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ABSTRACT

Purpose: To examine the effectiveness of Pilates on fatigue, quality of life and physical function in
persons with chronic conditions and explore potential intervention moderators.

Materials and methods: PubMed, SPORTDiscus, AMED and CINAHL were systematically searched from
database inception to September 2024, to identify relevant studies. Two independent reviewers
screened and selected the articles and evaluated methodological quality. Studies were included if they
were randomised controlled trials of Pilates to improve fatigue in persons with chronic conditions.
Results: Eighteen studies involving 812 participants were included. Pilates had a significant effect on
fatigue, quality of life and physical function. Meta-analyses showed Pilates had significant effect on
physical function [Hedge's g=0.85 (95% Cl: 0.30; 1.40), p=0.01] but the effects on fatigue [Hedge's g
=-0.43 (95% Cl: —0.96; 0.11), p=0.12] and quality of life [Hedge's g=0.49 (95% Cl: —0.40; 1.37), p=0.28]
were not significant. Interventions with smaller duration (6-8weeks) influenced Pilates effect on
fatigue. The type of chronic condition and control did not influence effect.

Conclusions: Pilates has beneficial effects on physical function and may help reduce fatigue and
improve quality of life in persons with chronic conditions. Pilates exercises used in rehabilitation
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settings can influence health outcomes.

> IMPLICATIONS FOR REHABILITATION

« This study shows physical function improved after Pilates exercise interventions and provides a basis
to integrate Pilates in function stimulation programs for persons with chronic conditions.
- Pilates is a plausible rehabilitation strategy for persons with chronic conditions and the effects are

not influenced by the type of condition.

- Pilates exercises can feasibly be implemented in standard health care of persons with chronic

conditions to improve physical function and manage fatigue.

Introduction

Chronic conditions are a significant burden on individuals, health-
care and society [1] and leading cause of death and disability
worldwide [2]. The prevalence of chronic conditions increases with
age, with approximately one-third (29.3%) of individuals in the
UK having at least one chronic condition (ranging from 6.6% in
those aged 0-19years to 82.9% in those aged 80years and above)
[1]. Fatigue is commonly reported by individuals with various
chronic conditions (e.g., multiple sclerosis, cancer, Parkinson dis-
ease, diabetes, and rheumatoid arthritis), with a prevalence cited
between 25 and 78% [3-6]. Fatigue is complex, and characterised
by persistent and profound bodily weariness [7], which severely
debilitates individuals with various chronic conditions ability to
perform routine tasks and engage in physical activity, thereby
leading to a decrease in their overall quality of life [7-9].
Evidence suggests that exercise has health-enhancing impact
such as positive effects on physical functioning, quality of life and
fatigue in individuals with chronic conditions [10-15]. However,
participation or maintenance within exercise programmes for
those with chronic conditions experiencing fatigue is limited

[16-18]. Consequently, adherence to structured mainstream exer-
cise regimens remains a significant challenge for individuals with
chronic conditions [19,20]. Barriers to participation including, but
not limited to, fatigue, lack of time and motivation have been
reported in individuals with multiple sclerosis [21], diabetes [22]
and Parkinson’s disease [23]. Therefore, alternative forms of exer-
cise may be important to meet their specific needs [24].

In this context, Pilates, a mind-body approach to exercise,
requiring core stability, strength and flexibility with a focus on
muscle control, posture and breathing [25], may be an alternative
approach for individuals with chronic conditions and fatigue.
Pilates is a low-to-moderate intensity and predominantly floor
based [25,26] with adherence rates reported between (80 and
92%) [27,28], and therefore could be suited to individuals with
chronic conditions experiencing fatigue, to promote engagement
in physical activity and consequently reduce fatigue [29]. Pilates
is frequently utilised and advocated for individuals with chronic
conditions including diabetes, cardiorespiratory disease, cardio-
vascular disease, cancer [30], musculoskeletal conditions [31]
and stroke [32]. While Pilates has been recognised as a valid
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rehabilitation strategy, offering potential, it remains poorly
researched with very little literature on its effect on fatigue
[24,28].

Previous reviews [24,26,33-35] and primary studies [36-40]
investigating the effects of Pilates on fatigue have been incon-
sistent and inconclusive and often focus on one specific chronic
condition rather than addressing the symptom itself, despite its
prevalence in various chronic conditions[19]. While some studies
have demonstrated a significant improvement in fatigue [36-38],
quality of life [35] and physical function [40], others have shown
no improvement in fatigue [39,40], quality of life [40] and physical
function [41]. These findings highlight uncertainty and confusion
about the effect of Pilates on fatigue, physical functioning, and
quality of life in people with chronic conditions associated with
fatigue symptoms.

Taking a transdiagnostic approach to examine fatigue across
multiple chronic conditions, considering its common occurrence
in chronic condition [42,43] could provide valuable insight into
the effectiveness of fatigue management strategies [19]. The exist-
ing literature lacks comprehensive reviews encompassing a wide
range of chronic conditions. Therefore, in this current review, a
transdiagnostic approach was adopted, focusing on a diverse
range of chronic conditions to comprehensively synthesise the
effectiveness of Pilates methods on fatigue, quality of life and
physical function in persons with chronic conditions, and explore
potential intervention moderators (e.g., session duration, mode
of delivery, and length of interventions).

Materials and methods
Protocol development and registration

The protocol was developed and conducted in accordance with
the principles outlined in the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines [44]
and was registered with the International Prospective Register of
Systematic Reviews (PROSPERO) database (CRD42024588553),
ensuring the adherence to best practices [45].

Inclusion and exclusion criteria

The review included studies focusing on people with chronic
conditions who experienced symptoms of fatigue and were aged
18years or older. The study only considered randomised controlled
trials published in peer-reviewed journals in English, evaluating
the effects of Pilates exercises and their variants (e.g., mat Pilates)
on fatigue in persons with chronic conditions, with no restriction
on time of publications.

Pilates exercise interventions could be either standalone or
in combination with other supplements (provided at least one
group received a Pilates exercise only intervention). The com-
parator groups could be usual or standard care, education, relax-
ation, other therapies or those on a waitlist. Non-randomised
controlled trials, observational studies, and systematic reviews
were excluded from the review. The primary outcome of interest
was fatigue. The secondary outcomes were quality of life and
physical function.

Data sources and development of search strategies

Articles published prior to September 2024 were identified using
the following databases: PubMed, SPORTDiscus, Allied and

Complementary Medicine Database (AMED) and the Cumulated
Index of Nursing and Allied Health Literature (CINAHL). Medical
Subject Headings (MeSH) and free text terms were used in the
search process. Keywords included Pilate*, “Pilate exercise*/”
“Pilate training,” “mat Pilate,” fatigue, tiredness, lassitude, and
their variations. These terms were combined using the Boolean
operators “AND” and “OR". The reference lists of some articles
were searched in a snowball format to identify potential studies
for inclusion [46,47]. Supplementary File S1 is the search
strategy.

Data screening, selection, and extraction methods

The screening process was conducted in two stages. First, the
titles and abstracts of the studies were independently reviewed
by MA and USA. In the second stage, the same authors inde-
pendently conducted a comprehensive full-text screening.
Disagreements were resolved through discussion. A screening
guide was employed to ensure that independent reviewers con-
sistently applied the selection criteria. Data extraction was done
by MA, with a secondary check by USA. Extracted information
included the first author’s name and year, type of chronic condi-
tion, intervention and control, structure of sessions and assess-
ment, and outcome measured.

Quality and risk of bias assessment

The Cochrane Risk of Bias (ROB-2) [48] tool was used to assess
the risk of bias within the included studies. The tool assessed
five domains: sequence generation, allocation concealment,
blinding, incomplete outcome reporting, and selective outcome
reporting. Within each domain, the risk of bias was rated as
“low,” “high,” “some concerns,” or “no information.” Additionally,
an overall risk of bias was assigned a rating of “low,” “high,”
“some concerns,” or “no information.” The risk of bias was inde-
pendently assessed by USA and MA, and disagreements were
solved by consensus. Additionally, the Physiotherapy Evidence
Database (PEDro) scale was employed to evaluate the meth-
odological quality of the included studies [49,50]. We used the
assessments and ratings that have been published and made
publicly available for each study on the PEDro website (https://
search.pedro.org.au/search). Studies achieving a score of at
least six points were classified as high quality, whereas those
receiving a score of below six were categorised as low qual-
ity [49,50]

Data synthesis

Firstly, a systematic review of the outcomes was performed.
Secondly, a meta-analysis was carried out if at least two studies
reported the outcome data. For studies that reported standard
errors instead of standard deviation, the formula [SD=se /n]
(SD=standard deviation, se=standard error, n=sample size) was
used to calculate the standard deviation. The Random effects
modelling method proposed by DerSimonian and Laird [51] was
used to pool effects of Pilates exercise on fatigue, quality of life,
and physical function. Pooled effect sizes were estimated using
Hedge's g [52] with corresponding 95% Confidence Interval (Cl).
Heterogeneity (/?) amongst the studies were quantified and inter-
preted according to Higgins and Thompson classification where
25, 50 and =275% were considered as low, moderate and high
heterogeneity, respectively [53]. Subgroup analyses were
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conducted based on Pilates exercise intervention duration and
the number of sessions. Additionally, a meta-regression analysis
was conducted to examine how various moderator variables affect
the effect estimates. Finally, we assessed potential publication
bias using both subjective methods, such as a funnel plot, and
objective measures, including Egger’s regression test [54]. Microsoft
Excel 2013 and Stata (Stata Statistical Tools: Release 16; College
Station, TX; Stata Corp LP) software were used for all statistical
analyses.

Results

Four databases identified a total of 1,491 articles. Following
the removal of 121 duplicate records, 1,370 unique articles
underwent the initial screening process. Of these, 47 studies
were selected for full-text screening to assess their eligibility
based on the pre-established inclusion criteria. Upon further
evaluation, 28 studies were excluded for not meeting the eli-
gibility criteria. Consequently, eighteen studies [32,36,38-40,55-
67] were included in the final analysis. The study selection
process, along with specific reasons for exclusion, is illustrated
in Figure 1.

Characteristics of the included studies and interventions

The characteristics of the included study are presented in Table 1.
A total of 812 adults with chronic conditions experiencing fatigue
(multiple sclerosis, cancer, Parkinson disease, diabetes, and rheu-
matoid arthritis) were included in the study. The Pilates interven-
tions consisted of supervised, home-based and telerehabilitation
Pilates. The session duration and frequency ranged from 30 to
90min, and once to three times per week respectively. The overall
length of the interventions lasted between six weeks to 16weeks.
Fatigue was the outcome measured in eighteen studies and was

Figure 1. PRISMA flowchart for study screening and selection.
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assessed with the Functional Assessment of Cancer Therapy-Fatigue
Subscale [68] in five studies[39,55,62,64,66], the Modified Fatigue
Impact Scale [69] in five studies [32,36,58,61,63] and the Fatigue
Severity Scale [54] in three studies [58]. Of the remaining studies,
one [40] used the Brief Fatigue Inventory [70], another [65] used
the Fatigue Impact Scale [71], another [59] the Fibromyalgia Impact
Questionnaire [72], another [57] used the Parkinson Fatigue Scale
[73], and the other [67] used a Visual Analog Scale [74] to measure
fatigue.

Physical function was the outcome measure in seven studies
and was evaluated with the six minutes walking tests (6MWT)
[75] in seven studies [32,38,40,57,58,60,65], while both the 6MWT
and the Time up and Go (TUG) test was used in two studies
[32,57].

Quality of life was the outcome measure in ten studies, and
was measured using the Multiple Sclerosis Quality of Life scale
[76] in four studies [56,60,63,65] and the European Organisation
for Research and Treatment of Cancer-Quality of life [77] in
two studies [62,64]. Of the remaining studies one [38] used
the Rheumatoid Arthritis Quality of Life [78], another [67] used
the Short-Form health survey-36 [79], another [59] used the
Fibromyalgia Impact Questionnaire [72], and the other [66]
used the Functional Assessment of Cancer Therapy-Fatigue
Subscale [68].

Risk of bias and quality assessment

Overall, the risk of bias across the included studies was evaluated
using ROB-2, with five studies being determined to have a low
risk of bias [32,36,38,57,65], and eight studies were rated to have
some concerns[39,55,56,60,61,63,64,66]. Additionally, five studies
[40,58,59,62,67] were found to present a high risk of bias (see
Figure 2 for detailed visualization). A parallel assessment of study
quality conducted using the Physiotherapy Evidence Database
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Table 1. Characteristics of the included studies and interventions.

PEDros

Study ID and setting Participants Characteristics of Pilates intervention Control description Outcomes score
Boing et al. [55] 74 Adults with breast cancer 60 Minutes supervised mat Pilates thrice a Usual care Fatigue 5
Brazil week for 16 weeks
Bulguroglu et al. [56] 38 Adults with multiple sclerosis 90 Minutes supervised mat Pilates thrice a Relaxation Fatigue and quality of life 5
Turkey week for 8 weeks
Cadlar et al. [57] 34 Adults with Parkinson’s 60 Minutes supervised Pilates thrice a week  Standard care Fatigue and physical 7
Turkey Disease for 8 weeks function
Eftekhari et al. [58] 30 Adults with multiple sclerosis 60 Minutes mat Pilates thrice a week for Standard care Fatigue and physical 5
Iran 8weeks function
Ekici et al. [59] 43 Adults with fibromyalgia 60 Minutes supervised Pilates thrice a week  Connective tissue  Fatigue and quality of life 4
Turkey for 4weeks massage
Eldemir et al. [60] 40 Adults with multiple sclerosis 60 Minutes supervised tele-mat Pilates thrice Waitlist Fatigue, quality of life, 5
Turkey a week for 6 weeks and physical function
Eyigor et al. [40] 42 Adults with breast cancer 60 Minutes supervised Pilates thrice a week  Usual care Fatigue and physical 4
Turkey for 8 weeks function
Fleming et al. [36] 80 Adults with multiple sclerosis 60 Minutes home-based mat Pilates twice a  Waitlist Fatigue 5
Ireland week for 8 weeks
Fleming et al. [61] 17 Adults with multiple sclerosis 60 Minutes home-based mat Pilates twice a  Waitlist Fatigue 7
Ireland week for 8 weeks
Kalron et al. [32] 45 Adults with multiple sclerosis 30 Minutes Pilates once a week for 12weeks Standard care Fatigue and physical 7
Israel function
Kavya et al. [62] 12 Adults with breast cancer Pilates thrice a week for 8 weeks Aerobic training Fatigue and quality of life 5
India
Kiiglik et al. [63] 20 Adults with multiple sclerosis 60 Minutes supervised mat Pilates twice a Standard care Fatigue and quality of life 5
Turkey week for 8 weeks
Leite et al. [64], 34 Adults with breast cancer 60 Minutes supervised mat Pilates thrice a Usual care Fatigue and quality of life 5
Brazil week for 16 weeks
Ozkul et al. [65] 34 Adults with multiple sclerosis 60 Minutes supervised Pilates thrice a week  Relaxation Fatigue, quality of life, 8
Turkey for 8 weeks and physical function
Saraiva et al. [66] 30 Adults with cancers 60 Minutes mat Pilates twice a week for Standard care Fatigue and quality of life 5
Brazil 12 weeks
Torres et al. [39] 164 Adults with breast cancer =~ 60 Minutes mat supervised mat Pilates twice Standard care Fatigue 6
United States of a week for 6 weeks

America
Yentir et al. [38] 30 Adults with rheumatoid 45 Minutes supervised Pilates thrice a week  Aerobic training Fatigue, quality of life, 6
Turkey arthritis for 8 weeks and physical function
Yucel et al. [67] 45 Adults with diabetes mellitus 45Minutes (increased to 70 minutes) Standard care Fatigue and quality of life 4

Turkey

supervised mat Pilates thrice a week for

12 weeks

(PEDro) scale found that six studies [32,36,38,39,57,65] were
moderate-to-high quality (Table 1).

Fatigue

Eighteen studies [32,36,38-40,55-67] reported Pilates effects on
fatigue. Among these, fourteen studies demonstrated positive
effects of Pilates exercise in reducing fatigue. In contrast, four
studies [38,40,62,64] found no significant improvement in fatigue
perception among adults with chronic conditions.

The pooled meta-analysis of twelve studies
[32,36,40,55,57,58,60,63-67] that presented data on fatigue out-
comes revealed the effect was not statistically significant when
compared to the control group [g=-0.43, 95% Cl: —-0.96; 0.11,
2=87.0%, p=0.12], and the results were heterogeneous (Table 2).
The exclusion of three studies [38,39,56] from the pooled analysis
was due to methodological variations: two studies utilised aerobic
exercise as the control group [38,39], and one study did not report
standard deviation data [56].

Sub-group analysis revealed that interventions lasting 6-8 weeks
had a significant effect on fatigue (g= —1.00, 95% ClI: —1.57 to
—0.44, p=0.01). No effect was found for interventions that were
12-16 weeks (g=0.29, 95% Cl: —0.05 to 0.63, p=0.09). Number of
sessions did not show a significant effect on fatigue (Table 2).

The meta-regression analysis conducted to investigate the
influence of moderator variables on the fatigue effect indicated
that neither the type of chronic condition (z=-0.32, p=0.75)
nor the type of control (z=-1.35, p=0.18) had a significant

influence on the results. Additionally, the type of fatigue mea-
sure had no significant influence on the effect estimates
(z=-0.90, p=0.37).

Quality of life

Ten studies [38,56,59,60,62-67] investigated the effects of Pilate
on quality of life for adults with chronic conditions and fatigue.
The studies showed positive improvement in quality-of-life mea-
sures [38,56,59,60,62-67].

The pooled meta-analysis of six RCTs [60,63-67] revealed Pilates
was did not have a greater impact on participants’ quality of life
[g=0.49 (95% Cl: —0.40 to 1.37, p=0.28)]. However, substantial
heterogeneity was observed in the results [I? = 88.3%] (Table 3).
Subgroup analysis revealed no significant effects for interventions
lasting 6-8 weeks (g=0.47, 95% Cl: —1.12 to 2.05) and those lasting
12-16 weeks (g=0.50, 95% Cl: —0.72 to 1.71).

Meta-regression analysis revealed the type of chronic condition
(z=-0.03 p=0.97), the type of control (z=0.18, p=0.85) and the
outcome measure (z=-0.94, p=0.35) did not influence effect
estimates

Physical function

Seven trials [32,38,40,57,58,60,65] examined the effects of Pilates
on physical function. The findings across these studies consistently
demonstrated a positive impact upon physical function.



Figure 2. Risk of bias assessment of the included studies.

Table 2. Overall and sub-group analyses of Pilates effect on fatigue at
post-treatment.
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Table 3. Overall and sub-group analyses of Pilates effect on quality of life at
post-treatment.

Test of group

Test of group

Fatigue k Hedge's g [95%Cl] p-Value difference 2 06) Quality of life k Hedge's g [95%Cl] p-Value difference I (%)
Overall 12 —0.43 [-0.96; 0.11]  0.12 87.0 Overall 0.49 [-0.40; 1.37] 0.28 88.3
Duration of Format of Pilate
intervention Mat Pilate 4 0.62 [-2.8; 1.52] 0.18 Q=0.11, p=0.74 853
6-8 Weeks 7 -1.00[-1.57; —0.44] 0.01 Q=147,p=0.01 774 Standard clinical 2 0.15 [-2.42;2.73] 0.91 94.8
12-16Weeks 5  0.29[-0.05; 0.63] 0.09 326 Pilate
Number of Duration of
sessions intervention
<24 9 -0.61 [-1.31; 0.09] 0.09 Q=3.11, p=0.08 88.7 6-8 Weeks 3 0.47 [-1.12; 2.05] 0.56 Q=0.00, p=0.98 91.6
>24 3 0.09 [-0.25; 0.43] 0.62 0.00 12-16 Weeks 3 050 [-0.72; 1.71]  0.42 88.6

Legend: k = number of studies; > = heterogeneity.

Similarly, the pooled analysis of six trials [32,40,57,58,60,65]
indicated significant positive effects on participants’ physical
functioning (g=0.85, 95% Cl: 0.30; 1.40, p<0.001) (Figure 3).
However, the results exhibited considerable heterogeneity
(7 = 73.9%). The small number of studies included in the

k: number of studies; /?: heterogeneity.

analysis limited the ability to perform further subgroup analyses
on this outcome.

Meta-regression analysis showed no significant influences of
the type of chronic condition (z=1.41, p=0.16) and the type of
control (z=0.22, p=0.83).
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Figure 3. Pooled analysis of Pilates effect on physical function at post treatment.

Figure 4. Assessing publication bias by funnel plot inspection.

Publication bias

Publication bias was assessed using the meta-analysed fatigue
outcome. The results indicated no evidence of publication bias,
as demonstrated by both the subjective visual inspection of the
funnel plot [Figure 4] and the objective Egger’s regression test
(z=-0.73, p=0.46).

Discussion

In this systematic review and meta-analysis, data from eighteen
studies were synthesised to examine the effectiveness of Pilates
interventions as a rehabilitation strategy to reduce fatigue and
improve quality of life and physical function among adults with
chronic conditions. To the best of our knowledge, this is the first
study to comprehensively evaluate the impact of Pilates interven-
tions on fatigue, quality of life and physical function across a
range of chronic conditions. Evidence indicates that fatigue
increases the risk for developing negative health outcomes, includ-
ing physical decline occurs, diseases and mortality, suggesting
the need for interventions [9].

The findings of the studies analysed in the review indicated,
Pilates has beneficial effect on fatigue, quality of life and physical

function. The results of the meta-analysis indicated that Pilates
resulted in statistically significant improvements in physical func-
tion, but its effects on fatigue and quality of life was not statis-
tically significant. A non-significant effect of Pilate interventions
was found for fatigue, with the exception of fatigue when mea-
sured after 6-8 weeks. Intervention effects varied widely between
studies and subsequent subgroup comparisons revealed that
number of sessions was not a significant moderator of the effect
of the interventions on fatigue at post-treatment. Furthermore,
meta-regression analysis revealed that the type of chronic condi-
tion was not a source of heterogeneity of Pilates effect on fatigue,
indicating that the type of condition did not influence the respon-
siveness to Pilates interventions

These findings are similar to that of previous systematic reviews
and meta-analyses on the effects of Pilates interventions that
pointed to non-significant influence of Pilates interventions in com-
parison with the control groups [28,35]. Pinto-Carral et al. [28] and
Sanchez-Lastra at al. [35] in their meta-analyses on the effect of
Pilates for women with breast cancer and patients with multiple
sclerosis respectively, reported that Pilates interventions were not
statistically more effective than the control groups. These findings
are however contrary to the metanalysis by Fleming et al. [26] that
found Pilates resulted in a statistically significant large reduction
in feelings in persons with fibromyalgia, diabetes and postpartum
fatigue. One possible explanation for the non-significant effect of
Pilates for fatigue found in this current study could be the varied
measures used to assess the fatigue in the included studies, as
evident in the meta-regression that revealed the type of fatigue
measure had a significant influence on the effect estimates.

The analysis revealed that the condition investigated within
the studies, did not have a significant influence on the outcome
measures. This finding is important, providing justification for the
transdiagnostic approach adopted in this current review and also
provides valuable insights for need the need to adopt a transdi-
agnostic approach to fatigue management. Regarding the inter-
vention length, this meta-analysis revealed that trials lasting from
six to eight weeks demonstrated statistically significant effect on
fatigue among adults with chronic conditions. The finding is some-
what similar to that of a recent meta-analysis on the effects of
physical activity interventions that pointed at the beneficial effects
of minimal contact interventions on fatigue [19]. This makes a



case for Pilates as a plausible rehabilitation intervention that is
less resource intensive in the context of fatigue management. The
beneficial effect found for minimal duration intervention coupled
with the lack of significant effect for longer duration (lasting
twelve to sixteen weeks) suggest that Pilates is effective in reduc-
ing fatigue, but its effects are not expected to be superior to
those resulting from other therapies beyond 6-8 weeks [28]. Thus,
alternate therapies may be appropriate for greater benefits in the
long-term particularly for fatigue.

Regarding quality of life, Pilates was not significantly better than
control groups. However, considerable variation in effects was
observed across studies, impacting the analysis. Subsequent subgroup
comparisons revealed that intervention duration and number of
sessions were not significant moderators of the effect of the inter-
ventions on quality of life at post-treatment. The finding is similar
to that of previous meta-analyses of Pinto-Carral et al. [28] Fleming
et al. [26] and Sanchez-Lastra at al. [35] that showed a large but not
statistically significant effect of Pilates for quality of life in persons;
with multiple sclerosis, breast cancer, fibromyalgia and diabetes.
These findings are however contrary to that reported in the reviews
by Miranda and Marques [30], Denham-Jones et al. [31] and Cronin
et al. [32]. Miranda and Marques [30] found moderate evidence of
Pilates for improving health-related quality of life in individuals with
a range of chronic cardiovascular diseases, chronic respiratory dis-
eases, cancer and diabetes. Denham-Jones et al. [31] found significant
quality of life effects of Pilates in older adults with a range of chronic
musculoskeletal conditions, and Cronin et al. [32] found significant
effects in favour of the Pilates intervention groups on quality of life
in post stroke individuals.

In the context of physical function, Pilates was significantly better
than control measures, however, treatment effects varied widely
between studies. The limited number of included studies reporting
on the effect of Pilates on physical function limited the exploration
of potential moderator effects. Previous exploration into the effects
of Pilates on physical function has produced inconsistent findings.
Pinto-Carral et al. [28], in their meta-analysis of Pilates effect in
women with breast cancer, reported that Pilates was statistically more
effective than the interventions proposed for the control groups in
improving the functional status. Similarly, Denham-Jones et al. [31]
found significant physical functioning effects of Pilates in older adults
with a range of chronic musculoskeletal conditions, while Sanchez-
Lastra at al. [35] in their meta-analysis of Pilates effect in adults with
multiple sclerosis reported that Pilates was not more statistically
effective compared to other therapies.

Exploring effective strategies to manage fatigue in persons
with chronic conditions is of utmost importance, given that fatigue
is regarded as one of the main predictors of their quality of life
[7-9]. Taken together, the findings of this review indicated that
Pilates could have beneficial effect on health outcomes in chronic
conditions. In terms of fatigue, over the course of 6-8weeks,
Pilates is significantly better than control measures, whiles physical
function is also significantly better compared to control measures.
All other measures, while indicating a positive change, were
non-significant.

Strengths and limitations

This review took a novel transdiagnostic approach to investigate
the effects of Pilates across multiple chronic conditions and pro-
vides novel insight into the effectiveness of Pilates to provide
symptomatic relief within these conditions. This approach might
enhance the generalisability of the findings and provide important
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insights into the effects of Pilates interventions across multiple
chronic conditions. The adherence to established systematic review
and meta-analysis methodologies which are aligned with interna-
tionally recognised standards and recommendations are strengths
of this review and provides validity for the review findings.

Nonetheless the review has some limitations. The substantial
heterogeneity observed in the overall pooled effect as well as
the sub-group analyses may limit the generalisability of the study
findings. Additionally, half of the included studies consisted of
individuals with neurological conditions. Therefore, emphasis
should instead be placed on the distributions and observed pat-
terns in the synthesised data. Furthermore, in the current review,
approximately 68% of the studies were judged to be low quality,
and to have some concerns or high bias, primarily due to rando-
misation and concealment, deviation from intended intervention
and measurement of outcome.

Conclusion

The systematic review and meta-analysis of Pilates in persons with
chronic conditions associated with fatigue complaints demon-
strates that Pilates had significant effect on physical function
without worsening fatigue and quality of life. This finding provides
valuable insight that Pilates exercises used in rehabilitation set-
tings can influence health outcomes and highlights the impor-
tance of Pilates exercise in the standard care of persons with
chronic conditions. The finding that minimal duration interventions
(lasting 6-8 weeks) had significant effect on fatigue is important.
This provides valuable insight that Pilates intervention is a plau-
sible low-cost and attractive rehabilitation strategy that can be
feasibly implemented in standard health care and can be suitable
for persons who do not need more intensive forms of treatment.
Furthermore, the findings that the type of population did not
influence Pilates effects underscores the need for a transdiagnostic
approach to fatigue management, and also highlights the univer-
sal benefits of Pilates across chronic conditions. Notwithstanding
the beneficial effects of Pilates interventions reported in this sys-
tematic review and meta-analysis and the valuable indications
regarding approach of future interventions, more research is
required to identify optimal features of Pilates interventions.
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