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ABSTRACT

Objective To map the current evidence on components of fitness, physical activity and health-related quality of life,
in addition to common fitness and health-related quality of life outcomes and assessment tools, explore existing
evidence on the design and effects of muscle-strengthening activities on health-related quality of life, and map the
research on the barriers and facilitators to engagement in physical activities, specifically muscle-strengthening

activities, in adults living with fibromyalgia.

Design Scoping review of published articles.

Data sources Electronic databases (PubMed, SPORTDiscus, SCOPUS, CINAHL, Cochrane library, MedLine,

Google Scholar), and reference searching were included from the earliest date to March 2025.

Eligibility criteria Studies were included if they assessed components of fitness, physical activity, health-related
quality of life and/or muscle-strengthening activities in relation to fibromyalgia, and were published in English.

Articles containing reviews, case reports, protocols, editorials or opinion pieces were excluded.

Results 79 articles were included in the scoping review. Compared to healthy controls, individuals with fibromyalgia
have decreased muscle strength, cardiovascular fitness, agility, balance and flexibility, levels of physical activity, and
health-related quality of life. The fibromyalgia impact questionnaire, 36-item short-form health survey, and visual
analogue scale were predominant tools used to assess health-related quality of life, though methods varied

considerably across studies. Muscle-strengthening activity intervention study designs were heterogeneous, although
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progressions during resistance-based strength exercise emerged as a promising modality to improve health-related

quality of life. Currently, the barriers to, and facilitators of, muscle-strengthening activities are underexplored.

Conclusion This scoping review highlights substantial heterogeneity in health-related quality of life assessment tools
and muscle-strengthening activity intervention design in adults with fibromyalgia. While muscle-strengthening
activities appear beneficial, the absence of standardised protocols limits the comparability of studies. Moreover,
further work is needed within qualitative research to understand the barriers to engagement in muscle-strengthening

activities to further inform the development of tailored, patient-centred muscle-strengthening programmes.

OSF Registration 10.17605/OSF.IO/DJWBQ

Strengths and limitations of this study

e  The Joanna Briggs Institute framework for scoping reviews and the Preferred Reporting for Systematic
Reviews and Meta-Analysis (PRISMA) extension for scoping reviews (PRISMA-ScR) were both followed.

e A broad search was conducted across 6 databases and google scholar without date restrictions, providing
wide coverage of relevant literature.

e A limitation of this study is that the search was limited to studies published in English, and therefore other

relevant articles may have been missed.

BACKGROUND

Fibromyalgia syndrome (FMS) is a multifactorial, complex condition with unknown aetiology [1]. In the UK alone,
FMS impacts up to 2.9 million individuals [2] and has a disproportionate impact on women [3,4]. Common symptoms
include widespread pain, fatigue [5], sleep disturbances [6], and psychological distress [7], and is associated with
substantial functional impairment [8], placing a large economic burden to healthcare systems [9,10] and reducing

health-related quality of life (HRQoL).

At present, there is no cure for FMS. Treatment predominantly focuses on symptom management and improving
quality of life (QoL) [11] and physical activities (PA) are recommended for pain management [12] due to the low cost,

convenience, and anti-inflammatory effects [13]. The role of PA in FMS shows a promising impact on physical health
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[14], however, FMS symptoms may lead to a sedentary lifestyle [15], making PA both challenging and crucial for the

management of symptoms.

Physical fitness, encompassing muscle strength, cardiovascular endurance, flexibility, agility, and balance, is
fundamental to overall health [16]. Individuals with FMS consistently demonstrate lower levels of physical fitness
than healthy populations, with reduced strength, impaired cardiovascular capacity, and poorer flexibility [17-19].
These deficits not only limit daily functioning but also exacerbate the cycle of inactivity and physical deconditioning
[20]. Physical inactivity may worsen pain sensitivity and fatigue, whereas increased levels of PA have been associated
with improved pain and HRQoL [21]. Despite the benefits of PA, many individuals with FMS remain inactive [22],
and while impairments on physical fitness are well documented in single domains, no comprehensive synthesis exists

to describe the evidence-base of fitness components in adults with FMS.

Muscle strength is an essential component of physical fitness [23] and is the ability to exert maximal force generated
by a muscle or muscle group in response to an internal or external demand [24]. Strength is needed to accomplish
activities of daily living and functional tasks [25] and has a direct influence on quality of life [19]. The value of

strength-based activities, specifically muscle-strengthening activities (MSA), is now more recognised and is

recommended as part of the UK PA guidelines to be completed on at least two days per week [26]. MSA are activities

that develop or maintain strength in the major muscle groups, and can include activities such as heavy gardening,

carrying heavy shopping, or resistance exercise [26]. As a broad category, MSA encompasses a variety of exercise

modalities that differ in their structure and mechanisms, but share the aim of developing or maintaining strength and
function. Examples include resistance training (RT) (defined as any exercise that requires the muscles to contract
against an external resistance [27]), functional RT (movements designed to improve physical performance in real-
world activities, often emphasising compound, multiplanar movements [28]), body-weight training, and holistic

strengthening activities such as Tai Chi and Pilates.

MSA has been labelled a promising strategy [29] for the management of FMS due to the unique benefits of improved
physical function, increased muscle strength [30], and reduced pain [31]. Some studies suggest MSA improves HRQoL
[32] and slows down the cycle of deconditioning [33], however findings are controversial [34]. This inconsistency
may arise from variation in protocol designs, particularly in how exercise dose parameters such as frequency, intensity,

time and type are specified in interventions. This heterogeneity makes it difficult to directly compare outcomes,
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undermining the ability to draw firm and accurate conclusions about the effectiveness [35] of MSA interventions.
While several MSA protocols exist, there is a need to synthesise the existing protocols to inform the development of

future, effective approaches.

In addition to the heterogeneous nature of MSA interventions, engagement to PA and MSA’s among individuals with
FMS is often low, and sedentary behaviours are prevalent [36]. Moreover, lack of engagement to PA is commonly
undermined by perceived barriers and facilitators, such as pain and motivation [37]. However, the literature
surrounding the factors affecting MSA engagement is lacking, and existing insights are confined to small-scale
qualitative studies investigating the barriers to PA [37,38]. Therefore, it is important to comprehensively map identified
barriers and facilitators to engagement in PA, specifically MSA’s, for the FMS population to develop successful

interventions.

HRQoL is accepted as a multidimensional assessment of how a disease or treatment affects perceived overall function
and wellbeing [39], and represents several domains including physical, psychological, and well-being aspects. Current
evidence suggests individuals with FMS suffer with high levels of pain [40], depression [41], difficulty sleeping [42],
and limitations in physical function [43], all of which contribute to reduced HRQoL. However, many HRQoL tools
exist, ranging from generic QoL scales, such as the 36-item short-form health survey (SF-36), to FMS-specific tools,
such as the fibromyalgia impact questionnaire (FIQ). These differences create considerable heterogeneity in the way
that HRQoL is conceptualised [44]. Moreover, it is important to identify the available HRQoL measures and highlight
which are most commonly used. Consistent use of these tools enables meaningful comparison between studies,

supports the evaluation of interventions, and improves understanding of how FMS affects individuals.

Given these complexities, a comprehensive synthesis is needed to map what is currently known and where the key
gaps lie within the evidence base. Scoping reviews are suited to this purpose, mapping the breadth of available
evidence across multiple study designs [45]. Accordingly, the aim of this study was to map out the evidence base
around fitness components, PA and HRQoL, whilst identifying MSA interventions previously implemented in the
FMS population. The review addressed four main objectives: (1) to map the current evidence on components of fitness
, PA levels and HRQoL in adults with FMS; (2) To map the existing literature on common HRQoL and fitness

outcomes and assessment tools; (3) to explore existing evidence on the design, implementation and effects of MSA
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on HRQoL in adults with FMS; (4) to map the research on barriers of, and facilitators to, engagement in PA and MSA
in adults with FMS. To address the aims and objectives, the research question for this scoping review was: What is

known about fitness, PA, HRQoL and MSA in adults with FMS?

METHODS

This review focused on the scoping review framework outlined by the Joanna Briggs Institute (JBI)[46] for scoping
reviews, and was conducted in accordance with the Preferred Reporting for Systematic reviews and Meta-Analysis
(PRISMA) extension for scoping reviews (PRISMA-ScR)[47] guidelines (Supplementary information 1). The
protocol of this review was specified in advance and registered in the Open Science Framework database [OSF,

https://osf.io/djwbq ].

Identification of Relevant Studies

Eligibility criteria were established through discussion with the research team and is depicted in Table 1. There were

no time restrictions applied to searches.

Table 1 Eligibility criteria for selected studies

Inclusion Criteria Exclusion Criteria

e Studies including adults with a mean age between 18- and e  Research including children, adolescents or
59-years old with a confirmed diagnosis of FMS. elderly

e Any study which assessed components of fitness or PA e  Participants had comorbidities that may affect

levels in FMS patients. participation to exercise, such as presence of
e  MSA interventions that evaluated the effects on HRQoL. serious cardiovascular disease, pulmonary or

Combined exercise interventions were eligible, providing endocrine, neurological or renal disease

sufficient details of MSA component were supplied. e Case reports, reviews, protocols, editorials or
e QOutcomes that measured HRQoL (including pain, physical opinion pieces.

function, fatigue, overall QoL, impact of FMS, sleep,
depression and anxiety).

e  Full-text available
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Published in English language

FMS = fibromyalgia syndrome; HRQoL = health related quality of life; MSA = muscle-strengthening activities; PA = physical activity; QoL = quality of life.

Search Strategy and Databases

An initial search of PubMed and SPORTDiscus was conducted to identify relevant articles on the topic. Systematic
searches were conducted from January to March 2025. Electronic databases (PubMed, SPORTDiscus, SCOPUS,
CINAHL, MedLine, Google Scholar, Cochrane Library) and grey literature were searched from the earliest record to
March 2025. For Google Scholar, the first 200 articles were selected. The search strategy (Supplementary information
2) was applied to identify articles containing ‘titles’, ‘abstracts’ and ‘keywords’ that included predefined search terms
related to FMS, MSA, and HRQoL. Systematic reviews were identified, and their reference lists were manually

searched for potentially eligible studies.

Selection of Sources

Search results were exported from databases and imported into a systematic review management tool (Covidence,
Version 2025, Veritas Health Innovation, Melbourne, Australia). Duplicates were removed, and studies were entered
into a two-stage screening process. The first author (DM) independently screened titles and abstracts, followed by
full-text articles, against the predefined eligibility criteria. At both stages, calibration checks were completed on a
sample (20%) by a co-author (ST). Discrepancies occurred during the screening process, particularly related to
differing interpretations of the inclusion criteria. These were resolved through discussion (DM, ST) and with the

research team (DM, ST, DR, MDV) until consensus was achieved.

Data extraction

Data from selected studies were manually extracted using standardised forms from Covidence and collated in
Microsoft Word (Version 16.89.1, Microsoft, Washington, USA) and Excel (Version 16.89.1, Microsoft, Washington,
USA). Extracted data included: study details, participant characteristics, methods, interventions (if appropriate),
outcomes, results and additional information (e.g., funding, registration, conflicts). Data charting was completed

individually. MSA interventions were divided into the following categories:
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e Resistance-based strength exercise (RBSE): Exercise that requires the muscle to contract against an external
resistance [27], is commonly designed to improve muscular strength, endurance, power or hypertrophy, and
includes interventions where resisted muscular contraction against external, elastic, machine-based, or
bodyweight load represents the primary training stimulus.

o Other strength exercise: Modalities intended to improve strength, muscular function, or physical capacity
through alternative exercise approaches, and are not primarily based on conventional resistance-loading
paradigms. This includes:

o Functional resistance training: Interventions which can emphasise multi-planar movement, reflect
or mimic activities of daily living, and incorporate complex movement patterns and integrated
movement to improve strength, power, mobility and/or endurance movements [28].

o Concurrent exercise: Programmes which combine resistance exercise and aerobic exercise [27] and
can occur on land (land-based concurrent exercise) or partly in water (aquatic concurrent exercise).

o Holistic muscle strengthening activities (HOL-MSA): Activities embedded in holistic philosophies
of well-being, focusing on mind-body movements that combine strengthening exercises with

balance, flexibility, breathing, and coordination (for example, Tai chi, Yoga or Pilates [48].

Data analysis

The data from the included studies were charted and synthesised using a descriptive and narrative approach, consistent
with the objectives of a scoping review. Studies were grouped according to the objectives of the review, and data

summaries were presented in figures and tables where appropriate.

Patient and Public Involvement

Patients and members of the public were not involved in the design, conduct, reporting or dissemination plans of this

scoping review, which is based exclusively on publicly available, published literature.

RESULTS

Selection of sources of evidence.

The initial search generated 5,257 results, which were screened for eligibility. Search results and process can be seen

in Figure 1. After screening, seventy-nine studies were included in this scoping review. Studies were categorised,
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according to the review's objectives, into the following: (A) fitness, PA and HRQoL; (B) outcomes and assessment

tools; (C) MSA interventions; (D) barriers and facilitators to engagement in PA and MSA.

Synthesis of Results

A total of seventy-nine studies were included in this scoping review. An overview of study characteristics is available
in Supplementary information 3. The geographical location and study designs of the final sample are presented in

Table 2.

Studies were published between 1998 and 2025, and the greatest number of studies took place in Spain (31.7%), Brazil
(21.5%), and USA (20.3%). Sample sizes ranged from 9 participants [49] to 91,453 participants [50]. Interestingly,
82.3% of studies used female-only participants, 1.3% used male-only, and 16.5% used both male and female

participants.

Table 2 Geographical location and study design used in selected studies.

Characteristics Value, n (%)

Geographical location
Belgium 1(1.3)
Brazil 17 (21.5)
Finland 1(1.3)
North Korea 1(1.3)
Netherlands 2(2.5)
Spain 25 (31.6)
Sweden 4(5.1)
Turkey 10 (12.7)
United Kingdom 1(1.3)
United States of America 17 (21.5)

Study design
Randomised controlled trial 29 (36.7)
Cross-sectional 27 (34.2)
Pre-post clinical trial 4(5.1)
Quasi-Experimental 3(3.9)
Controlled trial 3(3.9)
Qualitative interview 2(2.5)
Randomised trial 2(2.5)
Prospective observational cohort 2(2.5)
Prospective trial 2(2.5)
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Other* 5(6.3)

*QOther includes focus group, non-randomised trial, randomised equivalence trial, case control and a comparative
association analysis

Fitness, Physical Activity, and Health-related Quality of Life.

Components of fitness

Twenty-eight studies assessed components of fitness in FMS patients [15,17-19,40,43,51-72]. An overview of fitness

and HRQoL outcomes and assessment methods are available in Supplementary information 3.

Seventeen studies assessed muscle strength [57,59]. Of these, fifteen reported significantly lower muscle strength in
individuals with FMS compared to healthy controls (HCs) [17-19,43,51,53,54,62,64,65,67-69,71,73], whereas two
studies found no differences in ankle strength or elbow flexor strength, respectively [40,59]. Handgrip strength (HGS)
was significantly lower in individuals with FMS in thirteen (86.6%) of fifteen studies [18,19,51,53—

56,62,64,65,67,70,71], while two studies reported no significant differences to HCs [17,69].

Of the fourteen studies evaluating cardiorespiratory fitness (CRF), nine (64.3%) reported significantly poorer six-

minute-walk test (6MWT) performance in FMS compared to HCs[15,17,18,53,54,58,60,62,66], while only one study

found no significant difference[68]. Additional findings showed significantly lower VOapeak [64], reduced two-

minute walk test distance [19], and shorter treadmill time in a symptom-limited exercise test [51].

Results were mixed for flexibility in FMS patients; five studies (62.5%) reported significantly reduced flexibility
[18,19,51,53,54], while three (37.5%) found no significant differences compared to HCs [40,68,71]. Balance was
assessed in four studies; 50% reported significantly impaired balance in FMS [18,51] and 50% found no differences

to HCs [40,68]. All five studies assessing agility found significantly poorer performance in FMS [15,18,40,53,54].

Physical activity

Levels of PA were assessed in fifteen studies. Interestingly, 57.1% of studies found that PA levels were significantly
lower in FMS as compared to HC’s [50,65,68,74], whereas 42.9% found no significant differences in levels of PA
[40,59,60]. One study highlighted that most FMS participants were physically inactive[75], however, a similar study

found daily moderate PA was significantly higher in FMS compared to HC*s [71].
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Health-related quality of life

Twenty-five unique measures were utilised to assess HRQoL across the seventy-nine studies (Fig. 2). The impact of
FMS (n=49), pain (n=47) and overall QoL (n=27) were the most frequently assessed outcomes. Other outcomes
include tender point (TP) count (n=27), depression (n=18), fatigue (n=16), PA levels (n=15), anxiety (n=14), and
physical function (n= 4). Fifteen studies compared baseline HRQoL outcome levels in FMS to HCs. All studies
assessing pain [17,40,59,65,67,68,74] identified significantly higher levels in FMS. TP[19,57], the impact of
FMS[40,43,58], overall QoL [19,56,62,65,71], sleep [43], physical functioning [69], levels of depression [71,74],

levels of anxiety [19,43,71,74], and fatigue [17,59,67] were all significantly poorer in FMS compared to HCs.

Associations between physical fitness and HRQoL

Pain

The included studies identified that the 6MWT was negatively associated with pain, as measured by the visual
analogue scale (VAS) [17], and inversely correlated with TP count [61]. Pain intensity was identified to be moderately
and significantly correlated with both time to get-up-and-go (TUG) and muscle strength [57]. Similarly, Costa et al.
[15] found higher ratings of pain intensity were significantly associated with increased time to perform TUG and
reduced distance walked in 6MWT. Sahin et al. [70]. also found muscle strength to be inversely associated with pain.
Furthermore, Soriano-Maldonado et al. [72] reported a linear relationship between physical fitness and pain, where
higher performance was associated with lower levels of pain. However, Carbonell-Baeza et al.[61] reported a weak

correlation between functional capacity and pain.

FIQ and SF-36

Findings suggest HGS demonstrates a negative association with FIQ dimensions including pain, fatigue, stiffness and
the total FIQ score [55]. However, Aparicio et al. [56] reported HGS was positively associated with FIQ domains pain,
fatigue, morning tiredness and job difficulty. Aparicio et al. [18] and Aparicio et al. [54] found that most physical
fitness tests were correlated with FIQ and revised FIQ (FIQr) scores. However, Ayan et al.[58] observed no
associations between FIQ scores and 6MWT performance. Latorre-Roman et al. [66] and Larsson et al. [65] reported
significant correlations between distance walked in the 6MWT and the SF-36 dimensions of physical function.

Additionally, Larsson et al. [65] found muscle strength was significantly correlated with the physical function domain

10
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of the SF-36, which is supported by Sener et al. [71] who observed moderate positive correlations between all strength

tests and overall SF-36 scores.

Psychological status

Cordoba-Torrecilla et al. [63] found performance on fitness tests was inversely associated with levels of anxiety. Sener
et al. [71] reported moderate negative correlations between fitness tests and depression and anxiety, as measured by

the Beck depression inventory (BDI) and Beck anxiety inventory (BAI), respectively.

Physical activity

Breda et al. [60] found a positive correlation between daily distance walked and total international physical activity
questionnaire (IPAQ) scores. Additionally, Segura-Jiminez et al. [76] reported a positive correlation between sedentary
time and FIQr pain. Alvarez et al. [77] found no significant associations between fatigue and PA levels, but fatigue
was negatively and significantly associated with physical and mental health indicators. Additionally, a linear, dose-

response relationship was found between levels of fitness and HRQoL [52].

3.4 Outcomes and Assessment Tools

Fitness

Physical fitness was assessed using a range of standardised tests, with eleven studies using the Senior Fitness Test

Battery (SFT).

Seventeen studies assessed muscle strength using various tests, including the 30-second chair stand [40], one-
repetition maximum (1RM) [73], HGS and maximal voluntary contraction of upper and lower limbs [57,59] CRF
and physical function were assessed using predominantly the 6MWT. Flexibility was most frequently assessed by
the back scratch and sit-and-reach tests. Balance was assessed using various methods, including the blind-flamingo

and modified Romberg’s test. TUG and 8ft up and go were the modal assessment methods for agility.

Physical Activity

In the 15 studies which assessed physical activity levels in FMS patients, the assessment tools varied considerably.
The IPAQ, physical activity assessment tool (PAAT) and leisure-time physical activity instrument (LTPAI)

questionnaires were utilised, alongside the use of accelerometers and a metabolic halter.

11
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Health-related Quality of Life Measures

Assessment tools (Fig. 2) were inconsistent. The FIQ (n=42), pain-VAS (n=33), and the SF-36 (n=26) were the modal
HRQoL assessment tools. Other common tools include BDI (n=13); Pittsburgh Sleep Quality Index (n=9); BAI (n=4);

and fatigue-VAS (n=5).

Muscle-strengthening activities.

A total of forty-four MSA interventions were included in this scoping review. These were categorised into (1) RBSE
interventions (54.55%); and (2) other strength exercise interventions (45.45%). Supplementary information 4 details

all MSA interventions.

Resistance-based strength exercise.

Twenty-four studies were categories as RBSE interventions [6,30-34,49,73,78-93]. The programme duration, session
frequency, and session length varied considerably across the included studies. The mean programme duration was
11.46 £ 5.56 weeks, with a session frequency of 2.33 £ 0.48 times per week, prescribed for an average of 39.00 +9.12
minutes per session. The most frequent duration was 12 weeks [30,32,78,80,82,83,91], with a common frequency of
two times per week [6,30,31,34,69,73,78-82,87-89,91,92]. The most frequent number of sets and repetitions were 3
sets of 12 repetitions (n=7) [32,49,78,84-87], with an intensity of 12% repetition maximum (n=3) [84-86] or
individualised intensity (n = 3) [88—90], though twelve studies followed progressive principles and included different
volumes [6,30,31,33,34,73,78-80,82,83,92]. Modalities included the use of free-weights, machines, and body-weight

exercises. Sixteen out of twenty-four studies were supervised [6,30-32,34,49,81,83—-85,87-91,93].

Effect of resistance-based strength exercise on components of fitness and health-related quality of life.

Reporting on adherence rates were poor, with only 37.5% of studies (n=9) including details on adherence, attendance
or completion rates [30-33,78,80,81,91,92]. Adherence rates ranged from 82.8% [33] to 92% [81]. Completion rates

ranged from 69% [80] to 100% in at least 90% of classes [92].

Improvements in fitness and HRQoL were seen across most studies after RBSE. Across all studies evaluating muscle
strength (n=13) [30-32,34,73,78-81,87,88,91,92], flexibility (n=3) [87,91,92], balance (n=1) [89] and agility (n=1)
[78], significant improvements were consistently observed following RBSE. Similarly, improvements in CRF were

reported in five out of six studies [31,78,87,90,92], while one study found no significant changes [88].

12
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Of the studies evaluating pain (n=16), 75% reported significant improvements in levels of pain following
RBSE[31,32,78,79,83,85-87,90-93]. Two studies found improvements that were not significant [82,88], while two

found no significant differences [34,89]. The number of TP (n=7) reduced significantly in 85.71% of studies

[30,33,82,88,90,91], while one study found no significant differences post intervention [80]. Similarly, fatigue (n=5)

[6,34,90-92] was improved in 80% of studies [6,34,90,91]. The impact of FMS was assessed in fifteen studies [30—
33,78-82,84,87,89-91,93] with thirteen finding significant differences [30-33,79,81,82,84,87,89-91,93]. All studies
assessing physical function (#n=3) found no significant differences post-intervention [33,34,80]. Overall QoL was
assessed in seven studies; all found significant differences in domains of the SF-36 [32,78,82,83,87,90,93]. 66.67%
of studies assessing sleep (#=9) found significant improvements [6,79,85,90-92] after RBSE, two studies had
improvements but weren’t significant [84,86], and one found no significant difference [34]. Depression
[6,34,83,84,87,90,91] and anxiety [6,81,84,87,90-92] were assessed in seven studies, respectively. 85.71% of studies
found significant improvements in levels of depression [34,83,84,87,90,91], whilst 57.14% of studies evaluating

anxiety found no significant differences following RBSE [6,81,90,92].

Other Strength Exercise

Functional resistance training

Two functional RT interventions were included (4.55%) [94,95]. One study was land-based [94] whilst one was
implemented partly in water [95]. One study was purely strength-based exercises [94], whilst the other included
aspects of strength and balance [95]. The mean programme duration was 16 + 2.83 weeks, performed 2.5 + 0.71
times per week for an average of 52.5 £+ 10.61 minutes per session. Both studies included different volumes; one
included two sets of 10 repetitions [94], whilst the other include 1-3 sets of 8-12 repetitions [95]. Both studies had
self-administered intensities, with one using the ratings of perceived exertion (RPE) scale [94]. The equipment used
were elastic bands and aquatic materials, and both studies did not report on whether the intervention was supervised.

One study was not supervised [94] whilst the other was not mentioned [95].
Effect of functional resistance training on components of fitness and health-related quality of life

Both studies included adherence rates; Latorre-Roman et al. [95] reported 95% and Fernandes et al. [94] reported

95.2% adherence. Both studies assessing muscle strength, agility and balance found significant improvements

13
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following functional RT [94,95]. Flexibility was assessed in one study and was significantly improved [94], whilst

CRF was not measured in either study.

Pain and impact of FMS were measured in both studies and significantly improved post-intervention. TP count
[95][97] and overall QoL [94] significantly improved in respective studies. Fatigue, physical function, sleep,

depression, and anxiety were not assessed in either study.

Concurrent Exercise Interventions

A total of 13 concurrent exercise interventions were included (29.55%). The mean programme duration was 14.92 +
7.64 weeks, with a session frequency of 2.38 + 0.65 times per week, prescribed for an average of 53.96 + 8.95

minutes per session. Concurrent exercises were further categorised into land-based (n=9) and aquatic (n=4).

Land-based Concurrent Exercises

Nine studies were categorised as land-based concurrent exercise [96—104]. Two studies combined strength and aerobic
exercise [101,103], four studies combined aerobic, strength and flexibility [98—100,102]. Other studies combined
aerobic, strength and coordination [96]; aerobic, strength, functional and proprioceptive exercise [97] and aerobic,
strength, flexibility and balance [104]. Programme durations ranged from six to twenty-four weeks, with the latter
being the most common. The most common frequency was twice per week, although two studies used three times per
week [101,103] and one used once [97] per week. The intensity for aerobic exercise was most commonly 65-
70%HRmax (n=3) [98-100], and intensities for strength varied considerably (Borg scale, %1RM, elastic bands). The
strength exercise had loads of one set of eight repetitions [98,99], ten-to-fifteen repetitions [100] or two sets of ten-to-
twelve repetitions [102]. Five studies [96,97,101,103,104] did not supply details of the strengthening load. Individual
session length ranged from thirty to sixty minutes, with the latter being the most common [96,100-102,104]. Free-
weights, dumbbells, elastic bands, treadmills, resistance machines and body weight were the modalities used in land-

based concurrent exercise. Seven out of nine studies were supervised.

Aquatic Concurrent Exercise

Four studies were categorised as aquatic concurrent exercises [43,105-107] and occurred in a swimming pool.
Interventions combined strength and aerobic exercise [43,107], flexibility and strengthening [105] and strength,

aerobic and balance [106]. Programme durations ranged from eight to twenty-four weeks. All four studies utilised a
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frequency of three times per week. Aerobic exercise included an intensity of 50-80%HRmax [43] and 65-80%HR max
[107]. The RPE scale was commonly used [106,107] to identify strength intensity, although two did not report on this
[43,105]. The number of sets and repetitions varied and typically included one set of ten-to-fifteen or twelve repetitions
and progressing to two-to-three sets of eight-to-ten or sixteen repetitions [43,107]. Two studies did not report on the
number of sets and repetitions [105,106] Session length ranged from forty-five to sixty minutes, with the latter being

most common [95,105]. Two studies were supervised [105,106].

Effects of concurrent exercise on components of fitness and health-related quality of life.

Reporting on adherence rates were more consistent across concurrent exercise interventions. Eleven studies reported
these values [43,96-99,101-104,106,107], and adherence rates ranged from 78% [102] to 100% [96]. Muscle strength
(n=5) significantly improved in all studies [43,99,101,102,106] Six studies assessed CRF, four found significant
improvements after concurrent exercise fitness [96,97,101,102] and two found no significant pre-post differences
[104,106]. Flexibility, balance and agility were not assessed in land-based concurrent exercise, but in aquatic
concurrent exercise, one study found improvements in balance and agility [106] and two studies found significant

improvements in flexibility [105,106] post-intervention.

Five studies assessed pain [96,102—105]; three studies found significant improvements following interventions
[96,103,105]. All studies assessing TP count (n=5) [43,100,103,105,106], physical functioning (r=1) [96], fatigue
(n=3) [100,102,107], and sleep (n=4) [43,100,103,107] found significant improvements following concurrent
exercise. The impact of FMS was significantly improved in all studies (n=9) [43,95-102,105]. Overall QoL was only
assessed in land-based concurrent exercise (n=5). Five studies found significant improvements post intervention in
overall QoL [98-100,102,104], whilst one found no differences pre-post intervention [104]. Similarly, depression was
evaluated in five land-based concurrent exercise interventions; four found significant post-intervention improvements
[96,98,99,102] whilst one study found no significant differences [103]. Finally, anxiety was assessed in three studies;
land-based (n=2) all significantly improved [96,102], however, aquatic (n=1) did not produce significant differences

in levels of anxiety [43].

Holistic Muscle-Strengthening Activities.

A total of five studies (11.36%) were categorised as HOL-MSA; three tai-chi interventions [108—110] and two Pilates

interventions [111,112]. All studies included a duration of twelve weeks, and the most common frequency was twice
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per week [108,109,112]. Individual session lengths ranged from fifty to ninety minutes, with sixty minutes being the
most frequent [109,111]. All HOL-MSA interventions were supervised, and modalities included elastic bands and

Pilates balls.

Effects of holistic muscle-strengthening activities on components of fitness and health-related quality of life.

All HOL-MSA studies reported on adherence rates, ranging from 72% [108] to 97.3% [110]. Muscle strength [110],
agility [108] and balance [108] all significantly improved post-intervention. CRF was assessed in two studies
[109,111] with one study finding significant improvements [109]. Flexibility was similar, with Wong et al. [110]
finding significant improvements, whereas Jones et al. [108] found no significant changes post-intervention. TP count
[111], overall QoL [109,112], fatigue [110] and depression [109] all significantly improved after HOL-MSA. The
impact of FMS [108,109,111,112] (n=4) and pain [108—112] (n=5) both significantly improved in all studies. Sleep
was assessed in four studies, with two studies finding significant improvements [108,109] and two finding no

significant differences post-intervention [110,112].

Barriers and Facilitators to engagement in physical activity and resistance training.

Studies reporting on the barriers and facilitators to engagement in physical activities, including MSA’s, were limited.
It is important to note that the present review did not identify any study identifying barriers or facilitators specifically
to MSA’s in FMS, while only three qualitative studies [37,38,113] identified the barriers and facilitators to PA in FMS.
Fear of worsening symptoms, a lack of self-efficacy or confidence, and poor time management were the most frequent
barriers to general exercise and PA [37,38,113]. Additionally, social isolation, lack of motivation, and lack of
accessible areas, safety concerns, and limited opportunities were noted barriers. Several facilitators were identified
which could increase participation to PA; motivation was a large factor, in addition to having a positive impact on
health and exposure to positive stimuli. Other facilitators include external support from peers and family, as well as

social support and accessibility.

DISCUSSION

This review aimed to scope the existing literature on physical fitness, PA levels, and HRQoL in adults with FMS; in
addition to commonly used assessment tools in FMS research; explore existing evidence on the design of MSA and

its effects on HRQoL; and map out the barriers to, and facilitators of, PA and MSA’s.
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Fitness, Physical Activity and Health-related Quality of Life

The findings of this review highlight a consistent pattern of reduced physical fitness in individuals with FMS compared
to HCs. Furthermore, across multiple domains, including muscle strength, cardiorespiratory fitness, flexibility,

balance, and agility, individuals with FMS demonstrated significantly poorer performance in most studies.

Muscle strength, particularly HGS and lower limb function, was impaired in most studies [51,53,62,64]. Similarly,
reduced performance on the 6MWT and other aerobic assessments points to diminished cardiovascular endurance
[17,18,54,60,114]. Although most findings support the notion that individuals with FMS have significantly reduced
physical fitness [19,54], some authors report no significant differences between FMS and HCs in some components
of fitness [68,69]. These differences may be attributed to the fluctuant and heterogeneous nature of FMS
symptomatology [115], and patients can differ greatly in terms of pain intensity and fatigue. It has been found that
pain and fatigue are likely to negatively affect physical performance in women with FMS [63,72]. Interestingly, FMS
is predominantly present in women [116,117], and it has been suggested that gender may influence symptom severity.
Women may experience significantly greater levels of fatigue compared to men [116], which may explain the differing
findings, whereby those who experience less pain or fatigue are likely to perform better on fitness tests. However, due
to the low number of diagnosed men with FMS, research has mainly focused on women [118]. This is apparent in this
review, whereby 82.3% of studies used only the female population. Thus, findings may not fully reflect the male
population, and further work is needed to draw firm conclusions on gender differences in FMS to determine whether
these outcomes are consistent across demographic categories. In addition, the geographical clustering of studies within
three main regions (Spain, Brazil, USA) suggests additional research in underrepresented settings may help broaden

global understanding of fitness, PA and HRQoL among individuals with FMS.

The included studies used a range of approaches to define FMS, including the ACR 1990 [119], 2010 [120], or 2016
[121] criteria, the Yunus criteria [122], or did not explicitly report the diagnostic criteria used, producing large
heterogeneity within the diagnosed population [123]. This variation is important as the ACR 1990 criteria emphasises

widespread pain and tender point examination, but was criticised for failing to consider fatigue, sleep disturbances

and cognitive symptoms [120]. Subsequently, the ACR 2010 and 2016 criteria incorporate these domains by

combining the widespread pain index and symptom severity scale, and no longer requiring tender-point assessments.

The ACR 1990 is considered a rigid criteria that only includes more severely affected patients, whilst the ACR 2010
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can differentiate between patients according to the level of symptoms [120,124]. As a result, these differences should

be considered when interpreting the generalisability of findings.

The findings of the present study align with previous evidence suggesting individuals with FMS suffer from muscle
dysfunction and deconditioning [67,125,126] and is closely related to fatigue [127]. For example, Umay et al. [128]
identified that decreased quadricep femoris muscle cross-sectional area was significantly correlated with increased
fatigue severity in FMS patients and HCs. Muscle deconditioning may exacerbate the fatigue-pain feedback loop in
FMSJ[114]. This can be understood through the deconditioning paradigm, which suggests that pain and reduced
tolerance for physical activities can result from physical inactivity and the resulting physical deconditioning [17,129].
Supporting this, Segura-Jiminez et al. [76] reported a positive correlation between sedentary time and FIQr pain. Thus,
in addition to muscle deconditioning being closely related to fatigue, it appears that increased sedentary time, a result

of physical inactivity, elevates levels of pain.

Across the studies that compared FMS patients and HCs, all studies assessing pain, the impact of FMS, overall QoL,
sleep, physical functioning, fatigue, anxiety and depression identified significantly poorer levels in FMS patients.
Furthermore, the present review found individuals with FMS have poor HRQoL, which is supported by previous
research within this field[130]. This may be attributed to FMS symptomatology, whereby symptoms negatively impact
QoL [131] and HRQoL worsens over time [132]. For example, chronic pain significantly effects physical function
and overall QoL [133]. These findings have been supported by Dailey et al. [134] and suggests higher levels of fitness
result in lower levels of pain. However, while fitness may play a role in reducing the impact of symptoms, the
consistent findings of poor HRQoL across studies suggests that improvements in fitness components alone may be
insufficient to counteract the multifaceted symptom burden of FMS. In this context, these findings highlight the need
for interventions that not only address physical fitness, but also the broader determinants of health that will increase

HRQoL.

Outcomes and Assessment Tools

Physical fitness in individuals with FMS is typically assessed using a variety of objective, performance-based tests,
including the 6MWT, HGS, 30s chair stand, 8ft up and go and chair-sit-and-reach test [135]. These fitness tests have
been shown to reliably discriminate between FMS patients and healthy controls [54,56]. Moreover, many protocols

are derived from the SFT, which incorporates six tests, including the 30s-chair stand, 30s-arm curl, 6B MWT, chair-sit-
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and-reach, back scratch, and 8ft up and go [136]. Despite demonstrating good reliability and feasibility in FMS
populations [137], only eleven of twenty-nine studies assessing physical fitness identified in the present review used
the SFT. Other studies utilised alternate methods of assessing fitness, indicating substantial heterogeneity in fitness
testing. For example, for strength alone, seventeen different methods were utilised. While some researchers rely on
HGS [55,70], others employ 30s-chair stand tests [40,63], 1RM protocols [62,73] and isokinetic dynamometry [67,69].
Each of these approaches capture different aspects of muscular performance, increasing the difficulty in comparing
the effectiveness of an intervention in relation to muscle strength changes over time and hinders cross-study
comparability. Additionally, the traditional methods for assessing muscle strength used for the general population,
such as 1RM protocols, may not capture the complexity of FMS and may not discriminate between FMS patients and
healthy populations. Thus, simple reliable tools, such as HGS, 30s chair stand or the 6MWT, may be better suited in

the evaluation of FMS patients [18].

Assessing FMS remains challenging due to the absence of definitive biomarkers [138], though various tools have been
developed to evaluate symptom severity and HRQoL [139].The impact of FMS, pain, and overall QoL, frequently
assessed through the FIQ, pain-VAS, and SF-36 (respectively), were the predominant HRQoL outcomes identified.
These are widely used tools that understand health status [140] by assessing symptom severity, physical function, and
QoL in FMS patients [139]. The pain-VAS, a validated and reliable measure for assessing pain intensity in FM patients
[141], asks individuals to rate their pain on a single-item scale of 0 (no pain) to 10 (extreme pain) [142] over a specific
time. Thus, the pain-VAS is prone to biasing factors [143], such as pain intensity at the time of recall [144]. Similarly,
the FIQ, developed by Burckhardt et al. [145], evaluates clinical severity and the efficacy of interventions in FMS
patients across three domains; physical function, overall impact of FMS, and symptom severity (e.g., pain, fatigue,
and depression) using VAS scales [138]. However, despite the limitations to self-report measures, the VAS and FIQ
are widely implemented in clinical and research settings [146] due to the reliability and validity in measuring physical
function [147,148]. Additionally, the FIQ appears to be a sensitive measure of change related to symptoms and
disability [149], allowing treatment evaluation and monitoring of disease progression. Nevertheless, despite the
common use of these tools to measure domains of HRQoL, the present review identified twenty-five unique tools that
were used to assess HRQoL across FMS research. However, recent developments by Coskun Benlidayi et al. [139]
present a new QoL scale specific to FMS (FM-QoLS) which authors describe as valid and reliable, although this

assessment tool was not implemented in the identified studies. It is apparent that there is a lack of a standardised tool
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to assess HRQoL which constructs considerable heterogeneity in the way that HRQoL is conceptualised [44], thus
undermining the validity of FMS studies. Therefore, the validation of a tool that is suited to the symptomatology of

FMS is needed to improve cross-study comparability.

Muscle-strengthening activities

This scoping review revealed substantial heterogeneity in MSA protocols regarding the design, delivery and
implementation of MSA’s, reflecting both the experimental nature of the current research in FMS, and the need for
individualised approaches due to symptom variability [82,87,150]. Forty-four MSA interventions were included in
this scoping review. When categorised, studies implemented RBSE (54.55%), and 45.55% implemented other strength
exercises (4.55% functional RT, 29.55% concurrent exercise and 11.36% HOL-MSA). This suggests a lack of
standardisation in how interventions are designed, delivered and implemented, suggesting that both FMS patients and
practitioners do not understand which modality is the most effective. In support of this, protocols varied widely in
terms of the intensity, duration, and progression strategies, thus increasing the difficulty of comparing outcomes across

trials and determining the most effective protocol to improve HRQoL.

It is also important to note the use of inconsistent terminology in how strength-related terms are described. For
example, several authors label interventions as *muscle-strengthening exercises’ [32,87,91], whilst others use ’strength
training’ [80,85,86] or ’resistance training’ [78,81,83], suggesting a conceptual overlap in terminology used across
literature. Previous research has highlighted inconsistent use of nomenclature for resistance exercises [151,152], with
one study surveying professionals’ views on resistance exercises, finding inconsistent use of terminologies in all
examples [153]. Despite interventions often involving comparable exercise principles (e.g., progressive overload), the
inconsistency may present challenges for evidence synthesis, interpretations, and cross-study comparisons. Greater
consistency in terminology may help to facilitate comparisons between studies and strengthen the development of

evidence-based exercise guidelines for FMS.

In individuals with FMS, it has been suggested that MSA’s may reduce pain, fatigue, and levels of depression [13].
The present review found that RBSE and other strength exercise all improved domains of HRQoL. For example,
RBSE reduced pain in 75% of studies, and functional RT and HOL-MSA improved pain in all included studies.
However, the notable inconsistencies in the reporting of training intensities, progressions, and individualisation limits

the comparability of the effects of MSA on HRQoL outcomes. Similarly to fitness, PA and HRQoL research, most
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MSA interventions recruited only female participants, limiting the generalisability across genders. MSA has been
recognised as beneficial for women, due to improvements in muscle strength and cardiometabolic health markers
[154]. Women’s physiological adaptations are largely mediated by the neuroendocrine system, resulting in altered
fatiguability and recovery [155]. However, individualisation within programmes is imperative due to the physiological

differences between sexes.

In addition, delivering a sufficient and progressive exercise stimulus is essential to sustain adaptations in strength.
From the included studies categorised as RBSE interventions, twelve implemented volume-progressive strategies.
These were associated with improvements in pain [90], fatigue [6] depression [91], and muscle strength [31].
Furthermore, progressions during strength exercise avoids plateaus, facilitates neuromuscular adaptations [156], and
can be used safely in the treatment of FMS [34]. The findings of the present study suggest progressions in the load or
intensity over the duration of RBSE interventions are beneficial for improving HRQoL, especially pain [78,90], impact
of FMS [79,94], overall QoL [82,93] and sleep [91]. Reductions in pain after progressive RBSE are common within
research on pain-related disorders, with several researchers concluding pain may be reduced and avoided by gradual
introduction of heavier loads [157]. This is likely due to the consideration of participant limitations and individual
differences [13], without exacerbating symptoms [101]. However, future systematic reviews and meta-analyses are
needed to determine the most effective modality of MSA’s in supporting the individual needs of FMS patients. It
should also be noted that although many studies reported a positive impact of MSA’s on HRQoL and components of
fitness, several methodological limitations should be considered. Some studies included small sample sizes
[31,79,84,86], and reporting of participant adherence was inconsistent. Out of forty-four MSA interventions, only
59.09% clearly reported adherence rates through attendance or completion rates. These limitations may reduce the

generalisability and clinical applicability of the findings.

Barriers and Facilitators to Engagement in Physical Activity and Resistance Training

While the current review identified three qualitative studies exploring barriers in relation to PA, none specifically
addressed the barriers to MSA. Across the three studies investigating the barriers to PA, fear of worsening symptoms,
a lack of self-efficacy, and poor time management were the most frequent barriers. In support of this, Bidonde et al.
[158] identified a fear of activity induced exacerbation was a barrier to PA, in addition to lacking motivation and

support. Although these findings provide valuable insights into the challenges faced by individuals with FMS, the
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absence of research focusing specifically on MSA, despite the well-document benefits [6,30,31], limits the ability to
draw meaningful conclusions regarding this modality. Therefore, it is likely that barriers unique to FMS remains

unexplored, highlighting a significant gap in the literature.

Framing future work around theoretical frameworks, such as the Behaviour Change wheel, specifically the Capability-
Opportunity-Motivation model for behaviour (COM-B) [159] may enable an exploration of the determinants of
behaviour across capability, opportunity, and motivation constructs. Such insights would support the identification of
the barriers to MSA, which will help to develop training programmes that encourage and motivate FMS patients
specifically related to individual needs [160]. Thus, future research should be guided by theoretical frameworks, such
as the COM-B, in order to systematically explore these constructs and better understand how they influence
engagement with MSA’s. This approach would help to design and promote effective interventions [161] using
appropriate behaviour change techniques to identify what needs to change and providing specific targets for

intervention development [162].

Limitations

This scoping review is not without limitations. Firstly, the search was limited to studies published in English, therefore
relevant articles in other languages may have been missed. Secondly, due to database restrictions, the search was
limited to what was available to researchers. However, this study followed the JBI framework for scoping reviews,
providing a rigorous and transparent method for mapping areas of FMS and the present review does provide an

extensive summary of fitness, HRQoL and MSA interventions in relation to FMS.

Future research

Future research should improve the design and reporting of MSA interventions, and intervention design should also

account for symptom variability and the likelihood of exercise related pain [12]. Greater consistency in describing

and applying exercise dose parameters and condition-specific nuances would strengthen comparison across studies
and, over time, enable more robust synthesis of findings. In addition, qualitative research is needed to better understand

the barriers and facilitators associated with engaging in MSA’s [158].

CONCLUSIONS
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This review shows that research on fitness, PA, HRQoL and MSA’s in FMS is highly variable, which limits the ability
to compare findings across studies. MSA’s appears to be promising in improving HRQoL, but inconsistent reporting
of exercise dose parameters and intervention design reduces the clarity of current evidence. The absence of qualitative
research also means there is limited insight into the factors that influence engagement. Greater consistency in
measurement, intervention reporting, and qualitative understanding will support clearer and more coherent evidence

in future research.
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