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Abstract To investigate the effectiveness of combined aero-
bic and resistance training (CT), we conducted this meta-
analysis to directly compare the effect of CT with that of
aerobic training (AT) alone on type 2 diabetic patients. We
searched PUBMED, EMBASE, Cochrane Controlled Trials
Register, and SPORT DISCUS (from the earliest date avail-
able to June 2013) for randomized controlled trials (RCTs)
examining effects of CT versus AT in type 2 diabetic patients.
Two reviewers selected studies independently. Seven studies
met the study criteria (192 male patients, 240 female patients).
We found that compared with AT, CT decreased HbAlc, ab-
dominal adipose tissue, total cholesterol, and triglycerides. CT
had similar effect on HDL cholesterol, LDL cholesterol, and
blood pressure to AT alone. Study withdrawals were similar
for AT and CT. No serious adverse events were reported. CT is
more effective than AT and does not compromise study com-
pletion or safety when compared to AT.
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Introduction

Diabetes is a group of metabolic disorders characterized by
hyperglycemia resulting from defects in insulin secretion, in-
sulin action, or both. The type 2 form of the disease, which is
associated with obesity [1] and physical inactivity [2], is
growing owing to the increasing prevalence of obesity and
sedentary lifestyles.

Chronic hyperglycemia together with central obesity, dys-
lipidemia, hypertension, and insulin resistance is typical in the
setting of the metabolic syndrome (MS) [3]. MS, with a prev-
alence of >80 % in type 2 diabetic patients, has caused 2—4-
fold increase in cardiovascular disease (CVD) risk in diabetic
versus nondiabetic subjects [4, 5]. CVD is the leading cause of
mortality among individuals with diabetes [6, 7], accounting
for 65 % of all deaths among this patient group [8].

Exercise is a cornerstone of diabetes management, along
with dietary and pharmacological interventions [9, 10]. The
majority of studies have been focused to examine the effect of
aerobic training (AT) on type 2 diabetic patients, including
indices of obesity, improved cardiovascular risk profile, and
decrease of glycosylated hemoglobin (HbA1c) concentration
[11, 12]. Thus, the guidelines for prescribing AT are widely
known. Owing to the contribution of resistance training (RT)
to fat mass loss [13], the addition of RT to AT may be of
greater importance for type 2 diabetes, since obesity is the
most important factor for the development of type 2 diabetes
[14] and is associated with elevated cardiovascular risk [15].
However, very few studies have included a combined training
(CT) approach, i.e., AT and RT, even in overweight popula-
tions, where the addition of RT may have its greatest impact
[16]. Although some health association guidelines recom-
mend that both aerobic and resistance training should be com-
bined in the exercise prescription for type 2 diabetes [17] since
some studies had found that combining both forms of exercise
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to achieve the same dose of exercise might lead to greater
glycemic control benefits. However, the research results com-
paring the effects of CT versus AT on glucose control were not
consistent, and the effects of CT versus AT on other risk fac-
tors for complications of diabetes were still controversial.
Therefore, we performed this meta-analysis to examine ran-
domized controlled trials (RCTs) that compared the effects of
CT to AT alone on HbAlc and physiological parameters re-
lated to complications of diabetes, to investigate the effective-
ness of CT.

Methods
Inclusion and exclusion criteria

Included in this review were studies that included men and
women with type 2 diabetes older than 18 years. Only ran-
domized controlled studies were included where at least one
group received CT (defined as AT and RT) and one group
received AT alone. Only English-language studies were in-
cluded in the analysis. Exclusion criteria are as follows: (1)
studies of patients with type 1 diabetes or gestational diabetes;
(2) duplicate publications or substudies of included trials; and
(3) studies with less than 12 weeks of follow-up.

Outcome measures

The chronic hyperglycemia that characterizes type 2 diabetes
is related to a significant long-term sequelae, including dam-
age to and eventual failure of various organs (macrovascular),
and directly related to the likelihood of developing microvas-
cular complications [7]. Therefore, our primary outcome mea-
sure was HbAlc, which is considered the gold standard for
measuring long-term glycemic control. Our secondary out-
comes included abdominal fat mass, blood lipids (HDL cho-
lesterol, LDL cholesterol, total cholesterol, and triglycerides),
and blood pressure (systolic and diastolic).

Search strategy

The following electronic databases were searched from the
earliest date available to June 2013: PUBMED, EMBASE,
Cochrane Controlled Trials Register, and SPORT DISCUS.
Also, reference lists of retrieved articles were examined for
further studies. Search terms included exercise therapy, exer-
cise movement techniques, exercise, physical exercise,
kinesiotherapy, resistance training, muscle stretching exer-
cises, physical exertion, strength training, muscle strengthen-
ing, aerobic exercise, type 2 diabetes, ketosis-resistant diabe-
tes, maturity-onset diabetes, noninsulin-dependent diabetes,
stable diabetes, maturity-onset diabetes of the young

(MODY), noninsulin-dependent diabetes mellitus (NIDDM),
and adult-onset diabetes mellitus.

Data extraction

Titles and abstracts of retrieved articles were independently
evaluated by two investigators (YH and XW). Reviewers
were not blinded to authors, institutions, or manuscript
journals. Abstracts that did not provide enough information
regarding the inclusion and exclusion criteria were retrieved
for full-text evaluation. Reviewers independently evaluated
full-text articles and determined study eligibility.

Disagreements were solved by consensus, and if dis-
agreement persisted, by a third reviewer (WL). A stan-
dardized data extraction form was used and two re-
viewers (YH and XW) independently conducted data
extraction. Disagreements were solved by consensus or
by a third reviewer (WL).

Assessment of risk of bias

Risk of bias was assessed according to the PEDro rating
scale and the Jadad scale (maximum score of 10 and 5,
respectively, with the higher score reflecting greater
methodological quality). The two scales are all used to
assess the risk of bias in clinical trials. Among them,
the PEDro rating scale is more suitable for physical
intervention, but it does not assess withdraws and drop-
outs, as well as the Jadad scale. For that reason, we
used both scales to obtain more information of studies
included. The PEDro rating scale is designed to evaluate
adequacy of random allocation, concealed allocation,
similarity of groups at baseline, blinding of the partici-
pants, therapist and/or assessor, measures of at least one
key outcome from more than 85 % of the subjects

3854 Articles identified from

database search

3040 Excluded based on review of title

L and/or abstracts

1522 Nonrandomized trials

3079 Articles after duplication exclusion .
709 Nontype 2 diabetes

—>

703 Non-eligible interventions

106 No relevant outcome measures

32 Excluded after full text review

v 12 Non-appropriate intervention

8 No relevant outcome measures
"1 8 Republished data

3 Nonrandomized trials

39 Full text articles assessed for

cligibility

1 Follow-up duration less than 12 weeks

A4

7 Articles included in meta-analysis

Fig. 1 Identification and selection of articles included in the meta-
analysis
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initially allocated to groups, intention-to-treat analysis,
between-group analysis, and point estimates and vari-
ability [18]. The Jadad scale is designed to determine
adequacy of randomization, double-blinding, and

Table 1  Study characteristics

description of withdrawals and dropouts [19]. Quality
assessment was independently performed by two un-
blinded reviewers (YH and XW), and disagreements
were solved by consensus or by a third reviewer (WL).

Study Intervention Participants Mean Duration AT duration ~ RT duration/sets/repetitions/no. of ~ Dropouts Adherence to
(year) (M/F) age (weeks) and intensity  exercise/%1RM (n) exercise
(years)  Frequency training (%)
(times per
week)
Balducci etal. AT 20 (8/12) 643+8.1 52 60 min N/A 2 80
[21] 3x 70-80 %
V02max
CT 22(8/14)  60.6£9.3 52 40 min 20 min 2 81
3xAT 70-80 % 4 exercises
3xRT VOomax 80 % 1RM
Church etal. AT 72 (27/45) 53.7£9.1 39 50 min N/A 3 NR
[22] 3x 50-80 %
VOZmax
CT 76 (27/49) 54.8+8.3 39 NR 3 sets 5 NR
3xAT 10-12 reps
3xRT 9 exercises
50-80 % 1RM
Cuffetal. [23] AT 9 (0/9) 59.4+19 16 75 min N/A 0 92 (mean of
3x 60-75 % hr AT+CT)
peak
CT 10 (0/10)  63.4+22 16 NR 2 sets 0 92 (mean of
3xAT 60-75 %hr 12 reps AT+CT)
3xRT peak 5 exercises
60-75 % 1RM
Kadoglou AT 21 (6/15)  58.3+54 26 45 min N/A 4 >80 %
et al. [24] 4x 60-75 % hr
peak
CT 22 (5/17)  57.9+6.5 26 22.5 min 22.5 min 3 >80 %
4xAT 60-75 % hr  2-3sets
4xRT peak 8-10 reps
8 exercises
60-80 % 1RM
Lambers et al. AT 18 (16/2) 522483 12 50 min N/A 1 95
[25] 3x 60-85 % hr
peak
CT 17 (7/10)  55.849.7 12 NR 3 sets 2 90
3xAT 60-85 % 10-15 reps
3xRT VOsmax 60-85 % IRM
Oliveiraetal. AT 11 (5/6) 52.1+8.7 12 50 min N/A 1 90 (average)
[26] 3x Lactate
threshold
CT 10 (4/6) 57.9+9.8 12 25 min 2 sets 2 90 (average)
3xAT Lactate 8-12 reps
3xRT threshold 7 exercises
50-100 % 1RM
Sigal et al. AT 60 (39/21) 53.5+7.3 26 45 min N/A 12 80
[27] 3x 75 % hr
peak
CT 64 (40/24) 53.9+6.6 26 45 min 3 sets 8 86
3xAT 75 % hr 8—12 reps
3xRT peak 7 exercises
100 % 1RM

AT aerobic training, CT combined training, R7 resistance training, NR not reported, / RM one repetition maximum, VO, maximal oxygen consump-

tion, /r heart rate
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Table 2 Adverse events reported in studies

Study Adverse events

Balducci etal.  None
[21]
Church et al. Aerobic, six events; combined, four events
[22] Events: diverticulitis, emergency hysterectomy, lung
cancer, cardiovascular disease events (unrelated to

intervention), blood clot

Cuff et al. Not available
(23]
Lambers etal.  None
(24]
Kadoglou et al. Transient hypoglycemia, five patients
[25]
Oliveiraetal.  Hypoglycemia, two events
[26]
Sigal et al. Serious: 7 % (aerobic group)

[27] One case of newly diagnosed spinal stenosis
One case of worsening angina
Any injury or musculoskeletal discomfort: aerobic,
27 %; combined, 23 %

Data synthesis and analysis

Data were analyzed by Review Manager Analysis software
version 5.1 (The Cochrane Collaboration, Oxford, England).
The outcome measure was the weighted mean difference
(WMD) or standardized mean difference (SMD). When the
standard deviation of the mean difference for each group was
not available, it was reconstructed from the actual p value or
confidence interval for difference in means between groups or
by imputing from the standard deviations observed in other
studies of similar methodology [20].

Table 3  Risk of bias of included studies

A random effects model was used when the Q statistic for
heterogeneity was significant at the level of 0.1; otherwise, the
fixed effects model was used. The degree of heterogeneity
was quantified using the /* statistic, which is the percentage
of total variation across studies due to heterogeneity.

Results
Description of studies
Study selection

From 3854 potentially relevant citations retrieved from elec-
tronic databases and searches of reference lists, seven RCTs
met the inclusion criteria [21-27]. A flow diagram of search
and selection is shown in Fig. 1.

Study characteristics

The characteristics of the included studies are presented in
Table 1. Included studies had a total of 432 patients. Of these,
most were female (56 %).The duration of the exercise inter-
ventions ranged from 12 to 52 weeks. The AT groups were
prescribed 135-225 min of AT per week, at an intensity of 50—
85 % of peak heart rate. The CT groups were prescribed 75—
135 min of AT per week at 50-85 % of peak heart rate. The RT
prescription consisted of two to three sets, of four to nine
exercises at an intensity of 50-100 % of the one repetition
maximum (1RM: heaviest weight lifted once), three to four
times/week. Except one study by Sigal et al. [27], most studies
attempted to equalize the total activity exposure/dose between
treatment groups by reducing the AT time in the CT group [21,

Study Study Description of Allocation Description of Blinding of outcome Jadad PEDro
design randomization concealment withdrawals assessors score score
Balduccietal. RCT + - + - 3/5 6/10
[21]
Church et al. RCT + - + + 3/5 7/10
[22]
Cuff et al. RCT + - + - 2/5 5/10
(23]
Kadoglouetal. RCT + - + - 2/5 5/10
[24]
Lambersetal. RCT + + + + 3/5 6/10
[25]
Oliveira et al. RCT + - + - 2/5 4/10
[26]
Sigal et al. [27] RCT + + + + 3/5 8/10

RCT randomized controlled trial, + requirement fulfilled, — requirement not fulfillment or not reported
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combined training

aerobic training

Mean Difference

Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Balducci 2010 -1.09 094 22 -0.95 0.66 20 1.8% -0.14[-0.63,0.35]
Church 2010 -0.23 0.8 76 -0.12 0.82 72 6.3% -0.11[-0.37,0.15] 1
Cuff 2003 -0.1 0.7 10 -0.1 0.33 9 1.8% 0.00[-0.48, 0.48]
Kadoglou 2013 -0.75 0.12 22 -041 012 21 83.8% -0.34[-0.41,-0.27] .
Lambers 2008 -0.5  0.71 17  -04 0.78 18 1.8% -0.10[-0.59, 0.39] ”
Oliveira 2012 -0.07 0.55 10 0.06 0.85 1 1.2% -0.13[-0.74, 0.48]
Sigal 2007 -0.9  1.02 64 -0.43 1.03 60 3.3% -0.47[-0.83,-0.11]
Total (95% Cl) 221 211 100.0% -0.31 [-0.38, -0.25] L 2
ity: Chi2 = - - S12=11% t u t t
Heterogeneity: Chi2 = 6.74, df =6 (P = 0.35); 2= 11% M 05 0 05 1

Test for overall effect: Z = 9.35 (P < 0.00001)

Favours combined training  Favours aerobic training

Fig. 2 Absolute changes in HbA I¢ of individual studies of combined versus aerobic training

22,24, 26] or replacing AT sessions with the same number of
RT sessions in the CT group [23, 25].

All ofthe included articles reported data on dropouts of less
than 20 %. Of these, six studies reported data on adherence
rates of more than 80 % [21, 23-27].

Six studies reported data on adverse events [21, 22, 24-27].
No major adverse effects occurred (Table 2). Minor adverse
events most commonly included cardiovascular disease
events that were not deemed to be related to the intervention
and musculoskeletal injury or discomfort.

Risk of bias in included studies

Among the seven included studies, only two adequately
concealed allocation (Table 3) and no study was double-
blind. Therefore, the highest score on the Jadad scale
was three of five [21, 22, 25, 27] and eight of ten on
the PEDro scale [27].

Effects of exercise

HbAlc The pooled analysis revealed a trend for CT, to have a
more favorable effect on absolute changes in HbAlc (WMD,
=0.31 %; 95 % CI, —0.38, —0.25; x*=6.74, p<0.00001, *=
11 %) when compared to AT (Fig. 2).

Abdominal fat Change in abdominal adipose tissue as mea-
sured by computed tomography was reported in two studies.
In the pooled analysis, subcutaneous adipose tissue showed a
WMD of —10.17 ¢cm? in favor of CT when compared to AT
(95 % CI —17.67, —2.67; x*=0.04, p=0.008, *=0 %)
(Fig. 3a), and visceral adipose tissue showed a WMD of
—12.69 cm” in favor of CT when compared to AT (95 % CI
—24.52, —0.86; x*=0.49, p=0.04, =0 %) (Fig. 3b).

Blood lipids Five studies reported the changes of HDL cho-
lesterol, total cholesterol, and triglycerides. Four studies re-
ported the changes of LDL cholesterol. The pooled analysis

(a)

combined training aerobic training

Mean Difference Mean Difference

Test for overall effect: Z = 2.66 (P = 0.008)

(b)

combined training aerobic training

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Cuff 2003 -22 487 10 -82 29.1 9 4.4% -13.80[-49.47, 21.87]
Sigal 2007 -27 21.78 64 -17 21.78 60 95.6% -10.00[-17.67,-2.33] .
Total (95% Cl) 74 69 100.0% -10.17 [-17.67, -2.67] -
y y y y
Het ity: Chiz = 0.04, df = 1 (P = 0.84); I2 = 0% ! ! ! !
eterogeneity: Chi2 = 0.0 (P=0.84) 0% 50 25 0 25 50

Favours combined training  Favours aerobic training

Mean Difference Mean Difference

Test for overall effect: Z = 2.10 (P = 0.04)

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Cuff 2003 -26.3 234 10 -88 16.2 9 43.4% -17.50[-35.45, 0.45] L]
Sigal 2007 -22  44.67 64 -13 44.67 60 56.6% -9.00 [-24.73, 6.73] . B
Total (95% Cl) 74 69 100.0% -12.69 [-24.52, -0.86] L 4
1 1 1 1
Heterogeneity: Chiz = 0.49, df = 1 (P = 0.49); 2= 0% ' ' ' r
-100 -50 0 50 100

Favours combined training  Favours aerobic training

o . . .. . . 2 . . .. . . . 2
Fig.3 a Combined versus aerobic training and subcutaneous adipose tissue (cm~); b combined versus aerobic training and visceral adipose tissue (cm®)
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revealed that there was a decrease in total cholesterol and
triglycerides for CT than for AT alone. The WMD is
—10.36 mg/dL (95 % CI —15.89, —4.84; x*=19.83, p=
0.0002, =80 %) (Fig. 4c) and —9.25 mg/dL (95 % CI
—13.61, —4.90; x*=0.44, p<0.0001, =0 %) (Fig. 4d), re-
spectively. The difference of effects for CT versus AT on
HDL cholesterol and LDL cholesterol were not found. The
WMD is 1.18 mg/dL (95 % CI —0.48, 2.84; x*=15.58, p=

0.16, P=74 %) (Fig. 4a) and —2.18 mg/dL (95 % CI —7.49,
3.13; x?=18.11, p=0.42, P=83 %) (Fig. 4b), respectively.

Blood pressure Change of blood pressure was reported in
three studies. In the pooled analysis, CT did not show favor-
able effect when compared to AT. The WMD for systolic
blood pressure is 0.62 mmHg (95 % CI —0.74, 1.98; x*=
5.65, p=0.37, =65 %) (Fig. 5a), and the WMD for diastolic

(a)

combined training

aerobic training

Mean Difference

Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Balducci 2010 42 111 22 25 087 20 30.7% 1.70[1.10, 2.30] "
Kadoglou 2013 58 193 22 696 271 21 26.0% -1.16 [-2.57, 0.25] el
Lambers 2008 27 632 17 077 571 18 11.2% 1.93[-2.07, 5.93] T
Oliveira 2012 0.37 35 10 -34 424 11 141% 3.77 [0.46, 7.08] *
Sigal 2007 17 737 64 05 737 60 18.0% 1.20[-1.40, 3.80] "
Total (95% Cl) 135 130 100.0% 1.18[-0.48, 2.84] ‘p
L L L L
ity 2 — . i2 — - - -2 = o T T T T T
Heterogeneity: Tau? = 2.24; Chiz = 15.58, df = 4 (P = 0.004); 2= 74% 20 10 0 10 20

Test for overall effect: Z=1.40 (P = 0.16)

(b)

combined training

aerobic training

Mean Difference

Favours aerobic training  Favours combined training

Mean Difference

(©)

Test for overall effect: Z=0.80 (P = 0.42)

combined training

aerobic training

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Balducci 2010 -14 447 22 -7.3 333 20 34.0% -6.70 [-9.07, -4.33] Ll
Kadoglou 2013 -17.79 464 22 -10.82 3.87 21 33.6% -6.97 [-9.52, -4.42] -
Oliveira 2012 272  9.62 10 -10.62 13.23 11 16.2% 13.34[3.51, 23.17] -
Sigal 2007 -42 2792 64 -5.9 27.92 60 16.2% 1.70[-8.13, 11.53] I
Total (95% Cl) 118 112 100.0%  -2.18[-7.49, 3.13] ?
y y y y
ity: 2 — - i2 = - - |2 = 0/ T T T T T
Heterogeneity: Tau? = 20.18; Chiz = 18.11, df = 3 (P = 0.0004); 12 = 83% 50 25 0 25 50

Favours combined training  Favours aerobic training

Mean Difference

Mean Difference

Heterogeneity: Tau? = 23.35; Chi2 = 19.83, df = 4 (P = 0.0005); I = 80%
Test for overall effect: Z = 3.68 (P = 0.0002)

Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Balducci 2010 -156  4.41 22 02 349 20 32.0% -15.40[-17.79,-13.01] =
Kadoglou 2013 -29.03 464 22 -1587 464 21 31.3% -13.16[-15.93,-10.39] =
Lambers 2008 -15.44 1432 17 0 2129 18 13.1% -15.44[-27.40,-3.48] -
Oliveira 2012 -2.35 1577 10 -17.37 16.48 11 10.9% 15.02[1.22, 28.82] -
Sigal 2007 -10.1 34.86 64 -2.8 34.86 60 12.7% -7.30 [-19.58, 4.98] -
Total (95% ClI) 135 130 100.0% -10.36 [-15.89, -4.84] 2
{

k
-100

t
-50

t
0 50 100

Favours combined training  Favours aerobic training

combined training aerobic training Mean Difference Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Balducci 2010 -26.9 2329 22 -172 887 20 17.3% -9.70[-20.18,0.78] -
Kadoglou 2013 -4341 797 22 -3455 8.86 21 746% -8.86[-13.90,-3.82] | |
Lambers 2008 -22.98 22.07 17 -17.68 61.14 18 21% -5.30[-35.43,24.83] T
Oliveira 2012 -26.15 40.37 10 -14.25 2522 11 22% -11.90[-41.02,17.22] T
Sigal 2007 232 64.06 64 -7.5 64.06 60 3.7% -15.70[-38.26, 6.86] |
Total (95% CI) 135 130 100.0% -9.25[-13.61, -4.90] 2

ity: Chi2 = - - S l2=09 k + + d
Heterogeneity: Chi? = 0.44, df = 4 (P = 0.98); 2= 0% 100 50 0 50 100

Test for overall effect: Z = 4.16 (P < 0.0001)

Favours combined training  Favours aerobic training

Fig.4 a Combined versus aerobic training and HDL cholesterol (mg/dL); b combined versus aerobic training and LDL cholesterol (mg/dL); ¢ combined
versus aerobic training and total cholesterol mg/dL); d combined versus aerobic training and triglycerides (mg/dL)
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(@)
combined training aerobic training Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight 1V, Random, 95% Cl IV, Random, 95% CI
Balducci 2010 53 1.16 22 5 125 20 475% -0.30[-1.03, 0.43]
Oliveira 2012 7.5 346 10 -10 326 11 158% 2.50[-0.38, 5.38]
Sigal 2007 2 368 64 -3 368 60 36.7% 1.00[-0.30, 2.30]
Total (95% Cl) 96 91 100.0% 0.62 [-0.74, 1.98]

Heterogeneity: Tau? = 0.87; Chi2 = 5.65, df = 2 (P = 0.06); I = 65%
Test for overall effect: Z = 0.89 (P = 0.37)

t t t
-10 -5 0 5 10
Favours combined training  Favours aerobic training

Heterogeneity: Tau? = 5.12; Chi? = 15.96, df = 2 (P = 0.0003); 1> = 87%
Test for overall effect: Z = 0.56 (P = 0.57)

(b)
combined training aerobic training Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight 1V, Random, 95% Cl 1V, Random, 95% CI
Balducci 2010 -3.2  1.08 22 -25 052 20 41.4% -0.70[-1.21,-0.19]
Oliveira 2012 87 5.03 10 -88 468 11 22.3% 0.10[-4.07, 4.27]
Sigal 2007 0 49 64 -3 496 60 36.3% 3.00[1.25, 4.75] =
Total (95% Cl) 96 91 100.0% 0.82 [-2.05, 3.69]

t t 1 t t
20 -10 0 10 20
Favours combined training  Favours aerobic training

Fig. 5 a Combined versus aerobic training and systolic blood pressure (mmHg); b combined versus aerobic training and diastolic blood pressure

(mmHg)

blood pressure is 0.82 mmHg (95 % CI —2.05, 3.69; x°=
15.96, p=0.57, =87 %) (Fig. 5b).

Sensitivity analysis

The PEDro rating scale has more items and higher total score
than the Jadad scale. Among studies of which score on Jadad
scale was 2/5, the score on PEDro rating scale might be 4/10
or 5/10. We removed low quality studies with score <5 on the
PEDro rating scale for sensitivity analysis according to a
meta-analysis by Marzolini S et al. [28] who also used both
of the two scales. There was no difference in the significance
of the treatment effects when low-quality studies were re-
moved from all of the planned analyses except LDL
cholesterol.

Discussion

To our knowledge, this is the first published meta-analysis
directly comparing the effect of AT alone with CT in patients
with type 2 diabetes. Collectively, the evidence suggests that
CT is more effective than AT alone on glucose control and
some related risk factors for complications of diabetes. The
proportion of patients who discontinued the studies was sim-
ilar in both treatment groups. No serious adverse events relat-
ed to AT or RT components were reported.

There was a significant change in favor of CT when com-
pared to AT in HbAlc. A possible explanation for this can be
found in the fact that training can decrease the intramyocytic

@ Springer

lipid concentration and increase the fatty acid oxidation ca-
pacity [29]. More muscles (upper and lower limbs) were
exercised in the combined training than in the aerobic training
(only lower limb). Because larger muscle mass was involved
in the combined training, it is possible that the total
intramyocytic fat content decreases and/or that the fatty acid
oxidation capacity increases more through combined than aer-
obic training, leading to an increased glucose uptake after
combined training [29]. An absolute decrease of 1 % in
HbA lc levels has been associated with a 25 % decrease in
major cardiovascular disease events and a 29 % decrease in
microvascular complications [30]. Thus, the observed relative
reduction of —0.31 % HbA1c levels caused by CT compared
to AT might be expected to produce an 8 % reduction in
cardiovascular disease risk and a 9 % reduction in risk of
microvascular complications. Such a reduction would be
small, but considering the favorable effects of CT on the other
diabetic complication risk factors, we can conclude that CT
should be a priority.

CT confers a superiority of decreasing abdominal fat com-
pared with AT. Despite the small number of trials, the credi-
bility of this analysis is supported by the confirmed reliability
and validity of abdominal fat measures using CT scans. The
abdominal fat loss that favored the CT training strategy is of
significance because excess abdominal fat is associated with
plasma glucose, excess blood lipid levels, high blood pres-
sure, CAD, and stroke [31-33]. While AT is an important
factor in the development of sustained negative energy bal-
ance, the volume of activity necessary to induce significant fat
loss is reported to be greater than 1 h per session on a daily
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basis over a long period of time [34]. Due to the high level of
activity and time required and such physical limitations as
musculoskeletal comorbidities, peripheral vascular disease,
and diabetic neuropathy, many patients may not be able to
adhere to such a high volume of AT necessary for fat mass
loss. However, replacing high impact AT sessions with RT
sessions may reduce joint and peripheral limb stress while
being at a volume that most diabetic patients can reasonably
tolerate. In addition, it has been proved that RT could improve
pain and disability associated with arthritis of the knee [35].

Pooled analysis resulted in a trend for the CT group
when compared to the AT group to decrease total cho-
lesterol and triglycerides by —10.36 and —9.25 mg/dL,
respectively. As mentioned above, a possible explana-
tion may be that compared with the aerobic group, a
larger muscle mass was included in combination train-
ing, possibly bringing about a greater decrease of
intramyocytic fat content and/or a greater increase of
fatty acid oxidation capacity [29]. These favorable ef-
fects may have been responsible for an increased clear-
ance of lipids from the blood. The result of pooled
analyses on LDL cholesterol changed when low-quality
study was removed. More studies should be included to
assess the effect of combined training versus aerobic
training alone on LDL.

Although resistance training alone or high-intensity resis-
tance training is reported to potentially increase arterial stiff-
ness of type 2 diabetic patients with a raise in blood pressure
[36, 37], this meta-analysis showed that the addition of appro-
priate resistance training to aerobic training had similar effect
on blood pressure to AT alone.

Study limitations

One limitation of this analysis was the small number of ran-
domized controlled studies. Other limitations were the restric-
tion to English language publications, small sample size of
some studies, reliance on imputing some of the missing stan-
dard deviations of the change in means, and inclusion of stud-
ies that did not include adequate allocation concealment or
blinded outcome assessors. Due to the small sample size, we
were unable to assess reporting bias.

Conclusions

Results suggest that CT is more effective than AT alone in
affecting change in HbAlc, abdominal fat, and blood lipids.
Compared to AT, CT does not appear to compromise study
completion or pose significant hazards in diabetic patients.
More studies with strong methodological design and large

sample size are required to further evaluate the benefits of
CT versus AT.
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