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Abstract

In this opinion piece, we summarize, discuss implications of implementation, and critically
evaluate our 2018 evidence-based guideline recommendations for exercise and physical activity in
women with polycystic ovary syndrome (PCOS). We developed recommendations as part of a
larger international guideline development project. The overall guideline scope and priorities were
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informed by extensive health professional and consumer engagement. The lifestyle guideline
development group responsible for the exercise recommendations included experts in
endocrinology, exercise physiology, gynecology, dietetics, and obstetrics, alongside consumers.
Extensive online communications and two face-to-face meetings addressed five prioritized clinical
questions related to lifestyle, including the role of exercise as therapy for women with PCOS. The
guideline recommendations were formulated based on one narrative and two evidence-based
reviews, before consensus voting within the guideline panel. The development process was in
accordance with the Appraisal of Guidelines for Research and Evaluation (AGREE) I, and used
the Grading of Recommendations, Assessment, Development and Evaluation (GRADE)
framework to assess evidence quality, desirable and undesirable consequences, feasibility,
acceptability, cost, implementation, and recommendation strength. Given the evidence for exercise
as therapy in PCOS being of low quality, a consensus recommendation was made based on current
exercise guidelines for the general population. Women with PCOS and clinicians are forced to
adopt generic approaches when recommending exercise therapy that perpetuates clinical
management with pharmacological solutions. The current status of evidence highlights the need
for greater international co-operation between researchers and funding agencies to address key
clinical knowledge gaps around exercise therapy in PCOS to generate evidence for appropriate,
scalable, and sustainable best practice approaches.

1 Introduction

Polycystic ovary syndrome (PCOS) is the most common endocrine disorder in women of
reproductive age, with lifelong repercussions. The prevalence of PCOS varies from 8% to
13% [1], depending on the diagnostic criteria, ethnicity [2, 3], and other factors such as body
weight [4]. The Rotterdam criteria, the internationally accepted diagnostic criteria for PCOS,
requires any two of the following three criteria; oligo- or anovulation, clinical and/or
biochemical hyperandrogenism, and polycystic ovaries, with the exclusion of other
aetiologies that may mimic PCOS [5]. In light of this clinical heterogeneity, PCOS can
present as one of four phenotypes [6] ranging from mild to severe forms. PCOS is the
leading cause of anovulatory infertility among reproductive-aged women [7, 8]. PCOS is
underpinned by insulin resistance (IR) and has significant cardio-metabolic features
including hypertension, dyslipidemia, vascular dysfunction, obesity, and increased risk of
metabolic syndrome and type 2 diabetes [9-17]. PCOS can also have a significant negative
impact on health-related quality of life (HRQoL) [18-20] and mental wellbeing [21], with
women reporting higher levels of anxiety and depression compared to women without PCOS
[21-24].

Physical activity and structured exercise in the general population delivers metabolic,
cardiovascular, and psychological benefits at population level, alone or in combination with
dietary changes [25-27]. Conversely, sedentary behaviors (activities during waking hours in
a seated or reclined position with energy expenditure less than 1.5 times the resting
metabolic rate) are linked to all-cause mortality with significant amounts of physical activity
(> 60 min per day) required to offset this association [28, 29]. Both aerobic and resistance
exercise have proven benefit in reducing cardio vascular risk factors (CVRFs), although
combined training seems to be the most effective [30]. It is estimated that the health impact
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of exercise therapy can reduce the long-term cost to healthcare systems in people at risk of
chronic metabolic disease like pre-diabetes (~ AUD$1900/person/annum [31]) that includes
women with PCOS. The benefits of exercise compared to minimal or no intervention in
women with PCOS has been described prior [32-34] and subsequent [35, 36] to the
international evidence-based guidelines and are limited to a few reported randomized
controlled trials (RCTs; Table 1). Further support for the beneficial role of physical activity
and exercise in PCOS comes from cohort and case—control studies that report improved
cardio-metabolic features (insulin resistance (IR), dyslipidaemia, CVRFs, and vascular
function), cardiorespiratory fitness, body composition (waist circumference, central
adiposity, and body mass index (BMI)), reproductive features (Anti-Mullerian Hormone
[AMH], a marker of ovarian function; menstrual cyclicity and ovulation), and psychological
wellbeing in women with PCOS and overweight/obesity [37-50]. The benefits of these
interventions often occur independent of significant weight loss [40].

Despite the well-established benefit of physical activity and exercise for prevention of
chronic disease and the need for maintenance of health at population level, and particularly
in women with PCOS, most populations tend to remain inactive [51]. This disengagement
from physical activity and exercise is likely due to general and PCOS-specific barriers [37,
52, 53]. To overcome reduced participation, we need to address the general (time limitations,
fatigue, climate, ill health, motivation, self-consciousness about appearance [53]) and
PCOS-specific (lack of confidence about maintaining physical activity, fear of injury,
physical limitations [37]) barriers, by focusing on effective exercise or physical activities
that are enjoyable and likely to be self-sustained beyond the period of therapeutic
intervention.

As with pharmacological treatment, physical activity and exercise do not normalise IR [39],
nor completely ameliorate the clinical complications of PCOS. Nevertheless, there is a clear
role for physical activity and exercise in the management and treatment of PCOS, which has
been recognised in previous clinical practice guidelines for women with PCOS [45, 54-57].
However, the previous guidelines lacked scope, stakeholder engagement, and a sound
evidence-base, and/or needed updating leaving major gaps in knowledge for appropriate
clinical application [58]. Hence, there is a continued need to determine appropriate physical
activity and/or exercise “doses,” types and regimes that are efficacious for improving clinical
features of PCOS while enhancing patient engagement and long-term sustainability.

We provide a summary of our recommendations to highlight existing limitations of
knowledge on exercise therapy and physical activity in PCOS. Additionally, we explore the
implications for implementation of recommendations of the 2018 international evidence-
based guideline for the treatment and management of PCOS [58, 59]. We also address the
data used to answer the common clinical question from women with PCOS and healthcare
providers on the existing gaps in clinical practice: In women with PCOS, are exercise
interventions (compared to no exercise and/or different exercises) effective for improving
anthropometric, cardio-metabolic, reproductive, fertility, quality-of-life, and emotional
wellbeing outcomes?
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2 Methodological Approach

Best practice evidence-based guideline development methodology was applied and detailed
in the full guideline [58]. The international evidence-based guideline development involved
health-professional societies and consumer organizations, with multidisciplinary experts and
women with PCOS consulted directly at all stages of the process. An international advisory
and a project board from six continents, a multidisciplinary international guideline
development group, and consumer and translation committees formed the governance team.
The international society-nominated panel provided expertise in endocrinology, gynecology,
reproductive endocrinology, obstetrics, allied health, and public health, alongside women
with PCOS, project management, evidence synthesis, and translation experts. Thirty-seven
societies and organizations representing 71 countries were involved in a 15-month process
that addressed prioritized clinical questions, of which five were related to weight and
lifestyle.

We formed the guideline development group 3—*“Lifestyle management and models of
care”—where we addressed the key clinical question and knowledge gap related to
establishing the physical activity and/or exercise program/intervention that is best suited to
target the complex clinical features of PCOS. Using this approach we assessed two
evidence-based reviews (Table 1 [32, 33]), one narrative review (Table 1 [34]), and any new
RCT meeting the inclusion criteria [58] to inform recommendations on exercise and physical
activity alone or within a lifestyle program. Whether we assessed available synthesized
evidence or new RCTSs, physical activity and exercise programs were classified into three
broad categories; aerobic/endurance style activities (focusing on aerobic capacity/fitness),
resistance style activities (targeting muscle mass and strength), or a combination of both.
These general classifications were further sub-grouped by exercise intensity, especially
aerobic style activities or exercises, and can be defined as light, moderate, vigorous, or high-
intensity depending on the physiological stress [60]. Appraisal of Guidelines for Research
and Evaluation (AGREE) Il compliant processes were followed, with extensive evidence
synthesis. The Grading of Recommendations, Assessment, Development, and Evaluation
(GRADE) framework [61] was applied to assess evidence quality, desirable and undesirable
consequences, feasibility, acceptability, cost, implementation, and ultimately
recommendation strength. Evidence-based recommendations (EBRs) were formulated
before the consensus voting within the guideline panel. In addition to appraised evidence in
the new guideline we also report on clinical trials that did not meet the strict criteria for the
guidelines to highlight vital knowledge missed that adds context to consensus
recommendations.

3 What is the Evidence for the Consensus Recommendation?

To date there is minimal high-quality evidence exploring the type of exercise that best
targets the clinical features of PCOS (Tables 1 and 2). The impact of exercise and physical
activity on the cardio-metabolic and reproductive features of PCOS have been relatively well
summarized in a number of publications [32-34, 44], with little advancement in the most
recent literature (Table 1) [35, 36]. While acknowledging the limitations of available
evidence (sample size, study type, heterogeneity of interventions; Table 1), the evidence
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syntheses and RCTs evaluated do show important clinical improvements induced by exercise
interventions in CVRFs, glycaemic control, biomarkers of reproductive health, quality of
life, and functional capacities (aerobic fitness, maximal strength), when compared to
minimal or no treatment (Tables 1 and 2) [32-36, 42, 44, 45, 62, 63]. When considering
which type of exercise may be most beneficial to women with PCQOS, it is unclear from the
evidence, with the majority of studies (n7=9) utilizing aerobic exercise at a moderate to
vigorous intensity (Table 2), but in varying modes (walk, run, or ride) and supervision levels.
Similarly, exploring whether resistance training, either alone or in combination with aerobic
exercise has benefits for women with PCOS, definitive recommendations are not possible.
Only three studies meeting the inclusion criteria explore resistance training, where only one
study [64] has resistance training only and two utilize combined training [42, 43, 65].

A small RCT has been conducted exploring the effect of intervention duration (12 or 24
weeks) of moderate intensity cycling performed three times per week on a stationary cycle
ergometer on the health of women with PCOS [66]. This clearly demonstrated that 24 weeks
of intervention had greater clinical impact than 12 weeks on CVRFs and metabolic features
[66]. Specifically, at 24 weeks, the markers of glucose homeostasis, lipid profiles (LDL,
HDL), and anthropometry (6-cm reduction in waist circumference and 2 kg/m? reduction in
BMI) showed significantly greater improvement than at 12 weeks, albeit with no impact on
the reproductive biomarkers [44, 45, 66]. A second study (a relatively small RCT) [42, 43],
explored the impact of the type of exercise by using different 20-week fitness center-based
exercise programs (superimposed on a high-protein diet). Aerobic exercise (5 days/week of
moderate intensity treadmill walking/jogging) was compared to a combined exercise
intervention (3 days/week of moderate intensity treadmill walking/jogging plus 2 days/week
of progressive resistance training). Both training interventions elicited similar improvements
in CVRFs and metabolic, reproductive, and psychological features of PCOS in parallel with
the same diet-induced weight loss in women with PCOS [42-45]. Additionally, in terms of
psychological health, community-based/epidemiological studies have demonstrated a
positive association of self-reported physical activity levels and improved mental health
status [37, 38].

Overall, the lack of high-quality evidence limits recommendations on prescription of
specific types and doses of exercise, and any therapeutic interventions are likely to be
aligned with international guidelines for physical activity for adults. These would require
women with PCOS to undertake a minimum dose of 150 min of physical activity per week.
On face value, this seems a substantial commitment to exercise and physical activity,
especially considering the ever increasing barrier of “being too time poor” to engage in
sustained physical activity and exercise both in the general population [53] and in women
with PCOS [37]. Perhaps a more time-efficient approach to exercise is needed. While no
large-scale RCTs have been published in this area, epidemiological data [67] and a small
RCT using high-intensity intermittent training (HIIT) [64] suggests that vigorous forms of
exercise are associated with better health outcomes and reduced cardio-metabolic features in
women with PCOS while also addressing the barrier of time limitation.

While beyond the scope of exercise prescription, sedentary behavior is a growing concern
with links to all-cause mortality in the general population [28] and warrants consideration in
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any evidence-synthesis focusing physical activity. Research into sedentary behaviors in the
general population is in its infancy [28] and even less is known about women with PCOS.
Initial data indicate women with PCOS spend 30 min more per day sitting than women
without PCOS [10]. Therefore, increased efforts in quantifying and developing strategies to
reduce sedentary behaviors in this inactive group should be considered due significant
current and future health problems.

4 Recommendations

Despite the large body of literature including RCTs (Table 2) and evidence synthesis (Table
1) [32-36], the quality and quantity of evidence for exercise and physical activity in PCOS is
not sufficient to support an evidence-based recommendation, but rather a clinical consensus
recommendation (CCR). Within the recommendation terms like “should,” “could,” and
“should not” have been used. These terms are informed by the nature of the recommendation
(evidence or consensus), the GRADE framework [61], and evidence quality, and are
independent descriptors reflecting the judgment of the multidisciplinary guideline
development group, which included women with PCOS. These terms refer to the overall
interpretation and practical application of the recommendation, balancing benefits and harm.
“Should” is used where benefits of the recommendation exceed harm, and where the
recommendation can be trusted to guide practice. “Could” is used where either the quality of
evidence was limited or the available studies demonstrate little clear benefit of one approach
over another, or the balance of benefit to harm was unclear. “Should not” is used where there
is either a lack of appropriate evidence, or when the harm may outweigh the benefits.

Specifically, there are a limited number of RCTs of sufficiently high quality, often due to
sample size and intervention heterogeneity, to enable the development of exercise/physical
activity recommendations for women with PCOS. Therefore current literature on PCOS
confines the provision of recommendations in the international guidelines to the general
population in the context of exercise and physical activity for health, prevention of weight
gain, and promotion of weight loss [77, 78]. As such the clinical consensus
recommendations for exercise and physical activity for women with PCOS are provided (see
Table 3).

5 Considerations for Implementation of the Clinical Consensus

Recommendation

It is clear that the recommendations and clinical practice points will have implications for
implementation in clinical practices for the patient and treating healthcare providers. These
issues are explored in the context of the GRADE framework [61].

5.1 Resource Requirements

Resource requirements will increase with implementation. Irrespective of the exercise
program or physical activity recommended, it may result in increased referrals to allied
health and certified exercise professionals. This is likely to increase the cost to women with
PCOS, healthcare systems, and/or insurance providers. There may also be increased
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consultation times and increased utilization of chronic disease management plans that would
result in increased costs.

5.2 Cost Effectiveness

Cost effectiveness has not been assessed for exercise therapy in PCOS. Data from other
sources suggest regular exercise can reduce the metabolic disease-associated healthcare
costs annually [31]. Furthermore, a group-based integrated lifestyle program (exercise and
diet) implemented for 6 months reduced the cost of assisted-fertility treatment per live birth
by 60-fold [80].

5.3 Equity
Equity will be an important consideration for implementation. Exercise therapy and long-
term physical activity programs do not need to be in clinical centers, expensive gyms, or
fitness centers. Exercise and physical activity programs can be delivered in community
centers and at sporting grounds/facilities in group settings with minimal equipment. As such,
implementation of exercise and physical activity recommendations should be provided in the
context of the socioeconomic status of the patients and in consideration of health and
community services available.

5.4 Acceptability

Acceptability to women with PCOS, clinicians, and healthcare funders is likely to be a
challenge for implementing the recommendations. Engagement of healthcare practitioners
and healthcare funders, as well as financial barriers, may be an issue for the women.
Insufficient access to allied health and certified exercise professionals may also be a barrier,
as well as insufficient consultation time allocated by general practitioners and other clinical
specialists. Drop-out rates and sustainable long-term engagement to exercise programs may
be a problem for women with PCOS, but if there is adequate allied health and clinical
support with a patientcenterd approach, this problem may be reduced to similar or better
levels of non-compliance than long-term pharmacological treatments.

5.5 Feasibility

Feasibility in current healthcare structures is high. Utilizing current structures for referral
into exercise therapy/physical activity programs is already in place in many countries. This
makes recommending exercise therapy and/or physical activity to patients by a care team
relatively easy, and generally cost effective in a group setting. Solutions to deliver and
facilitate long-term increases in physical activity and exercise will be required where these
services and structures are not available. Overall, a global shift in cultural mindset with
regard to recommending regular exercise and/or physical activity may be required.

5.6 Implementation

Implementation of the exercise therapy/physical activity recommendations into standard care
will require:

1 Innovative solutions to provide environments (within and beyond clinical setting)
that facilitate all forms of exercise and physical activity.
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2. A cultural shift in mindset and additional consultation time from the primary and
specialist healthcare providers to educate and discuss the need for exercise and
physical activity for women with PCOS. This is likely to involve using chronic
disease-management plans and referral mechanisms to certified exercise
professionals.

3. Recommendations to exercise must be offered in the context of a woman’s
individual circumstances (socioeconomic status, goals, likes and dislikes, time
constraints)

4 Women with PCOS should be given the opportunity to take control of their
exercise therapy and share in the decision making of their care based on the best,
valid information from all members of the care team.

5. Accountability and responsibility from both the woman with PCOS and the team
of healthcare providers.

5.7 Monitoring and Evaluation

As there is no strong evidence for a specific type, mode, or intensity of exercise being best
for the management and treatment of PCOS, recommending expensive cardiorespiratory
tests is unwarranted. Instead, simple and easy to use tools would be appropriate to monitor
fitness and exercise behaviors in women with PCOS. These tests may include:

1 Simple submaximal fitness tests conducted by certified exercise professionals.

2. Physical activity and sedentary behavior questionnaires (e.g., International
Physical Activity questionnaire [IPAQ]), which can be administered by all
healthcare providers.

3. Using activity monitors to monitor daily step counts, provide feedback and
motivation. Note: these are not medical devices but they do provide valuable
insights into physical activity and exercise for all healthcare providers.

4, Quantifying sedentary behaviors and investigating strategies to reduce this
behavior in women with PCOS.

However, data on the value of these outcomes in management and treatment does not exist in
women with PCOS. Thus, evaluation of these outcomes as health indicators, via health data
repositories and clinical trials, may serve to inform further research in the role of exercise in
PCOS therapy.

5.8 Research Priorities

Clear clinical research gaps have been identified in this and prior extensive evidence
syntheses [32-34, 44, 45], stakeholder feedback in National Health and Medical Research
Council (NHMRC) of Australia’s Centre for Research Excellence in PCOS, and in research-
priority data from an international survey of 1,592 women with PCOS and 1,200 Health
Professionals [81]. There is an urgent need to determine:

1 Exercise “doses” and regimes that improve efficacy, engagement, and
sustainability of active lifestyles in PCOS management and treatment.
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2. The effect of long-term (12 months or greater) exercise studies that focus not
only on metabolic health but also fertility (live birth) and mental health,
including health-related quality of life.

3. The impact of exercise interventions on clinical features of PCOS in other
subpopulations such as lean women, adolescents, and peri-menopausal women.

6 Critical Evaluation

It is clear from assessing even the highest quality evidence that there are high levels of bias
stemming from poor reporting of the exercise interventions, intervention heterogeneity, and
small sample sizes. These issues are complicit in insufficient evidence for strong
recommendations for exercise and/or physical activity interventions in women with PCOS.
We might postulate that the reasons for this are multifactorial and stem from:

1 The therapeutic and disease prevention properties of exercise captured in the
phrase “exercise is medicine™” is overlooked when there is an apparent
pharmacological solution in modern medicine [82].

2. Clinical exercise practice is a new profession and is now only catching up on
implementing gold-standard clinical research.

3. Health-research funding is extremely challenging to obtain for therapeutic
lifestyle interventions (including exercise), yet alone for PCOS [83].

However, in the context of exercise therapy and interventions in PCOS, there is a multitude
of literature (approximately 20 publications including cohort studies and uncontrolled trials)
not considered in our rigorous evidence syntheses and practice guidelines [45, 54-57],
leaving a “rich source” of evidence unevaluated. These studies, via innovative meta-analysis
methodologies, need to be systematically reviewed and analyzed to better inform our
understanding of the impact of exercise in women with PCOS. This will directly add to the
evidence needed to inform the medical profession and funding agencies that will support
missing high-quality clinical trials for women with PCOS and obesity-related diseases more
broadly.

In order to advance the current understanding of the benefits of exercise therapy and
physical activity in women with PCOS it is clear that a concerted effort is needed where
clinicians, allied health practitioners, and specialists engage with women with PCOS to
design these studies. Together they should lobby governments and funding agencies to help
address the remaining gaps in knowledge and clinical practice. We believe this needs to
occur efficiently and collaboratively, where future exercise-based clinical trials address
PCOS-specific barriers for sustainability, incorporate behavior change theory, and are:

1 Multidisciplinary (nutrition, psychology, sociology)
2. Multinational

a. Co-funded internationally
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b. Multi-ethnic, encompassing as many different genetic groups as
possible (e.g., the southeast Asians, Europeans, African Americans,
Chinese)

C. Very large sample sizes

3. Are translational

a. Have capacity for scalability within different socioeconomic contexts
b. Include educational components for changing clinician attitudes and
behaviors

7 Conclusion

There is relatively little evidence from the highest quality clinical trials (RCTs) upon which
to base an evidence-based exercise recommendation for women with PCOS. This results in a
perpetuation of consensus recommendations for exercise and physical activity applied from
the general population data. However, the way forward is to evaluate individual patient data
and/or all data from exercise intervention literature (cohort and case—control studies) to
garner a better understanding on the health impact of exercise in women with PCOS. These
assessments should then be used to inform the next series of exercise intervention studies.
Overall, a stronger body of evidence is required, highlighting the need to advocate for
funding for large RCTs that are co-designed with women and clinicians to facilitate
engagement, sustainability, and incorporation into clinical care, and are appropriate across
the socioeconomic context.
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Key Points

PCOS is a complex endocrinopathy affecting 8-13% of women worldwide and impacting
reproductive, cardio-metabolic, and psychological health. Lifestyle modification
(behavior, diet, and/or exercise) is recommended as first-line therapy. However, is the
evidence strong enough?

Best-practice evidence synthesis for guideline development found limitations in the
current body of evidence. This resulted in a consensus statement on exercise
recommendations that reflects the physical activity guidelines for health maintenance and
weight loss of the general population.

In view of the paucity of quality evidence, new approaches are needed to evaluate the
many exercise intervention studies hitherto conducted on women with PCOS.
Additionally, large randomized controlled trials are recommended through international
collaboration.
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