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Abstract

Background: Purpose: to establish if exercise training improves clinical outcomes in people with metabolic syndrome
(MetS). Registered with PROSPERO international prospective register of systematic reviews (https://www.crd.york.
ac.uk/PROSPERO/Identifier:CRD42017055491). Data sources: studies were identified through a MEDLINE search strat-
egy (1985 to Jan 12, 2017), Cochrane controlled trials registry, CINAHL and SPORTDiscus. Study selection: prospective
randomized or controlled trials of exercise training in humans with metabolic syndrome, lasting 12 weeks or more.

Results: We included 16 studies with 23 intervention groups; 77,000 patient-hours of exercise training. In analyses
of aerobic exercise studies versus control: body mass index was significantly reduced, mean difference (MD) —0.29
(kg m~?) (95% Cl —0.44, —0.15, p < 0.0001); body mass was significantly reduced, MD —1.16 kg (95% CI —1.83, —0.48,
p = 0.0008); waist circumference was significantly reduced MD —1.37 cm (95% Cl —2.02, —0.71, p < 0.0001), peak
VO, was significantly improved MD 3.00 mL kg*1 min~' (95% Cl 1.92, 4.08, p < 0.000001); systolic blood pressure and
diastolic blood pressure were significantly reduced, MD —2.54 mmHg (95% Cl —4.34, —0.75, p = 0.006), and, MD
—2.27 mmHg (95% Cl —3.47, —1.06, p = 0.0002) respectively; fasting blood glucose was significantly reduced MD
—0.16 mmol L™' (95% Cl —0.32, —0.01, p = 0.04); triglycerides were significantly reduced MD —0.21 mmol L~ (95%
Cl —0.29, —0.13, p < 0.00001); and low density lipoprotein was significantly reduced MD —0.03 mmol L~ (95% Cl
—0.05, —0.00, p = 0.02). In analyses of combined exercise versus control: waist circumference, MD —3.80 cm (95% Cl
—5.65, —1.95, p < 0.0001); peak VO, MD 4.64 mL kg™ min~" (95% Cl 2.42, 6.87, p < 0.0001); systolic blood pressure
MD —3.79 mmHg (95% Cl —6.18, —1.40, p = 0.002); and high density lipoprotein (HDL) MD 0.14 (95% Cl 0.04, 0.25,

p = 0.009) were all significantly improved. We found no significant differences between outcome measures between
the two exercise interventions.

Conclusions: Exercise training improves body composition, cardiovascular, and, metabolic outcomes in people with
metabolic syndrome. For some outcome measures, isolated aerobic exercise appears optimal.

Keywords: Metabolic syndrome, Exercise training, Meta-analysis

Introduction

According to the international diabetes federation, the
metabolic syndrome (MetS) is characterised by at least
three of five clinical findings: central obesity, elevated
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blood pressure (systolic blood pressure >130 mmHg or
diastolic blood pressure >85 mmHg), elevated serum tri-
glycerides (>150 mg dL™"), low serum high-density lipo-
protein (HDL) (<40 mg dL™'in males and <50 mg dL™*
in females), and insulin resistance (fasting plasma glu-
cose >100 mg dL™!) [1]. More than 20% of the world’s
population is estimated to meet the diagnostic criteria
for MetS, and are thus three times more likely to develop
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cardiovascular disease and five times more likely to
develop type 2 diabetes, presenting an enormous public
health issue [2].

Previous data pooling analyses are yet to show a wide
scope of benefit from exercise training in people with
metabolic syndrome. Analyses of lifestyle interventions
are yet to show a reduction in the proportion of par-
ticipants who meet the diagnostic criteria for MetS [3],
although summary data are available outlining significant
improvements in both body composition and metabolic
profile measures with lifestyle intervention in women
with metabolic derangement due to polycystic ovarian
syndrome [4, 5]. Lifestyle (diet and exercise) has been
shown to be effective in resolving MetS and reducing the
severity of related abnormalities (fasting blood glucose,
waist circumference, systolic blood pressure and diastolic
blood pressure, and triglycerides) [3]. While the ben-
eficial clinical effects of lifestyle interventions have been
shown in meta-analyses of participants with type II dia-
betes [6], the relative contribution of exercise, in deriving
these benefits, is unknown. Resistance training interven-
tions of patients with MetS has been found to reduce
systolic blood pressure, but not fasting plasma glucose,
HDL cholesterol, triglycerides, diastolic blood pressure,
or waist circumference [7]. It is however possible that the
small number of included studies precluded significant
improvements in other outcome relevant measures. The
meta-analysis by Aguilera et al. [8] was unable to uncover
enough evidence (only one study yielded eligible data) to
draw meaningful conclusions around the optimal exer-
cise intensity to treat metabolic syndrome. The work of
Lin et al. [9] reported beneficial effects of exercise train-
ing on cardiac risk factors, but this work included studies
of both healthy people and those with metabolic disease.
It remains unclear which type of exercise, and at what
intensity, is optimal for patients.

We therefore conducted a systematic analysis of all
clinical randomized, controlled, exercise training trials
in patients with MetS and stratified the trials by exercise
intensity according to recognized guidelines. We aimed
to determine whether high-intensity exercise produced
different effect sizes for change in clinical outcomes in
MetS compared to vigorous-, moderate- and low-inten-
sity training and sedentary lifestyle. We also wished to
establish whether the effect on clinical outcomes in MetS
varied according to the type of intervention (aerobic ver-
sus combined aerobic and resistance training).

Methods

The review protocol was registered in PROSPERO
international prospective register of systematic reviews
(https://www.crd.york.ac.uk/PROSPERO/Identifier:
CRD42017055491).
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Data sources and search strategy

Studies were identified through a MEDLINE search strat-
egy (1985 to Jan 12, 2017), Cochrane controlled trials reg-
istry (1966 to Jan 12, 2017), CINAHL, SPORTDiscus and
science citation index. The search strategy included a mix
of MeSH and free text terms for key concepts related to
exercise training and the metabolic syndrome (see Pub-
Med search strategy in Additional file 1). Studies were
included if patients in the intervention group met the
diagnostic criteria for metabolic syndrome (according to
IDF, WHO, or NCEP-ATP III) [1]. Searches were limited
to prospective randomized or controlled trials of exer-
cise training in humans. Only English language studies
were included. No restrictions were placed on the year of
publication. Reference lists of papers were scrutinised for
new articles. Full articles were read and assessed by two
reviewers (CO and DJ) for relevance and study eligibil-
ity. Disagreements on methodology were resolved by dis-
cussion, and a third reviewer (NS) adjudicated over any
disputes. Study authors were contacted and requested to
provide further data if required.

Study selection

Included studies were randomized controlled trials of
exercise training in people with the metabolic syndrome
diagnosed according to recognized diagnostic criteria
(IFD, WHO, or NCEP-ATP III) [1]. All published stud-
ies included in this systematic review were comparisons
between intervention groups and a sedentary control.
After initial screening, we removed over-lapping and
duplicate articles, as well as articles that did not meet
inclusion criteria. We excluded studies whereby not all
participants in the intervention group met the diagnos-
tic criteria for metabolic syndrome at the start of the
intervention, studies that did not have a sedentary con-
trol group, and those reporting only acute exercise test-
ing responses. Studies with diet or medical interventions
were included only if the intervention was constant
across the exercise and control groups (Table 1). Only
the principal study with the greatest number of subjects
was included where multiple publications existed from
the same dataset. We excluded data from specific analysis
if incomplete data was reported and the authors did not
respond to our requests to provide missing data.

Outcome measures

We recorded the following data: incident mortality and
hospitalisation. We also recorded change in (baseline
versus post intervention): peak VO,, BMI, body weight,
waist circumference, systolic blood pressure, diastolic
blood pressure, fasting blood glucose, fasting insulin,
HOMA-IR, HbAlc%, HDL, LDL, TG, and, total cho-
lesterol. We also recorded exercise training frequency,


https://www.crd.york.ac.uk/PROSPERO/Identifier:CRD42017055491
https://www.crd.york.ac.uk/PROSPERO/Identifier:CRD42017055491

Page 3 of 11

Ostman et al. Cardiovasc Diabetol (2017) 16:110

SHOIM 7| J0) oM Jad sawip
€ '351D19%D DIGOIDL JO UIW OF JO PRISISUOD SUOISSIS

1894 | 10} Y2am Jad sawip
€ '351D19%3 D1GOIDL JO UIW (9 JO PISISUOD SUOISSIS

SY99M 17| 10} YoM Jad sawn
€ ‘3512493 DICOISP JO UIU G JO PISISUOD SUOISSIS

SUIUOW G JOJ 399M J2d SaUIJY £~ ‘S5ID19X2 9DURIS|SI
pUE DIGOI3L PAUIGUIOD JO UIW Of JO PRISISUOD SUOISSIS

SYIUOW ¢ Joj 32am Jad saull}
€ '9512J9X3 DICOII. JO UJUI Ot JO PAISISUOD SUOISSIS

SHOIM €€ 10J 39aM Jad sawin
€~ '951219X Pa1BIO0|[e B3 JO Ul O PR1SISUOD SUOISSDS

S¥99M 9| I0J YoM Jad 351D
-19X3 21qOJR JO UIW 0S| JO PIISISUOD UOIIUSAIIUI Y|

SOaM 9| J0J 3oaMm Jad suols
-$95 G '3S12J9X2 DIGOIL JO UJW (9 JO PRISISUOD SUOISSIS

SY99M 9| 10} }9am Jad suols
-$35 G '9SI219X DIGOIL JO UlU (S JO PISISUOD SUOISSIS

YoM § 10 oM Jad sawf}
€ '9512J9X3 DCOJ2L JO UJUI 09 JO PAISISUOD SUOISSSS

SYDIM 7§ 10§ 329M Jad SUOISSIS 7 ‘951219X 9OURISISI
pUE D1gOJ3e PAUIqUIOD JO UIW G/ JO PR1SISUOD SUOISSSS

SHI2M 7G 10} yaam Jad SUOISSS €
‘U 09 10} 3SIDI3XD P1EDO||B 3} JO PRISISUOD SUOISSDS

(€ = U) asppiaxa + uon

-eluawa|ddns ¢ ebawo + uopuaAIRIUL AlRI3Ip 1O

(€7 = u) uopeluswa|ddns ¢ eHIWO + UORUSAIDIUI

AJeI3IP (£ | = U) 9SI219X2 + UOIIUSAIDIUI AIRISIP

‘(77 = U) UOIIUSAISIUI AIRI3IP OIUI PISILIOPUEI
219M A3Y "papN|dUl 19M SIS Yim syuedpdipied /g

(Le=\)

|0J1UOD JO (8 = U) aUO|e 3SIDJaXa ‘(£ G = U) 3SIDIaxa

21gOJSe + 131P (I = U) SUO|e 13Ip OIUl P1LIO||e
2I9M ASU| "PIPN[PUI UM SIS YIM USW 98|

(£ = u) asD19X2 DIq

-0J3€ 4 131 10 (¢ = U) 13Ip 31I0|eD MO| 01Ul Pa1ed
-0||e 219M I3 ‘PIPN|DUl 319M GIDN YuM siuaired /9

(le=u)

dnoib j013u0d Yy 4o (L€ = U) dnoib as1D19xa aduUe

-151S2J pPUB DIqOJSE PAUIqUIOD B 0U| Pas|uopuel
2I9M A3U | "POPN|DUI 2U9M SID|A YHUM USWIOM 7§

(01 = u) auoje |yejeper o (O = u)

|Je[epel 4 9S1219X3 DIGOIaY 01Ul PISILUOPURI DIIM
ASUL "PoPN|DUl 219M SIS Yim siualied sjew 07

(81 = u) [01UO0D
pue (5| = u) bujujely djqosse ‘(7| = u) bujuien
9DUBISISAI (87 = U) SUO|e 131P 01Ul PASILIOPpUR)
2I9M A3Y] "papN|DUl 2I19M SIBIA Yim syuaned G/

(17 = U) 3512J9Xa DIQOJ2E pUe (77 = U) [0J1U0D 01Ul
pasiuopuel a19m 13N pue NJZL Yim syuaied €f

(11 = u) 3asIaxa Alsua1ul ybiy 4o (€| = U) 9SID4ax

AJISUIUI 91RISPOW ‘(0| = U) [0JIUOD OIUI PISILIOP
-UBJ 219M A3y "PIPN|DUl 2I9M SIDIN YUM SINPE €

(71 = u) as1Iaxa ANsuiul Ybiy 4o (G| = U) 95ID4axd

AMISUSIUL 91RISPOW ‘(6 = U) [0JIUOD OIU| Pas|uopuel
UM A3U | "PIPN|DUI UM SID|A YHM USWIOM /€

9512J9Xd D1qOJI. 01 PIILIO|[e 3IaM Sjued
-1D1ed GIB "PIPN|PUL 319M SIS 77 pue Ayyjesy |z
(£0€ = U) 95219X3 9DURISISII pUB DIqOIDe
PaUIqWIOD pue (£0€ = U) |0JIUOD 03U| PasiLIopue)
2I9M ASYL "PIPN|DUL 249M SIDI YIM S13gNS 909

(¢z = u) dupRISIS3I

PUE |08 PAUIGUUOD pUE (07 = U) DIqOJde SNO

-10BIA ‘(07 = U) DIqoJse AljsUR1ul 21eI3poW ‘(07 = U)

|0J3UOD O}U| PISILIOPUEI 2I9M AU | 'P3]|0IUD 2I9M
401 01 BuipiodIe SIS pue NAZL Yim s193(qns 78

SNOJIODIA 01 1RISPOIN

d1eI9pO

SNoJOBIA

ybn

SNOJOBIA

91RISPON

91RISPON

SNOJODIA puUe 21eI9POIN

SNOJOBIA puUB 21RISPOIA

ybiy 01 snoIobIA

91RISPON

SNoI0BIA pue 21eIIPOI

olgolsy [izeig 10¢ S2Jeog
Jigosdy  AemuoN 1007 puejasay

pllelJEV] ueder £00¢C IO
pauIquio) B210)| 0102 Y0
blle[JEM Aey| €10¢ eosaley

dlqosy  puejul4 8007 Jabe

21g0I3Y RGN LLOZ Wi

d1qoisy vsn 6002 BuiAl

Jlgoisy VSN 8007 Buiny|

diqosy VSN 10z Asjuog
paulquod Ajey  abiej 010z 1PINPleg
pauIquiod pue dIqoiay Ajey  jlews 010z 1PINpleg

uoUAAIRIU|

syuedpnied

s
-U3)jul 3SI249X3 d1qOoIdY

fiob3ayey Anunod APy

saipms papnjoul jo 3jqey | djqeL



Page 4 of 11

Ostman et al. Cardiovasc Diabetol (2017) 16:110

SI9IM 91 10§ 39aM Jad sawin

(01 = u) |013UO0D
10 (0| = U) 351249X3 21LI2POW SNONUIIUOD ‘(7| = U)
Bujuiel} [eAI1U] DIGOISR OIU| PISILIOPUEI DI9M

€ '951219X3 Pa1e0|[e 3Y3 JO UIW O JO PRISISUOD SUOISSDS A3Y "papN|oul 249M SIIN 943 yim syuedpiied z¢ 91eI2PON oigosdy  AemuoN 8007 PUUO(|.
(Ll = U) [0I3UOD pUE (0| = U) 3dUeISISal pue
dlgoloe uopeuIquod ‘(1 | = u) Bujujes souelsisal

SHOIM 7 | 104 42aM Jad sawifl € ‘9sIDIaxa ‘(11 = u) Buiulesy |[eAI3IUl DIQOISE OIU PISILIOPUEI pauiq

p31eJ0|[E 31 JO UIW G O3 Of JO PAISISUOD SUOISSIS 2I19M A3Y] "papN|PUl 219M SIS Yim siuaned ¢t ybiH -WoD pue diqoidy  AemIoN 010T P|OASURIS
(61 = U) [0J3UOD O (07 = U) S
SY2IM | 10§ 2aMm Jad sawify -19%3 4+ 131p ‘(07 = U) 131P 31I0[BD MO| O3U| PISILIOP

$—€ '9SIJOX3 DIQOIIE JO UIW Of JO PIISISUOD SUOISSIS -UeJ 9J3M B "PapN|DUl 249M S123[QNS SIBN 85 S1eISPON dlqolsy  eljeisSNY 0102 Apluzens
cl=u
SY29M @ 10} YoM Jad sawify [0JIUOD 1O (7| = U) 3SIDI9X DIC0IS. O3U| PISILIOP

G '3S1219Xd JIQOJIL JO UIW OE JO PAISISUOD SUOISSIS  -URJ 219M ASY | "PapN|DUl 219M SIS YIM S13gNS 7 snoJobip 01 21eISPOIA DIgoJAY  AUBWIRD) | |07 UIRYDSUSUUOS

s
UOUAAIBIU| syuedpiyed -Udlu] 3SIDIBXD d1qOIdY fiobayey Anunod IPIMY

panunuod | a|qeL



Ostman et al. Cardiovasc Diabetol (2017) 16:110

intensity, duration per-session, length of exercise pro-
grams and concurrent interventions e.g. diet.

Data synthesis

From extracted data, we calculated patient-hours of exer-
cise training, mean difference change in outcome meas-
ures, drop out and attendance rates, and medical events.

Assessment of study quality

We assessed study quality with regards to: eligibility cri-
teria specified, random allocation of participants, alloca-
tion concealed, similarity of groups at baseline, assessors
blinded, outcome measures assessed in 85% of partici-
pants and intention to treat analysis. The study quality
was assessed according to the validated TESTex scale
which has a maximum score of 15 [10].

Data analysis

Revman 5.3 (Nordic Cochrane Centre, Denmark) was
used to complete the meta-analysis and generate for-
est plots. Pooled data are presented as mean differences.
We chose a random effects model as an element of ran-
domness is inevitable when pooling data from individual
studies. A minimum of two studies was required for for-
est plots. Some studies used more than one intervention
group, but the same people were only represented once
in our forest plots.

Meta-analyses were completed for continuous data
by using the change in the mean and standard devia-
tion of outcome measures. It is an accepted practice to
only use post-intervention data for meta-analysis but this
method assumes that random allocation of participants
always creates intervention groups matched at baseline
for age, disease severity, etc. Change in post intervention
mean was calculated by subtracting baseline from post-
intervention values [11]. Data required was either: (i) 95%
confidence interval data for pre- and post-intervention
change for each group, or when this was unavailable; (ii)
actual p values for pre- and post-intervention change for
each group, or if only the level of statistical significance
was available; (iii) we used default p values, e.g. p < 0.05
becomes p = 0.049, p < 0.01 becomes p = 0.0099 and
p = not significant becomes p = 0.05. If 95% confidence
intervals overlapped between two or more sub-analyses
of the same outcome measure, where data was presented
as ‘MD (95% CI), we assumed that there was no statisti-
cally significant difference between the groups.

Heterogeneity

Heterogeneity was quantified using the I* test, as it
does not inherently depend on the number of studies
considered [12]. I? values range from 0% (homogene-
ous) to 100% (greater heterogeneity); a CI that does not
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include 0% indicates that the hypothesis of homogeneity
is rejected, and an inference of heterogeneity is merited.
We used a random effects model for all analyses.

Publication bias
Funnel plots were examined for evidence of publication
bias [13].

Results

Records were initially identified through database search-
ing and additional records from the reference list were
added. Only the principal study with the greatest subjects
was included where multiple publications existed from
the same dataset. After initial screening of titles, irrel-
evant studies were removed, which include over-lapping
studies, abstracts, and irrelevant articles, such as editori-
als and discussion papers that did not match the inclusion
criteria. Forty-five duplicate papers were identified and
removed. We excluded a further 32 studies with reasons:
12 studies due to study design, two due to the article being
in Spanish, four did not have an aerobic intervention and
14 had insufficient or irrelevant data for inclusion in the
meta-analysis (see consort statement, Fig. 1).

The 16 included studies [14—26] produced 23 inter-
vention groups (See Table 1). There were 14 studies that
had intervention groups that compared aerobic exercise
versus sedentary control and four studies that had inter-
vention groups that compared a combined aerobic and
resistance exercise versus sedentary control. Overall, the
16 studies provided more than 800 exercising partici-
pants which resulted in more than 77,000 patient-hours
of exercise training.

Comparison of all aerobic exercise studies versus control
Body composition outcome measures

BMI was significantly reduced by a mean difference (MD)
of —0.29 (kg m™2) (95% CI —0.44, —0.15, p < 0.0001) in
exercise versus control groups. Body mass was signifi-
cantly reduced by a mean difference of —1.16 kg (95%
CI —1.83, —0.48, p = 0.0008) in exercise versus control
groups. Waist circumference was significantly reduced
by —1.37 cm (95% CI —2.02, —0.71, p < 0.0001) in exer-
cise versus control groups (Table 2). Total body fat mass
was significantly reduced MD —1.19 kg (95% CI —1.79,
—0.59, p = 0.0001) in exercise versus control.

Cardiovascular outcome measures

Peak VO, was significantly improved, MD
3.00 ml kg™' min~" (95% CI 1.92, 4.08, p < 0.000001), in
exercise versus control groups. Systolic blood pressure
was significantly reduced, MD —2.54 mmHg (95% CI
—4.34, —0.75, p = 0.006), as was diastolic blood pressure,
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Articles identified through database
and reference searching
(n=588)

Articles Screened
(n=588)

Articles excluded based on
title and abstract
(n=495)

\4

Number of articles
screened for duplicates
(n=93)

Duplicate articles removed

Full-text articles assessed
for eligibility
(n=48)

—_— (n=45)
Full-text articles excluded
from Systematic Review

with reasons
(n=32)

12= Study Design

2=Article in Spanish

Studies Included in Meta-
Analysis
(n=16)

4= non-aerobic exercise
intervention

14- Insufficient or

Fig. 1 Consort statement

irrelevant data

MD —2.27 mmHg (95% CI —3.47, —1.06, p = 0.0002), in
exercise compared to control groups (Table 2).

Metabolic outcome measures

Fasting blood glucose was significantly reduced, MD
—0.16 mmol L™ (95% CI —0.32, —0.01, p = 0.04), in
exercise compared to control groups. Triglycerides were
significantly improved MD —0.21 mmol L™! (95% CI
—0.29, —0.13, p < 0.00001); and LDL cholesterol was sig-
nificantly improved MD —0.03 mmol L™ (95% CI —0.05,

—0.00, p = 0.02) in exercise versus control participants.
HDL cholesterol was unchanged in exercise versus con-
trol participants (Table 2).

Combined aerobic and resistance exercise versus control

In the comparison of combined exercise versus control
participants only: waist circumference, MD —3.80 cm
(95% CI —5.65, —1.95, p < 0.0001); peak VO,, MD
4.64 mLkg™! min~! (95% CI 2.42, 6.87, p < 0.0001); sys-
tolic blood pressure, MD —3.79 mmHg (—6.18, —1.40,
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Table 2 Effect of different exercise training programs on MetS
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Outcome Aerobic exercise versus control Combined aerobic and resistance exercise versus con-
trol
No.studies N  MD (95% Cl), p value 12(%) No.studies N  MD (95% Cl), p value 12

BMI (kg m~?) 14 385 —029(—044, —0.15)p <0.0001 79 3 652 —0.40(—0.88,0.07)p=0.10 100%
Body weight (kg) I 217 —1.16(—1.83,—-0.48) p =0.0008 43 2 46 —0.03(—051,046) p =092 24%
Waist (cm) 13 261 —137(—202,—0.71) p<0.0001 61 3 652 —3.80(—5.65,—1.95) p<0.0001 59%
Total fat mass (kg) 5 176  —1.19kg (—1.79,—0.59) = 0.0001 0 0 0 N/A N/A
Peak VO, (mL kg’1 min~") 13 294 3.00(1.92,4.08) p < 0.000001 60 3 652 4.64(2.42,6.87) p <0.0001 48%
SBP (mmHg) 15 364 —254(—434,—-0.75) p=0006 78 3 652 —3.79(—6.18,—140,p =0.002) 0%
DBP (mmHg) 14 337 —=227(—347,—1.06) p=0.0002 61 3 652 —0.23(—3.53,1.55) p=0.85 68%
FBG (mmol L™ 15 378 —0.16(—0.32,-0.01) p=0.04 81 2 623 —0.18(—047,0.25)p =021 0%
HDL (mmol L") 15 265 0.03(—0.01,0.08)p=0.19 71 2 623 0.14(0.04,0.25) p = 0.009 61%
TG (mmol L") 13 308 —0.21(—0.29, —0.13) p < 0.00001 57 1 606 —0.01(—0.04,0.02) p=0.50 0%
LDL (mmol L") 2 44 —0.03 (—0.05, —0.00) p = 0.02 0 1 722 —030(—0.61,0.01) p=0.06 0%

N number of people included in analysis, BMI body mass index, peak VO, peak oxygen consumption, FBG fasting blood glucose, SBP systolic blood pressure, DBP
diastolic blood pressure, FBG fasting blood glucose, HDL high density lipoproteins, TG triglycerides, LDL low density lipoproteins

p = 0.002); and, HDL cholesterol, MD 0.14 mmol L™}
(95% CI 0.04, 0.25, p = 0.009) were significantly changed
in combined exercise versus control groups (Table 2). We
did not find any statistically significant benefit of com-
bined exercise over aerobic exercise.

Comparison of outcome measures according to exercise
intensity and type

Body composition outcome measures

For the analyses of BMI, body mass, total fat mass and
waist circumference, we found no statistical difference
between moderate, vigorous and high intensity aero-
bic exercise. The same was true of combined exercise in
regards to exercise intensity (Table 3).

Cardiovascular outcome measures

Change in peak VO, was highest with high intensity aer-
obic exercise, MD 5.50 mL kg~ min~!, and combined
exercise at moderate intensity, MD 4.83 ml kg~* min~".
Change in systolic blood pressure was greatest with high
intensity aerobic exercise, MD —6.40 mmHg. The change
in diastolic blood pressure was similar across all exercise
intensities and types, although only significant in moder-
ate intensity aerobic and high intensity combined exer-
cise (Table 2).

Metabolic outcome measures
Fasting blood glucose was only significantly changed with
moderate or high intensity aerobic exercise, but the effect

Table 3 Sub analysis of effect of exercise training on MetS by exercise intensity

Moderate Vigorous High

Aerobic Combined Aerobic Aerobic Combined
BMI (kg m~) —0.34* (-0.55,-0.14) —0.57*(-0.86, —0.27) —0.23 (—0.57,0.1) —0.5% (—0.86,—0.14) —0.10* (—0.14, —0.06)
Waist circum. (cm) —0.80* (=149, -0.12) —3.99* (—4.91,-3.06) —1.59*(—=239,—0.79) —3.00* (—4.65—1.35) —240% (—3.83,—-0.97)
Total fat mass (kg) —1.03*(—1.69,—0.37) N/A —2.50% (—4.97,—003) —1.80(—3.76,0.16) N/A
VO, max (mL kg='minT")  2.52%(0.99, 4.40) 4.83*(1.10,8.55) 3.20%(1.71,4.69) 5.5%(1.55,9.45) 4.20* (1.35,7.05)
SBP (mmHg) —3.64(—9.50,2.22) —3.35(—7.06,0.37) —1.33%(—=1.88,-0.77) —640*(—11.52,—1.28) —4.10*(—=7.21,—0.99)
DBP(mmHQ) —3.35%(=5.50,—1.19) —1.68(—3.96, 0.60) —127(=2.79,0.25) —340(—6.94,0.14) 1.40% (0.56, 2.24)
FBG (m mol L) —041%(=0.70, —=0.11)  0.00 (—0.45,0.45) —0.06 (—0.21,0.08) 0.20*(0.09,0.31) —0.30 (—0.66, 0.06)
HDL (m mol L™ 0.06 (—0.01,0.13) 0.10* (0.04,0.16) —0.02 (—0.05,0.01) 0.16* (0.07,0.25) 0.21%(0.09,0.33)
TG (mmol L") —0.18*(—=0.28, —0.09) —0.01* (—0.04,0.02) —0.25% (=042, —0.08) —0.50* (=094, —0.06)  N/A

Data is MD (95% Cl)
*p <0.05

BMI body mass index, VO, peak maximal oxygen consumption, SBP systolic blood pressure, DBP diastolic blood pressure, FBG fasting blood glucose, HDL high density

lipoprotein cholesterol, TG triglycerides
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size was similar in these two analyses. No differences in
effect sizes were observed for any of the lipid measures
(Table 2).

Sub-analyses

We found that the addition or absence of dietary inter-
vention did not significantly affect any outcome measures
(see Additional file 1: Table S3). Similarly, we found that
neither weekly (see Additional file 1: Table S4) nor total
program exercise time (see Additional file 1: Table S5)
significantly affected outcome measures. We also found
that the inclusion of participants with type II diabetes
mellitus who also fit diagnostic criteria for MetS did not
significantly affect any of the outcome measures.

Study quantity

We examined several aspects of study quality of included
studies. Median TESTex score was 9 out of 15 (see Addi-
tional file 1). The distribution of scores was: 1 study
scored 5, 2 studies scored 6, 4 studies scored 7, 4 scored
8, 4 scored 9, 9 scored 10, 3 scored 11, 1 scored 12 and
1 scored 13. The following study quality indicators were
completed in 50% or fewer of the studies: allocation con-
cealment, assessor blinding, intention to treat analysis,
and, activity monitoring of the control group.

Publication bias

Funnel (Egger) plots of the primary analyses showed
mild to moderate evidence of publication bias as more
than one-third of the studies fell outside the funnel plot
border.

Discussion

Our analysis is the first to compare the effects of aero-
bic, and combined aerobic and resistance, exercise on
clinical outcome measures in people with metabolic syn-
drome. Our analysis is also the first to compare exercise
at different intensities. Through pooled data analysis,
we have shown that aerobic exercise provides a range of
improvements in outcomes related to body composition,
cardiovascular health and metabolic profile. Although
still beneficial, combined aerobic and resistance exercise
appears to offer a narrower scope of benefits compared
to aerobic activity alone. In terms of exercise intensity,
insufficient data exists to generate statistical power to
define the optimal training intensity. Assessment of study
quality indicated that some aspects of study design could
be enhanced for future studies.

Body composition outcome measures

The change in body mass index with aerobic exercise,
while statistically significant, was small and therefore
likely to be clinically insignificant. A recent government
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report on the health burden of obesity from the Austral-
ian institute of health and welfare suggests that a change
in BMI of 1 unit (1 kg m~2), equivalent to 2—3 kg in most
women, or 3—4 kg in most men, is considered a mini-
mum requirement to observe improvements in relative
risk of serious illness [27]. The changes in BMI and body
mass observed in this analysis did not reach the required
threshold to improve health. BMI does not distinguish
between lean and fat mass; it may therefore hide any sig-
nificant changes observed with exercise training in this
population as any decrease in fat mass would be met with
an increase in lean mass. However, changes in waist cir-
cumference were almost 4 cm in combined exercise pro-
grams, suggesting that this type of exercise prescription
may be optimal for reducing central obesity. The work by
Willis et al. [28] suggests that an isolated aerobic exercise
program is optimal for reducing fat mass and body mass,
while a combined program is needed for increasing lean
mass in middle-aged, overweight/obese individuals. It is
possible that the clinically insignificant effect of the vari-
ous exercise regimes utilized in the pooled data is due to
an increase in lean body mass, given it is likely that the
participants in the intervention groups were severely
deconditioned.

Cardiovascular outcome measures

Peak VO, was significantly improved in both isolated aer-
obic and combined exercise programs. We could not dis-
cern which of these approaches was superior as there was
no statistically significant difference between the exercise
interventions. The change in peak VO, in both analyses
was greater than 1 MET (3.5 mL kg~ min™!), which is
certainly of clinical significance [29]. Impaired age-pre-
dicted peak VO, has been associated with increased risk
of mortality in the general population [30] and in several
chronic illnesses [31-33], including diabetes [34]. Meta-
bolic syndrome is often the pre-cursor for diabetes. Our
analysis also identified beneficial effects of aerobic exer-
cise on both systolic and diastolic blood pressure, while
combined exercise showed a benefit in reducing diastolic
blood pressure. Previous work has suggested aerobic
exercise may be superior to resistance exercise for elicit-
ing anti-hypertensive effects [35, 36].

Metabolic outcome measures

Our analyses of aerobic, but not combined, exercise
training reported small improvements in fasting blood
glucose, triglycerides and low density lipoproteins. Com-
bined exercise training elicited small changes in high
density lipoprotein cholesterol only. With the exception
of triglycerides, which reached a reduction of 13% of the
normal level, none of these changes are likely to have
reached clinical significance, however may collectively
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contribute to an overall improved health risk profile
when combined with body composition and cardiovascu-
lar improvements.

Effect of exercise training intensity

We found that changes in outcome measures related to
body composition were significantly improved for sub-
analyses of moderate, vigorous and high intensity train-
ing. We were unable to find a statistically significant
difference between the exercise intensities. With this in
mind, we found it difficult to discern is there was a supe-
rior exercise intensity (Table 3). Previous work has shown
high intensity exercise to be optimal for the treatment of
metabolic syndrome [37] and in other chronic disease
populations [38—40].

Recommendations for optimal exercise prescription

It is important to note that while we could not find statis-
tical difference between analyses of aerobic exercise ver-
sus control and combined exercise versus control, some
analyses showed a trend towards a larger effect size for
some outcome measures. Specifically changes in waist
circumference, Peak VO, and systolic blood pressure
appear to be optimal with combined exercise. In contrast,
change in body mass, diastolic blood pressure appear
to be optimal with aerobic exercise. Furthermore, nei-
ther weekly and total exercise program duration, nor the
addition of dietary intervention, appears to show a clear
additional benefit from exercise for people with MetS.
We must however note that these comparisons were
unlikely to yield significantly meaningful findings due to
the current paucity of combined exercise training studies
in MetS. Our recommendation is that people with MetS
should adhere to current diabetes exercise guidelines
[41].

Roles of hyperglycemia and obesity

According to the international diabetes federation, meta-
bolic syndrome is characterised by at least three of five
clinical findings [1]. One of these findings is hypergly-
cemia. So, if this definition of MetS is primarily based
on hyperglycemia, then we showed that exercise elicits
favourable glycaemic effects. We are, however, unsure
if these small changes are clinically meaningful. In con-
trast, insufficient data currently exists to establish if exer-
cise exerts a favourable effect on insulin resistance, MetS’
underlying mechanism. Leading on from this, one of the
main controversies surrounding the relative importance
of the different clinical findings relates to the role of obe-
sity. Our data show significant improvements in both
BMI and waist circumference, but again we are unsure
if these small changes are clinically meaningful. Another
point of controversy relates to clinical outcomes. Most
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of the studies included in our analysis were of insuffi-
cient duration to warrant an analysis of hospitalizations
and mortality. Nevertheless, a recent longitudinal study
clearly demonstrated that MetS is independently associ-
ated with an increased 20-year all-cause mortality [42].
In addition, MetS and all its components are associ-
ated with unfavourable cardiovascular changes such as
increased arterial stiffness, coronary calcium, diastolic
dysfunction and carotid intima media thickness [43—-45].

Study quality

Median study quality was moderate. Future study designs
may be improved by improving assessor blinding, con-
ducting intention to treat analyses and introducing, for
the first time methods to monitor physical activity levels
in the control group participants. Allocation conceal-
ment is notoriously difficult in exercise training studies,
as this criterion also scored poorly.

Publication bias

Our funnel plot analyses indicate there is a good chance
that there are one or more unpublished datasets in
existence due to negative trial results. While most trial
showed improvements in direct and indirect mark-
ers of metabolic syndrome, the effect sizes were often
small enough to be considered clinically insignificant.
Researchers should remember though that while changes
in individual outcome measures may be considered small,
collectively the changes in the overall outcome measure
profile may be clinically meaningful.

Limitations

As with most exercise training research, the available
sample size was small and thus limits the generalizabil-
ity of our results. A number of participants were using
medications during the course of the studies. Enrolment
in trials of behavioural modification are known to raise
subject awareness of interventions such as meditation,
weight loss, dietary restriction etc.

Conclusions

Exercise training produces beneficial changes in body
composition, cardiovascular and metabolic outcomes
in people with metabolic syndrome. For some outcome
measures, isolated aerobic exercise seems to be optimal.

Additional file

Additional file 1: Table S1. Excluded randomized controlled trials. Table
S2. TESTEX Study Quality Assessment. Table $3. Analysis of the effects

of exercise and diet on MetS. Table S4. Sub analysis of effect of exercise
training on MetS by weekly exercise training duration (mins). Table

S5. Sub-analysis of effects of exercise training on MetS by total exercise
program time.
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