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Subcutaneous abdominal adipose tissue (SAT), is the largest fat depot and major provider of free fatty acids to the liver. Abdominal fat is indirectly
(via increased levels of low-grade inflammation) correlated with many of the adverse health effects of obesity. Although exercise is one of the most
prominent components of obesity management, its effects on SAT are still unclear. The aim of this study was to investigate the independent effects
of aerobic training (AT) and resistance training (RT) modalities and combined exercise modalities on SAT in adults. PubMed, SCOPUS, and Google
Scholar were searched to find relevant publications up to November 2018. The effect sizes were represented as weighted mean difference (WMD)
and 95% Cls. Between-study heterogeneity was examined using the /> test. Overall, 43 identified trials that enrolled 3552 subjects (2684 women)
were included. After removal of outliers, combining effect sizes indicated a significant effect of AT (WMD: —13.05 cm?; 95% Cl: —18.52, —7.57; P <
0.001), RT (WMD: —5.39 cm?; 95% Cl: —9.66, —1.12; P = 0.01), and combined exercise training (CEXT; WMD: —28.82 cm?; 95% Cl: —30.83, —26.81; P <
0.001) on SAT relative to control groups. Pooled effect sizes demonstrated a significant effect of AT on SAT compared with a CEXT group (WMD: 11.07
cm?; 95% Cl: 1.81, 20.33; P = 0.01). However, when comparing the AT and RT groups, no significant difference was seen in SAT (WMD: —0.73 cm?;
95% Cl: —4.50, 3.04; P = 0.70). Meta-analysis of relevant trials indicated that AT, RT, and CEXT lead to SAT reduction. Aerobic exercise was shown to
produce greater efficacy in decreasing SAT. Adv Nutr 2021;12:179-196.
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Introduction

The prevalence of obesity and chronic disease has been
increasing at an alarming rate (1). It is now widely recognized
that increased deposition of abdominal fat has been impli-
cated as a key etiology in the development and progression
of various chronic conditions such as obesity, diabetes,
cardiovascular diseases, and some cancers (2). Abdominal
fat has been suggested to be associated with these chronic
diseases through the release of cytokines and bioactive
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mediators (3). Although persons with abdominal obesity
appear to develop metabolic syndrome more frequently than
individuals with peripheral body fat distribution, the site
of abdominal fat accumulation (subcutaneous compared
with visceral) is potentially important and still a matter of
debate (4-6). Over recent years, most attention has focused
on visceral adipose tissue (VAT) (7); however, it should
be kept in mind that subcutaneous abdominal adipose
tissue (SAT) accounts for ~80% of abdominal fat and is
the major provider of free fatty acids to the liver (8, 9).
In a meta-analysis that included 89 studies, the effect of
different exercise on visceral and subcutaneous fat loss was
investigated. Based on the included studies, it indicated a
greater decrease in SAT compared with VAT (7) across all
of the strategies (10). Currently, in addition to exercising,
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other approaches for the removal of these tissues, including
bariatric or liposuction surgeries, have attracted more and
more people. In addition, nowadays, more individuals are
using the aggressive method for the removal of these tissues,
the cost-benefit consequences of which are really prominent
in terms of economic aspects, although their effect on human
life is still unclear (11, 12). Also, reduction in body fat
through aggressive procedures (liposuction) had no effect on
improving metabolic parameters (13).

Many other methods to prevent obesity such as dietary
interventions have been investigated over the past decades
as well (14). It is now well known that a minimal loss of
5-10% of the initial body weight (especially abdominal fat)
is effective in improving risk profiles of diseases related
to obesity (15, 16). However, a 20% reduction in body fat
(or 40% of subcutaneous fat) through an aggressive pro-
cedure (liposuction) had no effect on improving metabolic
parameters. This can be due to specific differences between
visceral and subcutaneous fat or a fundamental problem of
energy imbalance (13, 17). Along with dietary modifications,
exercise seems to be another important and central compo-
nent of weight-loss programs. Exercise-induced weight-loss
interventions can affect the amount of abdominal fat and
thereby prevent the onset of chronic diseases. Also, despite
effects on body fat, regular exercise has many health benefits,
including reduced blood pressure and blood lipids, improved
diabetes, and other metabolic health outcomes independent
of body fat loss (18-21). In the past years, a great deal of
attention has been focused on the impact of aerobic exercise
with or without caloric restriction in subjects with obesity
(16, 19, 20, 22, 23). On the other hand, there has been
considerable recent interest regarding the effects of resistance
exercise on metabolic profile and weight loss in individuals
with obesity (23-26). Although many studies compared
the effect of resistance exercise and aerobic exercise on
abdominal fat (24, 27, 28), it is still not clear which of these
exercise modalities is better for the reduction of SAT (27, 29).
Thus, our main objective in this study was to systematically
review the present evidence on the effects of aerobic exercise
(aerobic training; AT), resistance training (RT), and a
combination of these modalities (combined exercise training;
CExT) on SAT reduction, and to summarize the available
findings in a meta-analysis.

Methods

This study was carried out based on the guidelines of the
PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analysis) statement.

Search strategy

We performed a literature search using the online databases
of Medline (PubMed) and Scopus for relevant publications
up to November 2018. To find relevant publications, the
following medical subject headings (MeSH) and non-MeSH
keywords were searched by 2 independent investigators
(HY and KD) as follows: (Subcutaneous Fat, Subcutaneous
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Adipose Tissue, Abdominal Subcutaneous Fats, Adipose Tis-
sue, Abdominal Subcutaneous, Abdominal Fat, Abdominal
Adipose Tissue) and (Exercise, Physical Activity, Physical Ex-
ercise, Acute Exercise, Aerobic Exercise, endurance training,
cardio training or Exercise Tolerance, Resistance Training,
Strength Training, Weight-Lifting Strengthening Program,
progressive training, weight training). We also searched
systematic reviews from the above-mentioned databases and
hand checked reference lists to identify studies that might
have been missed. Unpublished studies were excluded, as well
as duplicate citations.

Selection of studies

After removal of duplications, the search results were
evaluated by 1 investigator (HY). Then, retained studies were
retrieved and reviewed by 2 investigators. Any disagreement
between the 2 researchers was resolved by discussion or by a
third person (30).

Inclusion and exclusion criteria for studies
In our meta-analysis, eligible publications were included
based on the following criteria: 1) all studies assessing the
effects of exercise on abdominal fat area; 2) studies that used
arandomized controlled clinical trial design; 3) those studies
that only investigated the effect of intervention on abdominal
fat area (cm?) but not other indicators of fat tissue, such as its
volume (cm?), thickness (31), and weight (kg); 4) computed
tomography (CT) or MRI was used for quantification of SAT;
5) human studies with a minimum follow-up period of 4 wk;
and 6) manuscripts published in the English language.
Studies that met the following criteria were excluded: 1)
participants <18 y, 2) non-original research (letters, review
articles, and meta-analysis), 3) not enough information was
available, 4) studies on specific diseases (e.g., spinal cord
injury and AIDS), and 5) the other methods used for
quantification of SAT (such as ultrasound or DXA).

Data extraction

The following data of interest from each individual study
were extracted: first author, year of publication, study
population, sample size, age, sex, weight, and BMI (Table 1);
exercise details (nutritional intervention, exercise frequency,
intensity, session duration and intervention duration) and
subcutaneous fat quantification (type of measurement tech-
nique and region) (Table 2). For 3 studies that presented data
graphically, means and SDs were extracted using the GetData
Graph Digitizer 2.24 (Fedorov 2008).

Assessment of study quality

Study quality was assessed by a modified Jadad scale, in
which the total score ranges from 0 to 5 points based on the
following criteria: 1) randomization present, 2) method of
randomization, 3) double blinding performed, 4) method of
double blinding, and 5) reports of dropouts and withdrawals.
In the current study, trials scored 1 point for each area
addressed in the study design with a possible score of 0 to 3
(highest level of quality). In exercise studies, it is impossible
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Mean age, Mean BMI, Mean weight,
y kg/m? kg

Sample size,
% Female

% Male

Study population

(Continued)

First author (reference); year

TABLE 1
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C: 47 C:523 €298 NR
AT: 29.8

AT: 40

C 51

C49
AT:55

Overweight or mildly obese with moderate

Slentz et al. (63); 2005

AT: 54

AT: 45

lipid abnormalities
Overweight or mildly obese with moderate

€298 NR
AT: 29.7

C:523

C:47
AT: 46

C 51

C:49
AT: 50

Slentz et al. (63); 2005

AT: 53

AT: 50

lipid abnormalities
Overweight or mildly obese with moderate

€298 NR
AT: 29.1

C:523

C47
AT:42

C: 51

C:49
AT: 54

Slentz et al. (63); 2005

AT:51.5

AT: 46

lipid abnormalities
Healthy elderly men

C226 C616

AT:22.7

C:69
AT 72

100

Sun et al. (64); 2018

AT:62.8
C.675

AT: 10

NR

€208

100

Obese young women

Zhang et al. (65); 2017

AT 68.5
C:.675

AT: 209
€208

AT: 15

NR

100

Obese young women

Zhang et al. (65); 2017

AT:67.3

AT:21.5

AT: 15

'All data are reported as means. AT, aerobic training; C, controls; CExT, combined exercise training; NR, not reported; RT, resistance training.

to blind the people to the intervention. As a result, scores
of 5 are impossible to achieve, hence we defined high-
quality publications as those that had a Jadad score of >3
(Table 2).

Data synthesis and statistical analysis

This analysis was conducted using Stata software version
14 (StataCorp LP). Random- and fixed-effects models were
utilized to obtain pooled estimates of training impacts on
SAT, using weighted mean difference (WMD). Studies that
reported >2 interventions of different exercise intensity
were entered as separate studies. Also, studies that reported
separate results for male and female subjects were also
entered separately. We performed 5 analyses to compare the
effect of 1) AT compared with control, 2) RT compared with
control, 3) CEXT compared with control, 4) AT compared
with RT, and 5) CEXT compared with AT on SAT change. The
mean change (66) in SAT from baseline was used to calculate
the mean difference (with 95% CI) between the intervention
and control groups. Some studies provided an SEM from
which we calculated the SD (66) according to the formula
(SD = SEM x square root of N). Then we calculated the
SD of the mean difference as follows: SD change = square
root [(SDbaseline? +SDfinal*) — (2 x R x SD baseline x
SD final)]. The SD of mean differences was calculated using a
correlation coeflicient “R” of 0.9 (67). When the publications
revealed medians and ranges or 95% ClIs, the mean (66) was
calculated by the method of Hozo et al. (68). The between-
trial WMD and 95% CI were calculated. Between-study
heterogeneity was examined using the I test. To assess the
influence of each study on the overall mean difference, we
used a sensitivity analysis by the jack-knife approach, which
involves systematically removing and replacing each study.
Publication bias was assessed by visual evaluation of the
funnel plot and Egger’s test. P values <0.05 were considered
significant.

Results

Included studies

A total of 7250 studies were identified through the PubMed
and Scopus databases, and after removal of duplicates a total
of 6997 studies remained. Furthermore, we found 4 more
studies from the reference lists of the manuscripts retrieved.
After elimination of articles based on the eligibility criteria,
43 articles remained (Figure 1).

Study characteristics

A total of 3552 individuals (with a mean age range of 20.8-
83 y) had been enrolled in the trials, which included 761
men and 2684 women and gender was not reported for
107 subjects. Of the 59 studies (43 articles) in the meta-
analysis, 33 studies were exclusively conducted in women, 7
studies were exclusively conducted in men, and 14 studies
were conducted in both men and women, whereas sex
was not reported in 5 studies. The mean BMI (kg/m?)
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Records identified through
database searching
(PubMed n = 1517
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—

Scopus n = 5733)

Additional records identified
through other sources
(n=4)

|
!

Records after duplicates removed

(n=7001)
&D Records excluded
g > (n=6671)
e v
Q
2 Records screened
(n=330)
) v
Full-text articles excluded (n = 59)
Full-text articles assessed
iz for eligibility e other measurement units
3 (n=105) (kg, mm, ...)(n =31)
&b e Notadult (n=15)
m e Not enough information
(n=1)
\ ) £7 e NotMRlorCT (n=9)
Studies included in e specific diseases like SCI
qualitative synthesis or AIDS (n = 4)
(n=43) e other(n=2)
b} v
—ﬂg’ Studies included in
) guantitative synthesis
= (meta-analysis)
(n=43)

FIGURE 1 Summary of search strategy and selection process based on included and excluded studies. CT, computed tomography; SC|,

spinal cord injury.

of participants ranged from 22 to 36.7. Thirteen studies
were specifically conducted in participants with obesity, 12
studies conducted in subjects who were either overweight or
had obesity, 11 studies conducted in participants with type
2 diabetes, 3 studies in people with metabolic syndrome,
and other studies conducted in women with a high risk of
breast cancer and patients with hepatic impairment (Table 1).
The quality score of studies included in this meta-analysis
ranged from 1 to 3. Ninety trials were categorized as low-
quality publications (Jadad score <3) and 44 trials were
categorized as high quality (Jadad score >3). All studies were
randomized trials, but 14 of these studies did not explain the
randomization procedure. All studies except for 4 reported
details concerning the number of participants who dropped
out.

Details of AT

AT interventions ranged from 4 to 52 wk. The frequency of
AT was from 1 to 7 d/wk. The frequency of AT was most
commonly 3 d/wk (19 of 48 studies) followed by 5 d/wk
(7 of 48 studies). For the AT group, the sessions were from
15 to 120 min (but some studies reported energy expended
per training session rather than time) at intensities between
40% and 95% of peak aerobic capacity. AT intensities have
been reported as percentage of heart rate reserve (HRR) or a
percentage of maximal heart rate (HR), or maximum oxygen
consumption (VO,max).

Details of RT
RT interventions ranged from 8 to 104 wk. The frequency of
RT was from 2 to 4 d/wk, but most frequently 3 d/wk (10
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Stud
ID y

%

WMD (95% Cl) Weight
Boudou et al. (33); 2003 —_— -41.05 (-67.64, -14.46)  1.92
Brown et al. 35; 2016 —_—— 5.57 (-17.71, 28.85) 2.15
Brown et al. (35); 2016 —_— -13.99 (-38.18,10.20)  2.09
Carr etal. (3 ;2005 —_—— -9.90 (-37.22, 17.42) 1.87
Carr etal. (36); 2005 - < 18.10 (-15.28, 51.48) 1.52
SRO! eE al. ;8 %8” —_—— -29.48 (-44.43,-1453)  2.80
oi etal. ; ——— -21.48 (-36.66, -6.30)  2.78
Choi et al. (37); 2012 —|6— -12.50 (-24.70,-0.30)  3.02
Christiansen et al. (38% 2009 . | -1.89 (-3.73, -0.05) 3.54
CUFF et al. ﬁ (2 —_— -25.60 (-51.53, 0.33) 1.97
DiPietro eta 98 1998 T -1.00 (-44.38, 42.38) 1.09
Donnelly et al. 5 2003 < | -52.30 (-83.14,-21.46)  1.66
lliz)orp]nellyt e;[ al29 0121003 e -33.50 (-61.47,-5.53)  1.83
isher eta —— -9.00 (-20.29, 2.29) 3.08
Fisher et al. g ;2012 —ILO—— -8.00 (-20.60, 4.60) 2.98
Friedenreich et al. 62) 2011 * -24.10 (-24.85,-23.35)  3.55
Hays et al. (44); (2 < -10.74 (-55.99, 34.51)  1.03
Hunter et al 47); 201 —_— -18.40 (-37.35, 0.55) 248
Irving et al. 2008 - < 5.00 (-40.33, 50.33) 1.03
Irvmg e{ aI 4713 %888 + - -30.00 (-83.20,23.20)  0.81
rving et a ; - < 6.00 (-43.78, 55.78) 0.89
Irving et al. (49); 2009 o— -20.00 (-69.78,29.78)  0.89
Jansgsen etal. (51); 2002 . -0.30 (-0.87, 0.27) 355
Janssen and Ross et al. (52); 1999 . -0.50 (-4.29, 3.29) 3.49
Janssen and Ross et al. (52); 1999 | —— -0.60 (-9.53, 8.33) 3.24
Johnson et al. (53) 2009 —— 2,50 (-14.21, 19.21) 2,66
Koo et al. (54); 2010 - < 5.10 (-13.76, 23.96) 2.49
Eoo ett all. 55? 228118 —Ib—— -11.80 (-34.21,10.61)  2.22
ee et al. ; —t 10.16 (-16.37, 36.69)  1.93
Lee et al. (55); 2012 — -7.16 (-34.16, 19.84) 1.90
Mctiernan et al. (56); 2007 —_—— -16.50 (-45.10, 12.10)  1.79
Mctiernan et al. 56 2007 —_—— -31.90 (-52.46, -11.34)  2.36
Moghadasi et al. ( 2012 —_— -30.06 (-43.03,-17.09)  2.96
Mourier et al. (58 % —_—— -31.30 (-55.76, -6.84)  2.07
EoehlmtanI etal. (28‘? 2009—0— : -64.00 (-92.10,-35.90)  1.82
aneta & -11.20 (-63.91,41.51)  0.82
Ryan etal. 559 2011 —'—0—— -6.60 (-36.59, 23.39) 1.71
3 OJiaete I}/Ic(>§a1\d|e et al. (61); 2006 T *> 10.00 (-45.13,65.13) 0.7
igal et a + -13.00 (-47.79,21.79)  1.45
Slgntz et al. 2005 I - -2.30 (-7.29, 2.69) 3.45
Slentz et al. 63 : 2005 . 2.00 (-2.80, 6.80) 3.46
Slentz et aI ; 2005 - -8.10 (-12.82, -3.38) 3.46
%l]m et a}l{ f 5 0;(8)17 —_— -2.50 (-18.45, 13.45) 272
ang et a —— -29.90 (-49.94, -9.86)  2.40
Zhang et al. E ; 2017 I -36.60 (-58.14, -15.06)  2.28
Overall (l-squared =98.3%, p = 0.000) <> -13.03 (-18.47,-7.58)  100.00
NOTE: Weights are from random effects analysis :
| |

-92.1

92.1

Figure 2 Forest plot for AT studies (n = 45). Graph depicts WMDs and 95% Cls for individual studies and the pooled estimate. AT, aerobic

training; WMD, weighted mean difference.

of 18 studies) followed by 2 d/wk (4 of 18 studies). For the
RT group, the sessions were from 20 to 90 min. Moreover,
the intensity of RT, which was quantified as a percentage
of 1-repetition maximum (1-RM), ranged between 20% and
100% of 1-RM. Five studies prescribed 1 or 2 sets of 8-12
repetitions until volitional fatigue and 1 study prescribed 2
to 3 sets of 7-9 repetitions.

Details of CExT

CExT interventions ranged from 12 to 52 wk. The frequency
of CExT was 3 d/wk. For the CExT group, the sessions were
from 20 to 75 min. CEXT is a combination of RT and AT
that their intensity is defined as follows: AT: HRR or HR
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or VOymax; RT: 1-RM. In addition, Rating of Perceived
Exertion (69) was used to express intensity.

Details of diets

Twenty-nine of the studies stated that diet was not changed,
22 studies required the participants to follow a pre-
scribed diet, and 8 studies did not report on food in-
take. Some of the studies asked participants to reduce
caloric intake to 500-1200 kcal/d. The contribution of each
macronutrient to daily energy intake was as follows: in
the range of 50%-70% for carbohydrate, in the range of
12%-30% for fat, in the range of 10%-25% for protein.
However, the most commonly prescribed macronutrient



Study
ID

Binder et al. (32); 2005
Brochu et al. (34); 2009
Drapeau et al. (41); 2011
Fisher et al. (29); 2011

Fisher etal. (71); 2012
Garcia-Unciti et al. (43); 2012
Hunter et al. (47); 2010
Ibafiez et al. (48); 2010
Janssen et al. (51); 2002
Janssen and Ross et al. (52); 1999
Janssen and Ross et al. (52); 1999
Poehlman et al. (28); 2000

Schmitz et al. (60); 2007

Schmitz et al. (60); 2007

Sigal et al. (31); 2007

Overall (I-squared =77.1%, p = 0.000)

|

NOTE: Weights are from random effects analysis

%

WMD (95% Cl) Weight
-1.80 (-12.96, 9.36) 6.90
-12.00 (-28.39, 4.39) 4.46
-5.40 (-35.80, 25.00) 1.71
7.00 (-3.04, 17.04) 7.58
-15.00 (-25.79, -4.21) 7.12
-100.10 (-152.31,-47.89)  0.64
-17.00 (-28.52, -5.48) 6.69
-1.37 (-13.26, 10.52) 6.48
-0.40 (-0.89, 0.09) 13.04
-3.80 (-8.45, 0.85) 11.31
4.60 (-2.58, 11.78) 9.54
-63.00 (-89.72, -36.28) 2.13
-1.06 (-6.90, 4.78) 10.50
-5.15 (-10.99, 0.69) 10.50
-14.00 (-48.07, 20.07) 1.40
-5.39 (-9.66, -1.12) 100.00

T
-152

FIGURE 3
resistance training; WMD, weighted mean difference.

combination was 55% carbohydrate, 30% fat, and 15%
protein.

Outcomes

AT versus control.

Combining effect sizes of 45 studies (23, 28, 29, 31, 33, 35—
40, 42, 44, 47, 49, 51-59, 61, 63-65, 70-72), AT significantly
reduced SAT compared with controls (WMD: —13.02 cm?;
95% CI: —18.47, —7.58; P < 0.001) (Figure 2), with
a considerable between-study heterogeneity (I> = 98.3%,
P < 0.001). The results of the influence analysis did
not change the significance level of our finding after
systematic removal of each study. There was no evidence
of publication bias, by the funnel plot shape. In addi-
tion, the lack of bias was confirmed by the Egger’s test
(P=0.732).

RT versus control.

Combining findings of 15 studies (28, 29, 31, 32, 34, 41,
43, 47, 48, 51, 52, 60, 71), a significant reduction in SAT
was detected after RT compared with controls (WMD:
—5.39 cm?; 95% CI: —9.66, —1.12; P = 0.013 ), with a signif-
icant between-study heterogeneity (I> = 77.1%, P < 0.001)
(Figure 3). The results of the influence analysis did not
change the significance level of our finding after systematic
removal of each study. There was a significant statistical

o

T
152

Forest plot for RT studies (n = 15). Graph depicts WMDs and 95% Cls for individual studies and the pooled estimate. RT,

evidence of publication bias among studies by visual inter-
pretation of the funnel plot shapes and significance in Egger’s
linear regression test (P = 0.021).

CExT versus control.

There was a significant pooled effect size (6 studies) (23,
31, 46, 50, 73) for the comparison between CExT and
control (WMD: —28.82 cm?; 95% CI: —30.83, —26.81; P
< 0.001). Significant heterogeneity between studies was not
found (> = 0.0%, P = 0.982) (Figure 4). According to
the results of the influence analysis, 2 studies (31, 50) were
outliers. Despite the removal of the outliers, after re-analysis
via fixed-effects model, a significant pooled effect size was
maintained (WMD: —31.34 cm?; 95% CI: —50.40, —12.28;
P = 0.001). We found no evidence of publication bias after
visual interpretation of the funnel plot shape and Egger’s
linear regression test (P = 0.700).

AT versus RT.

Pooling effect sizes of 11 studies (27-29, 31, 45, 47, 51, 52,
62, 71), no significant reduction was seen in SAT comparing
AT with RT groups (WMD: —0.73; 95% CI: —4.49, 3.03; P
= 0.704). However, we observed a significant heterogeneity
between studies (I> = 59.9%, P = 0.006) (Figure 5). The
results of the influence analysis illustrated no change in the
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Study %
ID WMD (95% Cl) Weight

CUFF et al. (23); 2003 + -39.40 (-74.36, -4.44) 0.33

Houghton et al. (46); 2017 - -32.00 (-97.33, 33.33) 0.09

Houghton et al. (46); 2017 *> -36.00 (-74.84, 2.84) 0.27

Irwin et al. (50); 2003 -28.80 (-30.82, -26.78)  98.89

Kim et al. (73); 2008 + -16.50 (-90.90, 57.90) 0.07

Sigal et al. (31); 2007 - -23.00 (-57.17, 11.17) 0.35

Overall (I-squared = 0.0%, p = 0.982) -28.83 (-30.84,-26.82)  100.00

F---— > --}t----]----%----}---

T
-97.3 0 97.3

FIGURE 4 Forest plot for CEXT studies (n = 6). Graph depicts WMDs and 95% Cls for individual studies and the pooled estimate. CExT,
combined exercise training; WMD, weighted mean difference.

result after the systematic removal of each study. There was AT versus CExT.
no significant evidence of publication bias among studies by =~ There was a significant pooled effect size (3 studies) (23,
visual evaluation of the funnel plot shape and Egger’s test 31, 62) for the comparison between AT and CExT (WMD:

(P=0.704). 11.07; 95% CI: 1.81, 20.33; P = 0.019) (Figure 6). In fact,
Study %
ID WMD (95% ClI) Weight
Bacchi et al. (27); 2013 -.— 5.00 (0.21, 9.79) 17.63
Fisher et al. (29); 2011 — E -16.00 (-25.02, -6.98)  10.21
Fisher etal. (71); 2012 -é—o— 7.00 (-4.30, 18.30) 7.66
Henriquez et al. (45); 2017 —E—o— 6.50 (-18.10, 31.10) 2.14
Hunter et al. (47); 2010 —J:— -1.40 (-20.92, 18.12) 3.24
Janssen et al. (51); 2002 E 0.10 (-0.50, 0.70) 24.53
Janssen and Ross et al. (52); 1999 i 3.30 (-1.26, 7.86) 18.12
Janssen and Ross et al. (52); 1999 —o—i -5.20 (-14.06, 3.66) 10.43
Poehlman et al. (28); 2000 —qi -1.00 (-27.44, 25.44) 1.88
Sigal et al. (31); 2007 1.00 (-85.04, 87.04)  0.19
Slentz et al. (62); 2011 —o—é -16.90 (-34.22, 0.42) 3.97
Overall (l-squared =59.9%, p = 0.006) <> -0.73 (-4.50, 3.04) 100.00
NOTE: Weights are from random effects analysis E

87 0 87

FIGURE 5 Forest plot for the comparison between AT and RT (11 studies). Graph depicts WMDs and 95% Cls for individual studies and
the pooled estimate. AT, aerobic training; RT, resistance training; WMD, weighted mean difference.
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Study

CUFF et al. (23); 2003

Sigal et al. (31); 2007

%

Slentz et al. (562); 2011 +

Overall (l-squared = 0.0%, p = 0.656)

WMD (95% Cl) Weight

_._._ 13.80 (2.67, 24.93) 69.17
v 10.00 (-26.23, 46.23) 6.53
3.60 (-15.19, 22.39) 24.30

<> 11.07 (1.81, 20.33) 100.00

T
-46.2 0

T
46.2

FIGURE 6 Forest plot for the comparison between AT and CEXT (3 studies). Graph depicts WMDs and 95% Cls for individual studies and
the pooled estimate. AT, aerobic training; CEXT, combined exercise training; WMD, weighted mean difference.

this present study depicted that combined training decreased
subcutaneous abdominal fat more than AT. In addition,
the results of the influence analysis showed that, even with
the removal of 1 study, the significance of this finding
remained. Furthermore, we did not observe any significant
heterogeneity between studies (I> = 0.0%, P = 0.656), or
any evidence of publication bias by the funnel plot shape and
Egger’s test (P = 0.218).

Meta-regression

Meta-regression was used to assess the association between
SAT reduction and change in weight and duration of
intervention in all of the exercise groups (AT, RT, and CExT).
There was no significant association between SAT reduction
and weight loss (slope: —1.10; 95% CI: —2.87, 0.66; P =
0.21) and duration of the intervention (slope: —1.03; 95% CI:
—2.91,0.83; P = 0.2).

Discussion

This systematic review and meta-analysis investigated the
independent effects of AT and RT modalities along with
CExT modality on SAT in adults. Our results illustrated
that AT, RT, and CEXT regimes are all effective in lowering
SAT compared with no intervention. However, in studies
where AT and RT were directly compared, statistical sig-
nificance was not observed. Moreover, in studies where AT
and CExT were directly evaluated, we found statistically
significant differences between them. Combining both AT
and RT resulted in lowering of SAT more than AT or RT
alone.

Central abdominal fat, which includes subcutaneous and
visceral fat, has been shown to be a risk factor for chronic
disease (74). Although persons with abdominal obesity
appear to develop metabolic syndrome more frequently than

individuals with peripheral body fat distribution, the impact
of the site of abdominal fat accumulation (subcutaneous
compared with visceral) is still a matter of debate (2, 4-6).
Since the mass of subcutaneous abdominal fat is greater, it
contributes more than visceral fat to circulating free fatty
acids (4).

A recent systematic review study by Merlotti et al. (10)
found that decrease in SAT was greater than VAT when
measured as area (cm?), volume (cm?®), and weight (kg);
however percentage decrease in VAT was greater than
percentage decrease in SAT. Contrary to our findings, a meta-
analysis has reported that AT reduces visceral fat compared
with a control group, while RT and CExT had no significant
effect (75). Since the studies were conducted using different
measurement indicators (studies with adipose tissue volume,
thickness, and weight), it is possible that their results vary
due to this issue. Also, Gonzalez-Ruiz et al. (76) showed
that AT alone led to a slightly greater reduction in VAT
and SAT in a pediatric population, but RT and CExT did
not demonstrate significant reductions. It is conceivable that
these results might be due to different measurement units
(kilograms, liters, millimeters, and cubic centimeters), which
were assessed in this regard. In line with our findings, a
meta-analysis interestingly showed that dietary intervention
and aerobic and resistance exercise training are effective in
weight loss and in improving glucose tolerance (77). In fact,
the results of that study (77) supported RT for weight loss.
In addition, another meta-analysis showed that AT plus RT
(CExT) improves body composition (fat mass, body weight,
and BMI) (78).

Previous studies have found that exercise increases the
secretion of lipolytic hormones (such as growth hormone)
stimulating lipolysis in adipose tissues such as SAT (79,
80). In fact, growth hormone directly via hormone-sensitive
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lipase leads to stimulation of adipose tissue (81, 82).
Although chronic AT can cause prolonged increases in 24-
h growth hormone release, RT induces acute increases in
growth hormone secretion (82). Studies also revealed that
CEXT produced more enhancement of growth hormone than
did AT (83). In the same vein, this is consistent with our
finding of a significant reduction in SAT following AT, RT,
and CExT. This is also consistent with our observation that
CEXT is better than AT for reducing SAT.

The present study has some limitations that should be
considered. Although most of the populations examined
had diabetes or obesity, there were 2 studies that included
women with high risk of breast cancer and others with
known metabolic disease. Moreover, significant heterogene-
ity between studies could be due to differences in exercise
prescription (intensity, frequency, session duration, interven-
tion duration, and modality). Since participants usually are
aware of whether they are training or not, it is obviously
difficult to blind the people to the intervention. Therefore,
the maximum possible quality score was 3 points (Jadad
score of <3). The variables were not sufficient to compare
RT and CExT. Other potential confounders included activity
performed outside of the interventions, differences in kind
of exercise (walking, running, stair stepping, and bicycling),
and differences in dietary intake. Although this study has
limitations, it provides useful information for the manage-
ment and treatment of obesity. In this meta-analysis, strong
and important evidence indicates the effectiveness of exercise
therapy for reducing SAT. These findings suggest that not
only AT but also other types of exercise are beneficial for
obesity prevention. In addition, the combination of these
types of exercise is able to produce better results than using
them separately. In conclusion, CEXT should be considered
instead of AT or RT alone to produce greater reductions in
SAT.
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