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Abstract: Background: Guidelines for the management of polycystic ovary syndrome (PCOS) focus
on lifestyle changes, incorporating exercise. Whilst evidence suggests that aerobic exercise may
be beneficial, less is known about the effectiveness of resistance training (RT), which may be more
feasible for those that have low fitness levels and/or are unable to tolerate/participate in aerobic
exercise. Objectives: To identify the available evidence on RT in women with PCOS and to summarise
findings in the context of a scoping review. Eligibility criteria: Studies utilising pre-post designs
to assess the effectiveness of RT in PCOS; all outcomes were included. Sources of evidence: Four
databases (PubMed, CENTRAL, CINAHL and SportDiscus) were searched and supplemented by
hand searching of relevant papers/reference lists. Charting methods: Extracted data were presented
in tables and qualitatively synthesised. Results: Searches returned 42 papers; of those, 12 papers
were included, relating to six studies/trials. Statistical changes were reported for multiple pertinent
outcomes relating to metabolic (i.e., glycaemia and fat-free mass) and hormonal (i.e., testosterone and
sex hormone-binding globulin) profiles. Conclusions: There is a striking lack of studies in this field
and, despite the reported statistical significance for many outcomes, the documented magnitude of
changes are small and the quality of the evidence questionable. This highlights an unmet need for
rigorously designed/reported and sufficiently powered trials.

Keywords: strength training; lifestyle; metabolism; hormones; quality of life; women’s health

1. Introduction

Polycystic ovary syndrome (PCOS) is the most common endocrine disorder in reproductive-
aged women which, depending on the applied diagnostic criteria, affects 15-20% of this female
population [1,2]. Following exclusion of other relevant conditions, PCOS is typically diagnosed
based on the presence of at least two out of three criteria; that is, chronic anovulation, hyperan-
drogenism (clinical and/or biochemical) and polycystic ovaries as identified by ultrasound [3].
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In addition, women with PCOS are also at an increased risk of cardiometabolic complications,
particularly obesity, insulin resistance, type 2 diabetes, hypertension, non-alcoholic fatty liver
disease, and obstructive sleep apnoea [4-9]. Furthermore, women with PCOS are also at a high
risk of psychological comorbidity, exhibiting higher prevalence of coexisting anxiety and/or
depression [10-14], and impairments to their overall quality of life (QoL) compared to women
without PCOS [15,16]. As there is currently no curative treatment for this syndrome, manage-
ment of women with PCOS aims to alleviate the clinical manifestations, whilst lowering the
related risk of cardiometabolic morbidity [17]. Accordingly, first line management recommenda-
tions focus on lifestyle changes aiming to increase physical activity (PA) and improve dietary
habits [18].

Lifestyle interventions which incorporate exercise have been shown to improve many
of these cardiometabolic health-related outcomes in a range of general and patient popu-
lations [19-21]. Given this existing evidence, lifestyle interventions represent an effective
strategy to support improvements in the health and wellbeing of women with PCOS. In-
deed, our previous systematic review and meta-analysis of randomised controlled trials
(RCTs) that utilised exercise interventions in women with PCOS [22] revealed statisti-
cally favourable effects for several health-related outcomes. Based on these data, women
with PCOS who completed an exercise intervention had improved fasting insulin, insulin
resistance, total cholesterol, low-density lipoprotein cholesterol (LDL-C), triglycerides,
cardiorespiratory fitness, waist circumference and body fat percentage, when compared
to those receiving no intervention. Of note, the most successful exercise interventions
were those which were supervised, of a shorter duration, and which included only aerobic
exercise [22]. However, the certainty of the existing evidence is either low or very low,
and warrants a cautious approach when interpreting these findings since the included
published studies had small sample sizes and a high risk of bias, whilst many outcomes
had modest effects and wide 95% confidence intervals (CI) [23].

Regarding exercise modality, it is notable that only three of the included RCTs in our
systematic review [24-26] had a resistance training arm as part of their intervention, with
data from just 25 participants in total. This striking paucity of RCTs including women with
PCOS completing resistance training interventions is surprising, particularly given the
benefits reported in other populations. Resistance training is a health behaviour which is
critical to health and is included in many international PA guidelines [27-30]. An overview
of systematic reviews, including data from 382,627 participants, reported that when adults
engage in resistance training, risk of mortality and myocardial infarction are lowered,
whilst blood pressure, muscular strength and physical functioning are also improved [31].
Moreover, a systematic review by Gordon and colleagues [32] reported improved gly-
caemic control and insulin sensitivity following resistance training interventions in patients
with type 2 diabetes. Further systematic reviews have reported a significant positive re-
lationship between participation in resistance training and QoL [33], fatigue levels [33],
improvement of depressive symptoms [34], sleep quality [35], body composition [36] and
hepatic steatosis [37]. Despite the small number of women with PCOS represented in
our previous meta-analysis [22], we also reported statistical improvements to fasting in-
sulin, high-density lipoprotein cholesterol (HDL-C) and waist circumference when those
specifically completing a resistance training intervention were compared to control.

Overall, there is an increasing number of studies investigating the effects of exercise
in PCOS, but there appears to be a lack of well-designed /reported studies which focus
on the effects of resistance training. Given that women with PCOS have markedly lower
levels of cardiorespiratory fitness compared to healthy controls [38], resistance training may
represent a more feasible alternative to aerobic exercise for those with low cardiorespiratory
fitness levels, or for those who are unable to tolerate/participate in aerobic exercise. Ac-
cordingly, it is important to summarise this body of evidence in order to better understand
the effects of resistance training on the health of women with PCOS, and to better inform
the relevant clinical practice. Therefore, the aims of this scoping review are to examine the
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extent and nature of the available evidence on resistance training in women with PCOS
and, from this evidence, to summarise key findings for all included outcomes.

2. Materials and Methods

This scoping review is reported based on the guidelines of the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses extension for Scoping Reviews (PRISMA-5cR)
checklist (Table S1) [39]. The protocol for this review was adapted from a Master of Science
dissertation project (EP) conducted at the University of Chester.

Search Methods for Identification of Studies

Table 1 presents the eligibility criteria for studies to be included in this scoping review.
Only studies that include at least one study arm in which reproductive-aged women with
PCOS complete a resistance/strength training intervention were eligible for inclusion.
Whilst women with PCOS are the focus of this study, studies that have used a case—control
design (e.g., comparing women with PCOS to healthy women without PCOS) were eligible
for inclusion. Eligible studies had to employ an intervention design, and report pre- and
post-intervention data that measure the chronic effects of resistance training exercise in
women with PCOS; accordingly, a variety of study designs were eligible for inclusion. We
defined resistance/strength training as a method of conditioning in which an individual
works against a resistive load to enhance health, fitness and/or performance [40].

Table 1. Eligibility criteria for including studies in this scoping review.

Inclusion Criteria

1. Study design: studies incorporating a resistance training intervention; randomised controlled
trials, cross-sectional studies, case-control studies are eligible
2. Participants: reproductive-aged women with a reported diagnosis of PCOS
3. Intervention: any study which incorporates an arm that utilises only resistance/strength
training. Can be of any duration, supervised or unsupervised, with follow-up data collection of
any duration
4. Outcomes: all reported outcomes

Exclusion Criteria
1. Study design: literature reviews, systematics reviews and meta-analyses, editorials, and
commentaries
2. Participants: males, adolescent females, post-menopausal women
Intervention: aerobic exercise, combined interventions (i.e., resistance training + aerobic
training/diet/ pharmacological/etc. where effects of exercise cannot be isolated)

The databases searched were PubMed, CENTRAL (in the Cochrane Library), CINAHL
and SportDiscus (via EBSCOhost). A search algorithm was developed for PubMed (Table 2),
which was adapted for the additional databases. Searches were completed in July 2022 with
no time limit specified for study inclusion (no limit was applied for the range of publication
years). There were no language restrictions placed on the search, but only fully published
studies, that had undertaken peer review were eligible. Database searches were undertaken
independently by two reviewers (CK and EP) with the results being compared. Once
agreement was reached, duplicate records were removed, and titles and abstracts were
screened independently by the same two reviewers. This was followed by full-text eligibility
screening (CK and EP); where full-text publications were unavailable, corresponding
authors were contacted, and a two-week response was permitted (all requests for full-
texts were satisfied). During screening, any disagreements on eligibility were resolved by
discussion; arbitration from a third reviewer was not required as consensus was reached on
all disputed studies. Two reviewers (CK and EP) also hand searched through the full-text
and reference lists of papers relevant to the topic (including editorials and reviews) for
additional studies which met the eligibility criteria. When necessary, included studies
which had multiple publications were linked together with the earliest paper of the trial
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used as the primary reference. Outcome data for these trials were extracted from the most
comprehensive available data from the linked papers.

Table 2. Search algorithm for PubMed which was adapted for additional databases.

Search Algorithm for PubMed

(“Polycystic ovary syndrome” [MeSH Terms] OR “Polycystic ovar * [Title/ Abstract]” OR “PCOS”
[Title/ Abstract] OR “PCOD” [Title/ Abstract] OR “Stein levent *” [Title/ Abstract] AND
“Resistance Training” [MeSH Terms] OR “Muscle training” [Title/ Abstract] OR “Strength
training” [Title/ Abstract] OR “Strengthening” [Title/ Abstract])

* Commonly used wildcard symbol in PubMed which broadens a search by finding words that start with the same
letters.

Once the eligible papers had been determined, we were guided by Arksey and
O’Malley’s [41] framework for scoping studies to help us determine the appropriate meth-
ods for charting the data. Accordingly, we extracted data relating to author(s), year of
publication, geographical location, study population characteristics, details of the interven-
tion and any comparators, other methodological considerations (Table 3), aims of the study,
outcome measures, and key findings (Table 4). Once extracted, data were described in table
format and qualitatively synthesised in the Section 3.

Table 3. Characteristics of studies included in this scoping review.

Study Participant

Study (year) Characteristics Characteristics Intervention Comparator (s)
Duration: 12 weeks
Frequency: 4 times/week
(2 x RT, 2 home-based)
Intensity: load not defined but
Design: RCT progressed with strength gains. Two to
Location: Australia three sets of 8-12 reps. Control
Sample size: 13 Time: ~60 min per session Participants did not receive any
Vizza [26] (resistance training: Age: 27 £ 5 years Type: lat pulldown, leg curl, seated exercise intervention and were
(2016) 7, control: 6) BMI: 37.8 = 11.4 kg/ m? row, leg press, calf raise, chest press, advised to continue with their
Diagnosis: split squat, shoulder press, biceps curl, current lifestyle, and usual
Rotterdam PCOS triceps extension, and abdominal curl.  healthcare and medical treatments.
diagnostic criteria Home-based: Callisthenics,
3 sets of 10 reps
Participants were supervised for the
resistance training but not for the
home-based callisthenics
HIIT
Frequency: 2 times/wk
Intensity: 4 x 4 min at 90-95%
HRpmax separated by 3 min at ~70%
De;lgnz RCT Duration: 10 weeks HRmaX.
Location: Norway . Frequency: 1 time/wk
L Frequency: 3 times/week L o
Sample-size: 25 I s ore Intensity: 10 x 1 min with
. . . . ntensity: 75% 1-RM, 3 sets of . . .
Almenning (resistance training: Age: 27.2 + 5.5 years 10 repetitions separated by 1 min rest maximal intensity separated by
[24] (2015) 8 HIIT:8, control: 9)  BMI: 26.7 + 6.0 kg/m> petiions sep e 1 min of rest/very low activity
. . Time: not specified . .
Diagnosis: Tvpe: ei : . Type: treadmill, outdoor
ype: eight dynamic strength drills . ; .
Rotterdam PCOS .o, . running/walking and/or cycling.
. S Participants were supervised
diagnostic criteria Control
Advised to adhere to the

recommended >150 min per week
of moderate intensity
physical activity.
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Table 3. Cont.

Study (year)

Study
Characteristics

Participant Characteristics

Intervention

Comparator (s)

Lara [42-48]
(2015 [48]; 2016
[42,44,46,47];
2018 [45];
2019 [43])

Design:
Case-control
Location: Brazil
Sample size: PCOS:
45, Control: 52
Diagnosis:
Rotterdam PCOS
diagnostic criteria

PCOS
Age: 28.1 &= 5.4 years
BMI: 28.5 +
6.02 kg/mzControl
Age: 29.6 & 5.3 years
BMI: 26.2 + 6.8 kg/m?

Duration: 16 weeks
Frequency: 3 times/week
Intensity: Progression from 60%
1-RM (week 1) to 85% 1-RM.
Progression performed over 4
weeks of a microcycle; intensity
increased, and volume reduced.
Minimum of 3 sets of 8 repetitions
Time: 60 min
Type: bench press, leg extension,
front latissimus pull-down, leg
curl, lateral raise, leg press (45°),
triceps pulley, calf leg press, arm
curl, and abdominal exercise,
executed in alternating segments.
Participants were supervised.

All participants received the
progressive resistance training
intervention. Women with
PCOS were compared to
women without.

Rao [49] (2022)

Design: RCT
Location: Pakistan
Sample-size: 50
(resistance training:
25, HIIT: 25)
Diagnosis:
Rotterdam PCOS
diagnostic criteria

Resistance trainingAge:
30.5 £ 4.8 years
BMI: 25.3 =
1.96 kg/m?HIITAge:
28.1 + 4.9 years
BMI: 26.5 = 3.09 kg/m?

Duration: 12 weeks
Frequency: 3 times/week
Intensity: 60-70% 1-RM, 3 sets of
10-12 repetitions separated by
2 min of rest
Time: ~32 min of work
Type: squats, deadlifts, lunge,
standing bent rowing, shoulder
press, bench press, push-ups, and
abdominal crunches
Participants were supervised

HIIT

Frequency: 3 times/wk
Intensity: 4 x 4 min at 90-95%
HRmax separated by 3 min of
moderate intensity activity at

~70% HRmax
Time: 45 min including
warm-up and cooldown
Type: treadmill

Hosseini [50]

Design: RCT
Location: Iran
Sample-size: 60
(control: 10, water
training: 10, land
training: 10,
Vitamin D: 10,

Water training
Age: 31.12 £ 2.42 years
BMLI: 27.11 & 0.74 kg/m?
Land training
Age: 30.01 £ 1.70 years
BMI: 27.01 + 1.15 kg /m?
Control
Age: 29.23 £ 2.11 years
BMI: 26.70 + 0.99 kg /m?

Duration: 8 weeks
Frequency: 3 times/week
Land training
Intensity: 40% 1-RM progressing
to 70% 1-RM at week 8
Time: 15 min warm-up, 30 min of
resistance training,

5 min cooldown
Type: weight training
Water training

Control
No specific detail provided
Vitamin D
Consumed Vitamin D3
supplement for 8 weeks,
which was dosed by a
physician according to the
nature and severity of Vitamin

(2019) Water/Vitamin D: Vitamin D Intensity: load not specified, D deficiency of subjects.
10, Land / Vitamin D Age: 28.56 & 1.55 years 3 sets of 12 repetitions Water/land training
’ 10) ’ BMI: 26.71 + 0.91 kg/ m? Time: 5-15 min warm-up, 60 min and Vitamin D
Diaenosis: Water/Vitamin D of resistance training, These intervention arms
Rotter dganm PéOS Age: 29.43 + 2.73 years 15 min cooldown followed the resistance
diaenostic criteria BMI: 27.72 4 1.47 kg /m? Type: trunk strength training training intervention whilst be
& Land/Vitamin D with dumbbells supplemented with
Age: 30.21 £ 1.65 years Participants were supervised for Vitamin D as above.
BMI: 27.86 + 1.54 kg /m? both land- and
water-based training
. Duration: 8 weeks
IE) izlt%gnRIS; Frequency: 3 times/week
N Intensity: 40-60% 1RM of 1-2 sets
Sample size: 30 £ 1520 o Control
(resistance training of 15-20 repetitions No specific detail provided
Type: combination of free weights . P '
and placebo: 10 P 5 Resistance training
Saremi [25] resistance trai.nin, Age: 27.1 = 5.1 years and machine weights including leg and calcium
(2016) g BMI: 25.5 + 2.7 kg/ m? press, bench press, arm curl, and

and calcium: 10,
control: 10)
Diagnosis:

Rotterdam PCOS

diagnostic criteria

pulldown.
Participants also took a placebo
alongside the intervention
(blinded).
Participants were supervised

Participants received 1000 mg
per day of calcium alongside
the resistance intervention.

Key: RCT: randomised controlled trial; BMI: body mass index; RT: resistance training; reps: repetitions; HIIT:
high-intensity interval training; 1-RM: 1-repetition max; HRmax: heart rate maximum; PCOS: polycystic ovary
syndrome.
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Table 4. Objectives, outcomes, and key findings from included studies.

Study (Design)

Study Aim(s)

Outcome Measures

Key Findings

Vizza [26]

To evaluate the feasibility of
executing a randomised
controlled trial of progressive
resistance training in women
with PCOS.

Body weight, BMI, waist
circumference, fat mass, lean mass,
fat-free mass, body fat (%), HbAlc,

fasting insulin, fasting glucose,
HOMA-2, hsCRP, testosterone,
sex-hormone binding globulin, free
androgen index, upper and lower
body strength, PCOSQ (five domains:
emotions, body hair, weight, infertility
problems, and menstrual problems),
SF-36 (eight domains: physical
functioning, role physical, bodily pain,
general health, vitality, social
functioning, role emotional, and
mental health), DASS-21 (three
domains: depression, anxiety, and
stress), and exercise self-efficacy scale.

For those performing progressive resistance
training, there were statistical improvements
in waist circumference, HbAlc, fasting
glucose, lower body strength, and domains
from the PCOSQ (emotions, infertility
problems), SF-36 (physical functioning) and
the DASS-21 (depression). By contrast, there
were no statistical changes for any outcome
in the control group.

The authors concluded that a randomised
clinical trial of progressive resistance
training in women with PCOS would be
feasible to conduct, and that there may be a
beneficial effect on a range of key outcomes
in this cohort. However, a suitably powered
randomised controlled trial is required to
confirm these findings.

Almenning [24]

To assess the effects of

10 weeks of structured
exercise training on metabolic,
cardiovascular, and hormonal

outcomes in women with
PCOS; the primary outcome
measure was HOMA-IR. The
comparison of high-intensity
interval training and strength
training (HIIT) was
exploratory.

Body weight, BMI, waist
circumference, fat mass, visceral fat,
fat-free mass, VO, max, resting heart
rate, heart rate recovery,
flow-mediated dilation, fasting
glucose, fasting insulin, HOMA-IR,
testosterone, free androgen index,
anti-Mullerian hormone, sex-hormone
binding globulin,
dehydroepiandrosterone sulphate,
cholesterol, HDL-C, LDL-C,
triglycerides, homocysteine, hsCRP,
adiponectin, and leptin.

For those completing the strength training
intervention, there were statistically
favourable effects for fat mass (%), fat-free
mass (kg), free androgen index,
anti-Mullerian hormone, and sex-hormone
binding globulin. By contrast, HIIT
improved fat mass (kg and %), VO, max,
flow-mediated dilation, fasting insulin,
HOMA-IR, dehydroepiandrosterone,
HDL-C, and homocysteine; there were no
statistical changes in the control group.
Observed changes were seen using exercise
as a sole treatment (i.e., no dietary or
pharmacological intervention) and without
any changes in weight. Further research is
needed to advance conclusions, and to
establish exercise guidelines for
these women.

Lara [42-48]

The study aimed to assess
sexual function and emotional
status of women with PCOS
after 16 weeks of progressive
resistance training [48].

To evaluate the efficacy of
progressive resistance
training for improving lean
muscle mass, metabolic
factors, and steroid hormones
in women with PCOS
compared to those without
PCOS [44].

To investigate resistance
training induced changes in
telomere content and
metabolic disorder in women
with PCOS and controls [46].

Female Sexual Function Index (six
domains: desire, excitement,
lubrication, orgasm, satisfaction,
pain) [48].

Body weight, BMI, waist
circumference, luteinising hormone,
follicle stimulating hormone,
oestradiol, androstenedione,
testosterone, sex-hormone binding
globulin, free androgen index, fasting
glucose, fasting insulin,
and HOMA-IR [44].

Body weight, BMI, waist
circumference, body fat (%), fat-free
mass, follicle stimulating hormone,
luteinising hormone, prolactin,
androstenedione, testosterone,
oestradiol, sex-hormone binding
globulin, free androgen index,
glycaemia, fasting insulin, HOMA-IR,
homocysteine, telomere length [46].

The sexual function of women with PCOS
was statistically improved in all domains
apart from orgasm and satisfaction whereas
in the control women, statistical
improvements were only seen in the pain
domain [48].

In women with PCOS, following resistance
training, waist circumference, testosterone,
sex-hormone binding globulin, and
glycaemia were statistically improved,
whilst androstenedione concentration was
increased. There were no significant
differences in anthropometric characteristics,
but values were consistently lower in
women without PCOS pre-, and
post-intervention [44].

Following progressive resistance training,
women with PCOS had statistical reductions
to waist circumference, body fat (%),
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Table 4. Cont.

Study (Design)

Study Aim(s)

Outcome Measures

Key Findings

Lara [42-48]

To assess the effect of a 16-week
programme of resistance
training on the quality of life of
women with PCOS [42].

To investigate the effects of
periodized strength training on
cardiac autonomic parameters
and any correlation with
metabolic/endocrine outcomes
in women with PCOS [47].
To evaluate the effects of eight
and sixteen weeks of
progressive resistance training
on body composition, indicators
of hypertrophy, and muscle
strength in women with and
without PCOS [45].
Investigate the impact of
progressive resistance training
on obesity indices in women
with PCOS and to assess the
relationship between telomere
length and obesity indices [43].

Body weight, BMI, waist circumference,
and SF-36 (eight domains: physical
functioning, role physical, bodily pain,
general health, vitality, social
functioning, role emotional,
and mental health) [42].

Heart rate, systolic, diastolic, and mean
blood pressure, body weight, BMI, body
fat (%), testosterone, androstenedione,
testosterone/ androstenedione ratio,
sex-hormone binding globulin, free
androgen index, fasting glucose, fasting
insulin, HOMA-IR, and spectral analysis
(supine and tilt test) [47].
Testosterone, androstenedione, sex
hormone binding globulin, free
androgen index, fasting glucose, insulin,
HOMA-IR, arm muscle area, thigh
muscle area, sum of skinfolds, body fat
(% and kg), lean body mass, chest press,
leg extension, and arm curl [45].
Body weight, prolactin, thyroid
stimulating hormone,
17-hydroxyprogesterone, luteinising
hormone, follicle stimulating hormone,
oestradiol, androstenedione,
testosterone, sex hormone binding
globulin, free androgen index,
glycaemia, insulin, HOMA-IR,
homocysteine, telomere length, body fat
(%), trunk body fat (%), android body
fat (%), fat mass/ heightz, BMI, waist
circumference, umbilical waist,
waist-to-hip-ratio, waist-to-height-ratio,
conicity index [43].

testosterone, sex-hormone binding globulin,
and free androgen index. Conversely, there
were statistical increases in androstenedione,
prolactin, and fat-free mass (kg) [46].
Following resistance training, the physical
functioning of women with PCOS was
statistically improved. No other domain
reached statistical significance. By contrast,
the control women saw statistical effects for
vitality, social functioning, and mental
health domains [42].
Women with PCOS who completed the
resistance training intervention statistically
reduced serum testosterone and exhibited
changes to the
testosterone/androstenedione ratio; there
were no statistical changes in the control
group. There were no statistical changes
from baseline in the spectral analysis [47].
Women with PCOS had a statistical
reduction in fasting glucose, testosterone,
sex hormone binding globulin, sum of
skinfolds, and body fat (% and kg). By
contrast, androstenedione, arm and thigh
muscle area, lean body mass, and weight
moved during chest press, leg extension and
arm curl exercises all increased. Control
women also had similar benefits,
particularly those relating to body
composition and strength. Progressive
resistance training was shown to increase
strength parameters in women with PCOS
and this is likely to the intrinsic
hyperandrogenism associated
with PCOS [45].

Following the resistance training
intervention, women with PCOS had
statistical changes to their biochemical
profile: androstenedione, testosterone, and
glycaemia all differed; these were the same
for the control women too. Women with
PCOS also had reductions in waist
circumference, umbilical waist,
waist-to-height-ratio,
and conicity index [43].
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Table 4. Cont.

Study (Design) Study Aim(s) Outcome Measures Key Findings
For those completing strength training there were
To evaluate the efficacy of favourable changes observed for all four outcomes;
high-intensity interval training pre-post statistical significance is not reported in the
(HIIT) on serum testosterone results. Similar effects are observed for those completing
levels, body fat percentage, and BMI, testosterone, body fat the HIIT intervention but again
Rao [49] 4 ’ (%), and minutes per week ’

physical activity levels among
women with PCOS. HIIT was
compared to a strength training
intervention.

of physical activity (IPAQ)

statistical significance is not reported.

The authors statistically contrast change from baseline
HIIT and strength training and report greater benefit
from HIIT for all outcomes apart from BMI
(no difference).

Hosseini [50]

The study aimed to investigate
the effect of resistance training, in
water and on land, with and
without Vitamin D
supplementation, on
anti-Mullerian hormone levels in
women with PCOS.

Anti-Mullerian hormone
and BMI

Those performing resistance training (either on land or
water) demonstrated statistical improvements in
anti-Mullerian hormone and BMIL. When interventions
were performed in combination with Vitamin D
supplementation, the effects were increased; these
changes were not evident in the control group.

Saremi [25]

The study aimed to investigate
the effect of eight weeks of
resistance training, with and
without calcium supplementation,
on levels of anti-Mullerian
hormone and metabolic
parameters in women with PCOS.

Body weight, BMI, bench
press, leg press, cholesterol,
triglycerides, LDL-C,
HDL-C, HOMA-IR, fasting
glucose, fasting insulin,
anti-Mullerian hormone.

Those who completed the strength training (and placebo)
intervention had statistical change from baseline
improvements for fasting insulin, fasting blood glucose,
triglycerides, cholesterol, LDL-C, HOMA-IR, and
upper/lower body strength; there was a statistical
increase in body weight too. All these changes were also
observed in the strength training and calcium combined
group. The combined group reported statistical changes
to anti-Mullerian, which were not observed in the
strength training alone or control group.

Key: PCOS: polycystic ovary syndrome; BMI: body mass index; HbAlc: glycated haemoglobin; HOMA: homeo-
static model assessment; IR: insulin resistance; hsCRP: high-sensitivity C-reactive protein; PCOSQ: polycystic
ovary syndrome questionnaire; SF-36: 36-item short form health survey, DASS-21: 21-item depression, anxiety
and stress scale; VO, max: maximal oxygen consumption; HDL-C: high-density lipoprotein cholesterol; LDL-C:
low-density lipoprotein cholesterol; IPAQ: international physical activity questionnaire.

3. Results

3.1. Search Results

The database searches identified a total of 42 studies and a further three were identified
from the full-text and/or reference lists of relevant publications. After removing duplicates
(n =9), 36 publications underwent title and abstract screening based on which a further 21
were excluded. A total of 15 studies were retrieved for full-text eligibility, and three were
excluded with reasons (Figure 1). This left 12 papers which met the eligibility criteria; seven
of these publications appear to be related to a single non-randomised trial [42—48]. Indeed,
four of those seven cite the same institutional ethical approval reference [43,44,46,47],
whereas, despite small differences in sample characteristics, the other three utilise the same
methodology and it is assumed they are from one trial; whilst the authors did provide one
full-text document, clarification requests to the authors were unsuccessful. The remaining
five eligible papers all relate to individual RCTs [24-26,49,50].

3.2. Characteristics of Included Studies

Three of the included studies were conducted in Asia (Iran [25,50] and Pakistan [49]),
whilst there was one study each conducted in Australia [26], Norway [24], and Brazil [48].
Two of the included trials were published in 2015 [24,48], two were published in 2016 [25,26],
and one each from 2019 [50] and 2022 [49]. Despite variation in geographical location, all
included trials used the Rotterdam PCOS criteria [3] to diagnose their participants and
determine eligibility. The mean age of included participants ranged from 27 + 5 [26] to
31.12 £ 2.42 years [50], whilst BMI ranged from 25.3 & 1.96 [49] to 37.8 & 11.4 kg/m2 [26],
meaning that participants in all eligible studies were either overweight or obese. Participant
characteristics are reported in Table 3.



Med. Sci. 2022, 10, 53

9o0f 16

42 records identified through
database searching 3 records identified through
citation searching

CENTRAL=3

EBSCOhost = 18

I !

36 records after duplicates removed

PubMed = 21

v

36 records screened —» 21 records excluded

h 4

15 full-text articles 3 full-text articles excluded
assessed for eligibility with reasons

Abstractonly =1

v

Wrong intervention = 2

12 records relating to 6
studies included in the
qualitative synthesis

[ o ] [ Eligibility ] [ Scraaning ] [Identiﬁcation]

Figure 1. Flow diagram of database searches and study screening.

All included studies incorporated a pre to post design to assess the effectiveness of a
resistance training intervention in women with PCOS. Five studies [24-26,49,50] recruited
only women with PCOS who were then randomised into an intervention or comparator
group. In the remaining study [48], women with PCOS were compared to healthy controls
and all participants received the intervention. The length of the applied intervention in
the included studies ranged from 8 to 16 weeks (two trials [25,50] used eight weeks, two
used 12 weeks [26,49] and one each used ten [24] or 16 weeks [48]). Regarding the applied
training frequency, Vizza and colleagues [26] asked participants to exercise four times per
week (two supervised and two home-based), whilst all other studies had a modal training
frequency of three times per week (all supervised).

Where training loads were reported, one study [24] used a fixed intensity for the
duration of the intervention, whereas the remaining studies either progressed the inten-
sity [25,48,50] or provided a target range [49]. One study did not specify the applied
training load [26], but stated that the load was progressed along with gains in strength
(Table 3). With regard to the number of sets and repetitions prescribed, three studies
utilised three sets of either 10 [24], 8-15 [48], or 10-12 [49] repetitions. One study prescribed
1-2 sets of 15-20 repetitions [25], and another, 2-3 sets of 8-12 repetitions [26]; Hosseini
and colleagues [50] did not specify sets/reps for land-based training, but utilised three sets
of 12 repetitions for the water-based resistance training. Rest time between sets was only
explicitly mentioned in three studies and were either one minute [24], two minutes [49],
or an unspecified time, whilst a partner performed the exercise [48]. Similarly, session
duration was only mentioned in four studies; total session time was stated as 60 min in two
studies [26,48] or time spent performing resistance exercise in each session as 30 min [50]
or approximately 32 min [49] in the remaining studies.

Whilst all interventions were broadly defined as either strength or resistance training,
five studies [24-26,48,49] incorporated a range of dynamic exercises to work the major
muscle groups and utilised a range of free weight (i.e., bench press, lunges, or deadlifts),
body weight (i.e., push-ups or abdominal crunches), and machine-based (i.e., leg curl, leg
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extension, or chest press) exercises (Table 3). One study did not specify the exercises in their
land-based intervention [50], but did state that a dumbbell was used for trunk strength
training in their water-based arm. One study also prescribed calisthenics as a home-based
intervention on non-resistance training days, which included three sets of 10 repetitions
of body weight exercise (i.e., side leg raises, core stabilisation exercises, or wall squats) to
facilitate habitual movement and behaviour change [26].

For those studies which incorporated comparator arms, two studies [26,49] had one
additional comparison arm, two studies [24,25] had two additional arms, and the final
study [50] (which had two eligible arms for this review) made four additional comparisons.
Four studies [24-26,50] included an arm as a control that received no active intervention,
two studies [24,49] included a high-intensity interval training (HIIT) arm, and two studies
combined their resistance training interventions with pharmacological supplements; that is
calcium [25] and vitamin D [50].

3.3. Outcome Measures

Across the included six studies, a range of outcomes relating to the health and well-
being of women with PCOS are reported, including anthropometric variables [i.e., body
weight, body mass index (BMI), body composition, etc.]. Four of these studies reported
also changes to metabolic outcomes (i.e., fasting glucose/insulin, lipid profile) [24-26,48],
four reported on changes to the androgenic profile of participants (i.e., testosterone, oestra-
diol, free androgen index, etc.) [24,26,48,49], and four reported on hormones associated
with menstrual regularity (i.e., follicle stimulating hormone, luteinising hormone, anti-
Mullerian hormone, etc.) [24,25,48,50]. Moreover, three of the included studies reported on
outcomes relating to strength /hypertrophy (i.e., upper/lower body strength, arm/thigh
muscle area, etc.) [25,26,48]. Only two studies reported on changes to cardiovascular health
(i.e., resting heart rate, blood pressure, flow-mediated dilation, etc.) [24,48] and quality
of life (QoL) [26,48], whilst one study each reported on sexual function [48] and physical
activity levels [49]. It should be noted that the outcomes reported by Lara and colleagues,
relate to seven papers [42-48], each with a specific focus (Table 4).

3.4. Effects of Resistance Training Interventions

When outcomes relating to the anthropometric measures of women with PCOS were
assessed, two studies [26,48] reported statistical reductions in waist/umbilical waist cir-
cumference and/or waist-to-height-ratio, three studies reported statistical reductions in
either fat mass or body fat percentage [24,48,49], whilst two studies reported an increase in
fat free mass [24,48], one a decrease in the sum of skinfolds [48], and two showed a decrease
in BMI [49,50]. Regarding reported metabolic outcomes, fasting blood glucose was statis-
tically reduced in two studies [25,48], yet increased in another [26], whilst fasting insulin
and the Homeostatic Model Assessment for Insulin Resistance (HOMA-IR) index were
improved in one study [25]. The same study [25] was also the only one to report statistical
improvements in triglycerides, total cholesterol and LDL-C; one further study [26] found
statistical improvements in HbAlc. For studies which reported the effect of resistance exer-
cise interventions on sex hormones, two studies reported statistical changes from baseline
for serum testosterone [48,49], and another two for both circulating sex hormone-binding
globulin (SHBG) levels and the free androgen index [24,48]. In addition, one study [48]
reported statistical increases in androstenedione, and consequently adjusted the testos-
terone/androstenedione ratio; the same study reported statistical increases in prolactin
too. Finally, two studies [24,50] found statistical reductions in the circulating levels of the
anti-Mullerian hormone following resistance training interventions, with Hosseini and
colleagues [50] reporting reductions for both land-based and water-based interventions.

For the studies reporting on outcomes relating to strength, three studies [25,26,48]
reported improvements to lower body strength, two studies [25,48] for upper body strength,
and one study for arm curl strength [48]; Lara and colleagues [48] also reported increased
muscle area in women with PCOS. For outcomes referring to QoL, two studies [26,48] re-
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ported improved physical function, as measured by the 36-item Short Form Survey (SF-36);
one of those studies [26] also reported improvements to the emotions and fertility domain
scores from the health-related quality of life questionnaire for women with PCOS (PCOSQ),
and lower levels of depression (as measured by the 21-items Depression, Anxiety and Stress
Scale (DASS-21). Finally, one study [48] found improved sexual function, as measured by
the Female Sexual Function Index (FSFI), and despite not reporting statistical significance,
one study [49] reported a marked increase in PA, as measured by the International Physical
Activity Questionnaire (IPAQ). No included study reported any measurable benefit to
cardiovascular health.

4. Discussion

The aims of this scoping review were to identify and present all available evidence
on resistance training interventions in women with PCOS and summarise key findings
for any pertinent health-related outcomes. Overall, the findings of this scoping review
suggest that resistance training is an effective treatment strategy for women with PCOS.
Indeed, statistical improvements were identified for a range of pertinent outcomes in the
management of PCOS, with many of these findings being replicated in multiple included
studies. However, we also confirmed the paucity of relevant studies that have evaluated
resistance training in women with PCOS, and notable limitations in the included studies
(i.e., small sample size with negligible changes, as well as limitations regarding the study
design and reporting).

4.1. Included Primary Studies

Given the high global prevalence of PCOS, the persistent lack of published studies
returned from our database searching was surprising. Furthermore, when screening was
completed, we anticipated that a larger proportion would be retained by our eligibility
criteria. Whilst there are a very limited number of studies, most (1 = 5) have adopted
randomisation to allocate participants to intervention and control groups. That said, all
individual studies were conducted from a single centre, and the RCTs have small sample
sizes (resistance intervention arms ranged from 7-25 participants) meaning they may be
insufficiently powered to detect between group differences [51]. The greatest number of
statistical findings presented in this scoping review come from a case—control study [48]
where the data has repeatedly been analysed to address multiple hypotheses. Whilst Lara
and colleagues have the largest sample of women with PCOS completing an intervention,
there are inherent limitations with this study design (e.g., risk of selection bias) that reduce
our confidence in the certainty of the findings [52].

4.2. RT Training Composition and Reporting

In general, most resistance training components are reported to a reasonable standard.
According to the FITT exercise prescription framework [53], all included studies report
weekly training frequency and some measure of time. However, what is lacking in some
studies is information on intensity and descriptions of the type of exercise being performed
(Table 3). Explicit reporting of the components of complex interventions is essential for
informing the reader about the content of effective programmes. Indeed, where reporting
is insufficient, interpretation, replication, and implementation into clinical practice is
impossible [54].

What is also lacking in these identified studies, are reports of fidelity to the intervention;
only two trials [24,26] report the number of sessions completed by participants which makes
it difficult to define the optimal dose [55]. Furthermore, description and implementation
of control/comparator groups also detract from the certainty of this body of evidence.
Given the nature of an exercise intervention, it is impossible to blind participants to their
allocated group which may cause participant compliance and attrition issues, as they
do not wish to be in the control group [56]. Furthermore, individuals who volunteer to
participate in exercise-based studies are usually highly motivated to exercise, meaning
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that despite requests not to change their lifestyle habits, the control group may increase
their PA levels anyway [57]. In the present scoping review, comparator arms are described
with varying degrees of detail, but there is no mention of control group behaviours; this
potential contamination may decrease the scope and statistical power to detect any true
intervention effects [58].

4.3. Outcomes and Favourable Effects of Interventions

The included studies analyse a diverse range of outcomes that are pertinent to the
management of women with PCOS. Encouragingly, many studies also report statistically
favourable findings for multiple outcomes, and in many instances (i.e., blood glucose,
testosterone, SHBG, strength, and fat free mass), included studies concur in their conclu-
sions. It should however be noted, that there are some disparities between individual
study findings (Table 4), and that in the vast majority of studies reporting statistical signif-
icance, the magnitude of changes from baseline are negligible and may not be clinically
important [59]. Given the relatively short length of the resistance training interventions
(8-16 weeks) in the included studies, it may be overly critical to expect larger, and clinically
important changes in these outcomes, but equally none of the included studies completed
follow-up assessments beyond the immediate end of the intervention to assess the persis-
tence of reported benefits from the resistance training interventions [60] and whether the
exercise behaviours had been sustained.

4.4. Strengths and Limitations of the Present Scoping Review

The present scoping review provides a broad overview of published studies that have
assessed a resistance training-based intervention in the management of women with PCOS.
Surprisingly, our systematic searches revealed a limited number of eligible studies, which
involve a relatively small number of participants. By using broad terms and not specifying
outcomes or study design, the search string we applied across databases was designed
to capture a wide range of studies [61]. Whilst we are confident that we have identified
all eligible studies in the extant literature, it is notable that three of the included papers
were either returned from supplementary searches of relevant literature [25,50] or included
studies [42]. This may be due to studies not being indexed in the databases we searched, or
that they were written in another language; these factors should be considered in future
searches of this body of literature.

Whilst we have adopted a critical approach in our appraisal of the included evidence,
it may be useful for a full systematic review to be conducted which utilises pre-existing
structured frameworks to evaluate constructs such as risk of bias [62,63], completeness
of intervention reporting [64], and certainty of the evidence [65]. These were never the
intended objectives for this scoping review; however, it may be beneficial for systematic
reviews including these assessments to be completed, and also to include meta-analyses to
assess the magnitude of pooled effects for each outcome.

4.5. Summary of Gaps in Literature

In the current body of literature regarding the use of resistance training interventions
for the management of women with PCOS, we have identified a number of gaps which
should be addressed in the future to better inform exercise recommendations for this
population. (1) A limited number of primary studies exist, and those which are available
have small sample sizes, meaning they are likely to be underpowered; a research priority
for this population should be the implementation of a well-designed, clearly reported study
that is sufficiently powered to detect meaningful changes. (2) A systematic review and
meta-analysis which explicitly reports on the effectiveness of resistance training (either
as a soul intervention, or in combination with other treatments) compared to alternative
treatments is lacking from the evidence; such a systematic review should include quality
assessment of the evidence according to the systematic review requirements/protocol.
(3) None of the included studies completed follow-up assessments beyond the end of the
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intervention; adding follow-up measures to assess whether exercise behaviours and any
associated benefits have persisted beyond the intervention should be a component of any
future studies.

5. Conclusions

Resistance training programmes may be beneficial to the health and wellbeing of
women with PCOS and may represent a viable method of exercise to those who are
deconditioned or unable to tolerate aerobic exercise. However, the current published
evidence to support this is limited, with few primary studies which typically incorporate
small sample sizes (particularly RCTs), heterogenous sample characteristics, and varying
degrees of exercise prescription. Whilst further steps (i.e., systematic review and meta-
analysis) should be taken to further evaluate this body of evidence, based on the potentially
positive evidence identified from this scoping review, it is apparent that there is a need
for rigorously designed, multi-centred, and sufficiently powered RCTs so that certainty of
effectiveness can be determined, and that findings can be generalised to the wider PCOS
population.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390 /medscil0040053/s1, Table S1: Preferred Reporting Items for
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Author Contributions: Conceptualization, C.K., E.P,, J.E.B., D.R.B,, LK. and H.S.R.; methodology,
CK., EP, SRT, RWD. and L.L.; formal analysis, CK. and E.P; data curation, C.K. and E.P;
writing—original draft preparation, C.K.; writing—review and editing, E.P., SR.T.,, RW.D.,L.L., J.EB,,
D.R.B,, LK. and H.S.R. LK. and H.S.R. have contributed equally to this work and are joint senior
and corresponding co-authors. All authors have read and agreed to the published version of the
manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Boyle, J.A.; Cunningham, J.; O’Dea, K.; Dunbar, T.; Norman, R.J. Prevalence of polycystic ovary syndrome in a sample of
Indigenous women in Darwin, Australia. Med. |. Aust. 2012, 196, 62-66. [CrossRef]

2. Kyrou, I; Weickert, M.O.; Randeva, H.S. Diagnosis and management of polycystic ovary syndrome (PCOS). In Endocrinology and
Diabetes; Springer: London, UK, 2015; pp. 99-113.

3. Rotterdam ESHRE/ASRM-sponsored PCOS Consensus Workshop Group. Revised 2003 consensus on diagnostic criteria and
long-term health risks related to polycystic ovary syndrome. Fertil. Steril. 2004, 81, 19-25. [CrossRef] [PubMed]

4. Lim, S.; Davies, M.; Norman, R.; Moran, L. Overweight, obesity and central obesity in women with polycystic ovary syndrome:
A systematic review and meta-analysis. Hum. Reprod. Update 2012, 18, 618-637. [CrossRef] [PubMed]

5. Stepto, N.; Cassar, S.; Joham, A.E.; Hutchison, S.K.; Harrison, C.L.; Goldstein, R.F.; Teede, H.]. Women with polycystic ovary
syndrome have intrinsic insulin resistance on euglycaemic-hyperinsulaemic clamp. Hum. Reprod. 2013, 28, 777-784. [CrossRef]

6. Kyrou, I; Randeva, H.S.; Tsigos, C.; Kaltsas, G.; Weickert, M.O. Clinical Problems Caused by Obesity, in Endotext [Internet]; MDText.
com, Inc.: South Dartmouth, MA, USA, 2018.

7. Randeva, H.S,; Tan, B.K.; Weickert, M.O.; Lois, K.; Nestler, J.E.; Sattar, N.; Lehnert, H. Cardiometabolic aspects of the polycystic
ovary syndrome. Endocr. Rev. 2012, 33, 812-841. [CrossRef] [PubMed]

8.  Kahal, H.; Kyrou, I.; Uthman, O.A.; Brown, A.; Johnson, S.; Wall, P.D.; Metcalfe, A.; Parr, D.G.; Tahrani, A.A.; Randeva, H.S. The
prevalence of obstructive sleep apnoea in women with polycystic ovary syndrome: A systematic review and meta-analysis. Sleep
Breath. 2020, 24, 339-350. [CrossRef]

9. Moran, LJ.; Misso, M.L.; Wild, R.A.; Norman, R. Impaired glucose tolerance, type 2 diabetes and metabolic syndrome in
polycystic ovary syndrome: A systematic review and meta-analysis. Hum. Reprod. Update 2010, 16, 347-363. [CrossRef]

10. Barry, J.A.; Kuczmierczyk, A.R.; Hardiman, PJ. Anxiety and depression in polycystic ovary syndrome: A systematic review and

meta-analysis. Hum. Reprod. 2011, 26, 2442-2451. [CrossRef]


https://www.mdpi.com/article/10.3390/medsci10040053/s1
https://www.mdpi.com/article/10.3390/medsci10040053/s1
http://doi.org/10.5694/mja11.10553
http://doi.org/10.1016/j.fertnstert.2003.10.004
http://www.ncbi.nlm.nih.gov/pubmed/14711538
http://doi.org/10.1093/humupd/dms030
http://www.ncbi.nlm.nih.gov/pubmed/22767467
http://doi.org/10.1093/humrep/des463
http://doi.org/10.1210/er.2012-1003
http://www.ncbi.nlm.nih.gov/pubmed/22829562
http://doi.org/10.1007/s11325-019-01835-1
http://doi.org/10.1093/humupd/dmq001
http://doi.org/10.1093/humrep/der197

Med. Sci. 2022, 10, 53 14 of 16

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Karjula, S.; Morin-Papunen, L.; Auvinen, ].; Ruokonen, A.; Puukka, K.; Franks, S.; Jarvelin, M.-R.; Tapanainen, J.S.; Jokelainen, J.;
Miettunen, J. Psychological distress is more prevalent in fertile age and premenopausal women with PCOS symptoms: 15-year
follow-up. J. Clin. Endocrinol. Metab. 2017, 102, 1861-1869. [CrossRef]

Tay, C.T.; Teede, H.J.; Hill, B.; Loxton, D.; Joham, A.E. Increased prevalence of eating disorders, low self-esteem, and psychological
distress in women with polycystic ovary syndrome: A community-based cohort study. Fertil. Steril. 2019, 112, 353-361. [CrossRef]
[PubMed]

Teede, H.; Deeks, A.; Moran, L. Polycystic ovary syndrome: A complex condition with psychological, reproductive and metabolic
manifestations that impacts on health across the lifespan. BMC Med. 2010, 8, 41. [CrossRef]

Kite, C.; Atkinson, L.; McGregor, G.; Clark, C.C.; Brown, ].E.; Kyrou, I.; Randeva, H.S. Sleep disruption and depression, stress and
anxiety levels in women with polycystic ovary syndrome (PCOS) during the lockdown measures for COVID-19 in the UK. Front.
Glob. Women’s Health 2021, 2, 649104. [CrossRef] [PubMed]

Jedel, E.; Waern, M.; Gustafson, D.; Landen, M.; Eriksson, E.; Holm, G.; Nilsson, L.; Lind, A.-K.; Janson, P.; Stener-Victorin, E.
Anxiety and depression symptoms in women with polycystic ovary syndrome compared with controls matched for body mass
index. Hum. Reprod. 2010, 25, 450-456. [CrossRef]

Podfigurna-Stopa, A.; Luisi, S.; Regini, C.; Katulski, K.; Centini, G.; Meczekalski, B.; Petraglia, F. Mood disorders and quality of
life in polycystic ovary syndrome. Gynecol. Endocrinol. 2015, 31, 431-434. [CrossRef]

Teede, H.].; Misso, M.L.; Costello, M.E,; Dokras, A.; Laven, J.; Moran, L.; Piltonen, T.; Norman, R.J. Recommendations from the
international evidence-based guideline for the assessment and management of polycystic ovary syndrome. Hum. Reprod. 2018,
33, 1602-1618. [CrossRef]

Pirotta, S.; Joham, A.J.; Moran, L.J.; Skouteris, H.; Lim, S.S. Implementation of evidence-based PCOS lifestyle management
guidelines: Perceived barriers and facilitators by consumers using the Theoretical Domains Framework and COM-B Model.
Patient Educ. Couns. 2021, 104, 2080-2088. [CrossRef]

Paffenbarger, R.S., Jr.; Hyde, R.; Wing, A.L.; Hsieh, C.-C. Physical activity, all-cause mortality, and longevity of college alumni. N.
Engl. J. Med. 1986, 314, 605-613. [CrossRef]

Ekelund, U.; Ward, H.A.; Norat, T,; Luan, J.a.; May, A.M.; Weiderpass, E.; Sharp, S.J.; Overvad, K.; Ostergaard, ].N.; Tjenneland,
A. Physical activity and all-cause mortality across levels of overall and abdominal adiposity in European men and women: The
European Prospective Investigation into Cancer and Nutrition Study (EPIC). Am. J. Clin. Nutr. 2015, 101, 613—-621. [CrossRef]
Arem, H.; Moore, S.C.; Patel, A.; Hartge, P.; De Gonzalez, A.B.; Visvanathan, K.; Campbell, P.T.; Freedman, M.; Weiderpass, E.;
Adami, H.O. Leisure time physical activity and mortality: A detailed pooled analysis of the dose-response relationship. JAMA
Intern. Med. 2015, 175, 959-967. [CrossRef]

Kite, C.; Lahart, .LM.; Afzal, I.; Broom, D.R.; Randeva, H.; Kyrou, I.; Brown, ].E. Exercise, or exercise and diet for the management
of polycystic ovary syndrome: A systematic review and meta-analysis. Syst. Rev. 2019, 8, 51. [CrossRef]

Hultcrantz, M.; Rind, D.; AKl, E.A.; Treweek, S.; Mustafa, R.A.; Iorio, A.; Alper, B.S.; Meerpohl, ].].; Murad, M.H.; Ansari, M.T. The
GRADE Working Group clarifies the construct of certainty of evidence. J. Clin. Epidemiol. 2017, 87, 4-13. [CrossRef] [PubMed]
Almenning, I.; Rieber-Mohn, A.; Lundgren, K.M.; Shetelig Lovvik, T.; Garneaes, K.K.; Moholdt, T. Effects of High Intensity
Interval Training and Strength Training on Metabolic, Cardiovascular and Hormonal Outcomes in Women with Polycystic Ovary
Syndrome: A Pilot Study. PLoS ONE 2015, 10, e0138793. [CrossRef]

Saremi, A.; Yaghoubi, M.S. Effect of resistance exercises with calcium consumption on level of anti-mullerian hormone and some
metabolic indices in women with polycystic ovarian syndrome. Iran. J. Obstet. Gynecol. Infertil. 2016, 18, 7-15.

Vizza, L.; Smith, C.A,; Swaraj, S.; Agho, K.; Cheema, B.S. The feasibility of progressive resistance training in women with
polycystic ovary syndrome: A pilot randomized controlled trial. BMIC Sports Sci. Med. Rehabil. 2016, 8, 14. [CrossRef] [PubMed]
Piercy, K.L.; Troiano, R.P; Ballard, R.M.; Carlson, S.A.; Fulton, ].E.; Galuska, D.A.; George, S.M.; Olson, R.D. The physical activity
guidelines for Americans. JAMA 2018, 320, 2020-2028. [CrossRef]

Bull, EC.; Al-Ansari, S.S.; Biddle, S.; Borodulin, K.; Buman, M.P,; Cardon, G.; Carty, C.; Chaput, ].-P.; Chastin, S.; Chou, R.
World Health Organization 2020 guidelines on physical activity and sedentary behaviour. Br. ]. Sports Med. 2020, 54, 1451-1462.
[CrossRef] [PubMed]

Gibson-Moore, H. UK Chief Medical Officers” physical activity guidelines 2019: What’s new and how can we get people more
active? Nutr. Bull. 2019, 44, 320-328. [CrossRef]

Ross, R.; Chaput, ]J.-P.; Giangregorio, L.M.; Janssen, I.; Saunders, T.J.; Kho, M.E.; Poitras, V].; Tomasone, J.R.; El-Kotob, R.;
McLaughlin, E.C. Canadian 24-Hour Movement Guidelines for Adults aged 18-64 years and Adults aged 65 years or older:
An integration of physical activity, sedentary behaviour, and sleep. Appl. Physiol. Nutr. Metab. 2020, 45, S57-5102. [CrossRef]
[PubMed]

El-Kotob, R.; Ponzano, M.; Chaput, ].-P.; Janssen, I.; Kho, M.E.; Poitras, V.J.; Ross, R.; Ross-White, A.; Saunders, T.].; Giangregorio,
L.M. Resistance training and health in adults: An overview of systematic reviews. Appl. Physiol. Nutr. Metab. 2020, 45, S165-5179.
[CrossRef] [PubMed]

Gordon, B.; Benson, A.; Bird, S.; Fraser, S. Resistance training improves metabolic health in type 2 diabetes: A systematic review.
Diabetes Res. Clin. Pract. 2009, 83, 157-175. [CrossRef] [PubMed]

Rhodes, R.E.; Lubans, D.R.; Karunamuni, N.; Kennedy, S.; Plotnikoff, R. Factors associated with participation in resistance
training: A systematic review. Br. J. Sports Med. 2017, 51, 1466-1472. [CrossRef] [PubMed]


http://doi.org/10.1210/jc.2016-3863
http://doi.org/10.1016/j.fertnstert.2019.03.027
http://www.ncbi.nlm.nih.gov/pubmed/31056307
http://doi.org/10.1186/1741-7015-8-41
http://doi.org/10.3389/fgwh.2021.649104
http://www.ncbi.nlm.nih.gov/pubmed/34816205
http://doi.org/10.1093/humrep/dep384
http://doi.org/10.3109/09513590.2015.1009437
http://doi.org/10.1093/humrep/dey256
http://doi.org/10.1016/j.pec.2021.01.036
http://doi.org/10.1056/NEJM198603063141003
http://doi.org/10.3945/ajcn.114.100065
http://doi.org/10.1001/jamainternmed.2015.0533
http://doi.org/10.1186/s13643-019-0962-3
http://doi.org/10.1016/j.jclinepi.2017.05.006
http://www.ncbi.nlm.nih.gov/pubmed/28529184
http://doi.org/10.1371/journal.pone.0138793
http://doi.org/10.1186/s13102-016-0039-8
http://www.ncbi.nlm.nih.gov/pubmed/27175282
http://doi.org/10.1001/jama.2018.14854
http://doi.org/10.1136/bjsports-2020-102955
http://www.ncbi.nlm.nih.gov/pubmed/33239350
http://doi.org/10.1111/nbu.12409
http://doi.org/10.1139/apnm-2020-0467
http://www.ncbi.nlm.nih.gov/pubmed/33054332
http://doi.org/10.1139/apnm-2020-0245
http://www.ncbi.nlm.nih.gov/pubmed/33054335
http://doi.org/10.1016/j.diabres.2008.11.024
http://www.ncbi.nlm.nih.gov/pubmed/19135754
http://doi.org/10.1136/bjsports-2016-096950
http://www.ncbi.nlm.nih.gov/pubmed/28404558

Med. Sci. 2022, 10, 53 150f 16

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Carneiro, L.; Afonso, J.; Ramirez-Campillo, R.; Murawska-Ciatowciz, E.; Marques, A.; Clemente, EM. The effects of exclusively
resistance training-based supervised programs in people with depression: A systematic review and meta-analysis of randomized
controlled trials. Int. J. Environ. Res. Public Health 2020, 17, 6715. [CrossRef] [PubMed]

Kovacevic, A.; Mavros, Y.; Heisz, ].J.; Singh, M.A.F. The effect of resistance exercise on sleep: A systematic review of randomized
controlled trials. Sleep Med. Rev. 2018, 39, 52-68. [CrossRef] [PubMed]

Lopez, P,; Taaffe, D.R.; Galvao, D.A.; Newton, R.U.; Nonemacher, E.R.; Wendt, V.M.; Bassanesi, R.N.; Turella, D.J.; Rech, A.
Resistance training effectiveness on body composition and body weight outcomes in individuals with overweight and obesity
across the lifespan: A systematic review and meta-analysis. Obes. Rev. 2022, 23, €13428. [CrossRef] [PubMed]

Hashida, R.; Kawaguchi, T.; Bekki, M.; Omoto, M.; Matsuse, H.; Nago, T.; Takano, Y.; Ueno, T.; Koga, H.; George, ]J. Aerobic vs.
resistance exercise in non-alcoholic fatty liver disease: A systematic review. J. Hepatol. 2017, 66, 142-152. [CrossRef]

Dona, S.; Bacchi, E.; Moghetti, P. Is cardiorespiratory fitness impaired in PCOS women? A review of the literature. J. Endocrinol.
Investig. 2017, 40, 463—469. [CrossRef] [PubMed]

Tricco, A.C,; Lillie, E.; Zarin, W.; O’Brien, K.K.; Colquhoun, H.; Levac, D.; Moher, D.; Peters, M.D.; Horsley, T.; Weeks, L. PRISMA
extension for scoping reviews (PRISMA-ScR): Checklist and explanation. Ann. Intern. Med. 2018, 169, 467—473. [CrossRef]
Lloyd, R.S.; Faigenbaum, A.D. Age- and Sex-Related Differences and Their Implications for Resistance Exercise. In Essentials of
Strength Training and Conditioning; Haff, G.G., Triplett, N.T., Eds.; Human Kinetics: Champaign, IL, USA, 2016; pp. 135-154.
Arksey, H.; O’Malley, L. Scoping studies: Towards a methodological framework. Int. J. Soc. Res. Methodol. 2005, 8, 19-32.
[CrossRef]

Ramos, EK.P; Lara, L.A.D.S.; Kogure, G.S,; Silva, R.C.; Ferriani, R.A.; Silva de Sa, M.E; Reis, R M.D. Quality of life in women with
polycystic ovary syndrome after a program of resistance exercise training. Rev. Bras. Ginecol. E Obs. 2016, 38, 340-347. [CrossRef]
Kogure, G.S.; Miranda-Furtado, C.L.; Pedroso, D.C.C.; Ribeiro, V.B.; Eiras, M.C.; Silva, R.C.; Caetano, L.C.; Ferriani, R.A,;
Calado, R.T,; Dos Reis, R.M. Effects of Progressive Resistance Training on Obesity Indices in Polycystic Ovary Syndrome and the
Relationship With Telomere Length. J. Phys. Act. Health 2019, 16, 601-607. [CrossRef]

Kogure, G.S.; Miranda-Furtado, C.L.; Silva, R.C.; Melo, A.S.; Ferriani, R.A.; De S4, M.F,; Dos Reis, R.M. Resistance Exercise
Impacts Lean Muscle Mass in Women with Polycystic Ovary Syndrome. Med. Sci. Sports Exerc. 2016, 48, 589-598. [CrossRef]
Kogure, G.S,; Silva, R.C.; Miranda-Furtado, C.L.; Ribeiro, V.B.; Pedroso, D.C.C.; Melo, A.S.; Ferriani, R.A.; Reis, RM.D. Hyperan-
drogenism Enhances Muscle Strength after Progressive Resistance Training, Independent of Body Composition, in Women with
Polycystic Ovary Syndrome. |. Strength Cond. Res. 2018, 32, 2642-2651. [CrossRef]

Miranda-Furtado, C.L.; Ramos, EK.; Kogure, G.S.; Santana-Lemos, B.A.; Ferriani, R.A.; Calado, R.T.; Dos Reis, R.M. A Nonran-
domized Trial of Progressive Resistance Training Intervention in Women With Polycystic Ovary Syndrome and Its Implications in
Telomere Content. Reprod. Sci. 2016, 23, 644-654. [CrossRef] [PubMed]

Ribeiro, V.B.; Kogure, G.S.; Reis, R.M.; Gastaldi, A.C.; De AraUJo, .E.; Mazon, ].H.; Borghi, A.; Souza, H.C.D. Polycystic Ovary
Syndrome Presents Higher Sympathetic Cardiac Autonomic Modulation that is not altered by Strength Training. Int. ]. Exerc. Sci.
2016, 9, 554-566.

Lara, L.A.; Ramos, EK.; Kogure, G.S.; Costa, R.S.; Silva de Sa, M.E; Ferriani, R.A.; dos Reis, R.M. Impact of Physical Resistance
Training on the Sexual Function of Women with Polycystic Ovary Syndrome. J. Sex. Med. 2015, 12, 1584-1590. [CrossRef]

Rao, M.; Khan, A.A.; Adnan, Q.U.A. Effects of high-intensity interval training and strength training on levels of testosterone and
physical activity among women with polycystic ovary syndrome. Obstet. Gynecol. Sci. 2022. [CrossRef]

Hosseini, S.A.; Kazemi, N.; Shadmebhri, S; Jalili, S.; Ahmadi, M. The effect of resistance training in water and land with vitamin
D supplementation on anti-mullerian hormone in women with polycystic ovary syndrome. Women'’s Health Bull. 2019, 6, 1-6.
[CrossRef]

Freiman, J.A.; Chalmers, T.C.; Smith, H.A.; Kuebler, R.R. The importance of beta, the type II error, and sample size in the design
and interpretation of the randomized controlled trial: Survey of two sets of “negative” trials. In Medical Uses of Statistics; CRC
Press: Boca Raton, FL, USA, 2019; pp. 357-389.

Wallace, S.S.; Barak, G.; Truong, G.; Parker, M.W. Hierarchy of Evidence Within the Medical Literature. Hosp. Pediatrics 2022, 12,
745-750. [CrossRef] [PubMed]

Katsukawa, F. FITT principle of exercise in the management of lifestyle-related diseases. Clin. Calcium 2016, 26, 447-451.

Smidt, N.; de Vet, H.C.; Bouter, L.M.; Dekker, J. Effectiveness of exercise therapy: A best-evidence summary of systematic reviews.
Aust. ]. Physiother. 2005, 51, 71-85. [CrossRef]

McLean, S.; Holden, M.A.; Potia, T.; Gee, M.; Mallett, R.; Bhanbhro, S.; Parsons, H.; Haywood, K. Quality and acceptability of
measures of exercise adherence in musculoskeletal settings: A systematic review. Rheumatology 2017, 56, 426—438. [CrossRef]
[PubMed]

Courneya, K.S.; Forbes, C.C.; Trinh, L.; Sellar, C.M.; Friedenreich, C.M.; Reiman, T. Patient satisfaction with participation in a
randomized exercise trial: Effects of randomization and a usual care posttrial exercise program. Clin. Trials 2013, 10, 959-966.
[CrossRef]

Hertogh, E.M.; Schuit, A ].; Peeters, P.H.; Monninkhof, E.M. Noncompliance in lifestyle intervention studies: The instrumental
variable method provides insight into the bias. . Clin. Epidemiol. 2010, 63, 900-906. [CrossRef]


http://doi.org/10.3390/ijerph17186715
http://www.ncbi.nlm.nih.gov/pubmed/32942633
http://doi.org/10.1016/j.smrv.2017.07.002
http://www.ncbi.nlm.nih.gov/pubmed/28919335
http://doi.org/10.1111/obr.13428
http://www.ncbi.nlm.nih.gov/pubmed/35191588
http://doi.org/10.1016/j.jhep.2016.08.023
http://doi.org/10.1007/s40618-016-0599-1
http://www.ncbi.nlm.nih.gov/pubmed/28028784
http://doi.org/10.7326/M18-0850
http://doi.org/10.1080/1364557032000119616
http://doi.org/10.1055/s-0036-1585457
http://doi.org/10.1123/jpah.2018-0256
http://doi.org/10.1249/MSS.0000000000000822
http://doi.org/10.1519/JSC.0000000000002714
http://doi.org/10.1177/1933719115611753
http://www.ncbi.nlm.nih.gov/pubmed/26586671
http://doi.org/10.1111/jsm.12909
http://doi.org/10.5468/ogs.22002
http://doi.org/10.5812/whb.84882
http://doi.org/10.1542/hpeds.2022-006690
http://www.ncbi.nlm.nih.gov/pubmed/35909178
http://doi.org/10.1016/S0004-9514(05)70036-2
http://doi.org/10.1093/rheumatology/kew422
http://www.ncbi.nlm.nih.gov/pubmed/28013200
http://doi.org/10.1177/1740774513495985
http://doi.org/10.1016/j.jclinepi.2009.10.007

Med. Sci. 2022, 10, 53 16 of 16

58.

59.

60.

61.
62.

63.

64.

65.

Steins Bisschop, C.N.; Courneya, K.S.; Velthuis, M.J.; Monninkhof, E.M.; Jones, L.W.; Friedenreich, C.; Van Der Wall, E.; Peeters,
PH.; May, A.M. Control group design, contamination and drop-out in exercise oncology trials: A systematic review. PLoS ONE
2015, 10, €0120996. [CrossRef]

McGlothlin, A.E.; Lewis, R.J. Minimal clinically important difference: Defining what really matters to patients. JAMA 2014, 312,
1342-1343. [CrossRef]

Hinderliter, A.L.; Sherwood, A.; Craighead, L.W.; Lin, P-H.; Watkins, L.; Babyak, M.A.; Blumenthal, J.A. The long-term effects of
lifestyle change on blood pressure: One-year follow-up of the ENCORE study. Am. ]. Hypertens. 2014, 27, 734-741. [CrossRef]
Petticrew, M.; Roberts, H. Systematic Reviews in the Social Sciences: A Practical Guide; John Wiley & Sons: Hoboken, NJ, USA, 2008.
Higgins, ].P; Savovi¢, J.; Page, M.].; Elbers, R.G.; Sterne, ].A. Assessing risk of bias in a randomized trial. In Cochrane Handbook for
Systematic Reviews of Interventions; The Cochrane Collaboration and John Wiley and Sons Ltd.: Chichester, UK, 2019; pp. 205-228.
Sterne, J.A.; Hernan, M.A.; McAleenan, A.; Reeves, B.C.; Higgins, ].P. Assessing risk of bias in a non-randomized study. In
Cochrane Handbook for Systematic Reviews of Interventions; The Cochrane Collaboration and John Wiley and Sons Ltd.: Chichester,
UK, 2019; pp. 621-641.

Slade, S.C.; Dionne, C.E.; Underwood, M.; Buchbinder, R. Consensus on exercise reporting template (CERT): Explanation and
elaboration statement. Br. J. Sports Med. 2016, 50, 1428-1437. [CrossRef]

Guyatt, G.; Oxman, A.D.; Akl, E.A,; Kunz, R;; Vist, G.; Brozek, J.; Norris, S.; Falck-Ytter, Y.; Glasziou, P.; DeBeer, H. GRADE
guidelines: 1. Introduction—GRADE evidence profiles and summary of findings tables. J. Clin. Epidemiol. 2011, 64, 383-394.
[CrossRef]


http://doi.org/10.1371/journal.pone.0120996
http://doi.org/10.1001/jama.2014.13128
http://doi.org/10.1093/ajh/hpt183
http://doi.org/10.1136/bjsports-2016-096651
http://doi.org/10.1016/j.jclinepi.2010.04.026

	Introduction 
	Materials and Methods 
	Results 
	Search Results 
	Characteristics of Included Studies 
	Outcome Measures 
	Effects of Resistance Training Interventions 

	Discussion 
	Included Primary Studies 
	RT Training Composition and Reporting 
	Outcomes and Favourable Effects of Interventions 
	Strengths and Limitations of the Present Scoping Review 
	Summary of Gaps in Literature 

	Conclusions 
	References

