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Objective: Pilates exercise is increasingly used to improve sleep quality, but relevant
evidence remains unclear. We aimed to estimate the effect of Pilates on sleep quality.

Methods: Five databases were searched for articles published until 10 December 2019.
Two investigators screened the articles and extracted data from each included study. A
meta-analysis was performed to evaluate the effect of Pilates on sleep quality, assessed
using the Pittsburgh Sleep Quality Index (PSQI).

Results: Six randomized controlled trials (RCTs) comprising 477 participants were
included according to the inclusion and exclusion criteria in the study. All included
studies reported the positive effects Pilates had on sleep quality. The Pilates group
(PG) significantly lowered the PSQI total score (MD = —3.60, 95%Cl: [-5.41, —1.78),
P = 0.0001, /> = 97%) compared to the non-exercising control group (CG), whereas
no significant improvement in use of sleep medication was observed (MD = —0.33,
95%Cl: [-0.73, —0.06), P = 0.10, [° = 68%). However, in a subgroup analysis, we found
that there was no significant reduction in the PSQI total score for healthy participants
over 40 years old (MD = —3.73, 95%Cl: [-7.89, 0.42], P = 0.08, [° = 98%) and for
postmenopausal women (MD = —5.55, 95%Cl: [-13.98, —2.89], P = 0.20, 2 = 98%).

Conclusions: Overall, Pilates improved sleep quality but had no significant effect on the
use of sleep medication. However, Pilates showed no significant impact on sleep quality
for healthy individuals over 40 years old and for postmenopausal women. Well-designed
and large-scale RCTs are needed in the future.

Keywords: sleep, exercise, sleep quality, pilates, Pittsburgh sleep quality index

INTRODUCTION

Poor sleep is a serious public health problem. It is estimated that the incidence of poor sleep quality
was 8.3% among residents (1), and up to 42.5% in the working population (2). Growing evidence
suggests that it is also quite prevalent in the middle-aged population (3), postmenopausal women
(4), the elderly (5), cancer patients (6), and those suffering from mental and chronic diseases
(3). Even worse, as is reported, it serves as a risk factor for depression and hypertension (7),
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neurodegenerative disorders (8), and cardiovascular diseases (9),
and it even increases mortality (10), which heavily compromises
people’s health and imposes a constant and growing economic
burden on patients and society. It is therefore urgent and crucial
to explore a safe, effective, economic, and feasible method to
address sleep problems. Until now, many therapeutic methods
have been developed, of which, exercise has been advocated
for treating insomnia because it has very few side effects (5).
Recent meta-analysis studies (11, 12) suggest a potential benefit
of program/mind-body exercise to improve sleep quality in clinic
patients and healthy individuals.

Pilates exercise originated in the 1920’, targeting the body’s
core muscles (13). As a form of mind-body exercise, the Pilates
exercise system mixes practical movement styles and ideas of
gymnastics, martial arts, yoga, and dance with philosophical
notions, which are based on six fundamental principles:
concentration, control, centering, flowing movements, precision,
and breathing (14). Different from yoga, Pilates pays more
attention to awareness, breathing, and core muscles. For one
thing, Pilates exercise has been viewed as a potential strategy for
the rehabilitation and adjuvant treatment of chronic diseases in
the clinic (15-17). Furthermore, it also has been widely applied in
health subjects because of its positive effects (18, 19). As reported
by Leopoldino et al. (20), Pilates can significantly improve
sleep quality. However, this improvement was not significantly
detected in another observational study (21). Thus, clinical data
that examines the effect of Pilates on sleep quality remains
controversial. Consequently, we carried out a systematic review
and meta-analysis of randomized controlled trials (RCTs) to
evaluate the effect of Pilates on sleep quality and further provide
reference for clinical practice.

METHODS

This meta-analysis was fulfilled according to the Preferred
Reporting Items for Systematic Review and Meta-analyses (22).

Selection Criteria

All the literatures were considered to be eligible if they met
the following criteria: (1) Study design: clinical randomized
controlled study; (@ Population: without restrictions; ()
Intervention: Pilates, Pilates with other therapies; (1) Outcomes:
at least one efficacy index related to sleep quality; &
Comparisons: Pilates vs. other therapies, Pilates with other
therapies vs. other therapies, Pilates vs. no intervention; (¢)
Language: English and Chinese. A literature would be excluded
if it met any of the following criteria: () Non-RCTs, reviews, full-
text unavailable articles, case reports; (2) Repeated publications,
animal experimental studies.

Search Strategy

We conducted the literature search in PubMed, EMBASE,
Web of science, CINAHL, and the China National Knowledge
Infrastructure (CNKI) database. Keywords such as “Pilates,”
“Pilates-based exercise,” “randomized controlled trial,” “exercises,
Pilates-based,” “Pilates Based Exercises,” “Pilates Training” and
“Training, Pilates” were used to search without restrictions, from

inception to 10 December 2019. The search strategy is shown

in Supplementary eFigure 1. Two independent researchers (ZC
and XY) screened all the literature used in this study. First,
all literature was preliminarily selected by reading the titles
and abstracts after duplicates were removed. Second, the full
text of the remaining articles was read carefully and screened
strictly based on the inclusion and exclusion criteria. Finally,
we extracted the data and materials in the literature included,
while discrepancies between the two reviewers were solved by
consulting a third reviewer and discussing until a consensus
was reached.

Data Extraction

The main information used in our study was collected
from the included articles. This included author names,
region, publication year, age, study design, intervention type,
intervention dose, and the main outcomes.

Risk of Bias and Quality Assessment

Two investigators (ZC and WC) assessed the Cochrane
Collaboration risk of bias table (23) and the quality of the
literature using the Jadad score scale (24). We also examined the
public bias using Begg’s test and Egger’s test (25).

Statistical Analysis

We performed the data analysis using review manager 5.3
software for the literature included, and the results were
intuitively illustrated by the forest map. The Begg’s and Egger’s
tests were evaluated using Stata 14 (USA, StataCorp LP, 2015). In
this study, all parameters were continuous variables. They were
pooled by mean differences (MDs) with 95% confidence intervals
(95% CI). Heterogeneity was assessed by the Cochran Q-test and
I? index (26). If heterogeneity was not significant (I* < 50%),
fixed effect models were used; random effect models were applied
when heterogeneity was significant (I*> > 50%). The difference
was statistically significant when P < 0.05.

RESULTS
Study Selection

A total of 2,125 related records were identified by searching five
databases. All the literature was imported into EndNote X8 (Bld,
10063) to remove duplicates. After removing 1,042 duplicates
and eliminating 1,077 articles through a strict step by step
screening, six trials (27-32) comprising 477 participants were
reviewed. Three studies were excluded: a poster, a protocol, and
one in Farsi. All included studies recorded a positive influence
of Pilates on sleep quality, in which the Pittsburgh Sleep Quality
Index (PSQI) (33) was the only and the same evaluation index
for sleep quality. The selection flowchart is shown in Figure 1,
and the characteristics of each included study are summarized
in Table 1.

Risk of Bias and Quality Assessment

Risk-of-bias assessment is shown in Figure 2. All studies were
described as a random generation, and five articles (27-30, 32)
described the methods of randomization in detail. The blind
method was detailed in two studies, one double-blinded trial (28)
and one single-blinded trial (27). The drop-out rate was recorded
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FIGURE 1 | Flowchart of study selection.

in two articles (28, 30). The average Jadad score of the six included
studies was 2.67, which indicated that the quality of the studies
was fair to mild.

Meta-Analyses

All the included studies reported the PSQIL It comprises
nine questions evaluating, seven aspects including subjective
sleep quality, sleep latency, sleep duration, sleep efficiency,
sleep disturbances, use of sleeping medication, and daytime
dysfunction. A significant difference was observed between the
Pilates group (PG) and the control group (CG) in the PSQI total
scores (MD = —3.60, 95%CI: [—5.41, —1.78], P = 0.0001, I? =
97%) (Figure 3). The PG decreased the scores when compared to
the CG in subjective sleep quality (MD = —0.71, 95%CI: [—1.35,
—0.06], P = 0.03, I? = 96%), sleep latency (MD = —0.57, 95%CI:
[-0.73, —0.41], P < 0.00001, I? = 94%); sleep duration (MD
= —0.65, 95%CIL: [—1.25, —0.05], P = 0.03, I = 94%), sleep
efficiency (MD = —0.78, 95%CI: [—0.99, —0.57], P < 0.00001,

2 = 93%); sleep disturbances (MD = —0.15, 95%CI: [—0.25,
—0.04], P =0.007, I*> = 79%); and daytime dysfunction (MD =
—0.81,95%CI: [—0.93, —0.68], P < 0.00001, I> = 97%). However,
there was no statistically significant difference between the PG
and CG in the use of sleep medication (MD = —0.33, 95%CI:
[—0.73, —0.06], P = 0.10, I* = 68%) (Supplementary eFigure 2).

Sensitivity and Subgroup Analyses

In this study, the heterogeneity of effects detected among studies
was moderate to high. We conducted the sensitivity analysis
for the PSQI total score by removing studies from the analysis
individually, but the overall heterogeneities and results did not
substantially change (Table 2). The subgroup analysis consisted
of participants’ ages and health conditions. Compared to the
CG, we found that there was no significant reduction in the
PSQI score for healthy participants over 40 years old, reported in
four studies (27.28.29.30) (MD = —3.73, 95%CI: [—7.89, 0.42],
P =0.08, I> = 98%), and postmenopausal women reported in
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TABLE 1 | Characteristics of the included studies.

References Country Age (years) Sample Population Intervention Study Intervention dose = Main Jadad

size group design outcome

PG CG (PG/CG) PG CG
Ahmadinezhad Iran 54.08 + 3.84 36/36 Postmenopausal  PE WI RCT 3 sessions/w,6w abcdefgh 3
etal. (27) women
Aibar-Almazan  Spain 66.79 + 10.14  69.98 4+ 7.83 52/55 Postmenopausal  PE WI RCT 2 sessions/w, 12w abcdefgh 5
etal. (28) women
Ashrafinia et al. Iran 244 + 3.6 24.6 + 3.6 40/40 Postpartum PE Education RCT 5 sessions/w,5w abcdefh 2
(29) women
Curietal. (30)  Brazil 64.25 £ 0.14  63.75+0.08 31/30 Elderly women PE WI RCT 2 sessions/w, 16w abcdefgh
Garcia-Soidan  Spain 476 +0.8 47.7 £ 0.8 48/51 Middle-aged PE WI RCT 2 sessions/w,3M aijk 2
etal. (31) people
Yang et al. (32) China 51.24 +11.24 51.08 £+ 10.01 29/29 Hemodialysis PE+RC RC RCT 2~3 sessions/w,6M  a 2
patients

Group: PG, Pilates group; CG, control group; Intervention: PE, Pilates exercise; WI, without intervention; RC, routine care; Study design: RCT, randomized controlled trials.
Main outcome: a: PSQI (Pittsburgh sleep quality index) total score; b: subjective sleep quality; c: sleep latency; d: sleep duration; e: sleep efficiency; f: sleep disturbances; g: use of
sleeping medication; h: daytime dysfunction.

e = 3
Random sequence generation (selection bias) _: g = §:' g
X o g = s
Allocation concealment (selection bias) _:l % § e §=“ 3 %
Blinding of participants and personnel (performance bias) _: % § § é % §
Blinding of outcome assessment (detection bias) _:] ®|® | @ | ® | ® | ® | Random sequence gensration (ssiection bias)
Incomplete outcome data (attrition bias) _:] o »~» o e e e ion nent bias)
Selective reporting (reporting bias) _:l w5 | = [ = | = | @ | @ | Blinding of participants and personnel (performance bias)
Other bias _: =~ [ | = [~ | @ | @ |Blinding of outcome assessment (detection bias)
!0% 251% 50{% 753% 100%: =~ = | @ |~ |@®| = |Incomplete outcome data (attrition bias)
~ | = (@ | = | @ | = | Selective reporting (reporting bias)
| .Low risk of hias Dunclearrisk of bias .Highrisk ofhias ‘ ® ~ ®|®| ®|®|otervias
FIGURE 2 | Risk of bias graph.
PG CG Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random. 95% CI IV. Random, 95% CI
Ahmadinezhad M2017 475 262 36 1458 29 36 16.7% -9.83[11.11,-8.55] ——
Aibar-Almazan A2019 716 49 52 8.38 428 55 156% -1.22[-2.97,053] =1
Ashrafinia F2014 545 1.51 40 835 1.83 40 17.7% -2.90[3.64,-2.16) &
Curivs52018 561 293 kil 76 577 30 141%  -1.99[-4.30,0.32) B |
Garcia-Soidan JL2014 3.48 007 48 528 01 51 18.2% -1.80[-2.00,-1.60] 1
YANG Ting2018 87 1.24 29 1232 1.3 29 17.8% -3.62[-4.28,-2.96) W
Total (95% CI) 236 241 100.0% -3.60[-5.41,-1.78] -
Heterogeneity: Tau®= 4.72; Chi*= 175.64, df= 5 (P < 0.00001); F= 97% o = 3 i s
Testfor overall effect Z= 3.88 (P = 0.0001) Favours [experimental] Favours [control]
FIGURE 3 | Meta-analysis and forest plot and for PSQI.

two studies (27.28) (MD = —5.55, 95%CI: [—13.98, —2.89], P = DISCUSSION

0.20, I> = 98%) (Supplementary eFigure 3).

To the best of our knowledge, this is the first systematic review
and meta-analysis to evaluate the effectiveness of Pilates exercise
in sleep quality. In our study, Pilates exercise was found to
significantly improve sleep quality on the whole, whereas no

significant improvement in use of sleep medication was observed.

Publication Bias
We found that publication bias was negative when evaluated
using Egger’s regression (P = 0.057) and Begg’s tests (P = 0.06).
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TABLE 2 | Sensitivity analysis for PSQI.

References Effect size 95%Cl P ?

Ahmadinezhad et al. (27) —2.43 —-3.42, -1.45 P <0.00001 88%
Aibar-Almazan et al. (28) —4.04 —6.07, —2.00 P =0.0001 98%
Ashrafinia et al. (29) —-3.73 —6.12, —-1.34 P =0.002 98%
Curi et al. (30) —3.86 -5.86,-1.86 P =0.0002 98%
Garcia-Soidan et al. (31) —-3.97 —6.41, —1.53 P =0.001 96%
Yang et al. (32) —3.58 —6.00, —1.16 P =0.004 97%

Cl, confidence intervals.

However, of note, Pilates is not that effective in changing
sleep quality in healthy individuals over 40 years old and
postmenopausal women.

Sleep plays an important role in health and longevity (34).
Because of the prevalence of poor sleep quality, more and
more problems related to sleep disorders including fatigue,
depression, obesity, and cardiac sudden death are on the rise.
Thus, increasing attention has been paid to sleep problems
and a growing number of medical staff have focused on
economically feasible and applicable therapies for improving
sleep quality. As a core concept in sleep, sleep quality is
largely subjective, so it is always evaluated using PSQI, a
subjective self-report questionnaire, which is considered an
accurate and effective method in clinical care and research,
and is considered to be cheaper and more readily available
than the gold standard measurement of sleep characteristics-
polysomnography (35). Due to very few side effects, exercise,
as a non-pharmaceutical and relatively safe activity, is widely
chosen in clinical practice (36). It is reported that exercise
can improve body composition and fitness, which is critical in
enhancing sleep quality (37). As for Pilates, it was reported that
beneficial effects on sleep quality assessed with the PSQI were
recorded in the included RCTs. Newton et al. (38) reported that
Pilates, similar to yoga, could obviously reduce the PSQI score
for women suffering from sleep disorders when compared to
usual activity. On the contrary, Buchanan et al. (39) suggested
that there was no significant sleep quality improvement for
postmenopausal women. In the present study, overall, Pilates
was associated with a significant reduction in PSQI total score
by —3.60 (P = 0.0001). Interestingly, an important finding
that was observed from our subgroup analysis was that PSQI
scores did not significantly reduce in PG compared to CG
for healthy individuals over 40 years old and postmenopausal
women (P > 0.05).

Pilates exercise was invented and developed by Joseph Pilates,
which emphasized strengthening of the core muscles, increasing
flexibility, and enhancing breathing (40). As a mind-body
exercise, previous meta-analysis studies (41-44) indicate that
the effects of Pilates exercise is mainly reflected in improving
mental health, pain, flexibility, fitness, balance, and physical
function. Moreover, some studies suggest that Pilates exert
positive effects on body satisfaction, attitude, and quality of
life (45), and consequently improves health (13), which is
helpful for sleep quality. However, sleep regulation is very

complex and involves many factors (46). In postmenopausal
and postpartum women and the elderly, the factors that
affect sleep quality are particularly varied and complex. As
reported, sleep problems result from hormone changes, mood
disorders, vasomotor symptoms and so on in postmenopausal
women (47). In addition, Bei et al. (48) reported that stress,
infant behavior, and nighttime labor affect sleep quality among
postpartum women. In contrast, in the elderly, it is the chronic
medical condition that serves as the main cause impairing sleep
quality (49). Accordingly, sleep quality varies among different
populations affected by different factors. In our meta-analysis
Pilates exercise possesses positive overall effects on sleep quality,
but the benefit in sleep quality for healthy individuals over
40 years old and postmenopausal women was not significant
because of so many different factors. Therefore, it is reported that
exercises need to be further evaluated to judge their usefulness
in the treatment of people suffering from sleep problems
(50). Meanwhile, different demographic characteristics of the
participants in the six included studies may also contribute
to heterogeneity.

There are some important limitations in this review. First,
a small number of studies were included. Second, random and
blind methods of the included studies were rarely provided in
detail. Third, Pilates procedure processes, time of duration, and
dosages varied from one study to another without a consolidated
standard, which can be a potential source of clinical heterogeneity
that affects the results. Fourth, this study was conducted at a study
level and it is difficult to address or incorporate individual factors
at the patient level.

CONCLUSION

In this analysis, we systematically reviewed and quantified the
effect of Pilates on sleep quality. Overall, Pilates improved sleep
quality but had no significant effect on the use of sleeping
medication. However, for healthy individuals over 40 years old
and postmenopausal women, Pilates showed no satisfactory
results and the positive effect was not significant. Given the
limitations of this work, additional well-designed and large-scale
RCTs and systemic reviews are needed to confirm these findings
in the future.
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