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Abstract

Background

Our aim was to assess the effect of high-intensity interval training (HIIT) on metabolic

parameters and body composition in women with polycystic ovary syndrome (PCOS).

Methods and analysis

A systematic review and meta-analysis of randomized controlled trials was conducted using

Embase, MEDLINE (via Ovid), PubMed, Sport Discus, Scopus, Web of Science, Cochrane

Library and Google Scholar (advanced feature) up to September 2020. Two authors inde-

pendently screened citations and determined the risk of bias and quality of evidence using

the Grading of Recommendations Assessment, Development and Evaluation (GRADE).

Meta-analyses were conducted using random effects model.

Results

Seven trials (n = 423) were included in the systematic review. The studies included HIIT

interventions vs. moderate exercise or control groups. Most studies were small (average 32,

range 24–110 participants) and of relatively short duration (10–16 weeks). The training

intensity was performed between 90% and 95% of the maximum heart rate, three times a

week, for at least 10 weeks. Insulin resistance, measured using homeostatic model assess-

ment for insulin resistance (HOMA-IR), and body mass index (BMI) showed a significant
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decrease (MD −0.57; 95% CI, −0.98 to −0.16, p = 0.01), (MD −1.90, 95% CI −3.37, −0.42,

p = 0.01) with moderate and high certainty of evidence, respectively.

Conclusion

Results support that HIIT alone is effective for reducing HOMA-IR and BMI in women with

PCOS. However, evidence is limited to discern the effect of HIIT on other outcomes. Future

studies with a longer duration (> 16 weeks), larger sample sizes and other outcomes are

needed.

1. Background

Polycystic ovary syndrome (PCOS) is a common disorder with clinical features, such as irregu-

lar menstrual cycles, anovulation oligo (reduced ovulation), biochemical hyperandrogenism

(elevated hormones or androgens), clinical hyperandrogenism (hirsutism), and infertility, that

affects women of reproductive age [1,2]. Women with PCOS may experience an increased risk

of developing cardiovascular disease, type 2 diabetes mellitus, obesity, and metabolic syn-

drome (grouping of risk factors), in addition to depression and anxiety [3,4].

Although the etiology of PCOS is unknown, there are several first-line treatments that assist

in the clinical factors of PCOS as ovulation inducing agents. The preventive and therapeutic

use of insulin sensitizing agents is increasingly being adopted, alone or in combination with

other pharmacological options [5,6]. Lifestyle intervention (including physical activity/exercise

and diet) is an effective and low-cost form of non-pharmacological treatment that improves

cardiovascular risk factors and helps with weight loss and hormonal dysfunction [7].

Multiples systematic reviews and meta-analyses provide summaries of the beneficial effects

of exercise on metabolic, cardiovascular, and psychological parameters in women with PCOS.

When observing studies on high-intensity interval training (HIIT) involving high intensity

intervals (i.e.,� 90% of HRmax) separated by low intensity active rest periods (i.e.,� 75% of

HRmax), it was found that it helped in improving insulin sensitivity and cardiorespiratory fit-

ness in clinical populations, including women with PCOS [8–10]. Despite the studies showing

significant results after interventions with HIIT, there are still some gaps regarding the effect

of this intervention on clinical markers in women with PCOS [2,11–13].

To our knowledge, no systematic reviews have investigated the effects of HIIT on clinical

markers in women with PCOS. Therefore, this systematic review aimed to synthesize available

evidence on the effects of HIIT on metabolic parameters and body composition in women

with PCOS.

2. Methods

Protocol registration

This is a systematic review and meta-analysis of randomized clinical trials on the effect of

HIIT interventions on metabolic parameters and body composition of women with PCOS.

We followed guidelines provided under PRISMA (Preferred Reporting Items for Systematic

Reviews and Meta-Analyses) for conducting and reporting systematic reviews [7]. We regis-

tered the review on PROSPERO (2020 CRD42020173105) and provided updates to the proto-

col, when appropriate.
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Eligibility criteria (concepts)

We identified peer-reviewed publications that included the following criteria. Population:

women (18–40 years) diagnosed with PCOS based on the Rotterdam criteria, National Insti-

tutes of Health criteria (NIH); Intervention: We only included randomized controlled trials

(RCTs) that tested HIIT [a popular fitness program that encompasses short bouts of high inten-
sity exercise (80–100% of peak heart rate) interspersed with active recovery [14]], which was at

least 4 weeks in duration; Comparator: We did not restrict inclusion by type of comparator;

however, the trial needed to include an HIIT group only arm; Outcome: metabolic parameters

(primary) and body composition (secondary). We excluded trials with adolescents (mean age

<18 years) and animal studies. The last search was conducted in September 2020.

Information sources and searches

We included all peer-reviewed publications of RCTs, regardless of language or year of publica-

tion. We searched the following databases: Embase, MEDLINE (via Ovid), PubMed, Sport

Discus, Scopus, Web of Science, Cochrane Library, and Google Scholar (advanced feature).

We developed search strategies using a combination of Medical Subject Headings (MeSH)

terms and text words related to HIIT or exercise interventions for women with PCOS. Table 1

provides an example of our search strategy.

Study selection (screening, Level 1, Level 2)

We used Ryyan QCRI (Ryyan QCRI, Qatar Computing Research Institute, HBKU, Doha,

Qatar) [15] for screening citations about title and abstract, after full text, extracting data, and

adjudicating risk of bias. Initially, two authors (IKS, FASSN) independently reviewed each arti-

cle based on the title and abstract. Subsequently, the same authors independently evaluated

the full text of the selected articles following the inclusion criteria. The final decision on the

Table 1. MEDLINE (Ovid) search strategy.

Search strategy

1. polycystic ovary syndrome

2. PCOS

3. exercise.mp

4. high intensity training

5. high intensity exercise�

6. high intensity activit�

7. high intensity intermittent training

8. intensity intermittent exercise�

9. high intensity intermittent activit�

10. high intensity interval training

11. high intensity interval exercise�

12. high intensity interval activit�

13. randomized controlled trial

14. RCT

15. #1 OR #2

16. #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12

17. #13 OR #14

18. #15 AND #16 AND #17

https://doi.org/10.1371/journal.pone.0245023.t001
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inclusion of studies was decided through consensus or by a third author (VSQ). We docu-

mented reasons for exclusion in full text only (supplementary material).

Data extraction process

Two authors (IKS, FASSN) extracted the study characteristics, and a third author (PMSD)

confirmed the data. When the studies had several publications with the same participants, we

included the main study and extracted additional details from related references. When neces-

sary, the authors of included studies were contacted via email for additional information, miss-

ing values, or data.

Data synthesis and analysis

We evaluated heterogeneity between studies using the I2 statistic (<25%, low heterogeneity,

25–50%, moderate heterogeneity, and > 50%, high heterogeneity) [16]. If heterogeneity

remained high, we excluded the analyses and reported the results of synthesis narrative. Data

were reported as mean difference with 95% CI, and we used random-effects models. For stud-

ies with two or more groups of the comparator (another exercise type or control group) in the

meta-analysis, we used data of the control groups only. It was not appropriate to conduct a

quantitative analysis for the risk of publication bias, because there were fewer than ten studies

(seven studies) included in the systematic review [17]. The meta-analysis was conducted using

Review Manager (RevMan 5.4, Cochrane Collaboration) for data analysis and to generate fig-

ures following standard guidelines [18]. For primary and secondary outcomes, we assessed the

certainty of evidence according to Grading of Recommendations Assessment, Development

and Evaluation (GRADE) [19,20] using GRADE PRO software (https://gdt.gradepro.org).

Two reviewers (IKS, RNC) evaluated the quality of evidence using GRADE and resolved dis-

crepancies by consensus.

Summary measurements

Primary outcomes were metabolic parameters [total cholesterol (TC), low-density lipoprotein

(LDH-c), high-density lipoprotein (HDL-c), triglycerides (TG), fasting blood glucose, homeo-

static model assessment (HOMA-IR), and fasting insulin]. The secondary outcomes of interest

were body composition [weight (kg), body mass index (BMI), waist circumference (cm), body

mass (%), body fat (%), and waist hip ratio (WHR)].

Risk of bias (quality) assessment

We used the Tool for the Assessment of Study quality and reporting in Exercise (TESTEX)

scale to evaluate the internal validity of the included studies [21]. A quality assessment tool

and study report specifically for studies with physical training. This tool is based on 15 points

(5 points for the quality of the study and 10 points for reports). Two authors (IKS, FASSN)

independently assessed each study using excel and a third reviewer (RNC) resolved conflicts.

3. Results

We identified 610 potentially eligible citations through electronic databases, and 82 duplicates

were excluded. Of the 528 total citations, 506 were excluded at Level 1. At Level 2, 22 full-text

publications were reviewed, and 15 were excluded (no study was included based on searches

in references). In total, seven articles were included in the systematic review, and six articles

were included in the meta-analysis (Fig 1).
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Characteristics of included studies

The included study characteristics are summarized in Table 2, and all data about excluded

studies are supplementary material. Seven RCTs met the inclusion criteria (Almenning et al.,

2015; Lopes et al., 2018; Aktaş et al., 2019; Faryadian et al., 2019; Ribeiro et al., 2019, 2020;

Samadi et al., 2019) [22–28]. The studies were developed in different countries, such as Brazil,

Iran, Turkey, and Norway. All studies reported the diagnosis of PCOS using the Rotterdam

Fig 1. PRISMA flow diagram for the systematic review.

https://doi.org/10.1371/journal.pone.0245023.g001
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criteria. The number of participants in each trial ranged from 24 to 110 (total n = 423) partici-

pants. The mean age of the participants ranged from 18 to 40 years. Six RCTs included women

that had a mean BMI classified as overweight or obese [22,23,25–28]; in only one study were

the participants classified as “normal weight” [24].

Characteristics of interventions

Only one study compared HIIT with a control group (without any intervention) [24] (Far-

yadian et al., 2019) [24]. One study compared aquatic high-intensity interval training

(AHIIT) with a control group receiving 1500 mg of metformin [28]. Only one study com-

pared high-intensity aerobic exercise vs. strength training with a control group (received

recommended > 150 minutes per week) [23]. Four studies compared intermittent aerobic

training vs. continuous aerobic training with a control group [22,25–27]. The duration of

intervention for four studies was 12 weeks, 16 weeks for two studies, and 10 weeks for only

one study. Details about the characteristics of the interventions included in the studies are

described in Table 2. The intensity of exercise in most studies was moderate or vigorous,

with values ranging from 60 to 95% of maximal heart rate or VO2 max. Participants in the

included studies performed aerobic exercise (walking, running, and cycling) or aquatic

exercise three times a week for 30–60 minutes per session. All details about HIIT interven-

tion are described in Fig 2.

Table 2. Characteristics of included studies (n = 7).

First Author

Year

Study

Location

Study Design Duration of

intervention

N Participant

Characteristics

Diagnosis of

PCOS Criteria

Intervention Comparators

Aktas et al.,

2019 [22]

Turkey CT quasi

experimental

12 weeks 31 Age: 25.1 (4.6) Rotterdam

criteria

HIIT (walking/

running)

MICT (running)

BMI: 28.7 (6.9)

kg/m2

Almmening

et al., 2015 [23]

Norway RCT pilot 10 weeks 31 Age: 27.2 (5.5) Rotterdam

criteria

HIIT (walking/

running and/or

cycling)

Comparador 1: Strength training

(eight dynamic strength drills with a

resistance/machines)
BMI: 26.7 (6.0)

kg/m2

Comparador 2: Control group

(recommended > 150 minutes of

weekly)

Faryadiani

et al., 2019 [24]

Iran CT quasi

experimental

12 weeks 24 Age: 34.34 (4.69) Rotterdam

criteria

HIIT) (running) Control group (no intervention)

BMI: 21.19 (1.74)

kg/m2

Lopes et al.,

2018 [25]

Brazil RCT 16 weeks 110 Age: 30.2 (5.1) Rotterdam

criteria

IAT (treadmills) Comparador 1: CAT (treadmills)

BMI: 29.9 (5.3)

kg/m2
Comparador 2: Control group (no

intervention)

Ribeiro et al.,

2020 [26]a
Brazil RCT 12 weeks 87 Age: 29.1 (5.3) Rotterdam

criteria

IAT (treadmills) Comparador 1:CAT (treadmills)

BMI: 29.1 (5.2)

kg/m2
Comparador 2: Control group (no

intervention)

Ribeiro et al.,

2019 [27]

Brazil RCT 16 weeks 110 Age: 29.1 (5.3) Rotterdam

criteria

IAT (treadmills) Comparador 1: CAT (treadmills)

BMI: 29.1 (5.2)

kg/m2
Comparador 2: Control group (no

intervention)

Samadi et al.,

2020

Iran RCT 12 weeks 30 Age: 20–35 years Rotterdam

criteria

Aquatic high

intensity interval

training (AHIIT)

Control group (use Metformin—

1500 mg)BMI: 32.80 (4.49)

kg/m2

Note = MICT = Medium Intensity Continuous Training; CAT = continuous aerobic training; IAT = Intermittent aerobic training; HIIT = High Intensity Interval

Training.

https://doi.org/10.1371/journal.pone.0245023.t002
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Characteristics of the outcomes

Blood lipid profile. Five studies analyzed the effect of HIIT in comparison with moder-

ate-intensity exercises or a control group on metabolic parameters, such as serum insulin

Fig 2.

https://doi.org/10.1371/journal.pone.0245023.g002
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levels, fasting glucose, TG, total cholesterol, LDL-c, HDL-c, and homeostatic insulin resistance

(HOMA-IR). In four studies (Almenning et al., 2015; Aktaş et al., 2019; Faryadian et al., 2019;

Samadi et al., 2019) [22,23,24,28], it was possible to observe that after HIIT, changes occurred

in the homeostatic evaluation of insulin resistance (HOMA-IR). In addition, the results

revealed a decrease in insulin resistance in women with PCOS. In two studies (Almenning

et al., 2015; Aktaş et al., 2019) [22,23], the values of TG, total cholesterol, and LDL-C

decreased, while HDL-C levels increased. In a study by Ribeiro et al. (2020) [26], the results

revealed little evidence that HIIT could cause significant changes in these parameters.

Body mass and composition. Most of the included studies investigated the effect of HIIT

on body composition (total arm mass, percentage of fat on the trunk, percentage of fat on the

legs, and total gynoid mass) or anthropometric indices (body weight, BMI, WC, and WHR

indexes). Only one study (Faryadian et al., 2019) [24] did not analyze the pre- and post-inter-

vention anthropometric indices of women with PCOS. However, four studies (Lopes et al.,

2018; Aktaş et al., 2019; Ribeiro et al., 2019, 2020) [22,25,26,27] observed a significant decrease

in BMI and WHR values after HIIT intervention. In two studies (Almenning et al., 2015;

Samadi et al., 2019) [23,28], the percentage of fat or fat mass decreased significantly in the

group that performed HIIT.

Reproductive function (hormones). Only four studies analyzed some hormonal parame-

ters (follicle-stimulating hormone [FSH], luteinizing hormone [LH], sex hormone-binding

globulin [SHBG], and testosterone [TST]) [23,25,26,28]. Only two studies reported informa-

tion on the menstrual cycle (self-report) of the participants [23,28]. For example, Samadi et al.

reported that, in both groups (HIIT and control), significant improvement was observed in

setting menstrual cycles [28]. Only two studies reported data about LH and FSH [27,28].

Three studies reported data about TST [23,25,27], and there was also a significant effect in

reducing the testosterone levels of women with PCOS after HIIT in two studies [25,27]. How-

ever, one study did not observe any significant changes in total serum testosterone after exer-

cise training [23]. Four studies reported data about SHBG [23,25,27,28], and only two studies

reported an increase after HIIT [25,28]. No meta-analysis was possible because of high clinical

and statistical heterogeneity among studies [29].

Risk of bias results

Table 3 reports the data of bias risk assessment for the included studies. According to the TES-

TEX scale (0–15 points), six studies had a score� 9 points, and only one study had a score

below 9 points. All studies reported the eligibility criteria, the baseline data of all participants

clearly randomized, the statistical comparison between the groups, and the intensity related to

the exercise remained constant. The weaknesses of the studies were related to the allocation of

the group in a hidden way from patients eligible for inclusion in the study, evaluation of out-

come measures in 85% of the participants, carrying out the intention-to-treat analysis (ITT),

and monitoring activities in control groups.

Synthesis of results

We planned to synthesize all the results regarding the metabolic parameters and body compo-

sition of women with PCOS. However, the values of HDL-c (I2 = 96%) and fasting blood glu-

cose (I2 = 95%) showed high heterogeneity between studies (even using random effects

models), and it was not appropriate to combine data to calculate an overall effect [18]. We con-

ducted subgroup analyses comparing different means of BMI (overweight and obesity) and

comparing different exercise interventions (continuous aerobic training and strength training)

with HIIT.
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3.1 Meta-analysis

3.1.1. Metabolic parameters (total cholesterol, LDL, insulin, and HOMA-IR). Six stud-

ies were included in the meta-analysis that examined the effect of HIIT compared with the

control group (no intervention received or another exercise type) on metabolic parameters

from baseline to post-intervention. Comparing HIIT and control groups (no intervention)

revealed no effect on total cholesterol (MD –3.07 mg/dL, [95% CI −15.32, 9.19], p = 0.62; Fig

3a), LDL-c (MD –3.65 mg/dL, [95% CI −15.62, 8.33], p = 0.55; Fig 3b), and fasting insulin

(MD –2.08 mg/dL, [95% CI −5.49, 1.32], p = 0.23; Fig 3c) in women with PCOS. There was no

significant heterogeneity across studies. The summary coding revealed that HIIT significantly

decreased HOMA-IR (MD– 0.57, [95% CI −0.98, -0.16], p = 0.0006; Fig 3d) in women with

PCOS, with no significant heterogeneity across studies (I2 = 0%; p = 0.93). Details of the effect

estimate and GRADE certainty ratings are summarized in S1 Table.

3.1.2. Body composition. Five studies with HIIT vs control group (no intervention)

showed significant effect on BMI (MD –1.90 kg/m2, [95% CI −3.37, −0.42], p = 0.01; Fig 4a) in

women with PCOS. There was a high certainty of evidence of lower BMI favoring the HIIT

intervention. The summary coding of two studies revealed significant effect on WHR (MD –

0.02, [95% CI −0.04, 0.00], p = 0.03, Fig 4b). Comparisons of HIIT and control groups (no

intervention) revealed no significant differences in body fat (%) (MD −1.08%, [95% CI −2.85,

0.70], p = 0.23, Fig 4c). There was no significant heterogeneity across studies (Fig 4).

3.2. Subgroup (BMI<29.0 kg/m2 >29.9 kg/m2)

Subgroup analyses were performed to compare the effects of HIIT on the BMI of overweight

and obese women. The results showed that HIIT training favored the loss of total absolute fat

mass (kg) (-1.82 [95% CI -3.44 to -0.22], p = 0.03) (Fig 5).

3.2.1. Subgroup (HIIT vs. other exercise intervention). Subgroup analyses were per-

formed to compare the effects of HIIT and other intervention (continuous aerobic training or

strength training) on the BMI, total cholesterol, LDL-c, triglycerides, and fasting insulin in

women with PCOS. The results showed no significative effect on BMI (MD −0.35 kg/m2 [95%

CI −2.27, 1.57], p = 0.72; Fig 6a), total cholesterol (MD 1.38 mg/dL, [95% CI −10.50, 12.18],

p = 0.81; Fig 6b), LDL-c (MD –1.23 mg/dL, [95% CI −14.39, 11.93], p = 0.85; Fig 6c), triglycer-

ides (MD −22.54 mg/dL, [95% CI −56.45, 11.37], p = 0.19; Fig 6d), and fasting insulin (MD –

1.93 mg/dL, [95% CI −5.49, 1.32], p = 0.23; Fig 6e) (Fig 6).

Table 3. Assessment of study quality and reporting of included studies.

Authors, year Study Quality Total

1 2 3 4 5 Partial 0–5 6a 6b 6c 7 8a 8b 9 10 11 12 Partial 0–10

Almmening et al. 1 1 0 1 0 3 1 1 1 NR 1 1 1 1 1 1 9 12

Aktas et al. 1 1 0 1 1 4 1 0 0 NR 1 1 1 0 1 0 5 9

Faryadian et al. 1 0 0 1 1 3 1 0 1 NR 1 1 1 0 1 0 6 9

Lopes et al. 1 1 1 1 1 5 0 1 1 NR 1 1 1 0 1 1 7 12

Ribeiro et al. 1 1 1 1 1 5 0 1 1 NR 1 1 1 0 1 1 7 12

Ribeiro et al. 1 1 1 1 1 5 0 1 1 NR 1 1 1 0 1 1 7 12

Samadi et al. 1 0 0 1 0 2 0 1 1 NR 1 1 1 0 0 0 5 7

NR—not reported; criteria: 1 –Eligibility criteria specified; 2 –Randomization specified; 3 –Allocation concealment; 4 –Groups similar at baseline; 5 –Blinding of

assessor; 6 –Outcome measures assessed in 85% of participants; 7 –Intention-to-treat analysis 8 –Between-group statistical comparisons reported; 9 –Point measures

and measures of variability for all reported outcome measures; 10 –Activity monitoring in control groups; 11 –Relative exercise intensity remained constant; 12 –

Exercise volume and energy expenditure.

https://doi.org/10.1371/journal.pone.0245023.t003
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3.3. Sensitivity analysis

Sensitivity analyses were carried out to explain possible heterogeneity among studies by

including studies in, or excluding them from, the meta-analysis based on the study design and

sample. Two studies were excluded from the analysis of WHR and triglycerides [23,25]. After

the sensitivity analysis, a significant difference was observed between the groups and a low

Fig 3. Change in metabolic parameters [a)Total cholesterol; b) LDL-c; c) fasting insulin and d) HOMA-IR] in HIIT group vs control group (no

intervention).

https://doi.org/10.1371/journal.pone.0245023.g003
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heterogeneity in the WHR analysis (I2 = 0%; p = 0.03; Fig 4b), different from the previous anal-

ysis (I2 = 22%, p = 0.74). On the other hand, in the analysis of triglycerides, a low heterogeneity

was observed (I2 = 0%; p = 0.19; Fig 6d); however, it remained without significant difference

and did not change the results of the first meta-analysis.

4. Discussion

HIIT was more efficient than other interventions (moderate exercise or no intervention) for

reducing HOMA-IR and BMI in women with PCOS with moderate and high certainty of evi-

dence. However, there was no significant reduction in other outcomes assessed. Based on the

results of the potential of HIIT to reduce HOMA-IR parameter in women with PCOS, the pos-

sible mechanisms of this action may be linked to muscle contraction from physical exercise,

resulting in the translocation of GLUT-4 receptors inside the cell of the membrane, facilitating

the diffusion of plasma glucose into striated muscle tissue and adipocytes without the need for

insulin action. Thus, when performing regular exercises, metabolic and hormonal adaptations

contribute to a significant increase in insulin receptors [29,30].

Fig 4. Change in body composition [a) BMI; b) WHR and c) body fat (%)] in HIIT group vs control group.

https://doi.org/10.1371/journal.pone.0245023.g004
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In addition, the potential of HIIT to reduce the HOMA-IR parameter in women with

PCOS may be related because it involves several minutes of high-intensity exercise (for exam-

ple,�90% VO2 max or maximum heart rate). HIIT is a time-efficient training approach to

stimulate biogenesis and increase skeletal muscle insulin sensitivity due to improvement of the

mitochondrial function of the muscle; that is, the activation of the mitochondria receptors

allows more energy to be produced and improves the maximum level of activity, increasing

the skeletal oxidation capacity. In addition, antioxidant adaptations are superior in HIIT pro-

grams compared to continuous exercise of moderate intensity [31]. In part, these findings

could justify a superior effect of HIIT in reducing the HOMA-IR parameter in relation to

moderate-intensity exercise considering that oxidative stress seems to play an important role

in the pathogenesis of insulin resistance [32,33].

Studies using animal models have found that antioxidant adaptations are superior in HIIT

programs compared to continuous exercise of moderate intensity [34,35]. Little et al. observed

that, after HIIT sessions, the practical model is a potent stimulus to increase the mitochondrial

capacity of the human skeletal muscle and is effective in improving muscle metabolic capacity

and functional performance [36]. Racil et al. reported that HIIT positively changes blood lipids

and adiponectin variables in obese adolescent girls, resulting in improved insulin sensitivity, as

indicated by a lower HOMA-IR [37].

There is substantial evidence to support the effectiveness of exercise in improving glucose

homeostasis. A meta-analysis investigating the effects of HIIT on glucose regulation markers

and insulin resistance in adults identified a reduction in HOMA-IR after HIIT, suggesting that

HIIT may improve insulin sensitivity in those who are resistant. In this sense, HIIT can be an

efficient treatment strategy for women who at a high risk of developing diabetes mellitus [38].

Thus, this reduction in HOMA-IR in the studied population may be efficient for treating the

syndrome and its possible consequences, since women with PCOS have a higher prevalence of

insulin resistance (IR), hyperinsulinemia, dyslipidemia, and metabolic syndrome [39].

Furthermore, the results of the meta-analysis showed that HIIT reduced the BMI of women

with PCOS, supporting evidence that high-intensity exercise causes higher consumption of

oxygen and greater post-exercise energy balance, leading to favorable results in the individuals’

body composition. For women with PCOS, the reduction in body mass can help control some

consequences of PCOS, such as improvement in menstrual and reproductive function, in addi-

tion to influencing psychosocial aspects [40].

Fig 5. Change in body composition subgroup [BMI] in HIIT group vs control group.

https://doi.org/10.1371/journal.pone.0245023.g005
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Interestingly, after performing the subgroup analyses, it was possible to verify that the effect

of HIIT on BMI was more pronounced in women with PCOS who were obese. It is possible

for individuals with a higher BMI to obtain greater benefits after engaging in HIIT programs,

at least regarding changes in body composition. Research conducted found that young people

Fig 6. Change in subgroup a) BMI, b) total cholesterol, c) LDL-c, d) triglycerides, and e) fasting insulin in HIIT vs. other

exercises.

https://doi.org/10.1371/journal.pone.0245023.g006
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with BMI above 25 kg/m2 significantly reduced body mass (BM) and percentage of body fat

after eight weeks of HIIT (~ 3x / week), while young people with BMI less than 25 kg/m2 did

not show significant differences in these variables [41]. Similarly, a study identified that adoles-

cents with BMI above 25 kg/m2 showed greater reductions in the percentage of body fat,

WHR, BM, and BMI after ten weeks of HIIT (~ 1x / week), in relation to their pairs with BMI

below 25 kg/m2 [42]. A single study included in our review looked at women with normal

BMI (BMI <25 kg/m2) [24]. Therefore, it was not possible to verify the impact of HIIT on this

outcome in this group.

Previously, excess adiposity was found to be associated with worsening health in women

with PCOS, and changes in body composition due to lifestyle changes (~ 6 months) were asso-

ciated with the return of ovulation in obese women with PCOS [43,44]. This evidence provides

evidence that the effects of physical exercise on the health of women with PCOS may be linked

to reduced adiposity. However, this theory may not apply to women with PCOS who have a

normal BMI. We speculate that adiposity in this population does not significantly reduce as a

result of physical exercise and, therefore, other factors are important for improving health

caused by this type of intervention [24]. The scarcity of studies dealing with women with

eutrophic PCOS limits the understanding of the role of physical exercise in the health of this

population. Possibly, most authors choose to select overweight/obese groups due to the high

prevalence of PCOS [45].

This systematic assessment of HIIT interventions supports interesting results on the effec-

tiveness of HIIT and aerobic training on this population. However, the difference between the

duration of the intervention (i.e., 10, 12, and 16 weeks) and number of participants (n = 24 to

110) in each RCT may have influenced some results. The lack of positive results in the percent-

age of fat and waist circumference after the analyses performed may have suffered this influ-

ence. Moreover, they can be explained by the need for aid of a dietary intervention to promote

future improvements. Although the evidence is clear about the benefits of planned exercises

for the treatment of PCOS, studies indicate that combining exercises with planned diet (i.e.,

lifestyle) and psychological strategies can be an important strategy for the management of

PCOS [46].

This study has some limitations, such as heterogeneity between studies due to the variety in

the duration of interventions and the small number of participants in the studies. In addition,

the methodological quality analyzed through TESTEX showed that the studies had limitations

due to the lack of allocation of groups in a hidden way, blindness of the evaluator, lack of carry-

ing out analyses for the purpose of treating (ITT), and monitoring activities in groups of

patients control. Despite some limitations, we were able to explore and synthesize the effects of

high-intensity training doses on the worrying outcomes experienced by women with PCOS.

This large set of data may assist in future exercise prescriptions for this population. To the

best of our knowledge, this is the first systematic review with meta-analysis on the effects of

HIIT on results related to metabolic health, in which the results help expand the discussions

and conclusions of other studies. Finally, we suggest that the weaknesses observed in these

studies can be included in future studies.

5. Conclusion

HIIT alone is an effective strategy for reducing HOMA-IR and BMI in women with PCOS.

The evidence is limited to discern the effect of HIIT on the other results obtained; however,

the analyses showed that high-intensity training improved some clinical outcomes in this pop-

ulation, supporting the role of exercise as a non-pharmacological treatment for women with

PCOS. This review may provide some evidence and suggestions for the clinical application of
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HIIT in PCOS. Future studies should be conducted with a longer duration (> 16 weeks), larger

sample sizes, and more detailed results.
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Cabral, Tecia Maria de Oliveira Maranhão, Paulo Moreira Silva Dantas.

References
1. Teede HJ, Misso ML, Costello MF, Dokras A, Laven J, Moran L, et al. Recommendations from the inter-

national evidence-based guideline for the assessment and management of polycystic ovary syndrome.

Fertil Steril. 2018; 110: 364–379. https://doi.org/10.1016/j.fertnstert.2018.05.004 PMID: 30033227

PLOS ONE Effect of HIIT on metabolic profile in women with PCOS: A systematic review and meta-analysis

PLOS ONE | https://doi.org/10.1371/journal.pone.0245023 January 19, 2021 15 / 18

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0245023.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0245023.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0245023.s003
https://doi.org/10.1016/j.fertnstert.2018.05.004
http://www.ncbi.nlm.nih.gov/pubmed/30033227
https://doi.org/10.1371/journal.pone.0245023


2. Lim SS, Hutchison SK, Van Ryswyk E, Norman RJ, Teede HJ, Moran LJ. Lifestyle changes in women

with polycystic ovary syndrome. Cochrane Database Syst Rev. 2019. https://doi.org/10.1002/

14651858.CD007506.pub4 PMID: 30921477

3. Teede H, Deeks A, Moran L. Polycystic ovary syndrome: a complex condition with psychological, repro-

ductive and metabolic manifestations that impacts on health across the lifespan. BMC Med. 2010; 8:

41. https://doi.org/10.1186/1741-7015-8-41 PMID: 20591140

4. Yildiz BO, Bozdag G, Yapici Z, Esinler I, Yarali H. Prevalence, phenotype and cardiometabolic risk of

polycystic ovary syndrome under different diagnostic criteria. Hum Reprod. 2012; 27: 3067–3073.

https://doi.org/10.1093/humrep/des232 PMID: 22777527

5. Legro RS. The International Guideline in Polycystic Ovary Syndrome. Seminars in reproductive medi-

cine. Thieme Medical Publishers; 2018. pp. 1–2. https://doi.org/10.1055/s-0038-1668119 PMID:

30189443

6. Naderpoor N, Shorakae S, de Courten B, Misso ML, Moran LJ, Teede HJ. Metformin and lifestyle modi-

fication in polycystic ovary syndrome: systematic review and meta-analysis. Hum Reprod Update.

2015; 21: 560–574. https://doi.org/10.1093/humupd/dmv025 PMID: 26060208

7. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for systematic reviews and meta-

analyses: the PRISMA statement. Int J Surg. 2010; 8: 336–341. https://doi.org/10.1016/j.ijsu.2010.02.

007 PMID: 20171303

8. Suryanegara J, Cassidy S, Ninkovic V, Popovic D, Grbovic M, Okwose N, et al. High intensity interval

training protects the heart during increased metabolic demand in patients with type 2 diabetes: a rando-

mised controlled trial. Acta Diabetol. 2018/11/01. 2019; 56: 321–329. https://doi.org/10.1007/s00592-

018-1245-5 PMID: 30387015

9. Weston M, Taylor KL, Batterham AM, Hopkins WG. Effects of low-volume high-intensity interval training

(HIT) on fitness in adults: a meta-analysis of controlled and non-controlled trials. Sports Med. 2014; 44:

1005–1017. https://doi.org/10.1007/s40279-014-0180-z PMID: 24743927

10. Winding KM, Munch GW, Iepsen UW, Van Hall G, Pedersen BK, Mortensen SP. The effect on glycae-

mic control of low-volume high-intensity interval training versus endurance training in individuals with

type 2 diabetes. Diabetes, Obes Metab. 2018; 20: 1131–1139. https://doi.org/10.1111/dom.13198

PMID: 29272072

11. Benham JL, Yamamoto JM, Friedenreich CM, Rabi DM, Sigal RJ. Role of exercise training in polycystic

ovary syndrome: a systematic review and meta-analysis. Clin Obes. 2018; 8: 275–284. https://doi.org/

10.1111/cob.12258 PMID: 29896935

12. Patten RK, Boyle RA, Moholdt T, Kiel IA, Hopkins W, Harrison C, et al. Exercise interventions in poly-

cystic ovary syndrome: a systematic review and meta-analysis. Front Physiol. 2020; 11: 606. https://

doi.org/10.3389/fphys.2020.00606 PMID: 32733258

13. Woodward A, Broom D, Harrop D, Lahart I, Carter A, Dalton C, et al. The effects of physical exercise on

cardiometabolic outcomes in women with polycystic ovary syndrome not taking the oral contraceptive

pill: a systematic review and meta-analysis. J Diabetes Metab Disord. 2019; 1–16.

14. Buchheit M, Laursen PB. High-intensity interval training, solutions to the programming puzzle. Sport

Med. 2013; 43: 927–954.

15. Ouzzani M, Hammady H, Fedorowicz Z, Elmagarmid A. Rayyan—a web and mobile app for systematic

reviews. Syst Rev. 2016; 5: 210. https://doi.org/10.1186/s13643-016-0384-4 PMID: 27919275
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