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Abstract

To determine whether lifestyle intervention programs comprising dietary intervention and prescribed, unsupervised exercise 

improve outcomes for people with metabolic syndrome. A systematic review and meta-analysis of randomised controlled 

trials. Online databases CINAHL, MEDLINE, PubMed and Embase were searched from the earliest date available to October 

2020. Post-intervention data were pooled to calculate mean differences (MD) or standardised mean differences (SMD) and 

95% confidence intervals (CI) using inverse variance methods and random effects models. Trial methodological quality was 

assessed using the Physiotherapy Evidence Database (PEDro) scale and overall quality of each meta-analysis was assessed 

using the Grading of Recommendation Assessment, Development and Evaluation approach. Eleven studies from 9 ran-

domised controlled trials with 1,835 participants were included. There was high quality evidence that lifestyle intervention 

programs with unsupervised exercise reduced waist circumference (MD -2.82 cm, 95%CI -5.64 to 0.00,  I2 91%) and blood 

pressure (systolic: MD -3.89 mmHg, 95%CI -5.19 to -2.58,  I2 4%; diastolic: MD -3.16 mmHg, 95%CI -4.83 to -1.49,  I2 50%) 

and increased physical activity levels (SMD 0.47, 95%CI 0.24 to 0.70,  I2 45%) when compared to usual care. There was low 

quality evidence that they improved quality of life (SMD 0.59, 95%CI 0.05 to 1.13,  I2 84%). Unsupervised programs had no 

significant effect on fasting blood glucose (unless > 3 months duration), metabolic syndrome prevalence or cholesterol. Life-

style intervention programs with prescribed, unsupervised exercise are a practical alternative to supervised programs for 

people with metabolic syndrome when time, access or resources are limited or when social distancing is required.
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1 Introduction

Metabolic syndrome is an increasingly prevalent condition 

worldwide [1] characterised by a clustering of risk factors 

including abdominal obesity, hypertension, impaired glu-

cose tolerance and dyslipidaemia. Metabolic syndrome is 

associated with increased healthcare costs [2], a 1.5-fold 

increase in all-cause mortality [3], a twofold increase in risk 

of cardiovascular disease and a fivefold increase in risk of 

type 2 diabetes [4].

A recent systematic review found low to moderate quality 

evidence that multi-disciplinary lifestyle modification pro-

grams including both dietary intervention and supervised 

exercise are effective in managing the individual risk factors 

for metabolic syndrome and reducing prevalence of meta-

bolic syndrome [5]. However, multidisciplinary lifestyle 

intervention programs with supervised exercise components 

are resource-intensive and may not be cost-effective in the 
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long-term [6]. These programs can be difficult to access for 

people living in rural or remote areas and people without 

ready access to transport and, of great consequence at this 

critical moment due to the global COVID-19 pandemic, 

these programs cannot be conducted due to social distanc-

ing requirements. Lifestyle interventions with unsupervised 

exercise components could be considered a worthwhile 

alternative as they can be administered from flexible loca-

tions (e.g. home based or in a primary care clinic, via tel-

ephone or online service) and may be more accessible and 

cost-efficient.

There is conflicting evidence when comparing unsuper-

vised exercise interventions to supervised exercise for peo-

ple with other chronic diseases. For people with diabetes 

[7] and peripheral vascular disease [8], supervised exercise 

appears to be superior. However unsupervised, home-based 

training may be equally or more beneficial for people with 

chronic obstructive pulmonary disease [8] and older adults 

with metabolic risk factors such as obesity and hypertension 

[9]. To date, no review has analysed the effect of lifestyle 

interventions programs with only unsupervised exercise 

components in metabolic syndrome populations. Therefore, 

the aim of this systematic review was to determine whether 

multi-factorial (diet and exercise) lifestyle intervention pro-

grams that include only unsupervised exercise improve out-

comes for people with metabolic syndrome when compared 

to usual care.

2  Method

This review was prospectively registered with the PROS-

PERO database of systematic reviews (CRD42020157091) 

and is reported according to PRISMA guidelines [10].

2.1  Information sources, search, and study design

The search strategy was based on key words and MeSH 

headings related to the two main constructs of metabolic 

syndrome and lifestyle intervention (Appendix A). Four 

databases were searched from the earliest date possible until 

October 2020: CINAHL, MEDLINE, PubMed and Embase. 

Additional searches were conducted by scanning the refer-

ence lists and citations (via Google Scholar) of included 

trials to ensure all relevant trials were identified.

Two authors independently screened titles and abstracts 

using pre-defined inclusion and exclusion criteria to deter-

mine which articles could be conclusively excluded. All 

other articles were obtained in full text for further evalu-

ation. The same process was followed independently 

on full-text articles to determine which trials would be 

included in the final review. Authors then met to discuss 

any discrepancies until consensus was reached. If consensus 

was not reached, the third reviewer was consulted. Agree-

ment between authors was assessed using the kappa statistic 

where a kappa of 0.21 to 0.40 indicates fair agreement; 0.41 

to 0.60 is moderate agreement; 0.61 to 0.80 is substantial 

agreement; and 0.81 to 0.99 shows almost perfect agree-

ment [11].

2.2  Inclusion and exclusion criteria

To be eligible for the review, trials had to be randomised con-

trolled trials published in English, that evaluated the effect of 

a lifestyle intervention program with an unsupervised exer-

cise component on outcomes for adults (18 + years) with 

metabolic syndrome. Accepted definitions of metabolic syn-

drome included the International Diabetes Federation [12] 

and the National Cholesterol Education Program criteria 

[13] as well as country-specific adaptations. Essentially, the 

diagnosis of metabolic syndrome needed to be based on the 

participant having at least 3 of the 5 metabolic risk factors: 

central obesity, impaired fasting glucose, hypertension, high 

triglycerides and/or low high-density lipoprotein cholesterol.

For the purpose of this review, lifestyle interventions 

were those that included both diet and exercise interventions 

at a minimum but could include other interventions such 

as counselling, stress management, smoking cessation etc. 

Because we were interested in less resource-intensive inter-

ventions, only those with unsupervised exercise components 

were included, such as education and advice to exercise, 

behaviour change and telehealth interventions to promote 

exercise and physical activity. Education, counselling and 

other components of the intervention could be delivered 

face-to-face as long as the exercise component was unsuper-

vised. Control group participants could have received usual 

care, no treatment or general lifestyle advice. Trials were 

excluded if not all participants had metabolic syndrome, 

if the intervention included supervised exercise or was not 

multifactorial (i.e. did not include both diet and exercise).

2.3  Methodological quality / risk of bias

Trails were assessed for risk of bias using the valid and reli-

able 11-item Physiotherapy Evidence Database (PEDro) 

scale [14, 15]. This scale assesses whether the trial reports 

eligibility criteria, random allocation, concealed allocation, 

similarity at baseline, participant blinding, therapist blind-

ing, assessor blinding, > 85% retention, intention-to-treat 

analysis, between-group statistical comparisons and point 

measures, and measures of variability [14]. A total score 

is given out of 10 (as the first item is not scored) with a 

higher score indicating that more criteria were satisfied. Tri-

als were assessed independently by two reviewers using the 

PEDro scale. Agreement was recorded and discrepancies 

878 Reviews in Endocrine and Metabolic Disorders (2021) 22:877–890



1 3

were resolved through discussion between the two review-

ers until consensus was reached. Because it is not possible 

to blind participants and therapists in lifestyle intervention 

programs the maximum total score achievable was 8 out 

of 10. A score of < 4 was considered low quality, 4–6 was 

moderate quality and ≥ 7 was high quality [5].

2.4  Data extraction

A previously developed data extraction form based on the 

Cochrane Collaboration template was used [5]. One reviewer 

extracted data on study design (methods, setting, quality), 

participant characteristics (age, sex, metabolic risk factors), 

interventions (type, content, frequency, duration, method 

of delivery), control group conditions (usual care, general 

advice), outcomes assessed, results and adverse events. The 

second reviewer checked the data extraction forms for accu-

racy and any discrepancies were resolved by referring back 

to the trial report.

2.5  Outcomes of interest

Primary outcomes were related to metabolic risk factors 

(central obesity, fasting glucose, hypertension, triglycer-

ides, high-density lipoprotein cholesterol) and presence 

or absence of metabolic syndrome. Secondary outcomes 

included other measures of behaviour change, physical func-

tion, quality of life and adverse events.

2.6  Data analysis

Mean differences (MD) and/or standardised mean differ-

ences (SMD) and 95% confidence intervals (CI) were calcu-

lated using post-intervention means and standard deviations 

using RevMan 5 [16]. Meta-analyses were conducted using 

random-effects models and inverse variance methods using 

Hedges’ g. Strength of the SMD was reported according to 

Cohen (1962) where 0.2 is considered a small effect, 0.5 a 

moderate effect and 0.8 a large effect [17]. Risk Ratios (RR)

and 95% CIs were calculated using random-effects models to 

determine differences in prevalence of metabolic syndrome. 

Statistical heterogeneity was assessed using the  I2 statistic 

with an  I2 value > 50% representing significant heterogeneity 

[18]. Where significant heterogeneity was present in a meta-

analysis, sensitivity analyses were conducted to determine 

the source of heterogeneity and confirm results.

2.7  Risk of bias across trials

The quality of the body of evidence in each meta-analysis 

was determined by applying the Grading of Recommenda-

tions, Assessment, Development and Evaluation (GRADE) 

approach [19]. Because all included trials were randomised 

controlled trials, the quality rating starts at ‘high’. The qual-

ity of each meta-analysis is then downgraded or upgraded 

depending on the pre-determined criteria. Evidence was 

downgraded one place if there was evidence of: 1. Risk of 

bias (majority of trials scored < 6 on PEDro); 2. Unexplained 

inconsistency  (I2 > 50%); 3. Indirectness in intervention or 

outcome; 4. Imprecision of results (wide 95%CI > 0.8 for 

SMD and > minimal clinically important difference for 

MD); or 5. Publication bias (visual inspection of funnel plots 

when there were at least 10 trials in the meta-analysis). Evi-

dence was downgraded two places if the majority of trials 

scored ≤ 4 on the PEDro scale and was upgraded one place 

if the effect size was large (SMD ≥ 0.8 or MD > clinically 

important difference). Meta-analyses were subsequently 

graded as representing high-, moderate-, low-, or very low-

quality evidence.

3  Results

3.1  Study selection

Searching identified 2,632 potentially eligible studies. After 

removal of duplicates, 1,989 were screened on title and 

abstract independently by two reviewers. Of these, 1,940 

were excluded and 49 were evaluated in full-text. Agreement 

between reviewers was substantial (kappa 0.74, 95%CI 0.63 

to 0.85). After evaluation of full-text, 11 papers from 9 ran-

domised controlled trials were included for review (Fig. 1) 

[20–30]. Four published papers [24, 25, 27, 30] presented 

results from two trials. Two papers by Jahangiry et al. [24, 

25] report data from the Red Ruby Study with one reporting 

metabolic outcomes [24] and the second reporting behaviour 

change and quality of life outcomes [25]. In another pair of 

papers, Wang et al. [27] reported metabolic outcomes and 

Zheng et al. [30] reported cardiovascular risk, self-efficacy 

and behaviour change outcomes from the same trial. The 

first papers published (which report metabolic outcomes) 

[24, 27] are considered the primary trials throughout.

3.2  Study characteristics

The mean PEDro score of the included trials was 6.1 out 

of 10, ranging from 5 [23] to 7 [27, 29] (Table 1, Appendix 

B). All included trials were randomized controlled trials 

but only three reported concealment of allocation [24, 27, 

29], six reported intention-to-treat analysis [21–24, 26, 27] 

and all reported between group differences. Overall, seven 

trials were categorized as being moderate quality (scoring 

4–6) and two were considered high (scoring ≥ 7) [27, 29]. 

Agreement between reviewers when assessing quality was 

substantial (kappa 0.78, 95%CI 0.66 to 0.91).
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3.2.1  Participants

Included trials comprised 1,835 participants (45% female) 

of whom 919 participated in a lifestyle intervention pro-

gram with unsupervised exercise. Five trials were conducted 

in Asia [24, 26–29], three in Europe [20, 22, 23] and one 

in North America [21] (Table 1). Metabolic syndrome was 

diagnosed according to NCEP-ATP III criteria in 5 trials, 

IDF criteria in 3 and the Japanese adaptation of these in one 

trial [26].

3.2.2  Intervention

All trials evaluated the effects of lifestyle intervention 

programs which primarily comprised dietary intervention 

and unsupervised exercise. Interventions contained mostly 

education and advice on healthy lifestyle change [20, 21, 

23, 24, 27] and in four trials, interventions were based on 

behaviour change principles using counselling techniques 

[22, 26, 28, 29]. Interventions ranged in duration from three 

months [27, 29] to three years [23] and varied in intensity 

from one session every three months [28] to two sessions 

per week [29]. In one trial the intervention was delivered 

entirely online [24], two trials utilised both face-to-face 

education/counselling and telephone interventions [20, 27] 

and the remainder delivered face-to-face education/counsel-

ling. None of the interventions included supervised exer-

cise. Most trials held individual sessions; two trials were 

comprised solely of group sessions [21, 29] and two trials 

utilised both group and individual sessions [23, 28]. Inter-

ventions were most commonly delivered by medical prac-

titioners [20, 23, 28, 29], nurses [26, 27] and dietitians [22, 

24]. In some trials, medical practitioners worked in collabo-

ration with nurses [23], nutritionists [28], psychologists [29], 

physiotherapists [20] and diabetes specialists [20].

All intervention group participants were provided with 

education and advice on exercise prior to commencing unsu-

pervised exercise. Exercise interventions included general 

education on exercise [24], advice to increase exercise [20], 

prescribed walking [21, 23, 28, 29] and individualised goal 

setting [22, 26, 27]. In three trials [21, 26, 27] participants 

Fig. 1  Flow of trials through the 
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were also encouraged to self-monitor their daily physical 

activity.

In all but one trial [27] the dietary components focussed 

primarily on weight loss. The Mediterranean diet was uti-

lised in two trials [22, 23]. Comparison groups received gen-

eral advice and written information (Table 2).

3.3  Outcome measures

Triglycerides and systolic blood pressure were measured in 

eight trials and HDL-cholesterol, diastolic blood pressure 

and fasting blood glucose were measured in seven trials 

(Table 1). Anthropometric measures of waist circumference 

were reported in seven trials and body weight in five trials. 

The prevalence of metabolic syndrome following interven-

tion was reported in five trials, whilst quality of life was 

measured in four trials and behaviour change in relation 

to physical activity and diet were reported in eight trials 

(Table 1). Presence or absence of adverse events were not 

reported in any trials.

3.3.1  Metabolic outcomes

When compared to usual care, six of the included trials with 

913 participants revealed high quality evidence that lifestyle 

intervention with unsupervised exercise reduced waist cir-

cumference by a mean of 2.82 cm (95%CI -5.64 to 0.00, 

 I2 91%) (Fig. 2). There was a high degree of heterogeneity 

in the analysis. When two trials with the shortest duration 

intervention (3 months) [27, 29] were removed in a sensitiv-

ity analysis, results remained similar and heterogeneity was 

reduced (MD -2.29 cm, 95%CI -3.26 to -1.32,  I2 0%).

There was high quality evidence from four trials with 

797 participants that lifestyle intervention with unsupervised 

exercise had no effect on body weight (MD -0.94 kg, 95%CI 

-2.49 to 0.60,  I2 19%) (Table 3).

There was high quality evidence that lifestyle interven-

tion with unsupervised exercise had no effect on HDL-

cholesterol when compared to usual care in six trials with 

1,160 participants (SMD 0.07, 95%CI -0.05 to 0.18,  I2 0%) 

or triglycerides in seven trials with 1,219 participants (SMD 

-0.39, 95%CI -0.80 to 0.02,  I2 91%) (Table 3). There was a 

high degree of heterogeneity in the analysis of triglycer-

ides. When the trials with the shortest intervention duration 

[27, 29] were removed in a sensitivity analysis, there was 

no change in the results; findings remained non-significant 

and heterogeneity was reduced (SMD -0.12, 95%CI -0.29 

to 0.04,  I2 34%).

Meta-analysis of systolic blood pressure included 

seven trials (1,219 participants) and diastolic blood pres-

sure included six trials (1,161 participants). There was 

high quality evidence to suggest that lifestyle intervention 

programs with unsupervised exercise reduced systolic 

blood pressure by 3.89 mmHg (95%CI -5.19 to -2.58,  I2 

4%) (Fig. 3a) and diastolic blood pressure by 3.16 mmHg 

(95%CI -4.83 to -1.49,  I2 50%) (Fig. 3b).

In six trials with 1,161 participants, lifestyle interven-

tion programs with unsupervised exercise did not change 

fasting glucose levels when compared to usual care (SMD 

-0.13, 95%CI -0.35 to 0.09,  I2 68%) (Fig. 4). On sensitivity  

analysis, where the trial with the shortest duration [27] was  

removed, heterogeneity was reduced and meta-analysis 

indicated there was high quality evidence that unsuper-

vised lifestyle intervention reduced fasting glucose by a 

small amount (SMD -0.21, 95%CI -0.38 to -0.06,  I2 37%).

Prevalence of metabolic syndrome at follow-up was 

reported in five trials with a total of 974 participants. 

Based on this data, there is moderate quality evidence 

that when compared to usual care, lifestyle intervention 

with unsupervised exercise did not significantly reduce 

the prevalence of metabolic syndrome (RR 0.8, 95%CI 

0.62 to 1.03,  I2 93%) (Fig. 5). There was a large degree of 

unexplained heterogeneity in the data.

3.3.2  Behaviour change

All but one trial [21] reported lifestyle behaviour change 

outcomes relating to diet, alcohol intake and physical 

activity levels. Four trials [22–24, 28] reported on behav-

iour change in energy intake in 930 participants with high 

quality evidence that lifestyle intervention with unsuper-

vised exercise did not change self-reported energy intake 

(SMD -0.10, 95%CI -0.23 to 0.03,  I2 0%) (Table 3). Sig-

nificant reduction in alcohol intake and intake of cere-

als, sugars and sweeteners were reported by intervention 

group participants in one trial [26]. Another trial reported 

dietary targets in relation to fruit, vegetable and saturated 

fat intakes were more often achieved by the intervention 

group when compared to control [29].

In relation to change in physical activity levels, three 

trials [23, 24, 26] with 668 participants reported subjec-

tive physical activity levels using questionnaires, with high 

quality evidence that lifestyle intervention programs with 

unsupervised exercise increased physical activity levels 

by a moderate amount (SMD 0.47, 95%CI 0.24 to 0.70,  I2 

45%) (Table 3). Two additional trials reported that those 

in the intervention groups were significantly more active 

than control group participants on completion of the life-

style intervention program [20, 29]. Intervention group 

participants in one trial reported significant increases in 

self-efficacy and participation in health promoting behav-

iours related to diet and exercise compared to control 

group participants [30].
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3.3.3  Quality of life

Quality of life was reported in four trials. One trial utilised 

a quality of life scale specific to weight loss in people with 

obesity and found small but significant (p = 0.01) differences 

in quality of life favouring the intervention group at three 

years [23]. The remaining three trials used the SF-12 [27] 

and the SF-36 [24, 29] to measure quality of life. There was 

low quality evidence from three trials with 391 participants 

that lifestyle intervention programs with unsupervised exer-

cise improved quality of life by a moderate amount (SMD 

0.59, 95%CI 0.05 to 1.13,  I2 84%) (Table 3). There was a 

large degree of unexplained heterogeneity in the data.

4  Discussion

This systematic review including nine randomised controlled 

trials with 1,835 participants, found high quality evidence 

to support the use of lifestyle intervention programs with 

unsupervised exercise to reduce waist circumference, sys-

tolic blood pressure, diastolic blood pressure and to increase 

daily physical activity levels in people with metabolic syn-

drome. The review also found low quality evidence that the 

programs improved quality of life. Unsupervised programs 

had no significant effect on body weight, cholesterol, fast-

ing blood glucose (unless > 3 months duration), metabolic 

syndrome prevalence or energy intake. Adverse events were 

not reported.

Our meta-analysis reports clinically significant findings in 

relation to some of the individual components of the meta-

bolic syndrome. With reference to previous research show-

ing that for every 1 cm increase in waist circumference there 

is a 2% increase in risk of cardiovascular events [31], the 

3 cm reduction in waist circumference reported in this meta-

analysis is likely to be clinically significant. Reductions in 

blood pressure reported in this analysis (-4 mmHg systolic; 

-3 mmHg diastolic) compare favourably with those caused 

by blood pressure lowering medication, which have been 

linked to a decrease in total risk of cardiovascular events 

[32]. Based on these findings, it is likely that lifestyle inter-

vention programs with unsupervised exercise will result in 

clinically meaningful reductions in waist circumference and 

blood pressure for people with metabolic syndrome.

Significant changes in cholesterol levels were not found 

in this review. Previous reviews also found no improve-

ments in HDL-cholesterol following lifestyle intervention 

for people with metabolic syndrome [5, 33]. The absence 

of improvement in HDL-cholesterol in the current review 

may be attributed to the fact that the baseline mean HDL- 

cholesterol levels of the majority of participants were 

already within normal ranges or that exercise was not of 

sufficient volume [34]. Previous reviews found significant G
P

 g
en

er
al

 p
ra

ct
it

io
n
er

Ta
b

le
 2

 
 (c

o
n
ti

n
u
ed

)

S
tu

d
y

In
te

rv
en

ti
o
n
 (

d
el

iv
er

ed
 b

y
)

D
u
ra

ti
o
n
 a

n
d
 f

re
q
u
en

cy
 o

f 

se
ss

io
n
s

E
x
er

ci
se

 c
o
m

p
o
n
en

t
D

ie
ta

ry
 c

o
m

p
o
n
en

t
C

o
m

p
ar

is
o
n

Z
h
an

g
 e

t 
al

. 
[2

8
]

L
if

es
ty

le
 i

n
te

rv
en

ti
o
n
 p

ro
-

g
ra

m
 u

ti
li

zi
n
g
 b

eh
av

io
u
ra

l 

co
u
n
se

ll
in

g
 (

d
o
ct

o
r)

1
 y

ea
r

5
 ×

 6
0
-m

in
 f

ac
e-

to
-f

ac
e 

se
s-

si
o
n
s

(1
 i

n
d
iv

id
u
al

, 
4
 g

ro
u
p
 s

es
-

si
o
n
s)

In
d
iv

id
u
al

iz
ed

 a
d
v
ic

e 
su

g
g
es

t-

in
g
 m

o
d
er

at
e 

ex
er

ci
se

 (
e.

g
. 

b
ri

sk
 w

al
k
in

g
) 

fo
r 

1
5
0
 m

in
/

w
ee

k

In
d
iv

id
u
al

ly
 p

re
sc

ri
b
ed

 d
ie

t 

b
as

ed
 o

n
 b

es
t 

p
ra

ct
ic

e 

w
ei

g
h
t 

lo
ss

G
en

er
al

 v
er

b
al

 i
n
fo

rm
at

io
n
 o

n
 

h
ea

lt
h
y
 l

if
es

ty
le

Z
h
an

g
 e

t 
al

. 
[2

9
]

L
if

es
ty

le
 i

n
te

rv
en

ti
o
n
 u

si
n
g
 

p
at

ie
n
t-

ce
n
te

re
d
 c

o
g
n
it

iv
e 

b
eh

av
io

u
ra

l 
th

er
ap

y
 (

d
o
ct

o
r 

an
d
 p

sy
ch

o
lo

g
is

t)

1
2
 w

ee
k

s

9
0
–
1
2
0
-m

in
 g

ro
u
p
 w

o
rk

sh
o
p
s 

2
 ×

 w
ee

k
 f

o
r 

1
2
 w

ee
k

s

(2
4
 g

ro
u
p
 s

es
si

o
n
s)

G
u
id

ed
 a

n
d
 e

n
co

u
ra

g
ed

 t
o
 

ad
o
p
t 

an
d
 m

ai
n
ta

in
 1

5
0
 m

in
 

o
f 

m
o
d
er

at
e 

ex
er

ci
se

 p
er

 

w
ee

k
. 
W

al
k
in

g
 w

as
 e

n
co

u
r-

ag
ed

G
u
id

ed
 a

n
d
 e

n
co

u
ra

g
ed

 t
o
 

ad
o
p
t 

a 
2
0
0
–
3
0
0
 k

ca
l 

re
d
u
c-

ti
o
n
 i

n
 d

ai
ly

 d
ie

ta
ry

 c
al

o
ri

es
. 

E
at

 l
es

s 
fa

t 
an

d
 m

o
re

 f
ru

it
 

an
d
 v

eg
et

ab
le

s

W
ri

tt
en

 b
as

ic
 l

if
es

ty
le

 a
d
v
ic

e 

an
d
 g

en
er

al
 i

n
fo

rm
at

io
n
 o

n
 

ri
sk

 f
ac

to
rs

 p
lu

s 
w

ee
k
ly

 t
ex

t 

m
es

sa
g
es

 a
b
o
u
t 

st
an

d
ar

d
 c

ar
e

885Reviews in Endocrine and Metabolic Disorders (2021) 22:877–890



1 3

reductions in triglyceride levels following lifestyle interven-

tions [5, 33], however, there was no significant change to 

participants’ triglyceride level in the current review despite 

the fact participants were above threshold levels at base-

line. Research has previously shown that exercise intensity 

has to be sufficiently high to change triglyceride levels [35]. 

It is possible the unsupervised exercise was of insufficient 

intensity to instil these changes as the focus was mostly on 

duration and not intensity in the included studies. The previ-

ous reviews included exercise components that were mostly 

supervised [5, 33].

When comparing the results of the current review that 

focuses on lifestyle interventions with unsupervised exercise 

to our previous systematic review of lifestyle interventions 

with supervised exercise [5], improvements appear to be 

smaller in magnitude for unsupervised programs (Appendix 

Fig. 2  Mean difference (95% confidence interval) for the effect of unsupervised lifestyle intervention programs on waist circumference

Table 3  GRADE risk of bias within meta-analyses

NB 0 not downgraded
# Downgraded one place due to unexplained heterogeneity,

+ Downgraded one place due to wide confidence interval,

^ Funnel plots not completed due to < 10 studies in meta-analysis

Bias Inconsistency Indirectness Imprecision Publi-

cation 

Bias

Rating

Waist circumference

6 RCTs (n = 913)

MD -2.82 cm, 95%CI -5.64 to 0.00,  I2 91% 0 0 0 0 0^ 4—high

Weight

4 RCTs (n = 797)

MD -0.94, 95%CI -2.49 to 0.60,  I2 19% 0 0 0 0 0^ 4—high

HDL cholesterol

6 RCTs (n = 1160)

SMD 0.07, 95%CI -0.05 to 0.18,  I2 0% 0 0 0 0 0^ 4—high

Triglycerides

7 RCTs (n = 1219)

SMD -0.39, 95%CI -0.80 to 0.02,  I2 91% 0 0 0 -1+ 0^ 4—high

Systolic blood pressure

7 RCTs (n = 1219)

MD -3.89 mmHg, 95%CI -5.19 to -2.58, 

 I2 4%

0 0 0 0 0^ 4 – high

Diastolic blood pressure

6 RCTs (n = 1161)

MD -3.16 mmHg, 95%CI -4.83 to -1.49, 

 I2 50%

0 0 0 0 0^ 4 – high

Fasting glucose

6 RCTs (n = 1161)

SMD -0.13, 95%CI -0.35 to 0.09,  I2 68% 0 0 0 0 0^ 4—high

Prevalence

5 RCTs (n = 974)

RR 0.8, 95%CI 0.62 to 1.03,  I2 93% 0 -1# 0 0 0^ 3—moderate

Quality of Life

3 RCTs (n = 391)

SMD 0.59, 95%CI 0.05 to 1.13,  I2 84% 0 -1# 0 -1+ 0^ 2—low

Physical activity

3 RCTs (n = 668)

SMD 0.47, 95%CI 0.24 to 0.70,  I2 45% 0 0 0 0 0^ 4 – high

Energy intake

4 RCTs (n = 930)

SMD -0.10, 95%CI -0.23 to 0.03,  I2 0% 0 0 0 0 0^ 4—high
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C). On meta-analysis of interventions with a supervised 

exercise component, prevalence, fasting blood glucose, 

weight and triglyceride levels were significantly reduced 

and the magnitude of improvements in waist circumference, 

systolic blood pressure and quality of life were greater [5]. 

The reviews were of similar size and included similar dietary 

components primarily focusing on weight loss. There are, 

however, two noticeable differences between the exercise 

interventions: supervision and mode of exercise.

Although both supervised and unsupervised exercise 

are beneficial when compared to no exercise, supervised 

exercise appears to have a more widespread and pro-

nounced impact on metabolic and anthropometric out-

comes in populations with similar characteristics to meta-

bolic syndrome. A recent systematic review for people 

with type 2 diabetes found that supervised exercise was 

superior to unsupervised exercise for glycaemic control 

and weight loss [7]. Stefanov and colleagues [36] found 

that although unsupervised exercise did improve cardio-

metabolic risk factors in overweight adults, improve-

ments were greater following supervised exercise. A pos-

sible rationale for the improved outcomes is that under 

Fig. 3  a Mean difference (95% confidence interval) for the effect of unsupervised lifestyle intervention programs on systolic blood pressure. b 

Mean difference (95% confidence interval) for the effect of unsupervised lifestyle intervention programs on diastolic blood pressure

Fig. 4  Standardised mean difference (95% confidence interval) for the effect of unsupervised lifestyle intervention programs on fasting blood 

glucose levels
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supervision, exercises and exercise intensity can be moni-

tored, progressed and adhered to appropriately.

Mode of exercise may have also impacted on outcomes of 

the reviews. Over 50% of the trials (six out of 10) in our pre-

vious review [5] of supervised exercise interventions utilised 

combined (aerobic and strengthening) circuit-based training. 

The previous meta-regression analysis identified that a sin-

gle mode intervention such as walking (n = 3) may have been 

less effective than combined training at producing signifi-

cant differences between groups [5]. In this current review, 

over 50% of the included studies (five out of nine) specified 

walking-based interventions with the remainder reporting 

non-specific exercise that likely included walking. Whilst 

walking at a moderate intensity is just as effective as other 

exercise to increase physical activity levels and decrease risk 

of cardiovascular events in sedentary healthy adults [37], 

there is convincing evidence to support the use of combined 

exercise programmes for the prevention and management 

of Type 2 diabetes [7, 38] and to improve anthropometric 

outcomes and cardiovascular disease risk factors in over-

weight and obese adults [39, 40]. Due to the close associa-

tion between diabetes, obesity and the metabolic syndrome, 

combined training may also be more clinically effective 

than single mode interventions for people with metabolic 

syndrome. Of course, there may be many other possible 

contributing factors to the difference in results, however the 

inclusion of supervised group exercise utilising combined 

training at sufficient intensity appears to result in greater 

improvements for people with metabolic syndrome.

On the contrary, there are other advantages of unsuper-

vised lifestyle intervention programs. For the exercise com-

ponent of a lifestyle intervention to be supervised, substan-

tial time commitment (from both practitioners and patients) 

as well as high economic costs (facility, equipment, staff 

and travel costs) make the sustainability of such programs 

questionable for long-term management in the general popu-

lation [6]. In addition, due to these time, personnel and cost 

barriers, supervised programs may not be accessible in all 

areas and for all people in need. Unsupervised programs may 

be both more accessible and more cost-effective, allowing 

wider implementation for population health. Furthermore, 

long term adherence to exercise programs is often a prob-

lem following completion of lifestyle intervention programs 

as the effects of supervised short-term exercise programs 

diminish over time. Unsupervised programs in this review 

were of longer duration and appeared to result in true behav-

iour change (as evidenced by increased physical activity lev-

els over a period greater than 6 months) and therefore may 

be more effective for long-term behaviour change [41, 42]. 

However, further research is required to support this.

As a result of the current COVID-19 global pandemic, 

many countries have introduced urban confinement or social 

distancing measures to contain the spread of COVID-19. 

Consequently, many group-based health programs have been 

cancelled and many health organisations have had to modify 

their service delivery to reduce face-to-face contact with 

clients. A major benefit of including unsupervised exercise 

in lifestyle interventions to manage metabolic syndrome is 

that programs can continue even with restrictions related 

to social distancing and urban confinement. This review 

provides reassurance that after appropriate instruction and 

education, exercise interventions can still be effective for 

people with metabolic syndrome even when unsupervised. 

Other components of lifestyle interventions, such as dietary 

intervention and counselling, can also be delivered remotely 

allowing people with metabolic syndrome to access the 

resources they need in order to make behaviour changes to 

improve outcomes.

There was a large amount of heterogeneity present in a 

number of the meta-analyses. To account for this, sensitiv-

ity analyses were conducted by removing trials with shorter 

duration lifestyle interventions as they were often the cause 

of heterogeneity. There was also a significant amount of 

clinical heterogeneity in the included interventions. While 

the included trial interventions varied in terms of content, 

duration, frequency and delivery, they all included the core 

Fig. 5  Risk ratio (95% confidence interval) for the effect of unsupervised lifestyle intervention programs on prevalence of metabolic syndrome

888 Reviews in Endocrine and Metabolic Disorders (2021) 22:877–890



1 3

components of diet and unsupervised exercise. No studies 

reported on adverse events of unsupervised exercise making 

it difficult to draw conclusions on safety. Finally, while we 

did report comparisons to our previous review on lifestyle 

interventions with supervised exercise, this review did not 

analyse direct comparisons within randomised controlled 

trials, hence results should be interpreted with caution. In 

spite of these limitations, a number of strengths must be 

noted. Our review is reported in accordance to PRISMA 

guidelines, assesses the quality of each meta-analysis using 

GRADE and includes moderate to high quality randomised 

controlled trials.

4.1  Conclusion

There is high quality evidence that multi-factorial, lifestyle 

intervention programs with prescribed, unsupervised exer-

cise components reduce waist circumference and blood pres-

sure in people with metabolic syndrome. They also cause 

positive behaviour change in relation to physical activity 

and improve quality of life. While it may be preferable to 

run supervised exercise programs as part of a lifestyle inter-

vention, where this is not possible due to social distancing 

or time, personnel and resource restrictions, unsupervised 

exercise could be considered an appropriate alternative.
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