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Abstract

Background

Endometriosis is a debilitating, chronic disease that affects approximately 10% of women of
reproductive age worldwide. The most common symptom is chronic pelvic pain, which leads
to a reduced quality of life and requires lifelong treatment. The current standard of care for
endometriosis is pain management, which consists mainly of medical and surgical treat-
ment. Appropriate physical activity (PA) and exercise can help manage both physical and
psychological symptoms of chronic conditions. Consequently, this systematic review and
meta-analysis was designed to assess the effectiveness and safety of PA and exercise in
women with endometriosis.

Methods

We searched the published literature in Pubmed, Medline, Embase, The Cochrane Library,
and Web of Science. Randomized controlled trials (RCTs) were obtained to assess the
effects of physical activity and exercise on women with endometriosis. The random or fixed
effects model was used to analyze the data in meta-analysis. The results were expressed
as weighted mean differences (WMD) and their corresponding 95% confidence intervals
(Cls).

Results

Six RCTs were identified in our systematic review, involving 251 patients. The results indi-
cated that physical activity and exercise have a beneficial impact on quality of life, pain inten-
sity, mental health, pelvic floor dysfunction, and bone density. However, due to the
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heterogeneity of the outcome measures and the incomplete reporting of the results in the
studies included in this review, only a simple meta-analysis of two studies could be per-
formed. The meta-analysis demonstrated that physical activity and exercise have a signifi-
cant impact on the improvement of quality of life, particularly in the context of pain (P
<0.0001), control and powerlessness (P <0.00001), and emotional well-being (P = 0.006).

Conclusion

The present review indicates that physical activity and exercise have beneficial effects on
the treatment of symptoms associated with endometriosis, particularly in terms of improving
quality of life and providing pain relief. Due to the limitation in the quality of involved studies
and the short duration of treatment, more RCTs with high-quality, long-term duration are
needed for further validation.

Trial registration
Systematic review registration: Registration number: CRD 42024547551.

Introduction

Endometriosis is a benign, chronic, inflammatory, and estrogen-dependent disease affecting
approximately 10% of reproductive-age women globally [1]. The disease is defined by the pres-
ence of endometrial-like tissue in locations external to the uterus, with the potential for
involvement of the gastrointestinal, urinary, and musculoskeletal systems [2]. Endometriosis is
currently regarded as a systemic disease, rather than a condition that is primarily confined to
the pelvis [3]. The clinical presentation is diverse, and in addition to the symptoms of endome-
triosis itself, there are organ-specific symptoms associated with the endometriotic lesions [4].
The most prevalent clinical manifestations are infertility and pain symptoms such as dysme-
norrhea, dyspareunia, and chronic pelvic pain [5]. Endometriosis significantly affects patients’
quality of life, affecting numerous aspects of their daily lives, including activities of daily living,
sexual function, and personal relationships. Furthermore, the disease is associated with an
increased risk of depression, fatigue, and reduced work productivity [6]. Endometriosis has a
significant impact on public health, resulting in considerable healthcare expenditures [7]. The
economic burden exceeds US$22 billion in the USA alone and £12.5bn in the UK [8].

The etiology of endometriosis remains unclear. A number of pathogenetic mechanisms
have been proposed to explain the etiology of endometriosis, including the stem cell theory,
the coelomic metaplastic theory, the Sampson theory, the Miillerian remnant theory, and the
vascular and lymphatic metastasis theory [9]. The retrograde menstruation theory proposed
by Sampson is widely accepted. Notably, endometriosis is primarily associated with chronic
pelvic pain that results from the activation of macrophages and mast cells, thereby contribut-
ing to a persistent cycle of inflammation, oxidative stress, and pain [10]. Nevertheless, the etiol-
ogy of endometriosis remains poorly understood. The diagnosis is frequently delayed due to
inadequate knowledge of the disease and the absence of reliable non-invasive biomarkers, with
the interval between initial symptoms and diagnosis ranging from four to 11 years. It has been
documented that 65% of women are initially misdiagnosed [11].

Endometriosis is a chronic disease with no known cure and requires lifelong management.
The current standard of care for endometriosis is pain management, which may include
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medication, surgery, or a combination of both [12]. Nevertheless, studies have demonstrated
that these treatments are relatively efficacious in reducing pain and that the disease and its
symptoms have a high rate of recurrence [13]. The importance of complementary therapies is
increasingly being emphasized. The main types of complementary therapies are acupuncture,
physical activity, exercise, and dietary interventions [14-16]. The international clinical guide-
lines recommend that the role of physical activity (PA) and exercise be given particular atten-
tion in the management of endometriosis-related symptoms [17].

The efficacy of physical activity and exercise as an aid to pain management in endometriosis
has been the subject of recent research. A systematic review suggests that exercise has a benefi-
cial effect on pain in women with endometriosis. However, it was not possible to determine
the effectiveness of PA and exercise in treating endometriosis-related symptoms [18]. Another
two systematic reviews could not determine the effect of PA and exercise on endometriosis-
associated symptoms[19, 20]. However, a narrative review found that body awareness exercises
such as Hatha yoga, progressive muscle relaxation, and the Jacobson method reduced pain and
stress and improved the quality of life associated with endometriosis [21]. The studies included
in these reviews employ a variety of research methods and designs, including cross-sectional
surveys, cohort studies, observational studies, and randomized controlled trials. Moreover,
randomized controlled trials are currently scarce. Furthermore, the quality of evidence derived
from these studies is relatively low. The aim of this systematic review and meta-analysis is to
systematically review the available randomized controlled trials to assess the effectiveness and
safety of physical activity and exercise on endometriosis.

Methods

This systematic review and meta-analysis was designed and conducted following a predeter-
mined protocol according to the Cochrane Handbook’s recommendations [22]. We reported
the results using the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA), a systematic review guideline [23]. Before data extraction, the systematic review
was registered in the International Prospective Register of Systematic Reviews (PROSPERO)
database (CRD 42024547551).

Search strategies

The literature search was performed in Pubmed, Embase, The Cochrane Library, Medline, and
Web of Science from inception until May 2024. No limits were applied for language and publi-
cation date. Additionally, the reference lists of included articles, relevant reviews, and grey lit-
erature on the topic were manually searched for additional studies. Two review authors
assessed the eligibility of documents. Any disagreements were resolved by discussion with the
corresponding author. The electronic search strategy for this systematic review and meta-anal-
ysis is presented in Table S1 in S1 File.

Eligibility criteria

Studies were included in the systematic review if they met the following criteria: the partici-
pants had to be women who had been diagnosed with any degree of endometriosis; the inter-
vention of studies involving any type of physical activity and exercise; the control group
engaged in activities of daily living and/or conventional treatment; and only randomized con-
trolled trials (RCTs) were included. The primary outcome indicator was quality of life, but all
outcomes were accepted for consideration.
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The exclusion criteria were as follows: Conference abstracts, animal studies, cohort studies,
retrospective studies, non-randomized controlled trials, and non-English literature. No
attempt was made to identify unpublished studies.

Study selection criteria

We conducted the initial search, removed duplicate records, and screened titles and abstracts
for relevance. Records were then identified as included, excluded, or uncertain. In cases of
uncertainty, the full text was obtained to determine eligibility. Identified documents were inde-
pendently assessed by two authors. In case of disagreement, a third author was consulted to
make a final judgment.

Data extraction

Data extraction was performed independently by two authors, who thoroughly reviewed each
included document. Data were cross-checked to minimize potential errors, and disagreements
were resolved by discussion with the corresponding author. Cochrane guidelines were used to
extract the characteristics of the included studies. The following information was extracted
from the included studies: author name, country of origin, year of publication, study period,
sample size, description of intervention, description of control, duration, primary and second-
ary outcomes, and dropout rate. For continuous variables, the data were extracted as the mean
and standard deviation (SD) for the post-intervention values. In the absence of a specified
mean difference (MD), it was derived from either the standard error, interquartile range, or
the 95% confidence interval. We strove to maintain the integrity of the data, and any missing
data were obtained through email or telephone communication with the authors. If no
response is received, the study will be excluded.

Data synthesis and analysis

All related statistical analysis was conducted by using the software Review Manager 5.4. The
pooled effect sizes were considered as weighted mean differences (WMDs) with 95% confi-
dence intervals (95% CI). If multiple time points were reported for outcomes, the data from
the final time point was used for analysis. Due to the lack of data, the minimum number of
studies for the meta-analysis was decreased to two. Heterogeneity between studies was esti-
mated using the Cochrane Q static with its P value and the I-squared (%) statistic (degree of
heterogeneity). In each analysis, heterogeneity was presented as low (I*< 40%), moderate
(40% < I* <70%), or high (I> > 70%). The fixed-effects model was applied when I? <50%.
Otherwise, the random-effects model was conducted. p < 0.05 represented statistical
significance.

Assessment of risk of bias

Two independent researchers conducted the quality assessment by using the Cochrane Collab-
oration’s risk of bias tool for RCTs. The analysis was carefully reviewed, and any discrepancies
were resolved through consultation with a third researcher. The Cochrane Risk Assessment
Tool has been used to assess quality at the study level. Factors related to the tool included ran-
dom sequence generation, allocation concealment, application of blinding method, incomplete
outcome data, selective outcome reporting, and other sources of bias. Every domain was

"

assessed and given a verdict of "yes," "no," or "unclear" based on The Cochrane Collaboration’s
standards. We assigned three categories—unclear, low, and high risk of bias—for our risk-of-

bias judgments.
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Results
Studies selection and the flow chart

The preliminary search identified 564 documents, including 78 from PubMed, 172 from
Embase, 82 from Cochrane Library, 140 from Medline, and 92 from Web of Science. After
screening by Endnote, removing 255 duplicate articles, 309 documents were assessed by
screening titles and abstracts. Among them, 276 were excluded due to apparent ineligibility. 33
documents were selected for full-text evaluation, and 27 of these were excluded for the follow-
ing reasons: non-randomized controlled trials (n = 1); review article(n = 8); intervention was
not considered as physical activity or exercise (n = 6); not for endometriosis(n = 2); no avail-
able data (n = 4); uncompleted studies(n = 6). Finally, this systematic review fully synthesized
six RCTs (251 participants) [24-29]. Further, due to homogeneity, two RCTs [25, 29] were
included for meta-analysis. Details of the selection process have been shown in the PRISMA
flow diagram (Fig 1).

Characteristics of included studies

The summarized characteristics of the six RCTs included in the review are shown in Table 1.
One study was conducted in Spain [24], one in Brazil [25], one in Australia [29], one in Swe-
den [27], one in China [26], and one in the United States of America [28]. All of the included
studies were randomized controlled trials conducted between 1995 and 2023. The total study
sample consisted of 251 women with endometriosis. The study women were aged between 16
and 51 years, two of the studies did not report participant ages, only the mean value [24, 28].
Three studies included women with surgically confirmed endometriosis [26-28], while three
studies did not specify the diagnostic criteria used for endometriosis [24, 25, 29]. The specific
stages of endometriosis were not delineated in any of the studies. All women in one study also
exhibited chronic pelvic pain [25]. All women included in the two studies did not engage in
any form of exercise or yoga in the past [25, 28]. All women in one study demonstrated endo-
metriosis-related discomfort (i.e., painful intercourse, dysmenorrhea, or chronic pelvic pain)
[26].

The performed interventions are listed in Table 1, which included stretching, aerobic, and
resistance exercises that were focused on the lumbar spine; hatha yoga; virtual reality-delivered
exercises; telehealth-delivered exercises; 40 minutes of personalized aerobic fitness at 50-70%
of maximal heart rate + flexibility exercises; fast walks and aerobic training; and progressive
muscle relaxation exercises. All studies included pre- and post-treatment examinations. Three
studies were evaluated during treatment [25, 27, 28], and two studies had long-term follow-up
(24, 28].

Table 1 presents a summary of the primary and secondary outcomes for all studies included
in the systematic review. The primary outcomes of the studies included quality of life, pain,
reduction of adverse effects as described in the package insert of the drug, and bone mineral
density. However, the outcome reports were incomplete for all studies. The primary indicator
value for quality of life was assessed in three studies [24, 25]. Two outcomes were evaluated
using the Endometriosis Health Profile-30(EHP-30), while one study employed the 36-item
Short-Form Health Survey (SF-36). The assessment of pelvic pain was conducted using the
visual analog scale (VAS) in two studies.

Risk bias in included studies

All studies were assessed for potential sources of bias using the Cochrane tool. The results
were summarized following the risk categories proposed by the tool, as illustrated in Figs 2
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Fig 1. PRISMA flow diagram of the study process. PRISMA, Preferred Reporting Items for Systematic Review and Meta-analysis.

https://doi.org/10.1371/journal.pone.0317820.9001

and 3. All studies were found to have adequately generated random sequences, as described in
the respective articles, and were therefore determined to be at low risk of bias. Concerning the
allocation process, only three of the six studies that employed random sequence generation
described how the allocation was conducted [24, 25, 29]. Consequently, these studies were clas-
sified as being at low risk of bias. With regard to the masking of participants and outcomes, all
studies that did not attempt to mask either participants or personnel were classified as having
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Fig 2. Overall risk of bias assessment.

https://doi.org/10.1371/journal.pone.0317820.9002

an uncertain risk of bias. Regarding incomplete outcome data, one study did not provide
information regarding the proportion of missing visits, thus placing it at a high risk of bias
[25]. Another study did not adequately describe data loss, resulting in an uncertain risk of bias
[26]. However, four other studies did provide explanations for any data loss, thus placing them
at low risk of bias [24, 27-29]. Regarding selective reporting, only three studies provided com-
prehensive descriptions of both primary and secondary outcomes [24, 25]. The remaining
three studies did not provide sufficient detail on this aspect and were therefore classified as
having an uncertain risk of bias [26-29]. A comprehensive assessment of all studies revealed
that none provided sufficient information to enable an evaluation of the risk of bias.

Study losses

All six studies incorporated intention-to-treat analyses and reported on study losses. However, the
study by Zhao et al. [26]did not provide an explanation for the reasons why women were excluded
or lost to follow-up. The study by Gongalves et al. [25] revealed that key data were measured for
less than 85% of the population due to loss of follow-up. Specifically, 40 women were enrolled,
with 28 completing the study. The failure rate was as high as 30 percent. Similarly, the study con-
ducted by Bergstrom et al. [27] exhibited a dropout rate of 15.7%. The follow-up population of
less than 85% is considered to be a factor prone to bias. In the study by Artacho-Cordon. et al.
[24], four participants did not complete the study due to excessive work commitments, with three
in the intervention group and one in the control group affected by this. In the study by Lutfi et al.
[29], all participants in the VR group completed the study. In contrast, one participant in the tele-
health-delivered exercise group and two participants in the control group did not complete the
study. Three participants did not complete the study by Carpenter et al. [28], and it was not speci-
fied whether they were in the intervention group or the control group.

Effect of intervention on quality of life

Gongalves et al. [25] found that, over the course of eight weeks of treatment, the quality of life
(QoL) score of the yoga practitioners was significantly lower than that of the non-yoga
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Fig 3. Risk of bias summary for randomized controlled trials.

https://doi.org/10.1371/journal.pone.0317820.g003

practitioners, as measured by the EHP-30. Furthermore, the women in the yoga group exhib-
ited enhanced quality of life in the domains of pain, control and powerlessness, emotional
well-being, self-image, and social support. Notably, the control group was also provided with
physiotherapy following the intervention at their institution.

Artacho-Cordon et al. [24] observed a more pronounced improvement in quality of life in
the Physio-EndEA group compared to the control group at both the post-intervention and
1-year follow-up periods (large effect size(d>0.8)). The "Physio-EndEA" program is a nine-
week, multimodal, supervised, and personalized therapeutic exercise program. The program
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Experimental Control Mean Difference Mean Difference
1 Weigh IV, Fix 5% Cl IV, Fixed, 95% CI
Artacho-Cordon 2023  29.53 16.17 13 47.72 19.75 14 54.6% -18.19[-31.77,-4.61] 0
Gongalves 2017 32.39 21.95 25 55.05 21.49 12 454% -22.66 [-37.56, -7.76] =
Total (95% CI) 38 26 100.0% -20.22 [-30.25, -10.18] >
e 2 = = = .12 =09 k t t !
Heterogeneity: Chi2 =0.19, df = 1 (P = 0.66); 1> = 0% 100 50 0 50 100

Test for overall effect: Z = 3.95 (P < 0.0001)

Favours [experimental]

Favours [control]

Fig 4. Forest plot of the analysis of the pain aspect of quality of life.
https://doi.org/10.1371/journal.pone.0317820.g004

has been shown to have a beneficial effect on the quality of life and pain experienced by
women suffering from endometriosis. Notably, quality of life is also assessed through the
EHP-30.

Two studies used the EHP-30 to assess quality of life. A meta-analysis of two randomized
controlled trials (71 subjects) comparing physical activity and exercise with a control group for
improving quality of life was performed [24, 25]. The fix effects model was used in the meta-
analysis. The results showed that after the physical activity and exercise intervention, there was
a significant improvement in the pain aspect (WMD -20.22, 95% CI -30.25 to -10.18, P
<0.0001, I = 0%, Fig 4), the control and powerlessness aspect(WMD -23.07, 95% CI -31.59 to
-14.45, P <0.00001, I* = 0%, Fig 5), and the emotional well-being aspect of quality of life com-
pared with the control group (WMD -14.35, 95% CI -24.44 to -4.08, P = 0.006, I> = 9%, Fig 6).
Meanwhile, Zhao et al. [26] also reported that the progressive muscle relaxation (PMR) group
exhibited a significantly greater improvement in overall/domain QOL than the control group
(P < 0.05). However, health-related quality of life was measured using the SF-36 instrument.
This is consistent with our findings. Furthermore, pooled results from the fixed-effects model
indicated no significant differences in the social support (WMD-6.89, 95% CI -16.76 to 2.97,

P =0.17, I* = 0%, Fig 7), and self-image aspects (WMD -12.20, 95% CI -26.08 to 1.69, P = 0.09,
I? = 27%, Fig 8) of QOL. However, the small number of patients included in the meta-analysis
should be considered.

Effect of intervention on pain

Lutfi et al. [29] reported no significant difference in the change in VAS scores between groups
after the acute training intervention (p = 0.45).The telehealth (+10 + 12 mm) and VR-delivered
exercise (+9 + 24 mm) interventions demonstrated a smaller increase in pain scores from the
baseline compared to the control group (+16 + 12 mm). However, there was also a "medium-
large" group x time interaction effect on VAS scores (n2 = 0.10), suggesting that women with
endometriosis had lower levels of pelvic pain after a single session of VR-delivered and tele-
health-delivered exercise interventions compared with controls. This effect size is considered
to be moderate to large. Notably, the sample size of the study was insufficient to permit the
detection of statistical significance. The visual analog scale employed in this study constituted

Experimental Control Mean Difference Mean Difference
r r Mean D Total Mean D Total Weigh IV, Fix 5% Cl IV, Fixed, 95% CI
Artacho-Cordon 2023  27.06 15.25 13 54.47 189 14 43.5% -27.41[-40.32,-14.50] L
Gongalves 2017 34.44 15.71 24 5417 16.67 12 56.5% -19.73[-31.06, -8.40] i
Total (95% CI) 37 26 100.0% -23.07 [-31.59, -14.55] -
e 2 = = = .12 =09 t t t t
Heterogeneity: Chi2 = 0.77, df = 1 (P = 0.38); I2 = 0% 50 25 0 25 50

Test for overall effect: Z = 5.31 (P < 0.00001) Favours [experimental]

Favours [control]
Fig 5. Forest plot of the analysis of the control and powerlessness aspect of quality of life.

https://doi.org/10.1371/journal.pone.0317820.9005
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Experimental Control Mean Difference Mean Difference
r r Mean D Total Mean D Total Weigh 1V, Fix 5% CI 1V, Fix 5% Cl
Artacho-Cordon 2023 28.5 13.49 13 46.67 19.37 14  67.3% -18.17 [-30.69, -5.65]
Gongalves 2017 41.67 16.67 24 48.15 29.47 12 32.7% -6.48[-24.44,11.48]
Total (95% CI) 37 26 100.0% -14.35[-24.62, -4.08] -
e Chiz = - _ 2= 0o b } } } !
Heterogeneity: Chi2 = 1.10, df = 1 (P = 0.30); I = 9% ~100 50 0 50 100

Test for overall effect: Z = 2.74 (P = 0.006)

Favours [experimental] Favours [control]

Fig 6. Forest plot of the analysis of the emotional well-being aspect of quality of life.
https://doi.org/10.1371/journal.pone.0317820.g006

a modification of a previously validated VAS scale, no other study has employed this specific
version of the VAS scale.

Gongalves et al. [25] reported that daily pain levels were significantly lower in the yoga
group than in the non-yoga group. Women in the yoga group had lower mean pain VAS
scores, whereas the women in the non-yoga group exhibited a tendency to increase. In addi-
tion, after the intervention, scores on the pain-related domains of the EHP-30 were signifi-
cantly lower in the yoga group than in the control group (32.39 + 21.95 vs. 55.05 + 21.49,

p < 0.001).

In a study by Artacho-Cordon et al. [24], a near-significant reduction in current pelvic pain
associated with "Physio-EndEA" was also observed after the intervention (-1.63 [-3.66, 0.02];

P =0.060). Carpenter et al. [28] observed that pelvic pain was reduced in both the intervention
and control groups. They found no additional effect on pelvic pain through physical activity
and exercise compared to pharmacologic treatment with danazol. However, the study did not
report the exact results and significance levels.

Zhao et al. [26] observed a significant improvement in quality of life concerning body pain
in both the progressive muscle relaxation(PMR) and control groups. However, the PMR group
exhibited more pronounced improvements than the control group (16.64 £ 21.73 vs
34.34 +18.47, p < 0.001). It is important to note that the study population was limited to
patients who had been treated with gonadotrophin-releasing hormone (GnRH) agonists. The
patients included in the study had previously failed contraceptive oral contraceptive (COC)
therapy and therefore had stage III or stage IV endometriosis [30].

Effects of intervention on mental health aspects

Zhao et al. [26] employed the SF-36 to assess mental health. The control group demonstrated
no significant change in mental health before and after the intervention (p = 0.27). In contrast,
the intervention group exhibited a significant improvement in mental health after the inter-
vention (p = 0.04). A comparison of the improvement in scores between the two groups
revealed that the PMR group exhibited a significantly greater improvement in scores in the
mental health domains than the control group (p < 0.001).

Experimental Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD_Total Weight 1V, Fixed, 95% ClI 1V, Fixed, 95% Cl
Artacho-Cordon 2023  34.03 13.4 13 38.87 17.86 14 69.3% -4.84[-16.70, 7.02]
Gongalves 2017 45.42 23.32 24 56.94 26.78 12 30.7% -11.52[-29.31, 6.27]
Total (95% CI) 37 26 100.0% -6.89[-16.76, 2.97]

Heterogeneity: Chi? = 0.37, df = 1 (P = 0.54); I = 0%

-50 : 50

bia ¢ -100 0 100
Testiorioverall sffeck 2=1.37(P =0.17) Favours [experimental] Favours [control]
Fig 7. Forest plot of the analysis of the social support of quality of life.
https://doi.org/10.1371/journal.pone.0317820.g007
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Experimental Control Mean Difference Mean Difference
__Study or Subgroup Mean SD Total Mean SD_ Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Artacho-Cordon 2023 35.41 22.83 13 54.67 25.46 14 58.1% -19.26 [-37.48, -1.04] il
Gongalves 2017 41.11 25.68 24 43.52 33.28 12 41.9% -2.41[-23.86, 19.04]
Total (95% CI) 37 26 100.0% -12.20 [-26.08, 1.69]
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Fig 8. Forest plot of the analysis of the self-image aspects of quality of life.
https://doi.org/10.1371/journal.pone.0317820.g008

Artacho-Cordoén et al. [24] found that the intervention group exhibited notable improve-
ments in emotional well-being as measured by the EHP-30, with a statistically significant dif-
ference (p < 0.05) compared to the control group. Furthermore, the findings at the one-year
follow-up assessment indicated that the intervention group continued to demonstrate superior
emotional well-being compared to the control group (p < 0.05). Gongalves et al. [25] found
significant improvements in certain EHP-30 items (emotional well-being) in the intervention
group compared with the control group (p < 0.05).

Effect of intervention on pelvic floor dysfunction

Gongalves et al. [25] observed that the sexual intercourse domain of the EHP-30 was lower in
both the intervention and control groups following eight weeks of hatha yoga. However, the
results did not attain statistical significance at either the inter- or intra-group levels. Carpenter
et al. [28] evaluated the impact of exercise during danazol therapy on pelvic floor symptoms,
including painful intercourse and dysmenorrhea. The authors of this study reported improve-
ments in symptoms in both groups but did not provide values or levels of significance. Arta-
cho-Cordon et al. [24] observed a substantial effect size in dyspareunia following the
intervention (d = 0.81; 95% CI -0.30 to 1.32).

Effect of intervention on bone

A significant reduction in bone mineral density (BMD) of the femoral neck was observed in
the control group relative to the physical training group following a 12-month intervention, as
reported by Bergstrom et al. [27]. The intervention was unable to negate the bone loss caused
by GnRH treatment during the initial six-month training period. Nevertheless, the application
of physical exercise facilitated enhanced bone recovery in the femoral neck subsequent to the
cessation of GnRH treatment, when compared to the control group. Six months after the ces-
sation of GnRH treatment, no significant increase in spinal BMD was observed in the training
group, although a slight increase was noted.

Discussion

The relationship between physical activity and exercise and endometriosis has been the subject
of extensive study in the past, with several reviews published on the topic [18-21, 31, 32]. How-
ever, the results of these reviews were inconclusive. The principal objective of this systematic
review was to identify randomized controlled trials that investigate the effects of physical activ-
ity and exercise on endometriosis-related symptoms and to analyze and synthesize the avail-
able evidence. A total of six randomized controlled trials were identified, involving a total of
251 women diagnosed with endometriosis. The studies revealed that physical activity and exer-
cise have a beneficial impact on quality of life, pain intensity, mental health, pelvic floor dys-
function, and bone density, in individuals diagnosed with endometriosis. However, only a
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simple meta-analysis of two studies could be performed due to the heterogeneity of the out-
come measures and the incomplete reporting of the results in the studies included in this
review [24, 25]. The systematic review and meta-analysis of quality of life demonstrated that
physical activity and exercise had a significant impact on the improvement of three domains of
quality of life: pain, control and powerlessness, and emotional well-being.

The long-term nature of endometriosis, along with its implications for emotional and men-
tal health, has a significant impact on the overall quality of life of women diagnosed with the
disease [33, 34]. A variety of clinical and surgical interventions have been employed with con-
siderable success in patients with endometriosis [35]. Nevertheless, the biopsychosocial dam-
age caused by the disease creates a vicious cycle that impacts the efficacy of underlying
treatments, including clinical and surgical interventions [36]. Reducing the symptoms of
endometriosis, particularly chronic pelvic pain, dysmenorrhea, and dyspareunia, is of para-
mount importance for enhancing the physical and mental health of individuals diagnosed with
the disease. The implementation of holistic treatments may prove an effective strategy for
enhancing quality of life.

The treatment of endometriosis presents a significant challenge [37]. Irrespective of the
treatment received, approximately 50% of women with endometriosis will experience recur-
rent symptoms within five years [38]. Approximately 30% of women continue to experience
pain due to endometriosis after primary treatment [39]. The pathogenesis of endometriosis
pain is complex, including central sensitization (CS) and myofascial dysfunction. Moreover, it
is noteworthy that pain symptoms may persist post-routine treatment [40]. Furthermore, the
presence of CS has been observed in almost half of endometriosis patients, and such pain
symptoms may be partially or completely unresponsive to routine endometriosis treatment
[41]. Exercise therapy constitutes a significant component of evidence-based guidelines for
chronic pain conditions [42]. A large study indicates that the integration of pain neuroscience
education with cognition-targeted time-contingent exercise therapy results in a substantial
improvement in self-reported symptoms of CS in patients suffering from chronic spinal pain
[43]. Consequently, for women affected by endometriosis with CS, a multidisciplinary pro-
gram combining centrally acting medications, pain education, pelvic floor physiotherapy, and
behavioral health can help to improve pain symptoms and quality of life [44]. Furthermore,
the mainstay of treatment for myofascial pelvic pain is a multimodal, multidisciplinary
approach encompassing patient education, pelvic floor physiotherapy, and pharmacological
injections at pelvic floor pain trigger points [45]. However, the potential adverse effects of
pharmacologic and surgical interventions, in addition to the risk of recurrence and the poor
effectiveness of conventional treatments, have prompted research into alternative treatment
strategies. The inability of the majority of patients to travel to specialized treatment centers
also underscores the necessity to develop alternative therapies that are effective in relieving or
controlling pain [18, 46].

A multimodal approach that includes complementary therapy has been proposed as a
potential method for alleviating symptoms associated with endometriosis [17, 47, 48]. How-
ever, the most efficacious complementary therapy for endometriosis-related symptoms
remains to be determined [49]. A variety of approaches have been demonstrated to alleviate
endometriosis symptoms and enhance quality of life, including antioxidant vitamins, dietary
modifications, acupuncture, and psychological interventions [50-53]. Furthermore, several
have suggested that exercise may be an option [54]. There is evidence to suggest that the symp-
toms associated with endometriosis are caused by a localized peritoneal inflammatory
response resulting from the implantation of ectopic endometrium [55, 56]. The pain associated
with endometriosis can be classified as either nociceptive (including inflammatory) or neuro-
pathic, or a combination of both [57]. Prior research indicates that exercise may confer
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benefits and protection against chronic inflammatory diseases. Physical activity increases the
systemic levels of various cytokines with anti-inflammatory properties [58, 59]. Furthermore,
transverse and skeletal muscles are regarded as endocrine organs that stimulate the production
and release of myocytokines through contraction, thereby potentially influencing and modify-
ing the metabolism and cytokine production in tissues and organs. The contraction of these
muscles releases myokines [60]. Moreover, exercise has been demonstrated to enhance the
production of leukocytes, cortisol, and adrenaline, all of which have been shown to possess
potent acute anti-inflammatory effects [61, 62]. It has been proposed that the underlying phys-
iological mechanisms of the exercise-induced reduction in pro-inflammatory cytokines may
include a reduction in the expression of genes involved in the regulation of the hypothalamic-
pituitary-adrenal axis, as well as an improvement in the regulation of pain perception [63-65].
The aforementioned mechanisms demonstrate that physical activity and exercise serve to alle-
viate the symptoms of endometriosis.

Pain is a subjective experience, and endometriosis-related pain is a complex phenomenon
that affects women in diverse ways and to varying degrees [66]. It is challenging to quantify
and make comparisons between individuals who experience chronic pain. A uniform and
accurate method of assessment is more conducive to our ability to assess the effects of physical
activity and exercise on endometriosis-related pain. In our review, only two studies employed
the use of the VAS to assess pain, while two others utilized the EHP-30, which is arguably the
most pertinent questionnaire for evaluating pain in women with endometriosis. One study
employed the SF-36 for the assessment of pain. Notably, other studies did not provide suffi-
cient detail regarding the assessment of pain and the specific methods employed.

Endometriosis presents with a range of overlapping symptoms that are similar to those of
other chronic inflammatory diseases, and the lack of reliable and reproducible diagnostic bio-
markers makes it difficult to diagnose [67]. Furthermore, the presence of occult or diminutive
lesions can compound the complexity of diagnosis. A definitive diagnosis based on laparo-
scopic surgery takes an average of 7-9 years [68]. Near-infrared radiation imaging after intra-
venous injection of indocyanine green imaging, employing two-dimensional or three-
dimensional correlation, has been demonstrated to be valuable in identifying "occult’ endome-
triotic lesions. However, the patients in this study were predominantly those with intermediate
to advanced endometriosis [69]. It is noteworthy that only three studies in the present review
diagnosed endometriosis on the basis of laparoscopic or open surgery, and the remaining
three studies did not specify the basis of diagnosis. Further investigation is required to ascer-
tain whether there are differences in the efficacy of physical activity and exercise in patients
with varying degrees of endometriosis.

This systematic review is distinguished by its rigorous search strategy and methodological
robustness. Additionally, the strength of our study lies in the inclusion of a greater number of
studies for analysis, leading to more positive results compared to the previous review. Further-
more, all of the included studies were randomized controlled trials. However, it should be
acknowledged that certain limitations are unavoidable. Firstly, the small sample sizes are
small, which could potentially impact the reliability of the results. Secondly, there was consid-
erable variation in the length of the intervention and follow-up periods across the studies. Fur-
thermore, the included studies employed disparate exercise regimens, including regular
exercise, yoga, and additional individualized or unspecified programs. Finally, a further issue
was that all studies employed a wide range of outcome measures.

The findings of our comprehensive assessment indicate that PA and exercise may have a
range of beneficial effects on endometriosis-related symptoms. It is reccommended that health-
care professionals disseminate information regarding the benefits of physical activity to
patients with endometriosis. Nevertheless, additional randomized controlled trials with
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superior methodological quality and longer follow-up periods are required to substantiate the
impact of physical activity on patients with endometriosis. It is recommended that future stud-
ies adopt a patient-centered approach to measure and report relevant core outcomes from the
patient’s perspective. These outcomes should include quality of life, improvement in pain and
endometriosis symptoms, and acceptability and satisfaction scores. Furthermore, it is impera-
tive that reliable and validated tools be employed to assess these outcomes. It is recommended
that future studies concentrate on the type and frequency of physical activity and exercise, as
well as the criteria for patient selection.

Conclusion

The systematic review and meta-analysis demonstrated that physical activity and exercise had
a significant impact on three domains of quality of life, including pain, control and powerless-
ness, and emotional well-being. The systematic review indicates that physical activity and exer-
cise can alleviate pain, promote psychological well-being, and improve pelvic floor
dysfunction. Moreover, physical activity and exercise have been demonstrated to facilitate
bone reconstruction in women with endometriosis who have undergone treatment with
GnRH analogs. However, more large sample sizes and well-designed randomized controlled
trials are needed to provide evidence-based recommendations on physical activity for women
with endometriosis-related symptoms.
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