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Background: This study aimed to assess the effectiveness of exercise intervention in reducing body weight and glycosylated he-
moglobin (HbA1c) level in patients with type 2 diabetes mellitus (T2DM) in Korea.

Methods: Cochrane, PubMed, Embase, KoreaMed, KMbase, NDSL, KCI, RISS, and DBpia databases were used to search ran-
domized controlled trials and controlled clinical trials that compared exercise with non-exercise intervention among patients
with non-insulin-treated T2DM in Korea. The effectiveness of exercise intervention was estimated by the mean difference in body
weight changes and HbA1c level. Weighted mean difference (WMD) with its corresponding 95% confidence interval (CI) was
used as the effect size. The pooled mean differences of outcomes were calculated using a random-effects model.

Results: We identified 7,692 studies through literature search and selected 23 articles (723 participants). Compared with the con-
trol group, exercise intervention (17 studies) was associated with a significant decline in HbAlc level (WMD, -0.58%; 95% CI,
-0.89 to -0.27; I’=73%). Although no significant effectiveness on body weight was observed, eight aerobic training studies
showed a significant reduction in body weight (WMD, -2.25 kg; 95% CI, -4.36 to —0.13; I*=17%) in the subgroup analysis.
Conclusion: Exercise significantly improves glycemic control; however, it does not significantly reduce body weight. Aerobic
training can be beneficial for patients with non-insulin-treated T2DM in Korea.
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INTRODUCTION

Diabetes mellitus (DM) is a pan-endemic disease, and its inci-
dence and prevalence are rapidly increasing. Globally, approxi-
mately 108 million adults presented with DM in 1980. Howev-

er, the number increased to around 422 million in 2014. The
prevalence of DM has almost doubled since 1980 and has in-
creased from 4.7% to 8.5% in the adult population globally.
With the increasing risk for cardiovascular and other diseases,
2.2 million individuals have died due to higher-than-optimal
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blood glucose level [1]. The prevalence of DM in Korea has
also increased from 10.1% to 12.9% in men and from 8.0% to
9.6% in women over the past 5 years (2012 to 2016) [2]. Major-
ity of individuals have type 2 diabetes mellitus (T2DM), and
this phenomenon is associated with an increase in the preva-
lence of the associated risk factors, such as obesity.

Because T2DM is a chronic condition and causes multiple
complications, its treatment is challenging. Moreover, the goal
for the management of T2DM is to prevent its complications
by maintaining blood glucose and metabolic parameters at tar-
get levels. Of the important therapeutic approaches, lifestyle
modification, including exercise and diet, as well as drug ther-
apy are the primary recommended approaches. In addition,
exercise and diet are emphasized as the fundamental ap-
proaches that prevent diabetes complications and reduce med-
ical costs. Da Qing study [3], Finnish Diabetes Mellitus Pre-
vention (FDPS) study [4], and Diabetes Prevention Program
(DPP) [5] presented the effect of lifestyle modification in pre-
venting T2DM. In Korea, education on diet, exercise, self-glu-
cose monitoring, and consultations on patients’ compliance on
their lifestyle modification are generally performed as an initial
non-pharmacological intervention for T2DM [6]. Particularly,
exercise is recommended for patients with T2DM because it
contributes to reducing the metabolic risk of developing dia-
betic complications [7]. Although some studies have shown
the positive effects of exercise intervention on glucose metabo-
lism [8,9], others have reported no significant difference in the
glucose metabolism [10,11] according to their study partici-
pants and designs.

Because the physical and genetic characteristics of the Asian
population are different from those of the Western population,
an ethnic-oriented therapeutic approach for Korean patients
with T2DM must be used. Furthermore, in contrast to the
publications of several meta-analyses that described multiple
intervention studies conducted in Western countries, meta-
analysis studies on patients with T2DM in Korea is still limited.
In addition, no study on the effectiveness of exercise on glu-
cose metabolism in the Korean population has been conduct-
ed, which is important in establishing exercise recommenda-
tions.

Thus, this study aimed to investigate the effectiveness of ex-
ercise intervention in reducing glycosylated hemoglobin
(HbA1c) levels and weight loss by analyzing the effect size of
previous studies in accordance with the Cochrane methodolo-
gy among patients with T2DM in Korea.
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METHODS

Data sources and search strategies

Cochrane, PubMed, Embase, KoreaMed, KMbase, NDSL,
KCI, RISS, and DBpia were searched from January 1965 to Au-
gust 2017. The terms used for the literature search were “Type
2 diabetes,” “Self-glucose monitoring or Self-glycemic moni-

» <«

toring,” “Exercise, Physical activity, “Education, Teaching,’
and “Training, Coaching, Practice” in the databases for Korea.
For Cochrane, PubMed, and Embase, we used the terms “Type
2 diabetes,” “Exercise, Physical activity; and “Korea” to cover
only Korean T2DM patients. In addition, languages were lim-
ited to Korean and English. The search terms were combined
with “AND” for diabetes disease, exercise, education, counsel-
ing, training, self-monitoring, and research design, as well as
with “OR” for exercise, physical activity, education, teaching,
training, coaching, and practice. It is the literature-based de-
scriptive study; therefore, approval by the Institutional Review
Board or informed consent is not required.

Eligibility criteria

The inclusion criteria of the literature were as follows: studies
on patients with T2DM who are not on insulin therapy (Pa-
tients, P) in Korea, those that described exercise intervention
for the management of DM (Intervention, I), those that com-
pared the non-intervention and control groups (Comparison.
C), and those that described HbA1c levels and weight (Out-
come, O) according to the research question (PICO). In addi-
tion, only studies that presented the mean and standard devia-
tion of the results were selected.

We excluded studies on type 1 and gestational DM, those on
patients with DM who are on insulin therapy (P), those that
involved a combination of diet and exercise intervention (I),
those that included a control group that was not a non-inter-
vention group or that was under conventional care (C), and
those with results other than the parameter of glucose metabo-
lism, such as psychological parameter (O). The literature was
independently selected by two researchers (J.E.J. and E.S.S.),
and it was identified via a thorough discussion in cases of in-
consistencies.

Data extraction

HbA1c level and body weight were used as variables for the ef-
fect of exercise intervention and were calculated using mean,
standard deviation, number of participants, and baseline and
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final values. The contents of the literature were examined in
detail, and the types of education, training, counseling, and
self-monitoring blood glucose intervention were coded and
presented. To analyze the effect of intervention on HbAlc lev-
els and body weight according to the kind of exercise, we ex-
tracted variables for sub-analysis.

The use of treadmill, bike riding, walking (jogging), aerobic,
stretching, and step box were coded as aerobic exercise. Mus-
cular exercise, knee and abdominal strength exercise, back ex-
tension, chest exercise, and the use of elastic band or gym stick
were coded as resistance exercise. If there is a numerical result
due to the different kinds of exercise in the contents of one
document, the data were extracted according to categories for
the sub-analysis, and errors resulting from the duplication of
the same documents were supplemented using statistical tech-
niques.

Assessment of the study quality and risk of bias

The risk of bia (RoB) of the Cochrane Union was used as a bias
risk assessment tool to assess the quality of randomized con-
trolled or controlled clinical trials. Two researchers assessed
the RoB according to seven estimation tools—random se-
quence generation, allocation concealment, blinding of partici-
pants and personnel, blinding of outcome assessment, incom-
plete outcome data, selective reporting, and other bias that
threaten validity. The sample size of the experimental and con-
trol groups was also added for evaluation.

Eight items were evaluated as at high RoB, low RoB, and un-
clear. After assessing the RoB, two types of tables (RoB graph
and summary) were generated and plotted using the Review
Manager (RevMan) 5.3 program.

Statistical analysis

The RevMan 5.3 program was used to synthesize the effect siz-
es of the 23 selected documents. The weighted mean difference
(WMD) between the baseline and final measurements of
HbAlc level and weight according to the intervention was
considered as the effect size, and the inverse variance method
was used because the values were continuous variables. The
random-effects model was chosen because of the diversity and
heterogeneity of the intervention.

The heterogeneity of the results of the individual studies in-
cluded in the meta-analysis was evaluated using the I’ test.
Sensitivity analysis was performed when the number of indi-
vidual studies was more than 2, and more than 60% of the in-
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dividual studies were considered heterogeneous.

The sub-analysis was performed to compare the effect size
differences in HbA1c level and weight between the groups in
the included literature. The subtotal only method was used
when a single literature provided data on multiple sub-groups.
The results of the meta-analysis are presented in the table on
the general characteristics for the inclusion documents, the
forest plot showing the number of participants in the interven-
tion and control groups, and the estimated value of the effect.

RESULTS

Search results and study characteristics

A total of 7,692 studies were selected according to our literature
search method. After eliminating duplicate documents, the ti-
tles and abstracts of 7,111 studies were reviewed, and 6,805 pa-
pers that had no relevance with the original review according
to the PICO were excluded. We selected 306 studies by review-
ing the titles and abstracts, of which 23 were finally included in
this study (Fig. 1). The total number of participants in the 23
studies [9,11-32] was 723 (432 in the intervention group and
291 in the control group; 190 [26.3%] men and 533 [73.7%]
women), with a mean age of 60.4 years. The general character-
istics of the included studies are summarized in Table 1.

Quality of the included studies

Eight items were assessed using the RoB tool, which is a ran-
domized controlled study or controlled clinical trials assess-
ment tool of the Cochrane Collaboration that is used to assess
the quality of selected literature. The results of the quality eval-
uation showed that random sequence generation and alloca-
tion concealment are at high RoB except one article. Blinding
of participants and personnel and blinding of outcome assess-
ment were all uncertain because they did not mention related
contents in 23 documents. That is, in all four of the eight items,
the RoB was evaluated as high or uncertain in 23 domestic
documents, and the overall quality of the literature was low.

In the incomplete outcome data category, 22 studies (95.7%)
were rated as low RoB. In one document, the RoB was evaluat-
ed as high because the reason for drop off in one participant
was not described after the intervention. Twenty-one articles
(91.3%) had less than 20 interventions and control partici-
pants, indicating that the studies were small-scale intervention
studies.

Potential bias was high in 13 studies (56.5%). Only selective
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7,692 References for screening

|

7,111 Studies screened

|

306 Studies assessed for full-text eligibility

23 Studies included
20 (Exercise)
1 (Exercise+Counseling)
1 (Exercise+Counseling+Self-reported activity)
1 (Exercise+Self-monitoring)

Fig. 1. Flowchart of the study selection.

reporting was evaluated as low in 23 studies. All studies re-
ported the results according to the study objects. The basis of
the quality evaluation for each study is shown in Supplementa-
ry Figs. 1 and 2.

Effectiveness of exercise on body weight

A total of eight articles have reported the effects of exercise in-
tervention on weight. The seven studies have performed exer-
cise intervention only, and one of the studies performed exer-
cise intervention, counseling, and education. All the details on
the changes in body weight were presented in kilograms (kg).
No difference was observed between the two groups in terms
of body weight at baseline (WMD, -1.35 kg; 95% confidence
interval [CI], -3.62 to 0.92; P=0.24). Exercise intervention de-
creased the weight of the participants by 1.90 kg (95% CI,
-4.15 to 0.35; I*=0%). However, the result was not statistically
significant (P=0.10) (Fig. 2).

Effectiveness of exercise on glycemic control

A total of 17 studies have reported the effectiveness of exercise
intervention in reducing HbA1c levels. Only 14 studies have
performed exercise intervention; one study has conducted ex-
ercise intervention with counseling and education; another
study has conducted exercise intervention with counseling and
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6,805 Studies excluded after screening
the titles and abstracts

! 283 Studies excluded reasons
: 70 Wrong population
70 Wrong comparator
20 Wrong intervention
34 Wrong outcome
36 Wrong study design
13 Irrelevant
32 Duplicated article
4 Not provide statistic values
4 Not provide full text

self-reports; and the remaining study conducted exercise inter-
vention with self-blood glucose monitoring.

Although the baseline HbA1c level was statistically higher in
the exercise intervention group (WMD, 0.21%; 95% CI, 0.07 to
0.35; P<0.01), the group’s HbAlc level after intervention de-
creased to 0.58% (95% CI, —0.89 to -0.27; P<0.01) (Fig. 3). In
addition, due to high heterogeneity (I’=73), sensitivity analy-
sis was performed. Except in two articles [14,15] that have
shown asymmetric features in the funnel plot, the remaining
15 studies were analyzed. As a result, the heterogeneity was re-
duced to 35%. HbAc levels declined by 0.35% (95% CI, -0.56
to —0.14), and the result was statistically significant (P<0.01).

We divided groups according to baseline HbA1c values be-
fore intervention and then performed subgroup analysis. In
the group with a high baseline HbA1c level (>7.5%), the exer-
cise group showed the greatest reduction of HbAlc (WMD,
-1.06%; 95% CI, —1.50 to -0.62; n=9; I’=78%). Similar results
were obtained after sensitivity analysis for high heterogeneity
(WMD, -0.68%; 95% CI, -1.09 to -0.28; n=6; I’=56%). Addi-
tionally, there was less, but significant, glucose lowering effect
in groups with baseline HbAlc <7.5% and >7.0% (WMD,
-0.44%; 95% CI, -0.61 to -0.27; n=11; I’=0%) and in groups
below 7.0% (WMD, -0.30%; 95% CI, -0.59 to -0.01; n=7; I*=
65%), with similar results after a sensitivity analysis (WMD,
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Table 1. Characteristics of the studies included in the meta-analysis

Exercise intervention
Stud Mean  Women, .. . Diabetes - - -
Y age, yr 9% 19 duration, yr Aerobic Resistance Frequency  Time,
exercise exercise (duration) min
Jun (1994) [12] 55.1 70.0 30 4.7 Jogging - 3 times/week -
(4 weeks)
Hwang et al. (2001) [13] 50-59 61.8 34 More than 5 Aerobic - 3-6 times/week 10-60
(12 weeks)
Kim et al. (2005) [14] 51.5 0.0 21 - Treadmill Muscle exercise 3 times/week  10-30
(12 weeks)
Nam et al. (2003) [15] 52.6 0.0 14 - Treadmill Knee extension, knee 3 times/week  10-30
flexion, back extension, (16 weeks)
chest press, pull down
An etal. (2005) [16] 54.9 100.0 26 6.6 Walking, Elastic band 5 times/week  45-60
cycling (12 weeks)
Kim (2007) [17] 63.7 0.0 24 - Cycling - 3 times/week  20-60
(12 weeks)
Kwon et al. (2010) [18] 56.4 100.0 28 5.9 - Elastic band 3 times/week 60
(12 weeks)
Park et al. (2012) [19] 70.8 51.9 27 - - Elastic band 3 times/week 60
(12 weeks)
Tchai et al. (2004) [20] 62.0 100.0 41 - Aquatic exercise - 3 times/week 60
(12 weeks)
Lee et al. (2005) [21] 62.4 56.6 99 6.9 Walking - 5 times/week  30-60
(12 weeks)
Jeong et al. (2007) [22] 59.3 71.8 39 5.5 Taeguk Gi-Gong - 2 times/week -
(10 weeks)
Kim (2009) [23] 51.4 100.0 69 3.6 Treadmill Push-up, sit-up 3-4 times/week 90-120
(12 weeks)
Kim et al. (2010) [24] 63.1 100.0 14 - Treadmill - 3 times/week 60
(12 weeks)
Shin et al. (2012) [25] 68.4 100.0 52 - Treadmill, Elastic band, music dance 3 times/week  55-60
walking (12 weeks)
Choi (2012) [26] 72.0 100.0 40 3-5 Treadmill, Weight training 5 times/week -
cycling (52 weeks)
Park et al. (2013) [27] 58.3 19.0 21 1-10 Walking - 5 times/week -
(7 weeks)
Kangetal. (2014) [28] 67.8 100.0 16 - Walking, cycling Elastic band 3 times/week 80
(8 weeks)
Park et al. (2015) [9] 59.4 100.0 20 - Step box Gym stick 3 times/week 60
(12 weeks)
Kangetal. (2015) [11] 57.6 100.0 16 - - Elastic band, push-up, 3 times/week 60
sit-up (12 weeks)
Song (2015) [29] 65.5 100.0 24 - - Elastic band 3 times/week 60
(12 weeks)
Kangetal. (2016) [30] 56.7 100.0 16 - Treadmill Weight machine 3 times/week 60
(12 weeks)
Park et al. (2015) [31] 70.4 54.1 37 - Circuit training Circuit training 3 times/week 60
(bike riding,  (leg extension, chest press, (12 weeks)
walking) abdominal crunch)
Park (2015) [32] 54.0 46.7 15 5.3 Passive - 3 times/week 40
stretching (8 weeks)
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Exercise (Baseline) Non (Baseline) Mean Difference Mean Difference Risk of Bias
Study or Mean SD_Total Mean SD Total Weight IV, Random, 95% CI IV, Random. 95% CI CDEFGH
Hwang, Ae Ran 2001 6351 735 20 6117 801 14 185% 2.34[-2.95,7.63] 220 !.
Kang, Seol-Jung 2014 6281 581 8 6223 1139 8  6.6% 0.58[-8.28,9.44) I 22 b4
Kang, Seol-Jung 2015 6295 611 8 6685 7.07 8 123% -3.90[10.38,258) -/ ?? o
Kang, Seol-Jung 2016 589 7 8 628 82 8 93% -390[11.37,357] . ?7?
Kim, Chan-Hoi 2010 6017  6.84 7 6313 547 7 123% -2.96(-9.45 353 1 20
Kuvon, Hwi Ryun 2010 66.1 44 13 682 75 15 257% -210[6.59,2.39] T P9
Park, Jang-Jun 2015 57.71 883 10 6147 727 10 101% -3.76[-10.90,3.38] . ?7?
Park, Sung-Mo 2013 71.48 1085 11 8568 1217 10 53% 580[4.10,1570] - ?7?
Total (95% CI) 85 80 100.0% -1.35[-3.62,0.92] <+
Heterogeneity: Tau®= 0.00; Chi*= 5,88, df= 7 (P = 0.55); F= 0% B P
Test for overall effect: Z=1.16 (P = 0.24) Exercise Non

Exercise (Post) Non (Post) Mean Difference Mean Difference

Study or Subgrou Mean SD Total Mean SD Total Weight IV. Random. 95% Cl IV. Random. 95% CI
Hwang, Ae Ran 2001 6357 7.42 20 B125 763 14 19.0% 2.32[-283,7.47) T
Kang, Seol-Jung 2014 61.65 6.06 8 6245 11.87 8 58% -080[-10.04,844] _
Kang, Seol-Jung 2015 6226 5.88 8 6693 698 8 126% -467[10.99, 165 T
Kang, Seol-Jung 2016 575 6.7 8 626 8.6 8 89% -510[1265, 245 /T
Kim, Chan-Hoi 2010 58.93 6.04 7 8257 571 7 133% -364[-9.80,252 T
Kwan, Hwi Ryun 2010 65 47 13 675 7.3 15 251%  -2.50[-6.99,1.99) T
Park, Jang-Jun 2015 57.73 898 10 6131 7.08 10 101% -3.58[-10.66,3.50] A
Park, Sung-Mo 2013 711 1095 11 6674 1225 10 51% 4365621434 ]
Total (95% CI) 85 80 100.0% -1.90 [4.15,0.35] *
Heterogeneity: Tau®*= 0.00; Chi*= 6.16, df=7 (P = 0.52), F= 0% 0 - 0 20
Test for overall effect: Z=1.66 (P=0.10) Exercise Non

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Sample size

(H) Other bias

Fig. 2. Effect of exercise intervention versus non-intervention on body weight (changes from baseline) in adults with type 2 diabetes
mellitus. The squares indicate the study-specific outcome estimates, and the size of the squares corresponds to the study’s weight in
the meta-analysis. Horizontal lines denote the range of the 95% confidence interval (CI). The diamonds indicate pooled estimates.
Weights are from random-effects analysis. SD, standard deviation; IV, inverse variance.

Exercise (Baseline)

Non (Baseline)

Mean Difference

Mean Difference

Study or Subgrouj Mean SD_ Total Mean SD Total Weight IV. Random.95% Cl IV, Random, 95% CI
Chai, Pil-Byung 2012 7091 22 666 081 18 71% 0.34[-018,087] ~
Hwang, Ae Ran 2001 . 1.06 20 7.2 112 14 36% 0.01[-0.74,0.76] 1T
Jeong, Ihn Sook 2007 8.3 18 19 T4 0 200 2.3% 0.90 [-0.04,1.84] _
Jun, Jum-Yi 1994b 944 203 14 984 27 16 0.7%  -0.40[210,1.30] T
Kang, Seol-Jung 2014 663 074 g 621 074 8 38% 042[-031,1.1§ T
Kang, 8eol-Jung 2015 626 021 8 593 031 8 20.8% 0.33(0.07,0.59] =
Kang, Seal-Jung 2016 64 06 8 64 05 8 6.9%  0.00}054,054 -+
Kim, Sang-Ho 2007 687 076 12 674 067 12 BI% 0.13[0.44,0.70] —
Kim, Tae-Hun 2005 783 063 10 749 076 " 5.7% 0.34 [-0.26,0.94] T
Kwon, Hwi Ryun 2010 73 08 13 74 a7 15 55% -010[-0.70,050 —
Nar, Gi Hyeod 2003 797 066 7 746 083 Too44% 051 [017,1.19] _'_
Fark, Jang-Jun 2015 714 103 10 721 085 10 29%  -0.07 [-0.90,0.76] -
Park, Sang-Young 2012 7.2 11 14 737 147 13 27%  -0.17[1.03,0.69] -
Park, Sang-Young 2015 74 1 42 75 112 38 8.5% -010[-0.58,039)
Park, Seong Hoon 2015 74 15 & 74 13 7 10% 000[1.42,143 —_—
Park, Sung-Mo 2013 868 228 1 84 156 10 0.7% 0.28[-1.38,1.94] I
Song, Nak-Hun 2015 6.23 068 12 598 054 12 8.3% 0.25[-0.24,0.74] T
Total (95% CI) 238 227 100.0% 0.21[0.07, 0.35] \J
Heterogeneity: Tau®= 0.00, Chi*= 8.67, df= 16 (P = 0.88), F=0% M R _%_z_
Testfor overall effect Z= 2.88 (P = 0.004) Exercise Non
Exercise (Post) Non (Post) Mean Difference Mean Difference Risk of Bias
Study or Subgroup Mean  SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% Cl G H_
Chaoi, Pil-Byung 2012 6.55 092 22 661 087 7.2%  -0.06 (062, 0.50] 3
Hwang, Ae Ran 2001 726 143 20 724 115 14 54% 0.02[-0.85, 0.89] T
Jeong, hn Sook 2007 7z 15 19 73 08 20 6.0%  -0.10[0.86, 0.66] T
AJun, Jur-Yi 1994b 8.63 218 14 1001 249 16 25%  -1.38(2.05,029) ]
Kang, Seol-Jung 2014 597 079 g 633 061 8  64% -036[105033 =T
Kang, Seok-Jung 2015 597 02 5 601 026 & 89% -004[027,018)
Kang, Seol-Jung 2016 59 05 2 64 08 8  73% 050104004 N
Kim, Sang-Ho 2007 559 077 12 685 068 12 7.0% -1.26(1.84,-0.68] -
Kirn, Tae-Hun 2005 577 074 10 78 093 11 6.2% -203[275-1.31] - ?
Kwon, Hwi Ryun 2010 7 08 13 73 08 15 65% -030[047,037) —r oz
Nam, Gi Hyeog 2003 539 115 T 759 057 7 50% -220[215,-1.25) — X
Park, Jang-Jun 2015 678 073 10 7A7 121 10 54%  -0.79[1.67,009) 7 77
Park, Sang-Young 2012 7.6 125 14 729 111 13 53%  -0.13(1.02,0.76) - P
Park, Sang-Young 2015 62 07 27 T4 11 1%  BE%  -0.60[1.25008 - ®0
Park, Seong Hoon 2015 68 1§ 8 T4 14 7 30% -0.80[2.07,087) T 27
Park, Sung-Mo 2013 755 141 11 763 161 10 35%  -0.08[1.38,1.22) o 77
Song, Nak-Hun 2015 586 05 12 605 065 12 7.7% -0.19[065 0.27) - P
Total (95% CI) 223 202 100.0% -0.58 [-0.89,-0.27]
Heterogeneity: Tau® = 0.27; ChiF= 58,61, df= 16 (P < 0.00001); F=73% it
Test for overall effect: Z= 3.64 (P = 0.0003) Exercise Non

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Sample size

(H) Other bias

Fig. 3. Effect of exercise intervention versus non-intervention on glycosylated hemoglobin level (changes from baseline) in adults
with type 2 diabetes mellitus. SD, standard deviation; IV, inverse variance; CI, confidence interval.
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Exercise Non Mean Difference Mean Difference Risk of Bias
Study or Subgroup Mean __ SD Total Mean _ SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI ABCDEFEGH
2.3.1 Aerobic exercise
Hwang, & Ran 2001 B3.57 7423 20 B1.25 763 14 137%  232[283,7.47 - 9070000
Jun, Jum-Yi 19943 61.61 7O7 14 6528 691 16 128%  -367[9.05171) —T 8
Jun, Jum-Yi 1994h 60.26 7.8 14 655 697 16 120% -524[1061,013 — 8
Kim, Chan-Hoi 2010 5883 604 7 6257 571 7o10.2%  -3.64 [9.80,257 — 8
Park, Sung-Ma 2013 7I4 1095 11 6674 1225 10 42% 4365621434 o 8
Shin,Won-Tae 20122 6041 499 13 6085 546 13 202%  -054 [4.56 3.45] — 8
Tehai Esther 20042 6332 84 22 B6S 88 18 132% -348[8T7181] — 8
Tehai Esther 20040 622 81 22 6741 83 10 128% -521[1056,017] — 8
Subtotal (95% CI) 123 114 100.0% 2.25[4.36, 0.13] *
Heterogeneity Tau®= 158, ChF= 8.43, df=7 (P = 0.30) F=17%
Testfor overall effect Z= 2.08 (P = 0.04)
2.3.2 Resistance exercise
Kang, GeokJung 2015 G226 586 6 BES3 G988 211% -467[10.99,165) —
Kawon, Huwi Ryun 2010 B5 47 13 B75 73 15 417%  -250 (699,199 —
Shin,Won-Tae 20126 58.87 B84 13 6085 546 13 37.2%  -208 [6.04, 260) —
Subtotal (95% CI) 34 36 100.0% -2.80[-5.70,0.10] *|
Heterogeneity: Tau?= 0.00; ChiF = 0.44, df= 2 (F = 0.80); F= 0%
Testfor overall effect Z=1.89 {P = 0.06)
2.3.3 Combined(Aerobic+Resistance)
Kang, SeokJung 2014 6165 606 & 6245 1187 & 154% -080[10.04,8.44] —
Kang, SeokJung 2016 575 67 & 626 86 8 230% -510[1265 245 —
Park, Jang-Jun 2015 §7.73 698 10 6131 706 10 262% -358[10.66, 3.50] —=
Shin,Won-Tae 2012c 5772 878 13 6085 546 13 354%  -323[6.32 286 —-
Subtotal (95% CI) 39 30 100.0%  -3.38[7.00,0.25] *
Heterogeneity. Tau?= 0.00; ChF = 0.50, df= 3 (F = 0.92); F= 0%
Testfor overall effect Z=1.83 (P = 0.07)
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Fig. 4. Subgroup analysis based on the type of exercise for body weight. SD, standard deviation; IV, inverse variance; CI, confi-

dence interval.

-0.11%; 95% CI, -0.27 to 0.05; n=6; I’=0%) (Supplementary
Fig. 3).

Subgroup analysis according to the type of exercise
intervention
A sub-analysis was conducted to determine whether the effects
of exercise intervention differed according to exercise type.
There were 27 articles that reported about the HbA1c levels ac-
cording to the type of exercise, and 15 articles have reported
weight changes. We synthesized the data of 15 articles report-
ing the weight results, and only aerobic exercise significantly
decreased body weight (WMD, -2.25 kg; 95% CI, -4.36 to
-0.13; n=8; I*=17%). Combined aerobic and resistance train-
ing (RT) reduced body weight by 3.38 kg (95% CI, -7.00 to
0.25; n=4) and RT alone reduced body weight by 2.80 kg (95%
CI, -5.70 to 0.10; n=3), which were not statistically significant
(Fig. 4).

The changes in HbA1c levels according to each exercise de-
creased in the order of aerobic exercise, aerobic and resistance
exercise, and resistance exercise. There were significant differ-
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ences between the groups (P<0.001). Compared with the non-
intervention group, the aerobic exercise and combined exercise
groups experienced 0.77% (95% CI, -1.07 to -0.46; n=11;
I’=59%) and 0.67% (95% CI, -1.04 to -0.30; n=11; I*=77%)
decreases in HbAlc levels, respectively, and the results were
statistically significant. The resistance exercise decreased the
HbAIc level by 0.15% (95% CI, -0.31 to 0.01; n=>5; I*=0%).
However, the result was not statistically significant (P=0.06)
(Fig. 5). Sensitivity analysis was performed due to large hetero-
geneity in the combined exercise group. As a result, the effect
size of HbAIc levels according to aerobic and resistance exer-
cises decreased by 0.40% (95% CI, -0.62 to -0.18; n=9; I’=
30%), although the result remained statistically significant
(P<0.01).

The frequency and duration of exercise were also different in
each study, and we conducted a subgroup analysis for these.
The frequency of exercise did not show a significant difference
in HbAlc changes when divided into groups based on three
times a week. Due to the limited number of references, it was
difficult to determine the effect of exercise frequency on body
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m

Exercise Non Mean Difference Mean Difference Risk of Bias
Study or Subaroup Mean SD Total Mean SD Total Weight IV.Random. 95% Cl IV, Random. 95% CI ABCDEFGH
1.4.1 Aerobic exercise
An, Keun-Hee 2005h 61 02 9 67 03 7 16.4% -0.60[-0.86,-0.34] -
Huang, Ae Ran 2001 7.26 1.43 20 724 1135 14 7.3% 0.02 [-0.85,0.89] -1
Jeong, Ihn Sook 2007 72 15 19 73 08 20 8.6%  -0.10[-0.86, 0.66] ——
Jun, Jum-Yi 19940 863 218 14 10,01 249 16 2.8%  -1.38[-3.05 0.29] T
Kim, Sang-Ho 2007 559 0.77 12 6.85 088 12 11.0% -1.26[1.84,-068] -
Lee, Hae-Jung 2005a 687 1.3 30 748 122 28 10.0%  -0.687[-1.26,0.04] ]
Lee, Hae-Jung 2005h 695 1.28 41 748 122 28 10.8%  -0.53[1.13,007] ]
Park, Seong Hoon 2015 68 15 8 T4 14 7 3.5% -0.60 [-2.07,0.87] .
Park, Sung-Mo 2013 755 141 11 763 161 10  42% -0.08[1.38122] —_—
Tchai Esther 2004a 7.95 083 22 923 035 19 13.7% -1.28[1.70,-0.86] -
Tchai Esther 2004b 766 1.16 22 9.07 053 19 11.7%  -1.41[1.95,-087] -
Subtotal (95% CI) 208 180 100.0% -0.77 [-1.07,-0.46] *

Heterogeneity: Tau®= 0.13; Chi*= 2411, df= 10 (P = 0.007), F=59%
Testfor overall effect: Z= 496 (P < 0.00001)

1.4.2 Resistance exercise

Ah, Keun-Hee 2005a 64 03 10 67 03 7o30.2%
Kang, Seol-Jung 2015 597 02 g 801 026 g 49.1%
Kiwvon, Hwi Ryun 2010 7 08 13 73 09 15 57%
Park, Sang-Young 2012 7AB 126 14 7.2 111 13 32%
Song, Nak-Hun 2015 586 05 12 6.05 085 12 11.8%
Subtotal (95% CI) 57 55 100.0%

Heterogeneity: Tau®™= 0.00; Chi*= 215, df= 4 (P = 0.71); F= 0%
Testfor overall effect. Z=1.89 (P = 0.08)

1.4.3 Combined(Aerobic+Resistance)

Choi, Pil-Byung 2012 655 092 22 661 087 18 0B%
Kang, Seal-Jung 2014 597 0.79 g 6.33 081 g B.E%
Kang, SeokJung 2018 58 05 8 64 0B 8 9.8%
Kimn, Marn-lk 2009a 683 058 15 B£.95 043 15 11.0%
Kirn, Marn-lk 2008h 684 107 12 695 043 15 9.0%
Kirn, Marn-Ik 2009¢ 614 074 15 6.95 043 15 106%
Kimn, Marn-Ik 2009d 6.39 079 12 695 043 15 101%
Kim, Tae-Hun 2005 577 074 10 78 0893 11 B4%
Narn, G Hyeog 2002 539 115 7 7.59 057 7 OBT%
Park, Jang-Jun 2015 672 073 10 757 1.21 10 7.2%
Park, Sang-Young 2015 68 07 27 T4 11 12 8.9%
Subtotal (95% CI) 146 135 100.0%

Heterogeneity: Tau®= 0.28; Chi*= 42 66, df= 10 (P < 0.00001); F=77%
Test for overall effect Z= 3,59 (F = 0.0003)

Testfor subgroup differences: Chi*= 1597, df= 2 (P = 0.0003), F= 87.5%

Risk of bias legend
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Fig. 5. Subgroup analysis based on the type of exercise for glycosylated hemoglobin level. SD, standard deviation; IV, inverse vari-

ance; CI, confidence interval.

weight. The difference in exercise duration did not show a sig-
nificant effect on HbAlc and weight change (Supplementary
Fig. 4).

DISCUSSION

Considering the discrepancy of exercise effectiveness on
weight loss and glycemic control and the lack of evidence on
the meta-analysis of the study participants with T2DM in Ko-
rea, we conducted a systematic search and selected 23 studies.
Based on this meta-analysis, exercise was found to significantly
improve glycemic control. However, it did not significantly re-
duce body weight. Notably, aerobic training can be a beneficial
strategy in patients with non-insulin-treated T2DM in Korea.

http://e-dmj.org ~ Diabetes Metab J 2019;43:302-318

With respect to the effectiveness of exercise in improving
glucose homeostasis, the HbAlc level in the exercise interven-
tion group was significantly lower (WMD, -0.58%; 95% CI,
-0.89 to -0.27; n=17; I*=73%) than in the non-intervention
group. Because of the high heterogeneity of the 17 articles, we
additionally performed sensitivity analysis. After performing
sensitivity analysis for high heterogeneity (I*=73%), the effect
size declined by 0.35% (95% CI, —0.56 to —0.14; n=15; I*=35%;
P<0.01), which was still statistically significant. Compared
with those of four systematic review articles on the effective-
ness of exercise in reducing HbA1c levels (0.37%), the results
of our study were similar to those of a previous study. In the
study by Boule et al. [33], the HbA1c level was 0.66% (95% CI,
-0.98 to —0.34; n=14) lower in the exercise intervention group
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than in the non-exercise group. In addition, the HbAlc levels
of the exercise intervention group were 0.25% (95% CI, -0.47
to -0.03; n=9), 0.34% (95% CI, -0.53 to —0.16; n=23), 0.25%
(95% CI, -0.49 to —0.02; n=13) lower in the studies by Irvine
and Taylor [34], Ishiguro et al. [35], and Zou et al. [36], respec-
tively.

With regard to the beneficial role of exercise in improving
glucose homeostasis, we performed a subgroup analysis on
aerobic and resistance exercises. Results showed the dominant
glycemic control effect of aerobic exercise. Furthermore, a
similar glucose-lowering effect was observed when aerobic
and resistant exercises were combined. However, there was no
statistically significant difference in the blood glucose level
when only resistant exercise was performed. The previous me-
ta-analysis on the effectiveness of exercise on blood glucose
level showed a consistent lowering effect regardless of the type
and combination of exercise [10,37]. However, these studies
differed from the present study in that they only compared the
before and after exercise, and they did not include a control
group, different ratios of dietary intervention according to ex-
ercise type, and patients of various races.

With respect to weight reduction, there was no significant
difference between the two groups. One possible reason is that
exercise in patients with low physical activity may lead to an
increase in lean body mass, particularly during resistant exer-
cise. In addition, this study has analyzed previous studies that
involved the presence or absence of exercise without diet con-
trol. Thus, it is possible that food intake increased to compen-
sate for exercise. It is also important to consider the extent to
which normal physical activity may be reduced in patients in
the exercise group [33]. Aguiar et al. [38] have reported that
the weight of the exercise group decreased by 3.79 kg (95% CI,
-6.13 to —1.46; n=4) compared to that of the control group.
However, this study population also performed diet interven-
tion along with exercise. In another study, without diet inter-
vention, the effect of exercise intervention on weight loss was
not significant [10,33,39,40].

With regard to the beneficial mode of exercise on weight re-
duction, a 2.25 kg decrease in body weight was observed (95%
CI, -4.36 to -0.13; n=8; I*=17%) when aerobic exercise is per-
formed. However, the effectiveness of resistant exercise was
limited. These differences may have been influenced by the ex-
ercise intensity. The energy consumption of resistant exercise is
affected by exercise-related loads, such as set and repeat, break
interval, and speed of movement [41], as well as the size of the
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muscles involved during exercise [42]. Therefore, resistance
exercise, such as the use of elastic band, which was reviewed in
this study, would not have been performed at high intensity to
induce a significant increase in energy consumption [43]. In
addition, although statistical significance was not shown, the
papers included in the analysis noted a consistent weight loss
pattern in the resistance exercise group. If a larger sample size
was included, a significant effect on weight loss in resistance
exercise might be expected. In relation to this, there is limited
evidence suggesting that resistant exercise is not effective in re-
ducing blood sugar level and weight.

In conclusion, exercise intervention among Koreans with di-
abetes had a positive role in reducing HbAlc levels and body
weight. Therefore, exercise has a stronger cardioprotective ef-
fect, and it also has effects on glycemic control, body weight
loss, as well as other factors which are beneficial [44,45]. These
results were consistent with those of a previous systematic re-
view of literature, which proved that this evidence is applicable
to patients with DM in Korea.

However, this study had some limitations. First, due to the
significant difference in the HbAlc levels at baseline, there
might be a bias in the interpretation. The differences in base-
line values between the exercise and control groups were ex-
amined before the merging of the 17 articles. In addition, the
baseline value of the exercise intervention group was 0.21%
(95% CI, 0.07 to 0.35) higher than that of the control group.
The HbA Ic level after exercise may be underestimated because
the experimental and control groups already had differences
before the intervention. Second, there is a possibility of publi-
cation bias because the research literature is limited to the arti-
cles published in journals in Korea, and the intervention stud-
ies reported in graduation thesis and research reports were ex-
cluded. In general, studies with positive results are more likely
to be published, which can overestimate the actual effect of ex-
ercise. In relation to this, we cannot exclude the possibility that
the actual effect of exercise on HbAIc levels and body weight is
lower than the results of the present study. Third, the results of
this study cannot be generalized to all patients with T2DM.
This study is a systematic review of literature that focused on
specific clinical questions. Thus, it has limitations in applying
the results to all T2DM patients. In addition, there is a possibil-
ity that the effect of exercise intervention may be overestimated
or underestimated because the proportion of women was
higher in this paper and there may be a difference in compli-
ance with exercise according to gender [46]. Due to high het-
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erogeneity, such as type, frequency and duration of exercise,
and limited number of documents, the consensus and discus-
sion of experts will be needed to clarify the effect of exercise in
reducing body weight and HbA lc.

This study has key strengths. It is a systematic review of liter-
ature on patients with diabetes in Korea, which has not been
performed previously. Furthermore, it clearly shows the posi-
tive effect of exercise intervention. This study used interna-
tional systematic review methodology and made full use of its
strengths, and it was conducted to analyze only refined studies
with a control group, excluding those with dietary interven-
tion, in a common culture and racial patients. Thus, we could
clearly observe the effects of exercise-only therapy on blood
glucose levels and body weight in Asian races. The results of
this study can be used to prove the importance of non-medica-
tion interventions for patients with T2DM. Moreover, this
study showed the need for large-scale clinical studies and ana-
lyzed the intervention studies for national diabetes manage-
ment. In particular, a systematic review of literature can be ap-
plied irrespective of the area, and it can be useful to the clinical
guideline developers, decision makers, and policy makers as a
reliable basis for decision-making.

Through the systematic search of Korean studies, the effect
size of exercise was identified by using the same criteria and
synthesized using standardized statistical techniques. As a re-
sult, a significant decrease in HbA1c level and body weight ac-
cording to the exercise intervention was observed. This result
was consistent with that of previous studies, which shows the
usefulness and validity of this study.
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Supplementary Fig. 1. Quality assessment of the included studies. Risk of bias graph.
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Study or Subgroup

Mean

1.8.1 HbA1c baseline level (< 7)

Choi, Pil-Byung 2012
Kang, Seol-Jung 2014
Kang, SeolJung 2015
Kang, Seol-Jung 2016
Kim, Nam-|k 2009a
Kim, 8ang-Ho 2007
Song, Nak-Hun 2015
Subtotal (95% CI)

Exercise
Mean SD Total
6.55 092 12
597 079 8
597 02 g
589 04 8
6.93 059 15
559 077 12
586 058 12
a5

6.61
6.33
6.01

6.4
6.95
6.85
6.05

Heterogeneity: Tau®= 0.08; Chi*=17.21, df= & (P = 0.009), F= 65%
Test for overall effect Z= 2.04 (P = 0.04)

1.8.2 HbA1c baseline level (7-7.5)

An, Keun-Hee 20053
Hwang, Ag Ran 2001
Kirn, Nam-Ik 2009h
Kim, Nam-Ik 2009¢
Kim, Nam-Ik 2009d
Kwan, Hwi Ryun 2010
Lee, Hae-Jung 20052
Park, Jang-Jun 2015
Park, Sang-Young 2012
Park, Sang-Young 2015
Park, Seong Hoon 2015
Subtotal (95% CI)

b4
7.26
6.84
6.14
6.39
7
6.87
6.78
716
Bg
[X:)

03 10
1.43 20
1.07 12
074 15
079 12

049 13
13 a0
073 10
1.25 14

07 7

15 8

171

B.7
724
6.95
6.95
6.95

73
7.48
757
7.29

74

74

Heterogeneity: Tau®= 0,00; Chi*= 7,80, df= 10 (P = 0.65); F= 0%
Test for overall effect Z=5.10 (P < 0.00001)

1.8.3 HbA1c baseline level (> 7.5)

An, Keun-Hee 2005h
Jeong, lhn Sook 2007
Jun, Jum-Yi 1994a
Kirn, Tae-Hun 2005
Lee, Hae-Jung 2005k
Mam, Gi Hyeog 2003
Park, Sung-Mo 2013
Tchai Esther 20042
Tchai Esther 2004b
Subtotal (95% CI)

Heterogeneity: Tau®= 0,31, Chi®= 36,10, df= & (P < 0.0001); F= 78%

6.1

72
8.62
577
6.95
539
7.55
7.95
7.66

02 9
15 19
218 14
074 10
1.28 41
115 7
1.4 "
093 22
116 22

Test for overall effect Z=4.70 (P < 0.00001)

7
7.3
10,01
7.8
748
758
783
9.23
a.07

Non Mean Difference Mean Difference Risk of Bias

SD Total Weight IV. Random. 95% Cl IV, Random. 95% Cl ABCDEFGH
0.87 18 126%  -0.06 [-0.62, 0.50] -1 ?
0.61 8 100%  -0.36[1.05 0.33 -1 @
0.26 g 206% -0.04[0.27 019 T 2

0.6 8 128%  -0.50-1.04,0.04] — ?
043 15 170%  -0.02[-0.39,0.35] -+ @
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0.65 12 147%  -0.19[0.65 0.27] -T ?

81 100.0% -0.30[-0.59,-0.01] *

03 7 340% -0.30[-059,-0.01] - ?
1.15 14 38% 0.02 [-0.85, 0.89] - ?
043 15 B9%  -0.11[0.75, 053 - ®
0.42 15 162% -0.81[1.24,-0.38) - ?
043 15 116% -0.56[1.08,-0.06] -] ?

09 15  64%  -0.30(-087,037] - @
1.22 28 B7%  -0.81[1.260.04 ] ?
1.21 10 37%  -0.79[1.67,0.09 B ?
141 13 36% -013(1.02,0.78] - ?

1.1 13 67%  -0.80[1.25 0.05 ] @

1.4 7 1.3% -060[-207 0.87) — T @

152 100.0% -0.44 [-0.61,-0.27] +
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Testfor subgroup differences: Chi*= 8.31, df= 2 (P = 0.02), F=75.9%

Risk of bias legend
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B) Allocation concealment (selection bias)
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E) Incomplete outcome data (attrition bias)
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Supplementary Fig. 3. Subgroup analysis based on baseline glycosylated hemoglobin level. SD, standard deviation; IV, inverse
variance; CI, confidence interval.
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Exercise Non Mean Difference Mean Difference Risk of Bias
Study or Subgrou; Mean SD Total Mean SD Total Weight IV.Random.95% Cl IV, Random, 95% CI ABCDEFGH
1.5.1 Frequency (less than 3 times a week)

Jeong, Ihn Sook 2007 72 15 19 73 08 20 1000% -0.10}0.86,066]

Subotal (95% CI) 19 20 100.0%  -0.10[-0.86,066]

Heterogeneity: Not applicable

Test for overall effect Z= 0.26 (P = 0.80)

1.5.2 Frequency (3 times a week)

Jun, Jum-i 1994a 863 216 14 1001 249 16 35% -1.38(305,029) T 20
Kang, Seol-Jung 2014 597 079 8 633 061 8 75% -0.36[1.05033] -T @ >

Kang, Seok-Jung 2015 597 02 8 601 026 8 05% -0.04[-027,019) 22@

Kang, Seol-Jung 2016 59 05 8 64 06 8 82% 0500104004 - 22@

Kirn, Tae-Hun 2005 577 074 10 7B 093 11 73% -203[275,-1.31] - 27

Kwaon, Hwi Ryun 2010 708 13 73 08 15 76% -0.30(087,037) - 77

Narn, Gi Hyeog 2003 539 115 7 758 057 7 62% -220[315,-125) — 22@

Park, Jang-Jun 2015 678 073 10 757 121 10 65% -079(167,009] - 220

Park Sang-Young2012 716 125 14 720 111 13 64% -013(1.02,0.76) 06

Park Sang-Young 2015 6.8 07 27 74 11 13 77% -060[1.25005 — 27

Park SeongHoon 2015 6.8 15 8 74 14 7 41% 060207087 ] 220

Song, Nak-Hun 2015 586 05 12 605 065 12 86% -018}0.65027] 22@
Tchai Esther 2004a 795 093 22 923 035 19 88% -128[170,-0.88] - O
Tehai Esther 2004b 786 116 22 907 053 19 B2% -1.41F195- 22

Subtotal (95% CI) 183 166 100.0% -0.80[1.19, 0. L4

Heterogeneity: Tau®= 0.40; Chi* = 73.07, df= 13 (P < 0.00001); F= 82%

Testfor verall effect 7= 4.07 (P < 0.0001)

1.5.3 Frequency (more than 3 times a week)

An, Keun-Hee 2005a 64 03 10 67 03 7 135% -0.30[-0.58,-0.01] | @ >

An, Keun-Hee 2005 61 02 9 B7 03 7 143% -D60[086,-034] - 77

Chai, Pil-Byung 2012 655 092 22 661 087 18 78% -0.06(062,050] T O

Hwang, Ae Ran 2001 726 143 20 724 115 14 43%  0.02(085,089] - 22

Kim, Narm-lk 20083 693 058 15 695 043 15 115% -0.02(039,035 T 27

Kim, Nam-Ik 2008b 684 107 12 695 043 15 65% -0.11[0.75,053] T 0

Kitn, Narn-Ik 2008t 614 074 15 695 043 15 101% -081[124.-03g - 22

Kirn, Narn-Ik 2008d 639 079 12 695 043 15  88% -0.56[1.06,-0.06] - 3

Kirm, Sang-Ho 2007 559 077 12 685 068 12 74% -1.26[184,-068] - 27

Lee, Hae-Jung 2005a 687 1.31 30 748 122 28 6.4%  -0.61[1.26,004] - @ >

Lee, Hae-Jung 2005b 695 128 41 748 122 28 72% -053[1.13,007] -1 @0

Park, Sung-Mo 2013 755 141 11 763 161 10 22% -0.08(138,122) —_ 00

Subtotal (95% CI) 209 184 100.0% -0.44[.065,-0.24] ¢

Heterageneity: Tau®= 0.06; Chi* = 22.53, df= 11 (P= 0.02), F=§1%

Test for overall effect Z 24 (P <0.0001)

R R e
4 2 4

Testfor subgroup differences: Chi*= 3.70, df= 2 (P = 0.16), Bxercise Non

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)

(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Sample size

(H) Other bias

HbA1c level change after intervention frequency o

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI ABCDEFGH
1.7.1 Less than 60 min
An, Keun-Hee 2005a 64 03 10 67 03 7 282% -030(059,-0.01] * 27 >
An, Keun-Hee 2005b 61 02 9 67 03 7 305% -0600086,-0.3] - Q@
Kirn, Sang-Ho 2007 559 077 12 685 068 12 137% -1.26[1.84,-068] - DD >
Lee, Hae-Jung 2005a 687 131 30 748 122 28 116% -0.61(1.26,004] — ?®
Lee, Hae-Jung 2005h 695 128 41 748 122 28 131% -0.53[(1.13,007) - 22
Park, SeongHoon 2015 68 15 8 74 14 7 29% -060(207,087) T @
Subtotal (95% CI) 110 89 100.0% -0.60-0.86,-0.34] L
Heterogeneity: Tau®= 0.04; Chi*= 8.78, df= 5 (P = 0.12); F'= 43%
Testfor overall effect Z= 4.52 (P < 0.00001)

1.7.260-90 min
Choi, Pil-Byung 2012 655 092 22 661 087 18 70% -0.06[062,050 - @
Hwang, Ae Ran 2001 726 143 20 724 115 14 55% 002085089 -1 72
Kang, Seok-Jung 2014 597 079 8 633 061 8 64% -0.36(1.05033 - @
Kang, Seok-Jung 2015 597 02 8 601 026 8 84% -004[027,019 1 3
Kang, Seok-Jung 2016 59 05 8 64 06 8 71% -050(104,0.04 — @
Kim, Nam-lk 2009a 693 059 15 695 043 15 79% -0.02[0.39,0.35 T ?®
Kirn, Tae-Hun 2005 577 074 10 78 093 11 63% -203(275-131] — @
Kuwon, Hwi Ryun 2010 708 13 73 08 15 65% -0300097,037 - ?®
Narm, Gi Hyeog 2003 539 115 7 759 057 7 52% -220(3.15-125 e 22
Park, Jang-Jun 2015 678 073 10 757 121 10 55% -0.79[167,009] ] 72
Park, Sang-Young 2012 716 125 14 729 111 13 54%  -0.13[1.02,076] — 22
Park, Sang-Young 2015 68 07 27 74 11 13 66% -060[1.25,005 — 3y
Song, Nak-Hun 2015 586 05 12 605 065 12 75% -0.19[(0.65027] -t 002 ? )
Tchai Esther 2004a 795 093 22 923 035 19 77% -128(1.70,-0.88] — 0022 )
Tchai Esther 2004b 766 116 22 907 053 19 71% -1.41[195.-087] - 0022 4]
Subtotal (95% CI) 218 190 100.0% -0.63[0.97,-0.29] *

Heterogeneity. Tau®= 0.34; Chi*= 82.33, df= 14 (P < 0.00001); F= 83%
Testfor averall effect Z= 3.64 (P = 0.0003)

1.7.3 More than 90 min

Kim, Nam-Ik 2009b 6.84 1.07 12 695 043 15 245% -0.11[075,053] -
Kim, Nam-lk 2009¢ 614 074 15 695 043 15 408% -0.81[1.24,-0.39) -
Kim, Nam-Ik 2009d 6.33 079 12 695 043 15 347% -0.56 [-1.06,-0.06] =
Subtotal (95% CI) 45 100.0% -0.55[-0.92,-0.18] ‘
Heterogeneity: Tau®= 0.04; Chi*= 3.14, df= 2 (P = 0.21); F= 36%
Testfor overall effect Z=2.91 (P = 0.004)
1.7.4 Unknown
Jeong, Ihn Sook 2007 72 15 19 73 08 20 646% -0.10[-0.86, 0.66] -
Jun, Jum-Yi 1994a 863 218 14 1001 249 16 134% -1.38[-3.05,0.29] -
Park, Sung-Mo 2013 755 1.41 11 763 161 10 221% -0.08(1.38,1.22 -
Subtotal (95% CI) 44 46 100.0% -0.27[-0.88, 0.34] "
Heterogeneity: Tau*= 0.00; Chi*=1.97, df= 2 (P = 0.37); F= 0%
Testfor overall effect Z= 0.86 (P = 0.39)
—
-4 -2 2 4
Testfor subgroup differences: Chi*=1.12, df= 3 (P = 0.77), F= 0% Erercise Non
Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Sample size
(H) Other bias
HbA1c level change after intervention duration e

Supplementary Fig. 4. (A-D). Subgroup analysis based on the frequency and duration of exercise. SD, standard deviation; IV, in-
verse variance; CI, confidence interval. (Continued to the next page)
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Exercise Non Mean Difference Mean Difference Risk of Bias
Study or Mean SD Total Mean SD Total Weight IV, Random, 85% CI IV, Random, 95% CI ABCDEFGH
2.4.1 Frequency (3 times a week)
Jun, Jumn-Yi 19943 G161 787 14 B528 B.91 16 B8.2%  -3.67[9.051.71] ~ 7@ [ ]
Jun, Jumn-Yi 1994b G026 7.9 14 655 6.97 16 8.2% -5.24 (106,013 — 2@ [ ]
Kang, SeolJung 2014 61.65  6.08 8 6245 11.87 8 2.8% -020[10.04 8.44] I @ [ ]
Kang, Seal-Jung 2015 6226 5.88 5 BG83 6.95 8 58% -467[1088 165 — ?
Kang, SealJung 2016 575 BT 5 626 86 8 41% -510[1255 2.45 —_— T 7@ @
Kim, Chan-Hoi 2010 48.93  6.04 T oB257 &M 7 B.2%  -3.64[9.80 252 -1 ?
Kiwan, Hwi Ryun 2010 65 47 13 675 73 15 11.7%  -2.50[6.98 1.99] T @ @
Park, Jang-Jun 2015 5773 898 10 B1.31 706 10 4.7% -31.58 1066, 3.50) —_— @ [ ]
Shin, Won-Tae 2012a G041 4489 13 6084 546 13 146%  -0.54 446, 3.48] I ?
Shin,Won-Tae 20120 58.87 B.84 13 G085 546 13 104%  -2.08[6.54, 2.68) e 7@ [ ]
Shin, Won-Tae 2012¢ 47.72 978 13 6095 G546 13 6.4%  -3.23[9.32 2.86] 1 ?
Tchai Esther 20042 63.32 a4 21 BB2 a8 19 85%  -348[877 1.81] D @ [
Tchai Esther 2004b 622 a1 22 BT a3 19 B8.2% -521[1048 017] I @ [ ]
Subtotal {95% CI) 165 165 100.0% -3.15[-4.69,-1.61] *

Heterogeneity: Tau®= 0.00; Chi*= 3.86, df=12 (P = 0.89); F= 0%
Test for overall effect Z=4.02 (P = 0.0001)

2.4.2 Frequency (more than 3 times a week)

Huwrang, Ae Ran 2001 63.57 742 20 61.25 7.63 14 78.0% 2.32[283,7.47]
Park, Sung-Mo 2013 711 1095 11 66.74 1225 10 21.1% 436[5.62,14.34]
Subtotal (95% CI) 3 24 100.0%  2.75[-1.83,7.33]
Heterogeneity: Tau?= 0.00; Chi*= 013, df=1 (P=072), F= 0%

Testfor overall effect Z=118 (P =0.24)

B e S T
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Testfor subgroup differences: Chif=5.74, df=1 (P = 0.02), F= 82.6% Exercise Non

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)

(D) Blinding of outcome assessment (detection bias)

(E} Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Sample size

(H) Other bias
Weight change after intervention frequency o
Exercise Non Mean Difference Mean Difference Risk of Bias

Study or Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI ABCDEFGH
2.6.1 Less than 60 min
ShinWWon Tae 20123 5967 B4 13 0S5 545 13 100.0% 208 [6.84, 268 002290000
Subtotal (95% CI) 13 13 100.0%  -2.08 [-6.84, 2.68]
Heterogeneity: Not applicahle
Testfor overall effect: Z= 0.86 (F=0.39)
2.6.2 60-90 min
Hwiang, Ae Ran 2001 6367 742 20 61256 763 14 117% 232[-2.83,7.47] T
Kang, SeokJung 2014 6185 606 8 B245 1187 8 3.6% -0.80[10.04,8.44] - T
Kang, SeolJung 215 6226 588 9 6693 6.8 8 7.8% -467[10.99,1.69 I
Kang, SealJung 2016 575 BT 8 26 ] 5 58% -510[F12.33,213) —
Kim, Chan-Hoi 2010 58.92 604 7 B257 a7 7 8.2%  -364[-9.80,2.52] —
Kwvan, Hwi Ryun 2010 65 47 13 675 7.3 19 15.4%  -250[-6.99,1.99 T
Park, Jang-Jun 2014 5773 848 10 6131 708 10 B.2% -3.58 [[10.68, 3.500 I
Shin, Won-Tae 201 2b 60.41 499 13 6085 548 13 19.2%  -0.54[4.56,3.48] -
Techai Esther 2004a 63.32 8.4 22 BBE a8 18 11.1%  -348[8.77,1.81] T
Tchai Esther 2004b 622 81 22 B4 a3 18 107% -521[10.58,017] I
Subtotal {95% CI) 131 121 100.0% -2.38 [4.14,-0.62] L 2
Heteragenaity: Tau®= 0.00; ChiF= 6.66, df= 8 (P = 0.67Y; 7= 0%
Test for overall effect: Z= 2.65 (P = 0.008)
2.6.3 More than 90 min
Ghin, Won-Tae 2012¢  57.72 978 13 60.95 546 13 100.0%  -2.23[9.32, 2.86] t 907799200
Subtotal {95% CI) 13 13 100.0% -3.23[9.32, 2.86]
Heterogeneity: Not applicahle
Testfor overall effect: Z=1.04 (F=0.30)
2.6.4 Unknown
Jun, Jurn-Yi 19343 61.61  7.97 14 6528 691 16 41.8%  -367[0.05,1.71] —
Jun, Jum-¥i 1994h B0.26 78 14 E54 697 16 419% -524[10.61,013] ——
Park, Sung-hlo 2012 711 1095 11 6674 1225 10 18.3% 436562 14.34] T
Subtotal (95% CI) 39 42 100.0%  -3.02 [7.37,1.33] -
Heterogeneity: Tau?= 4.27, Chif= 2.78,df= 2 (P=0.25), F=28%
Testfor overall effect 2= 1.36 (F=0.17)

[

-200 10 10 Z0

Testfor subgroup diferences: Ghit= 016, df= 3 (P = 0.98), = 0% Exercise Hon
Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)

(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Sample size
(H) Other bias

Weight change after intervention duration 0

Supplemental Figure 4. Continued.
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