reported for all major
6 findings so that the reader can check the major analyses and conclusions. (This
question does not cover statistical tests which are considered below)

Does the study provide estimates of the random variability in the data for the
main outcomes? In non-normally distributed data the mterquartile range of
results should be reported. In normally distributed data the standard error,

7 standard deviation or confidence intervals should be reported. [f the
distribution of the data is not described, it must be assumed that the estimates
used were appropriate and the question should be answered yes

Yes=1
No=0

Have all important adverse events that may be a consequence of the

intervention been reported? This should be answered yes if the study
8 demonstrates that there was a comprehensive attempt to measure adverse
cvents. (A list of possible adves vents is provided).

Yes=1
No=0

Have the characteristics of patients lost to follow-up been described? This
should be answered yes where there were no losses to follow-up or where

losses to follow-up were so small that findings would be unaffected by their Yes=1

inclusion. This should be answered no where 2 study does not report the No=0
number of patients lost to follow-up

0.035 rather than <0.05) o .
Yes=1

No=0

Have actual probability values been reparted (e.
10 for the main outcomes except where the probability value is less than 0.001?

External validity oy M ™ P —— Y TR e

thed the gacstum shen

Were the subjects asked to participate in the study representative of the entire _—
population from which they were recruited? The study must identify the source .
population for patients and describe how the patients were selected. Patients
would be representative if they comprised the entire source population, an Yes
unselected sample of consecutive patients, or a random sample. Random \‘; 0
sampling is only feasible where 2 list of all members of the relevant population | | n ' ~ w dVINT o AT S 21 2l ol W e
, Unable to determine =0
exists. Where a study does not report the proportion of the source population " wal Land " » ol e e Y !
from which the patients are derived, the question should be answered as unable : s
to determine. choxn

& or i domsenmrate

! Yol

The modified version which we employed in this study therefore has a maximum score

of 28 Each paper was assigned a grade of “excellent” (24-28 points), “good”(19-23
points), “fair” (14-18 points) or “poor” (<14 points).
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Intervention Control Mean Difference Mean Difference
Study or Subagroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
G Lazarevic et al 2006 16.77 635 30 1296 509 30 17.9% 3.81(0.90,6.72] ——
Gary O Donovanetal 2005  -237 335 13 013 529 13 151% -2.50[-5.90,0.90]
Kevin R Short etal 2003 34 2 65 37 3 37 315% -3.00[4.08,-1.92] -
Narges M et al 2015 362 042 27 643 05 26 356% -2.81[3.06,-2.56) "
Total (95% ClI) 135 ﬂ 100.0%  -1.64 [-3.38, 0.10] R
Heterogeneity: Tau®= 2.19; Chi*=19.91, df= 3 (P = 0.0002f F=85% _54 _52 S i 4

Test for overall effect: Z=1.85 (P = 0.06) Favours [Intervention] Favours [control]

Fig. 2. Forest plot for analysis of fasting insulin level.

Intervention Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% ClI
G Lazarevic etal 2006 549 278 30 295 118 30 27.7% 2.54 [1.486,3.62) —
Gary O Donovan et al 2005 -05 08 10 0.2 15 13 285% -0.70[-1.65,0.25] B i
Maria L et al 2011 259 1.31 12 428 574 12 135% -1.69[-5.02,1.64)
Yoragi Mavros et .al 2013 277 105 31 322 143 37 303% -0.45[-1.04,0.14) —&
Total {95% CI) 83 92 100.0%  0.14 [-1.48,1.76] ?
Heterageneity: Tau®= 2.15; Chi*= 26.50, df= 3 (P < 0.00001); F= 89% .i ?2 o 5 i
Test for overall effect. Z=0.17 (P = 0.87) Favours [Intervention] Favours [control]

Fig. 3. Forest plot for analysis of homeostatic model assessment for insulin resistance.
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Intervention Control Mean Difference Mean Difference
Study or Subaroup Mean SD Total Mean  SD Total Weight IV, Random, 95% Cl IV, Random, 95% C
G Lazarevic et al 2006 722 74 30 501 033 30 220% 2.21 [-0.44, 4.86)
Gary O Donovanetal2005  -002 035 10 0418 062 13 280%  -0.21[0.61,0.19)
Kevin R Short etal 2003 63 01 685 53 01 37 282% 0.00 [-0.04, 0.04]
Maria L et al 2011 142 367 12 125 2058 12 12%  17.00[-6.81,40.81) >
Narges M etal 2015 13485 7.9 27 16276 1.67 26 206% -27.91(-30.96,-24.86) —
Total (95% CI) 144 100.0%  -512[-7.78,-2.45) @
Heterogeneity: Tau®= 6.57; Chi*= 327.64, df= 4 (P < 0.00001) = 99% etk

Test for overall effect: Z= 3.76 (P = 0.0002)

Favours [Intervention] Favours [control]

Fig. 4. Forest plot for analysis of fasting blood sugar.

Intervention Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% ClI
G Lazarevic et al 2006 7.3 149 30 533 1.34 30 32.7% 1.97 [1.25, 2.69] ——
Maria L et al 2011 753 1.05 12 7.07 07 12 32.7% 0.46 [-0.25,1.17]
Yorgi Mavros et .al 2013 6.75 0.89 36 7.23 1.05 48 346% -0.48(-0.90,-0.06)
Total (95% Cl) 78 0.63 [-0.82, 2.08]

0.0%
Heterogeneity: Tau® = 1.54; Chi*= 34.20, df= 2 (P < 0.00001}; F=94% I

Test for overall effect: Z= 0.85 (P = 0.39)

3 4

R ST TR S

Favours [Intervention] Favours [control]

Fig. 5. Forest plot for analysis of glycated hemoglobin.

“Intervention “Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% ClI
G Lazarevic et al 2006 285 33 30 296 21 30 253% -1.10[-2.50,0.30] —T
Gary O Donovan et al 2005 262 26 13 287 49 13 10.7% -250[5.52 052
Kevin R Short etal 2003 264 03 65 259 04 37 401% 0.50 [0.35, 0.65) =
Maria L etal 2011 311 353 12 3012 475 12 91% 0.98 [-2.37, 4.33]
Yorgi Mavros et.al 2013 308 49 36 315 63 48 147% -0.70[-3.10,1.70) —r
Total (95% ClI) 156 140 100.0%  -0.36 [-1.51,0.79] ’

Heterogeneity: Tau*= 0.85; Chi*=9.72, df= 4 (P = 0.05] F=59%

Test for overall effect: Z= 0.61 (P = 0.54)

Fig. 6. Forest plot for analysis of body mass index.
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Intervention Control Mean Difference Mean Difference
Study or Subagroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
G Lazarevic et al 2006 16.77 635 30 1296 509 30 17.9% 3.81(0.90,6.72] ——
Gary O Donovanetal 2005  -237 335 13 013 529 13 151% -2.50[-5.90,0.90]
Kevin R Short etal 2003 34 2 65 37 3 37 315% -3.00[4.08,-1.92] -
Narges M et al 2015 362 042 27 643 05 26 356% -2.81[3.06,-2.56) "
Total (95% ClI) 135 ﬂ 100.0%  -1.64 [-3.38, 0.10] R
Heterogeneity: Tau®= 2.19; Chi*=19.91, df= 3 (P = 0.0002f F=85% t t

Test for overall effect: Z=1.85 (P = 0.06)

4 -2 0 2 4
Favours [Intervention] Favours [control]

Fig. 2. Forest plot for analysis of fasting insulin level.

Intervention Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% ClI
G Lazarevic et al 2006 549 278 30 295 118 30 27.7% 254 [1.46,362) .
Gary O Donovan et al 2005 -05 08 10 0.2 15 13 285% -0.70[-1.65,0.25] B i
Maria L et al 2011 259 1.31 12 428 574 12 135% -1.69[-5.02,1.64)
Yorgi Mavros et .al 2013 277 1.05 31 322 143 37 303% -0.45(-1.04,0.14) —&
Total {95% Cl) 83 100.0% 0.14 [-1.48,1.76] ?
Heterogeneity: Tau*= 2.15; Chi*= 26.50, df= 3 (P < 0.00001 : F=89% I .i ?2 o 5 i

Test for overall effect Z= 0.17 (P = 0.87)

Fig. 3. Forest plot for analysis of homeostatic model assessment for insulin resistance.
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Intervention Control Mean Difference Mean Difference
Study or Subaroup Mean SD Total Mean  SD Total Weight IV, Random, 95% Cl IV, Random, 95% C
G Lazarevic et al 2006 722 74 30 501 033 30 220% 2.21 [-0.44, 4.86)
Gary O Donovanetal2005  -002 035 10 0418 062 13 280%  -0.21[0.61,0.19)
Kevin R Short etal 2003 63 01 685 53 01 37 282% 0.00 [-0.04, 0.04]
Maria L et al 2011 142 367 12 125 2058 12 12%  17.00[-6.81,40.81) >
Narges M etal 2015 13485 7.9 27 16276 1.67 26 206% -27.91(-30.96,-24.86) —
Total (95% CI) 144 100.0%  -512[-7.78,-2.45) @
Heterogeneity: Tau®= 6.57; Chi*= 327.64, df= 4 (P < 0.00001) = 99% etk

Test for overall effect: Z= 3.76 (P = 0.0002)

Favours [Intervention] Favours [control]

Fig. 4. Forest plot for analysis of fasting blood sugar.

Intervention Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% ClI
G Lazarevic et al 2006 7.3 149 30 533 1.34 30 32.7% 1.97 [1.25, 2.69] ——
Maria L et al 2011 753 1.05 12 7.07 07 12 32.7% 0.46 [-0.25,1.17]
Yorgi Mavros et .al 2013 6.75 0.89 36 7.23 1.05 48 346% -0.48(-0.90,-0.06)
Total (95% Cl) 78 0.63 [-0.82, 2.08]

0.0%
Heterogeneity: Tau® = 1.54; Chi*= 34.20, df= 2 (P < 0.00001}; F=94% I

Test for overall effect: Z= 0.85 (P = 0.39)
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Favours [Intervention] Favours [control]

Fig. 5. Forest plot for analysis of glycated hemoglobin.

“Intervention “Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% ClI
G Lazarevic et al 2006 285 33 30 296 21 30 253% -1.10[-2.50,0.30] —T
Gary O Donovan et al 2005 262 26 13 287 49 13 10.7% -250[5.52 052
Kevin R Short etal 2003 264 03 65 259 04 37 401% 0.50 [0.35, 0.65) =
Maria L etal 2011 311 353 12 3012 475 12 91% 0.98 [-2.37, 4.33]
Yorgi Mavros et.al 2013 308 49 36 315 63 48 147% -0.70[-3.10,1.70) —r
Total (95% ClI) 156 140 100.0%  -0.36 [-1.51,0.79] ’

Heterogeneity: Tau*= 0.85; Chi*=9.72, df= 4 (P = 0.05] F=59%

Test for overall effect: Z= 0.61 (P = 0.54)

Fig. 6. Forest plot for analysis of body mass index.
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