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Abstract

Background Physiotherapists in primary care are well placed to provide health promotion interventions that target client metabolic risk
factors.

Objective To determine the effectiveness of health promotion interventions delivered by physiotherapists in primary care on metabolic
outcomes for people with or at risk of metabolic syndrome.

Data sources AMED, CINAHL, Cochrane, Medline, PEDro, PsycInfo, SPORTDiscus (searched up to February 2024).

Eligibility criteria Studies evaluating physiotherapist-delivered health promotion interventions for adults with at least one metabolic risk
factor (abdominal obesity, hypertension, elevated triglycerides, reduced HDL-C or elevated glucose) delivered in primary care settings were
included.

Study appraisal and synthesis Two reviewers extracted data, evaluated methodological quality using the Mixed Methods Appraisal Tool,
and certainty of evidence using GRADE. Meta-analyses were conducted using a random effects model to calculate weighted mean dif-
ferences (WMD) for outcomes on common scales, and standardised MD (SMD) for outcomes on different scales.

Results Twenty-five studies (n = 3619 participants) were included. Moderate-high certainty evidence indicated that physiotherapist-
delivered health promotion interventions reduced waist circumference (WMD —2.42 cm, 95%CI —4.31 to —0.53), diastolic blood pressure
(WMD -2.34 mmHg, 95%CI -3.77 to —0.91), triglycerides (WMD —0.18 mmol/L, 95%CI —0.36 to 0.00) and fasting blood glucose (WMD
—0.18 mmol/L, 95%CI —0.28 to —0.08), and increased physical activity (SMD 0.18, 95%CI 0.04 to 0.32) compared to usual care.
Conclusion Physiotherapy-led health promotion interventions in primary care can improve metabolic risk factors and physical activity
levels for people with or at risk of metabolic syndrome by small but clinically significant amounts.

Systematic Review Registration Number Systematic Review Registration Number PROSPERO CRD42022352725.

Contribution of the Paper

¢ This systematic review is the first to demonstrate that lifestyle interventions delivered by physiotherapists in primary care can improve
metabolic risk factors for people with or at risk of metabolic syndrome.
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* Physiotherapy-led health promotion interventions likely improved waist circumference, diastolic blood pressure, triglycerides and blood

sugar levels by a clinically significant amount.

¢ Physiotherapists working in primary care settings should have confidence in their ability to provide health promotion interventions to
target metabolic risk factors that may contribute to chronic disease prevention.

© 2025 The Author(s). Published by Elsevier Ltd on behalf of Chartered Society of Physiotherapy. This is an open access article under the
CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

In contemporary physiotherapy, there has been a shift
towards a more holistic approach to practice with greater
focus on health promotion and illness prevention as out-
lined in national and international physiotherapy practice
standards [1,2]. The increasing attention to health promo-
tion within physiotherapy practice stems from the global
rise in noncommunicable diseases (NCDs), such as cardi-
ovascular disease, cancer and diabetes. Noncommunicable
diseases affect people of all ages, and are the leading cause
of morbidity and mortality globally [3]. In 2021, 7 of the 10
leading causes of deaths worldwide were NCDs [4] and
disability-adjusted life-years (DALYs) due to NCDs in-
creased to 1.73 billion [5].

Although many factors contribute to NCDs (e.g. ge-
netics, environmental factors, lifestyle and social determi-
nants) [6] an important way to prevent them is to focus on
the modifiable lifestyle factors such as an unhealthy diet,
physical inactivity, tobacco smoking and harmful alcohol
use. This is a priority outlined in the World Health Orga-
nization’s Global Action Plan for the Prevention and Con-
trol of Noncommunicable Diseases [7]. Training of all
healthcare professionals in the prevention and management
of NCDs is recommended, with an emphasis on primary
healthcare.

Primary healthcare encompasses a broad range of health
services delivered outside of hospitals. It is frequently the
initial point of contact for individuals seeking healthcare,
thus primary care is pivotal in preventive health efforts.
Physiotherapists working in primary care have a key op-
portunity to intervene early with health promotion inter-
ventions to aid in NCD prevention. This is particularly
important in countries, such as Australia, England and
Canada where physiotherapists in primary care work as
primary contact practitioners.

To target health promotion interventions in phy-
siotherapy practice to those who need them the most, un-
derstanding client’s metabolic health is crucial. Metabolic
syndrome is an early indicator of increased risk of devel-
oping many NCDs [8]. It occurs when an individual has
three or more of the following metabolic risk factors: ab-
dominal obesity, hypertension, elevated fasting glucose,
lowered high-density lipoprotein cholesterol (HDL-C), and
raised triglycerides [9]. It is highly prevalent in clients who

present for physiotherapy services, likely due to its links
with musculoskeletal conditions [10,11]: it is present in
almost two-thirds of adults attending community re-
habilitation physiotherapy [12] and more than one in three
who attend physiotherapy in private practice [13]. There-
fore, physiotherapists in primary care are well placed to
intervene. Health promotion interventions involving life-
style change that address physical inactivity and poor diet
can reverse metabolic syndrome [14,15]. However, we do
not know whether physiotherapist-led health promotion
interventions targeting metabolic risk factors in primary
care are effective.

Therefore, the primary aim of this systematic review was
to determine whether health promotion interventions de-
livered by physiotherapists in primary care are effective for
metabolic health outcomes for people with or at risk of
metabolic syndrome.

Method

This systematic review was prospectively registered in
the PROSPERO database (CRD42022352725) and reported
according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) guidelines [16].

Identification and selection of studies

Search strategy

Electronic databases were searched from the earliest
available date until February 2024 (Medline, CINAHL,
PEDro, Cochrane, AMED, SPORTDiscus, PsycINFO). The
search strategy included intervention and outcome key-
words (health promotion and physiotherapy and metabolic
syndrome) as well as synonyms for these words
(Supplementary file). Reference lists of all included articles
were manually searched, and citations of all included arti-
cles tracked using Google Scholar.

Eligibility criteria

Randomised controlled trials or non-randomised studies
of intervention (NRSI) were eligible for inclusion if they met
the criteria (Table 1). Key exclusion criteria were pregnant
women with temporary increases in metabolic risk factors
(e.g. gestational diabetes, preeclampsia); interventions with
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only a single session of exercise or education; or interven-
tions provided in an inpatient hospital setting, university, or
workplace because the focus of this review was on primary
care settings.

Screening of studies for eligibility was independently
completed by two reviewers (SM and CP or NT). Full text
copies of studies that could not be clearly excluded based
on title and abstract were reviewed. If consensus could not
be reached between the two reviewers, a third reviewer (CP
or NT) was consulted.

Assessment of characteristics of studies

Data were extracted by two reviewers independently
(SM and AL or CD) into Excel on a customised form based
on the Cochrane Data Collection tool [17]. Data were ex-
tracted on publication demographics, study design, partici-
pant characteristics, physiotherapy interventions using the
template for intervention description and replication (TI-
DieR) checklist [18], and outcomes.

Primary outcomes were metabolic risk factors; and
secondary outcomes included: physical activity; diet;
health-related quality of life; disease-specific measures; and
self-efficacy. Interventions where physical activity pre-
scription was tailored to the individual and included mon-
itoring were defined as ‘individualised physical activity
prescription’; and physical activity prescription that was not
individualised was termed °‘generalised physical activity
advice’.

Methodological quality

Two reviewers (SM and AL or CD) independently as-
sessed the included studies according to the Mixed Methods
Appraisal Tool (MMAT) [19], which allows for the as-
sessment of studies with quantitative and mixed methodo-
logical designs. This checklist consists of two initial
screening questions applicable to all study designs, and five
questions applicable to each of the designs. In this review
Category 2 and Category 3 questions, for randomised and
non-randomised quantitative studies respectively, were
used. Any disagreements were resolved with a third re-
viewer (CP). Studies were not excluded based on quality,
but the quality of the study was considered when inter-
preting the results.

Data analysis

For clinically homogenous data from two or more ran-
domised controlled trials on primary (metabolic risk fac-
tors) or secondary (physical activity) outcomes, meta-
analyses were completed. Data were regarded as clinically
homogenous if the interventions contained physiotherapist-
led health promotion activities, including exercise or phy-
sical activity prescription on a common outcome. Data were
pooled to determine weighted mean difference (WMD) for
outcomes reported on the same scale, or standardised mean

differences (SMD) for outcomes reported using different
scales, and 95% confidence intervals (CI). Following
Cochrane recommendations [20], if change scores and post-
intervention scores were reported on common scales, these
were combined using WMD. For outcomes reported on
different scales, SMDs were calculated using post-inter-
vention data; and if change scores were presented, post-
intervention means were calculated using baseline and
change scores and the post-intervention standard deviation
was imputed using baseline data [20]. When the standard
deviation was not reported, this information was imputed
using the standard error or 95%CI [20]. Where data could
be converted to the same scale using accepted conversion
rates (e.g. mg/dL to mmol/L) this was done to allow cal-
culation of WMD. A SMD of 0.2 represents a small effect,
0.5 a moderate effect, and 0.8 a large effect [21]. Where
trials included post-intervention data at multiple time
points, data from the first post-intervention assessment were
used. To account for heterogeneity, a pooled random effects
model was applied using RevMan Web. Statistical hetero-
geneity was assessed by calculating 12 [17]. Sensitivity
analyses were conducted if there was significant statistical
(I values >50%) [17], or clinical heterogeneity (e.g. dif-
ferent duration of intervention). Results for non-randomised
studies of intervention and studies that lacked sufficient
post-intervention data were presented descriptively.

Assessment of certainty of evidence

The Grading of Recommendations Assessment,
Development and Evaluation (GRADE) approach [22] was
used to assess the certainty of evidence (very low to high)
obtained for each meta-analysis. Because the meta-analyses
included only randomised controlled trials, certainty of
evidence was rated as high and then downgraded by one
level if: there were concerns about the methodological
quality (trial fulfilled < 50% of the MMAT quality criteria)
[19] in the majority (> 50%) of trials; there was a high level
of statistical heterogeneity between trials (> > 50%) (in-
consistency) [17]; there were significant concerns that the
participants, intervention, comparator or outcome were in-
consistent with usual clinical practice (indirectness) [23];
the 95% confidence interval of the SMD was wide (> 0.80)
(imprecision) [24]; or if publication bias was strongly sus-
pected, for example if the analysis included mostly small
studies demonstrating statistically significant results or in-
clusion of trials with industry sponsorship [25].

Results
Flow of studies through the review

The electronic database search yielded 2094 records, and
three records were found via citation searching. After du-
plicates were removed, 1672 remained, and 1592 were
excluded after screening title and abstract. The full texts of
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Table 1

Inclusion criteria.

Design Randomised controlled trials and non-randomised studies of interventions

Participants Adults (18+ years) with or at risk of metabolic syndrome (i.e. with at least 1 of the following metabolic risk factors: abdominal

obesity, hypertension, elevated triglycerides, reduced HDL-C or elevated glucose)

Intervention

Health promotion, physical activity or exercise prescription, self-management, education, or advice provided by a physiotherapist

(including physiotherapist within a multidisciplinary team); delivered in any mode (1:1 or group, face-face or telehealth); provided
in a primary healthcare setting i.e. private practice, outpatient setting, community health

Outcome measures
pressure, triglycerides, HDL-C or blood glucose
Comparisons

Measures of metabolic risk factors: waist circumference (or weight or body mass index as proxies for waist circumference), blood

Standard care or physiotherapy without health promotion interventions

83 records were assessed for eligibility, of which 25 studies
were included in the review (Fig. 1).

Characteristics of included studies

Participants

The review included 3619 participants from 10 rando-
mised controlled trials and 15 NRSI (Table 2). More than
40% of participants (n = 1528) were from one NRSI [26].
Five of the studies included only female participants, from
the rest 48% of participants were female. Mean age of
participants ranged from 38 to 73 years. Fourteen studies
were conducted in Europe [27-40], seven in North America
[41-47], three in Australasia [48-50], and one in South
America [26]. Nine studies focused on people affected by
overweight/obesity [27,30,34,37,41-44,47]; eight studies

on people with type 2 diabetes, prediabetes or diabetes risk
[28,31,33,35,46,48-50]; three studies on people affected by
overweight/obesity and at least one other metabolic risk
factor or chronic disease [26,32,40]; three studies on adults
with at least one metabolic risk factor [29,36,45]; and two
studies on people with mental illness who had or were at
risk of metabolic syndrome [38,39].

Interventions

All studies evaluated interventions that included supervised
exercise or unsupervised physical activity prescription deliv-
ered by a physiotherapist in primary care. Of the 25 included
studies, 15 included dietary intervention or advice.

Supervised exercise interventions delivered by a phy-
siotherapist were investigated in 14 studies (four RCTs, 10
NRSI). All the supervised exercise occurred in groups and

[ Identification of studies via other methods

Records identified from:
Citation searching (n = 3)

A 4

Reports sought for retrieval
(n=3)

Reports not retrieved
(n=0)

[ Identification of lies via datak and regist
Records identified from: Records removed before
c All databases (n = 2,094) screening:
o Medline (n = 613) Duplicate records removed
s AMED (n = 66) (n=422)
£ Psyclnfo (n = 82)
t SPORTDiscus (n = 623)
5 CINAHL (n = 643)
= PEDro (n = 37)
Cochrane (n = 30)
- I
' * Records excluded
Records screened (n =1,592)
(n=1,672)
l Reports not retrieved
Reports sought for retrieval (n SO)
(n=80)
o
4
o
g l Reports excluded:
0 Not a physio-led health
Reports assessed for eligibility promotion intervention (n = 17)
(n =80) Not a primary health care
setting (n = 15)

A 4

Studies included in review
(n=25)

Participants did not have at
least one metabolic risk factor
(n=14)

Comparison group had an
active intervention (n = 6)

No metabolic outcomes (n = 4)
Not an RCT or NRSI (n = 2)

\4

Reports assessed for eligibility
(n=3)

[ Included ] [

Fig. 1. Flow of studies through the review.

Reports excluded:
Not a physio-led health
promotion intervention (n = 1)

Not an RCT or NRSI (n = 1)
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Study characteristics.
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Study (Country)

Participants

Metabolic syndrome risk factors

Outcome measures

Randomised Controlled Trials

de Vos et al., 2016
(Netherlands)

Females 50 to 60 y/o with
overweight

n = Exp 203, Con 204

Age (y) = Exp 56 (3), Con 56 (3)
% female = 100

Setting: GP, Physiotherapy and
Dietician Clinics

BMI > 27 kg/m?,
Hypertension (Exp 68%, Con 74%)

Weight, SQUASH (minutes per week)

Duiizer et al., 2017
(Netherlands)

Adults at risk of type 2 diabetes
n = Exp 139, Con 136

Age (y) = Exp 61 (6), Con 61 (7)
% female = Exp 46, Con 49
Setting: GP, physio and dietician
clinic

Impaired fasting glucose or high
risk of type 2 diabetes

Weight, BMI, WC, SBP, DBP, FBG, HDL,
triglycerides, SQUASH (mins per week), Dutch
Healthy Diet index, SF-36

Eriksson et al., 2006
(Sweden)

Adults with metabolic risk
factors

n = Exp 75, Con 76

Age (y) = Exp 55 (7), Con 53 (8)
% female = Exp 52, Con 62
Setting: Primary health care
centre

Hypertension 64% Dyslipidaemia
29%

Type 2 diabetes 29%
Overweight 44%

Weight, BMI, WC, SBP, DBP, HDL cholesterol,
triglycerides, FBG, self-reported physical activity
levels, HRQOL(EQ-VAS)

Jadhav et al., 2024
(India)

Sedentary adults with pre-
diabetes

n = Exp 79, Con 79

Age (y) = Exp 48 (8), Con 50 (7)
% female = Exp 60 Con 66
Setting: Hospital outpatients

Pre-diabetes

Visceral fat, FBG

Littman et al., 2019
(USA)

Adults with overweight or
obesity post amputation
n=Exp 7, Con 8

Age (y) = Exp 56 (11), Con 57
an

% female = Exp 14, Con 37
Setting: Home

BMI > 25 kg/m*>

Weight, BMI, WC, diet quality, steps per day, hours
per day sedentary time, behaviour change strategies
for healthy eating, decisional balance for physical
activity

Matsushita et al.,
2022 (Japan)

Adults with Type 2 Diabetes
Mellitus

n = Exp 16, Con 13

Age (y) = Exp 62, Con 61
% female = Exp 12, Con 15
Setting: Hospital outpatients

Type 2 diabetes

BMI, SBP, DBP, HbAIC, FBG, triglycerides, steps
per day, MET-hours per week

Molenaar et al., 2010
(Netherlands)

Adults with overweight

n = Exp 67, Con 67

Age (y) = Exp 43 (9), Con 43
(10)

% female = Exp 42, Con 42
Setting: Primary health care
centre

BMI 28 to 35 kg/m?

Weight, WC

Oldroyd et al., 2006
(UK)

Adults with impaired glucose
tolerance

n = Exp 37, Con 32

Age (y) = Exp 58, Con 58

% female = Exp 54, Con 31
Setting: Hospital outpatients

Pre-diabetic

Weight, WC, FBG, engagement in regular physical
activity, change in dietary fat and dietary fibre

Uijl et al., 2023
(Netherlands)

Adults with heart disease and
obesity

n = Exp 102, Con 99

Age (y) = Exp 59 (10), Con 59
©

Obesity,

Type 2 diabetes,
Hypertension,
Dyslipidaemia

Weight, steps per day, % in light and moderate-to-
vigorous PA
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Study (Country)

Participants

Metabolic syndrome risk factors

Outcome measures

% female = Exp 33, Con 21
Setting: Community centre

Wisse et al., 2010
(Netherlands)

Adults with type 2 diabetes

n = Exp 38, Con 36

Age (y) = Exp 54 (6), Con 52 (7)
% female = Exp 38, Con 38
Setting: Hospital outpatients

Type 2 diabetes

Weight, BMI, WC, SBP, DBP, FBG, HDL
cholesterol, triglycerides, METS/Week

Non-Randomised Studies of Interventions

Batsis et al.,
2020 (USA)

9 older adults with obesity
Age (y) =71 (5), % female = 67
Setting: Community centre

BMI > 30kg/m2 Hypertension
(56%), High cholesterol (44%)
Diabetes (22%)

Weight, BMI, WC, PROMIS mental health and
physical health score, patient activation measure

Batsis et al.,
2021a (USA)

28 older adults with obesity
Age (y) =73 (5), % female = 82
Setting: Community centre

BMI > 30kg/m2 Hypertension
(50%) High cholesterol (32%)
Diabetes (18%)

Weight, BMI, WC, PROMIS mental health and
physical health score, physical activity (steps per day)

Batsis et al.,
2021b (USA)

53 older adults with obesity
Age (y) =73 (4), % female = 70
Setting: Community centre

BMI > 30kg/m*
Hypertension (72%) High
cholesterol (40%) Diabetes (26%)

Weight, BMI, WC, steps per day

Cibulkova et al., 2022
(Czech Republic)

Adults with obesity following
bariatric surgery

n = Exp 10, Con 12

Age (y) = Exp 49 (8), Con 45
(14)

% female = Exp 40, Con 33
Setting: Hospital outpatients

BMI 2 35 kg/m2,

Weight, BMI

Duijzer et al., 2014
(Netherlands)

1528 adults with impaired
fasting glucose

Age (y) = 36 (median), % female
=100

Setting: GP, physio and dietician
clinics

Impaired fasting glucose,
Hypertension (19%), High
cholesterol (36%) CVD (21%)

Weight, BMI, WC, SBP, DBP, FBG, physical activity
(number of days per week), fruit and vegetable intake

Echenique, 2011
(Chile)

31 women with overweight or
obesity

Age (y) =54 (9), % female = 100
Setting: Primary health care
centres

BMI > 25 kg/m?,
Elevated glucose 12%,
Hypertension 18%

Weight, BMI, WC, FBG

Espinel et al., 2023
(Spain)

30 adults with resistant
hypertension

Age (y) = 60, % female = 27
Setting: Hospital outpatients

Hypertension

BP

Gilstrap et al., 2013
(USA)

64 women with at least 2 CVD
risk factors

Age (y) = 51, % female = 100
Setting: Community centre

Hypertension 63% High cholesterol
49%,
Type 2 diabetes 22%

WG, triglycerides, HDL cholesterol, SBP, DBP, FBG,
Metabolic Syndrome Score, exercise frequency, fruit
& vegetable intake

Higgs et al., 2016
(New Zealand)

36 adults with diabetes or pre-
diabetes

Age (y) =62 (11), % female = 58
Setting: Community centre

Type 2 diabetes, pre-diabetes or at
risk of developing diabetes

BMI, WC, Stanford Exercise Behaviour
questionnaire, Stanford Self-Efficacy for Managing
Chronic Disease

Janssen et al., 2023
(Canada)

12 adults with Type 2 Diabetes
Mellitus

Age (y) =64 (14), % female = 58
Setting: Community Centre

Type 2 diabetes

Weight, BMI, WC, FBG, SBP, DBP

Quinn et al., 2008
(Ireland)

18 women with obesity

Age (y) = 38 (11), % female =
100

Setting: Hospital outpatients

BMI > 35 kg/m?

Weight, IPAQ (MET-minutes/week), IWQOL-Lite

Sabbahi et al., 2018
(USA)

BMI > 25kg/m?

Weight, BMI, WC, SBP, DBP, FBG
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Table 2 (Continued)

Study (Country) Participants

Metabolic syndrome risk factors

Outcome measures

192 adults with overweight
Age (y) =52 (14), % female = 34
Setting: Hospital outpatients

Sameby et al., 2008
(Sweden)

14 people with psychosis at risk
of metabolic syndrome

Age and sex = not reported
Setting: Hospital outpatients

BMI > 27 kg/m*

BMI, WC, SBP, DBP

Vi¢kova et al., 2009
(Czech Republic)

46 women with low back pain,
osteoarthritis and obesity

Age (y) = not reported, % female
=100

Setting: Hospital outpatients

Obesity

Weight, BMI, WC, triglycerides, HDL cholesterol

Waugh et al., 2018
(Ireland)

16 adults with major mental
illness and at least 1 metabolic
risk factor

Age (y) =43 (11), % female = 69
Setting: Hospital outpatients

At least 1 metabolic risk factor or
metabolic syndrome

BMI, WC, SBP, DBP, HDL cholesterol, FBG,
triglycerides, (MET-minutes/week), light/moderate/
vigorous activity (min per day)

Note: RCT, randomised controlled trial; y/o, years old; Exp, experimental; Con, control; Y, years; BMI, body mass index; GP, general practitioner; WC,
waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL, high-density lipoprotein; IPAQ, International Physical Activity
Questionnaire; MET, Metabolic Equivalent of Task; SQUASH, Short Questionnaire to Assess Health-enhancing physical activity; FBG, fasting blood
glucose; PROMIS, Patient Reported Outcome Measurement Information System; IWQOL-Lite, The Impact of Weight on Quality of Life Questionnaire-

Short Form.

included a prescribed home exercise program (eight of which
were individualised). Supervised exercise comprised of
combined aerobic and resistance circuit training in 10 stu-
dies, progressive resistance training in two studies, and
aerobic or sports activities in one study each. Supervised
exercise was combined with group education sessions (led by
dietitian, physiotherapist or a multidisciplinary team) in eight
studies; and combined with dietitian-delivered diet inter-
vention (commonly low calorie) in 11 studies (Table 3a, 3b).

Unsupervised physical activity prescription by a phy-
siotherapist was investigated in 11 studies (six RCTs, five
NRSI), with nine providing individualised physical ac-
tivity prescription, and two general physical activity ad-
vice. Physical activity prescription was combined with
dietitian-delivered diet intervention in four studies. Health
behaviour change interventions with motivational inter-
viewing or health coaching were included in 48% (12/25)
of the studies. Health promotion interventions ranged from
4 weeks to two years duration, with 56% (14/25) occurring
in community primary care settings and 44% (11/25) in
hospital outpatient clinics. Individualised tailoring of ex-
ercise programs occurred in most (18/25) studies but few
studies adequately reported intervention adherence or fi-
delity. Data most reported were dropout rates and atten-
dance rates for face-face components of interventions.
Attendance rates ranged between 36% and 94%.
Adherence to unsupervised intervention components were
rarely reported. Comparison interventions included usual
care in four RCTs [30,32,33,48]; nil intervention in three
RCTs [27,31,49]; usual care plus information about
healthy diet and increasing physical activity in three RCTs
[28,29,41].

Outcome measures

At least one metabolic risk factor was measured in all
studies (Table 2). Abdominal obesity was measured via waist
circumference in 18 studies, body weight in 18, BMI in 17,
and visceral fat using a body composition scale in a single
study [48]. Fasting blood glucose was measured in 12 stu-
dies, blood pressure in 11 studies, and each of HDL-C and
triglycerides in seven studies. The secondary outcome of
physical activity was measured in 15 studies. The most
common measures were self-reported physical activity, most
frequently the International Physical Activity Questionnaire
(IPAQ) [37.39] and the Short Questionnaire to Assess
Health-Enhancing Physical Activity (SQUASH) [27,28].
Objective measures of physical activity using wearable ac-
tivity monitors were used in six studies [32,39,41,42,44,49].
Diet quality was measured in three studies with a self-re-
ported food frequency instrument [41], adherence to national
dietary guidelines [28] and a four day food diary [31].
Quality of life was measured in three studies [28,29,37] and
self-efficacy was measured in a single study [50].

Methodological quality

Overall, 12 out of the 25 studies (48%) fulfilled more
than half of the MMAT quality criteria (Table 4). Fifty-two
percent of studies had incomplete data (n = 13), and 32%
reported adequate adherence to interventions (n = 8). For
RCTs (n = 10), the majority reported baseline comparability
(n = 9) and adequate randomisation (n = 9), but only one
reported sufficient assessor blinding. For NRSI (n = 15), all
reported appropriate measures, and the majority had a
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Heaith Promotion Usual Care Mean difference Mean difference
Study or Subgroup  Mean sD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Duijzer 2017 Female -5.2 6 64 -0.8 42 67 185% -440[-6.18,6-262] —-—
Duijzer 2017 Male 54 5.1 75 -2 438 69 191% -3.40[-5.02,-1.78] -
Eriksson 2006 2 28 60 -2 25 62 21.0% 0.00 [-0.94 , 0.94] +
Littman 2019 177 15.5 7 1181 147 8 1.4% -0.40[-15.75, 14.95)
Molenaar 2010 -3.8 5.2 53 -1.9 5.2 57 17.9% -1.90 [-3.84 , 0.04) —e—
Oldroyd 2006 -0.38 55 37 0.06 42 32 16.7% -0.44[-2.73 , 1.85) g
Wisse 2010 108 1.3 32 118 16.2 29 54% -10.00 [-17.08 , -2.92]
Total (Wald?) 328 324 100.0% -2.42[-4.31,-0.53] <&

Test for overall effect: Z = 2.51 (P = 0.01)

Heterogeneity: Tau? (DLP) = 4.19; Chi? = 31.75, df = 6 (P < 0.0001); I* = 81%

40 5 0 5 10
Favours Health Promotion Favours Usual Care

Fig. 2. Weighted mean difference (95% CI) for the effect of physiotherapy health promotion interventions on waist circumference (cm).

representative sample (n = 13), but no study adequately

accounted for confounders.

Effects of health promotion interventions on metabolic risk
factors

Abdominal obesity

Meta-analysis of six trials with 652 participants
[28-31,33,41] showed physiotherapist-delivered health
promotion interventions reduced waist circumference by
2.42cm (95%CI —4.31 to —0.53, I* 81%) (Fig. 2) when
compared to usual care. The certainty of evidence for this
meta-analysis was moderate after downgrading for incon-

[27,32,48,49] showed minimal change in abdominal obesity
via measures other than waist circumference (SMD —0.14,
95%CI —0.28 to 0.01, ? 0%) when compared to usual care.

From the studies not included in the meta-analysis, 12
NRSI all reported a decrease in waist circumference, be-
tween 2.0 and 10.6 cm, following health promotion inter-
ventions [26,35,38-40,42-47,50]. Body weight reduced in
nine out of 10 studies (between 0.1 and 6.2kg)
[26,35,37,40,42-44,46,47]; and BMI decreased post-inter-
vention in 11 out of 12 NRSI (between 0.3 and 2.1 kg/rnz)
[26,35,38-40,42-44,46,47,50]. One study [34] reported no
change in body weight or BMI following health promotion
intervention in participants four months after bariatric

sistency (Table 5). Meta-analysis of four trials surgery.
Table 5
GRADE summary of findings - physiotherapy-led health promotion compared with usual care.

Bias Inconsistency Indirectness Imprecision Publication bias Rating
Waist circumference  WMD -2.42 cm, 95% CI —4.31 to —-0.53, ’81% 0 —1* 0 0 0 DDDO
6 RCTs (n = 652) Moderate
Abdominal obesity SMD -0.14, 95%CI -0.28 to 0.01, I* 0% 0 0 0 0 0 DODD
4 RCTs (n = 734) High
Systolic BP WMD -1.73 mmHg, 95%CI -3.85 to 0.39, 0 0 0 -1 0 SeD0
4 RCTs (n = 479) > 0% Moderate
Diastolic BP WMD -2.34 mmHg, 95%CI -3.77 to —0.91, 0 0 0 0 0 oot
4 RCTs (n = 479) 1 16% High
Triglycerides WMD -0.13 mmol/L, 95%CI -0.28 to 0.01, 0 0 0 0 0 PDODD
3 RCTs (n = 459) I 0% High
HDL cholesterol WMD 0.00 mmol/L, 95%CI —0.03 to 0.03, 0 0 0 0 0 DOPD
3 RCTs (n = 459) I* 0% High
Fasting blood glucose WMD —0.18 mmol/L, 95%CI —0.28 to —0.08, 0 0 0 0 0 PDDD
5 RCTs (n = 634) I 0% High
Physical activity SMD 0.18, 95%CI 0.04 to 0.32, I* 14% 0 0 0 0 0 DODD
7 RCTs (n = 1055) High

RCTs, Randomised Controlled Trials; WMD, weighted mean difference; CI, confidence interval; SMD, standardised mean difference; HDL, high density

lipoprotein.
* High heterogeneity (I> > 50%).
" Wide 95% CI ranging from negative to positive effect.
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Health Promotion Usual Care Mean difference Mean difference
Study or Subgroup Mean  SD  Total Mean SD  Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Duijzer 2017 28 14 136 18 114 130 597% -1.00[-374,1.74] -
Eriksson 2006 47 105 60 16 17 63 291% -310[-7.02,0.82) e
Matsushita 2022 128 7.41 16 126 167 13 47% 200[-7.78,11.78)
Wisse 2010 132 17 32 137 162 29 65% -500[-13.33,333) —
Total (Walda) 244 235 100.0% -1.73[-3.85,0.39] -
Test for overall effect: Z = 1.60 (P = 0.11) 0 5 0 5 10

Heterogeneity: Tau? (DLP) = 0.00; Chi* = 1.89, df = 3 (P = 0.60); I* = 0%

Favours Health Promotion Favours Usual Care

Fig. 3. Weighted mean difference (95% CI) for the effect of physiotherapy health promotion interventions on systolic blood pressure (mmHg).

Blood pressure

Meta-analysis of four trials with 479 participants
[28,29,33,49] showed health promotion interventions likely
resulted in little to no difference in systolic blood pressure
(WMD —1.73 mmHg, 95%CI —3.85 to 0.39, I 0%) (Fig. 3)
when compared to usual care. The certainty of evidence for
this meta-analysis was moderate after downgrading for
imprecision (Table 5).

Meta-analysis of the same four trials [28,29,33,49]
showed health promotion interventions delivered by phy-
siotherapists reduced diastolic blood pressure by
2.34 mmHg (95%CI -3.77 to -0.91, I? 16%) (Fig. 4) when
compared to usual care. The certainty of evidence for this
meta-analysis was high (Table 5).

From the studies not included in the meta-analyses,
seven NRSI reported on systolic blood pressure. From
these, five found a decrease of 4.1 to 15.1 mmHg;
[35,36,45-47] and two [38,39] found an increase by 1.5 and
3.8 mmHg respectively following physiotherapist-delivered
health promotion interventions. Of the seven NRSI that
reported on diastolic blood pressure, [35,36,38,39,45-47]
six found a decrease of 3.3 to 8.9 mmHg, and one observed
an increase by 1 mmHg [39].

Lipids
Meta-analysis of four trials with 488 participants

reduced triglycerides by 0.18 mmol/L (95%CI —0.36 to
0.00, I? 0%) (Fig. 5) when compared to usual care.

Meta-analysis of the same four trials [28,29,33,49]
showed health promotion interventions likely had no effect
on HDL (WMD 0.00 mmol/L, 95%CI -0.03 to 0.03, I* 0%)
(Fig. 6) when compared to usual care. The certainty of
evidence for these meta-analyses was high (Table 5).

The four NRSI that reported on the effect of health
promotion interventions on lipids [36,39,40,45] found that
triglycerides decreased by 0.1 to 0.6 mmol/L. and HDL in-
creased by 0.05 to 0.15 mmol/L following physiotherapist-
delivered health promotion interventions.

Blood glucose

Meta-analyses showed health promotion interventions
reduced fasting blood glucose by 0.18 mmol/L (95%CI
—0.28 to —0.08, I* 0%) (Fig. 7a) in five trials with 634
participants [28,29.31,48,49]. The certainty of evidence for
this meta-analysis was high (Table 5).

One trial [33] not included in the meta-analysis because
all participants were on insulin, found a large reduction in
fasting blood glucose (1.0 mmol/L) following health pro-
motion intervention. Seven NRSI reported on the effect of
health promotion interventions on fasting blood glucose, of
which six [26,36,39,45-47] found a decrease of 0.1 to
0.6 mmol/L, and a single study [35] observed an increase of

[28,29,33,49] showed health promotion interventions 0.3 mmol/L.
Health Promotion Usual Care Mean difference Mean difference
Study or Subgroup  Mean sD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Duijzer 2017 4 7.4 136 2.4 7 130 459% -1.60[-3.33,0.13] -
Eriksson 2006 38 5 60 15 49 63 452% -2.30[-4.05,-0.55] -
Matsushita 2022 765  9.41 16 84 14.4 13 24% -750[-16.58,61.58] ————ih—
Wisse 2010 76 1.3 32 82 10.8 29 64% -6.00[-11.55,-0.45]
Total (Walda) 244 235 100.0% -2.34[-3.77,-0.91] <&
Test for overall effect: Z = 3.20 (P = 0.001) 0 5 0 5

Heterogeneity: Tau? (DLb) = 0.38; Chi* = 3.58, df = 3 (P = 0.31); I = 16%

Favours Health Promotion Favours Usual Care

Fig. 4. Weighted mean difference (95% CI) for the effect of physiotherapy health promotion interventions on diastolic blood pressure (mmHg).
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Health Promotion Usual Care Mean difference Mean difference
Study or Subgroup  Mean SD Total  Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Duijzer 2017 -0.08 0.67 139 0.03 0.73 136 745% -0.11[-0.28,0.06] i
Eriksson 2006 -0.28 1 60 -0.05 0.77 63 204% -0.23[-0.55,0.09] —e—t
Matsushita 2022 1.93 1.26 16 1.52 1.22 13 2.5% 0.41[-0.50,1.32] —
Wisse 2010 14 1.1 32 2 22 29 26% -060[-149,029) ——m—
Total (Wald?) 247 241 100.0% -0.13[-0.28,0.01] ©
Test for overall effect: Z = 1.84 (P = 0.07) o5 0 o5 1

Favours Health Promotion Favours Usual Care

Heterogeneity: Tau® (DLb) = 0.00; Chi® = 2.88, df = 3 (P = 0.41); I = 0%

Fig. 5. Weighted mean difference (95% CI) for the effect of physiotherapy health promotion interventions on triglycerides (mmol/L).

Health Promotion Usual Care Mean difference Mean difference
Study or Subgroup Mean SD Total Mean sD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Duijzer 2017 0.02 0.18 139 0.01 0.15 136 67.3% 0.01[-0.03, 0.05) -L'
Eriksson 2006 -0.03 0.19 60 -0.01 0.17 63 253% -0.02[-0.08,0.04] ——
Matsushita 2022 1.13 0.21 16 1.14 0.15 13 60% -001[-0.14,0.12) A
Wisse 2010 1 0.57 32 11 0.5 29 14% -010[-0.37,0.17)
Total (Wald?) 247 241 100.0% -0.00 [-0.03, 0.03] Y
Test for overall effect: Z = 0.02 (P = 0.98) 0201 0 0102

Favours Usual Care Favours Health Promotion

Heterogeneity: Tau? (DLP) = 0.00; Chi? = 1.18, df = 3 (P = 0.76); I* = 0%

Fig. 6. Weighted mean difference (95% CI) for the effect of physiotherapy health promotion interventions on HDL-Cholesterol (mmol/L).

Effects of health promotion interventions on measures of with an increase of 3443 to 5467 daily steps reported in two
physical activity studies [42,44]. A single NRSI [37] found no improvement
in physical activity after a four month, unsupervised health

Meta-analysis of seven trials with 1055 participants promotion intervention of generalised advice for women

[27,28,31-33,41,49] showed physiotherapist-delivered with obesity.
health promotion interventions increased physical activity
by a small amount (SMD 0.18, 95%CI 0.04 to 0.32, I” 14%) Effects of health promotion interventions on other

(Fi g. 8) when 9ompared to u'sual care. The certainty gf secondary measures
evidence for this meta-analysis was high (Table 5). Six
NRSI [35,39,42,44,45,50] reported that physical activity The effect of health promotion interventions on diet was
levels increased following health promotion interventions, reported in three studies with mixed results. One study [28]
Health Promotion Usual Care Mean difference Mean difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Duijzer 2017 -0.2 0.7 139 0 0.7 136 357% -0.20[-0.37,-0.03] -
Eriksson 2006 0.08 049 60  0.17 0.4 63 388% -0.09[-0.25,0.07] -
Jadhav 2024 586 083 7 617 047 67 195% -0.31[-0.53,-0.09]
Matsushita 2022 758 154 16 838 187 13 06% -080[-207,047 ————+4—
Oldroyd 2006 0.05 06 37 0.18 11 32 53% -0.13[-0.56, 0.30] —
Total (Walda) 323 311 100.0% -0.18 [-0.28 , -0.08] ¢
Test for overall effect: Z = 3.54 (P = 0.0004) 5 3 0 1 3
Favours Health Promotion Favours Usual Care

Heterogeneity: Tau? (DLb) = 0.00; Chi* = 3.57, df = 4 (P = 0.47); I = 0%

Fig. 7. Weighted Mean Difference (95% CI) for the effect of physiotherapy health promotion interventions on fasting blood glucose (mmol/L).
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Health Promotion Usual Care Std. mean difference Std. mean difference
Study or Subgroup  Mean SD Total Mean sD Total Weight IV, Random, 95% CI IV, Random, 95% CI
de Vos 2016 8063 3785 203 7421 3785 204 341% 0.17[-0.03, 0.36] .
Duijzer 2017 2406.5 1337 139 22259 1337 134 257% 0.13[-0.10, 0.37] +e—
Littman 2019 2877 1493 7 2872 1136 8 1.9% 0.00[-1.01,1.02]
Matsushita 2022 354 16.07 16 273 19.19 13 3.4% 0.45[-029, 1.19] —
Oldroyd 2006 333 57.4 37 -3.1 325 32 7.5% 0.76 [0.27 , 1.25)
Uijl 2023 6106 37744 102 5878 4368.3 99 20.3% 0.06 [-0.22, 0.33] —f—
Wisse 2010 18 156 32 16 234 29 71% 0.10 [-0.40, 0.60] ——
Total (Walda) 536 519 100.0% 0.18 [0.04, 0.32] 0

Test for overall effect: Z =257 (P = 0.01)

Heterogeneity: Tau? (DLP) = 0.00; Chi*=6.96, df =6 (P = 0.32); I* = 14%

1 05 0 05 1
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Fig. 8. Standardised mean difference (95% CI) for the effect of physiotherapy health promotion interventions on physical activity.

observed significant improvement in diet index scores; one
study [31] reported significant reduction in dietary fat in-
take; and another study [41] observed no significant dif-
ference in diet quality between intervention and control
groups.

The effect of health promotion interventions on quality
of life was investigated in three studies with mixed results.
Two RCTs [28,29] found a significant increase in quality of
life post-intervention compared to a group receiving usual
care; and a single NRSI [37] found no improvement in
quality of life following a health promotion intervention. A
single health promotion intervention [50] was shown to
increase self-efficacy.

Discussion

This systematic review found moderate to high certainty
evidence to support the use of physiotherapist-led health
promotion interventions involving supervised exercise or
physical activity prescription in primary care to improve
metabolic outcomes. Waist circumference, diastolic blood
pressure, triglycerides and blood glucose levels were all
reduced, and physical activity levels increased in people
with or at risk of metabolic syndrome. There were no sig-
nificant changes in systolic blood pressure or HDL-cho-
lesterol. This systematic review is the first to demonstrate
that lifestyle interventions delivered by physiotherapists in
primary care, with or without dietician involvement, can
improve metabolic risk factors for people with or at risk of
metabolic syndrome.

The improvements in metabolic risk factors observed in
these meta-analyses are expected to have clinical sig-
nificance. The 2.4 cm reduction in waist circumference re-
ported in this meta-analysis is likely to be meaningful for
people with or at risk of metabolic syndrome given that a
1 cm increase in waist circumference is linked to a higher
risk of cardiovascular events [51]. The reduction in dia-
stolic blood pressure of 2.3 mmHg reported in this review is
comparable to those achieved with blood pressure lowering

medication [52], and the reduction in triglycerides of
0.15 mmol/L is likely to be clinically important given a
1 mmol/L increase in triglycerides doubles the risk of all-
cause mortality [53].

Because of the observed increases in physical activity
levels, the results from this review suggest that improve-
ments in metabolic factors were mediated by increased
physical activity. This finding is consistent with the litera-
ture that demonstrates the important role that aerobic, re-
sistance and/or combined exercise plays in improving
metabolic health [54-56]. There was insufficient evidence
about the mediating role of dietary behaviour change from
our included studies, but others have reported that a variety
of different diets can improve metabolic health despite
debate within the literature on which diets are most ap-
propriate [57-60]. Although all dietary interventions were
delivered by dietitians or nutritionists in the included stu-
dies, general dietary advice was also provided by phy-
siotherapists in education sessions which is part of health
promotion and fits well within their scope of practice [1,2].
As exercise alone has been shown to be effective in
managing metabolic syndrome [54] via changes in skeletal
muscle and vascular systems and through its anti-in-
flammatory effects [61], physiotherapists should be con-
fident in their ability to provide physical activity and
exercise interventions to improve the metabolic health of
their clients.

When implementing exercise-based physiotherapy
health promotion interventions for people with metabolic
risk factors, key clinical considerations include the need for
individualised tailoring and monitoring of the intervention,
and sufficient intervention duration and intensity.
Individualised tailoring and supervision of exercise oc-
curred in most studies and have been shown to be important
determinants of adherence to programs in people with
metabolic syndrome [62,63]. Duration of the intervention of
at least 12 weeks may be required if improving lipids is a
key aim [55,64]. Like other reviews of lifestyle interven-
tions for people with metabolic syndrome [14,15], our re-
view did not find any effect on HDL-cholesterol. This may
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be attributed to the fact that the baseline mean HDL-cho-
lesterol levels of the majority of participants were already
within normal ranges, or that exercise was not of sufficient
intensity [65]. Exercise intensity and volume are also im-
portant considerations for improving systolic blood pres-
sure, with greatest improvements observed when exercise is
performed at higher volumes and intensity [54,56]. Phy-
siotherapists in primary care should be confident to super-
vise and prescribe sufficiently intense exercise for people
with metabolic syndrome knowing that exercise is safe even
for people with multimorbidity [66]. Therefore, when de-
signing interventions for their clients, physiotherapists in
primary care should tailor programs to each client’s specific
metabolic risk factors ensuring sufficient duration and in-
tensity to elicit change.

The findings of this review have implications for the
physiotherapy workforce. Traditionally, physiotherapists
have focused on treating the consequences of chronic dis-
ease, but this work highlights the important role phy-
siotherapists could play in NCD prevention. This has been
emphasised as an important part of future planning for the
profession to meet the evolving needs of our future popu-
lation [67,68]. The population is changing; people are living
longer, and due to the rise in NCDs, people are spending
more time in ill health [5], with the poorest and most vul-
nerable communities disproportionately affected [69]. As a
result, physiotherapists need to adapt by focusing on hol-
istic care that supports clients’ wellbeing [70]; recognising
common risk factors across health conditions [68]; and by
providing more upstream interventions and population-
based health approaches [71]. For this shift in practice to
occur, previously identified barriers [72,73] such as time
constraints, inadequate funding models and lack of training
[74] will need to be addressed. Additionally, physiothera-
pists are going to need to be able to identify those most in
need of health promotion interventions. Given metabolic
syndrome is currently under-recognised [75] and rarely
diagnosed [12,13], physiotherapists will require training
and resources to support identification of metabolic risk
factors in their clients.

A possible limitation of the review is that interventions
that had physiotherapist delivered health promotion as part
of a multi-disciplinary team were included. Therefore, we
cannot assume that interventions delivered solely by phy-
siotherapists will result in the same effect. However, in all
studies physiotherapists led the exercise component of the
intervention, with other health professionals such as die-
titians contributing to dietary education. Another limitation
was the exclusion of studies on pregnant women with ge-
stational diabetes and preeclampsia, as these women may
have ongoing metabolic disturbances. People who volunteer
for lifestyle intervention studies are likely to be more in-
clined to make changes, therefore we cannot assume that
results are generalisable to the entire population. Strengths
of this review include that it is reported according to the
PRISMA guidelines, and the quality of each meta-analysis

was assessed using the GRADE system, enhancing the ri-
gour of the review.

Conclusion

Health promotion interventions delivered by phy-
siotherapists in primary care can improve metabolic risk
factors and physical activity levels for people with or at risk
of metabolic syndrome. Physiotherapists should have con-
fidence in their ability to provide exercise-based health
promotion interventions to target metabolic risk factors that
may contribute to chronic disease prevention.
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