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Abstract

Obijective: Exercise is recommended for polycystic ovary syndrome (PCOS), but the
most effective exercise prescription is unclear. This trial compared effects of high-
intensity interval training (HIIT), continuous aerobic exercise training (CAET) and no-
exercise control on reproductive, anthropometric and cardiometabolic outcomes in
PCOS.

Design: Pilot randomized controlled trial.

Participants: Previously inactive women aged 18-40 years with PCOS.
Measurements: Feasibility outcomes included recruitment, retention, adherence to
exercise and daily ovulation prediction kit (OPK) testing. Preliminary efficacy out-
comes included reproductive, anthropometric and cardiometabolic health markers.
Results: Forty-seven women were randomized to no-exercise control (n = 17), HIIT
(n = 16), or CAET (n = 14). Forty (85%) participants completed the trial. Median ex-
ercise adherence was 68% (IQR 53%, 86%). Median daily OPK-testing adherence in
the first half of the intervention was 87% (IQR 61%, 97%) compared with 65% (IQR
0%, 96%) in the second half. Body mass index decreased significantly in CAET com-
pared with control (-1.0 kg/m?, p = .01) and HIIT (-0.9 kg/m?, p = .04). Mean waist
circumference decreased in all groups (-7.3 cm, =6.9 cm, -4.5 cm in HIIT, CAET and
control) with no significant between-group differences. Mean LDL-C was significantly
reduced for HIIT compared to CAET (-0.33 mmol/L, p = .03). HDL-C increased in HIIT
compared with control (0.18 mmol/L, p = .04).

Conclusions: There were feasibility challenges with adherence to daily ovulation as-
sessment limiting the ability to analyse the effect of the exercise interventions on
ovulation. CAET and HIIT were both effective at improving anthropometrics and
some cardiometabolic health markers. Further studies need to determine optimal and

acceptable exercise prescriptions for this population.
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1 | INTRODUCTION

Polycystic ovary syndrome (PCOS) affects about 15% of
reproductive-aged women! and causes significant morbidity. PCOS
is characterized by irregular menses, androgen excess and/or poly-
cystic ovaries® and is associated with infertility,® reduced health-
related quality-of-life,* and cardiometabolic abnormalities.>

Roles of aerobic exercise including continuous aerobic exercise
training (CAET)®” and high-intensity interval training (HIIT)®? in PCOS
management have been explored. Preliminary evidence suggests aer-
obic exercise training may improve cardiometabolic and reproductive
health in women with PCOS with overweight or obesity,® but data on

t.1° Based on these data, clini-

reproductive outcomes are inconsisten
cal practice guidelines recommend diet and exercise for weight loss to
treat PCOS in the context of overweight, but the type and dose of ex-
ercise are not specified. No previous studies directly compared effects
of HIIT versus CAET in women with PCOS. In a non-PCOS trial, HIT
resulted in improved cardiovascular fitness and greater fat loss com-
pared with CAET.X HIIT requires less time than CAET.'>*3 Since time
is a major barrier to exercise in women with PCOS, 1415 comparing ef-
fects of CAET and HIIT on reproductive sequelae of PCOS is relevant.

This pilot trial was designed to assess feasibility of conducting a
full-scale randomized controlled trial (RCT) evaluating effects of HIIT
and CAET compared with no-exercise control on ovulatory rate in
women with PCOS. To inform planning of future trials, an evaluation
of feasibility regarding recruitment, attrition and protocol adherence
was required. In particular, the feasibility of daily at-home ovulation
assessments in ambulatory reproductive-aged women needed test-
ing. Our other objective was to evaluate the effects of HIIT and CAET
compared with no exercise on reproductive, anthropometric and car-
diometabolic health markers in women with PCOS.

2 | MATERIALS AND METHODS

2.1 | Study design

We conducted a 6-month, single-centre RCT in Calgary, Canada, be-
tween December 2017 and September 2019. The protocol was reg-
istered prospectively (NCT03362918). The trial had a parallel-group
design with three phases: (1) 3-month run-in-phase; (2) 6-month in-
tervention after randomization to HIIT, CAET or a no-exercise control
group; and (3) 6-month post-intervention follow-up. Trial outcomes
were assessed objectively by health professionals and laboratory tech-
nologists, blinded to participant group assignment. The protocol was
approved by the University of Calgary Conjoint Health Research Ethics
Board (REB17-1574). All participants provided written informed consent.

2.2 | Participants

Untrained women aged 18-40 years with PCOS defined by
Rotterdam criteria'® were recruited by advertisements, media,

physician referrals and word of mouth. Exclusion criteria included
medical conditions restricting exercise, participation in >40 min
of exercise training weekly and medications potentially affecting
ovulation (glucocorticoids, metformin, gonadotropins, clomiphene,
letrozole, oestrogens, progestins). Potential participants were
screened for inclusion and exclusion criteria by telephone. If eligible,
they were mailed requisitions for the following screening investiga-
tions: (1) electrocardiogram and (2) blood tests (serum beta-HCG,
17-hydroxyprogesterone, prolactin, thyroid-stimulating hormone,
fasting plasma glucose and haemoglobin A,. (HbA,)). Potential
participants meeting trial participation criteria were invited for in-
person assessment where a baseline history and physical examina-

tion were completed.

2.3 | Run-in phase

Prior to randomization, participants entered a 3-month run-in-phase
to assess baseline reproductive function including ovulation rate and
menstrual cycle length and frequency. Participants did not exercise
during this phase. Participants were asked to track menstrual cycles
and check for ovulation using an at-home ovulation prediction kit
(OPK) (Verify Diagnostics) daily which measured luteinizing hor-
mone (LH) in urine. As LH surge duration is typically just 24-48 h,”
adherence to daily testing was important. Participants sent photo-
graphs of completed test strips to the research team for verification
through a secure messaging application (WhatsApp Inc.). If positive,
ovulation was confirmed with a serum progesterone level 1 week

after positive OPK results.

2.4 | Randomization

Participants completing >75% of daily OPKs during run-in were
randomized to control, HIIT or CAET. Groups were stratified by
body mass index (BMI, kg/m?) (< or 228 kg/m?). Central randomiza-
tion was done using a secure web application (Research Electronic
Data Capture (REDCap)). Block sizes varied among two, four or six.

Allocation concealment was used prior to randomization.

2.5 | Intervention phase
Throughout the intervention period, participants were asked to con-
tinue tracking menstrual cycles and completing OPK-testing daily.
Physical activity was tracked for all participants using Polar A370
(Polar Electro Oy). Control group participants were asked to main-
tain their usual level of physical activity throughout the interven-
tion and were offered three sessions with a personal trainer upon
completion.

Exercise group participants completed three exercise ses-
sions/week using the aerobic exercise equipment of their choice.
Gym memberships and parking were provided free of charge. All
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exercise sessions included a five-minute warm-up and five-minute
cool-down. HIIT participants completed 10 cycles of 30 s at high-
intensity (90% of heart rate reserve (HRR), or 9/10 on a modified
Borg scale'®) alternating with 90 s of low-intensity aerobic exercise.
CAET participants completed 40 min of moderate-intensity aerobic
exercise (50%-60% HRR, or 4-6/10 on a modified Borg scale). For
better precision, a Polar H10 heart rate sensor was synced to the
Polar A370 watches.

2.6 | Outcomes and measurements

Four feasibility outcomes were determined a priori: (1) randomiza-
tion of 236 participants in 15 months; (2) <25% attrition; (3) adher-
ence to >90% of daily OPK-testing; and (4) adherence to >70% of
prescribed exercise. OPK-testing adherence was calculated as the
number of OPK digital photographs completed divided by the total
number of days of requested OPK tests. Prescribed exercise ses-
sion completion was assessed as the attendance at the twice-weekly
supervised sessions and the number of unsupervised sessions re-
corded using the Polar Flow App and verified using the Polar Coach
platform.’ Exercise adherence was calculated as the number of
exercise sessions completed divided by the number of prescribed
sessions.

We evaluated menstrual cycle length, luteal phase length and
numbers of ovulation events, pregnancies, abortions and live births.
Menstrual cycle length was calculated from the first day of menses to
the first day of the subsequent menses. Luteal phase length was cal-
culated from the day of ovulation to the first day of the subsequent
menses. An ovulation event was documented if a positive OPK result
was confirmed (serum progesterone level 25.0 nmol/L). Pregnancy
was confirmed by foetal cardiac activity on a first-trimester ultra-
sound. Ferriman-Gallwey score?® was assessed pre-intervention and
end of intervention.

Height and weight were assessed using a stadiometer (SECA-
220, Seca GmbH & Co.) and weigh scale (SECA-703, Seca GmbH &
Co.). Waist circumference was measured midway between the low-
est rib and iliac crest in the horizontal plane using a tape measure
to the nearest 0.5 cm. Blood pressure was measured using an auto-
mated device (Omron HEM-907, Omron Healthcare Inc.).

Blood work was drawn after fasting for eight hours. Glucose, total
cholesterol, high-density lipoprotein cholesterol (HDL-C), triglycerides,
alanine transferase (ALT) and gamma-glutamyl transferase (GGT) were
measured using enzymatic methods on a Cobas c701 analyser (Roche
Diagnostics). Insulin was measured using a chemiluminescent micro-
particle immunoassay on an Architect i2000SR analyser (Abbott).
HbA,  was measured using a Tina-quant Hemoglobin A1cDx Gen.3
assay and a Cobas c513 analyser (Roche Diagnostics). Low-density li-
poprotein cholesterol (LDL-C)?! and homeostasis model assessment
index of insulin resistance (HOMAZ2-IR)?? were calculated.

Exercise testing was completed pre-intervention and end of in-
tervention by Certified Exercise Physiologists. Maximal oxygen up-

take (VO,,,) was determined using a V. Encore 29 metabolic cart

2max

(SensorMedics Corporation). Breath-by-breath ventilatory volumes
and expiratory gases were measured during a ramp exercise test
(Balke-Ware protocol®®) on a programmable treadmill (Trackmaster,
Full Vision Inc.). Ventilatory thresholds were determined and ver-
ified by two independent investigators according to the V-slope
method.?*

2.7 | Adverse events
A standard form was created to document adverse events.
Participants were asked to report adverse events to the research

team at the mid- and end-of-intervention assessments.

2.8 | Sample size

In addition to assessing pre-specified feasibility outcomes, our goal
for this feasibility trial was to enrol sufficient participants to evalu-
ate the preliminary effectiveness of HIIT and CAET on ovulatory
rate. Previous studies reported improvements of up to 65% in ovula-
tion rate with exercise training.7'25 We estimated that 36 randomized
participants (12 per group) would allow for 81% power to detect a
difference of 0.6 in the proportion of women with improvement in
ovulation rate between the control group and each exercise group
with an a = 0.05. We estimated 40% attrition during run-in because
of the daily OPK protocol and therefore enrolled sufficient partici-

pants to result in 236 randomized.

2.9 | Statistical analysis

For baseline characteristics, means were compared with one-way
analysis of variance (ANOVA) and proportions were compared
with Fisher's exact test. The reproductive analysis was conducted
on an intention-to-treat basis and all randomized participants were
included. We also performed per-protocol analyses including only
participants completing end-of-study measures and 275% of daily
menstrual cycle and OPK data collection. Tests of proportion were
used to compare within- and between-group differences pre- and
post-intervention. Mean menstrual cycle and luteal phase lengths
were compared within-group pre- and post-intervention using
paired t tests and between-groups using ANOVA.

For anthropometric and cardiometabolic outcomes, repeated
measures mixed models were used with effects for time, group and
time by group interaction, with age as a covariate and an unstruc-
tured covariance matrix. Within the mixed models, we estimated
95% confidence intervals (Cl) and p-values for intergroup contrasts
and for change in each variable over time. Only participants who had
21 postbaseline assessment were included.

Analyses were conducted using SAS version 9.4 (SAS Institute)
and STATA version 15.1 (StataCorp.). Statistical significance was set
asp < .05.
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3 | RESULTS

Between December 2017 and November 2018, 200 women were
screened for eligibility (Figure 1) and sixty were enrolled. Forty-
seven participants completed run-in and were randomized to control
(n=17), HIIT (n = 16) or CAET (n = 14). Post-randomization attritions
were 1 (6%), 3 (19%) and 3 (21%) among those randomized to control,
HIT and CAET, respectively.

3.1 | Participant characteristics

The groups were similar at baseline (Table 1). Twenty-eight participants
were PCOS phenotype A (hyperandrogenism, ovulatory dysfunction,
polycystic ovaries), 13 were phenotype B (hyperandrogenism, ovula-
tory dysfunction), two were phenotype C (hyperandrogenism, polycys-
tic ovaries), and four were phenotype D (polycystic ovaries, ovulatory
dysfunction). Twelve (26%) participants had previous pregnancies,
with six (13%) having live births. The most common PCOS treatments
attempted before trial enrolment were mechanical hair removal (89%),

oral contraceptive (81%) and lifestyle intervention (53%).

3.2 | Adherence to prescribed exercise

Participants assigned to exercise groups were prescribed 78 exer-
cise sessions over 26 weeks. For those who completed the interven-
tion, median overall adherence to exercise for both exercise groups
was 68% (IQR 53%, 86%). There was no statistically significant dif-
ference in adherence to exercise between CAET (81%; IQR 56%,
85%) and HIIT (65%; IQR 51%, 85%; p = .91; Figure 2). In the first
3 months of the intervention, median adherence to prescribed exer-
cise was 78% (IQR 55%, 97%) for HIIT and 88% (IQR 56%, 100%) for
CAET. Median exercise adherences during the last 3 months of the
intervention were 44% (IQR 41%, 69%) for HIIT and 64% (IQR 10%,
77%) for CAET.

3.3 | Ovulation prediction kit testing adherence

During run-in, all 47 randomized participants completed 275% of the
prescribed daily OPK tests, with 35/47 (74.5%) completing 290%;
OPK-testing adherence was 97% (IQR 88%, 99%). During the first
3 months of the 6-month intervention, median adherence was 87%

Completed Phone Screening
(n=200)

Not eligible for further screening (n=93)

- Not physically inactive (n=23)

- Taking hormonal contraception (n=18)
- Taking metformin (n=15)

- Pregnant/breastfeeding (n=11)

P | . Notinterested in participating (n=9)
- Diabetes diagnosis (n=8)
- Planning fertility treatments (n=4)
v . - Taking spironolactone (n=2)
Eligible for( ;?:;tél;)r Screening . ‘Trjury limiting exeicise (=)
- Hyperprolactinemia (n=1)
1 >| Did not complete further screening (n=38)
Completed Further Screening Not carolled (a=9)
r69) - New diagnosis of diabetes (n=3)
| P - Not interested in participating (n=5)
* - Prolactinoma (n=1)
Enrolled in Trial and Entered Run-In Phase Dropped out (n=13)
(n=60) - Pregnancy (n=3)
| > - Inadequate adherence (n=5)
* - Anxiety (n=1)
- - Uncontrolled hypertension (n=1)
Randomized (n=47) - Personal reasons (n=3)

v

v

v

Allocated to No Exercise Training (n=17)
Received allocated intervention: 17
Did not receive allocated intervention: 0

Allocated to High-Intensity Interval Training
(n=16)

Received allocated intervention: 16

Did not receive allocated intervention: 0

Allocated to Continuous Aerobic Exercise
Training (n=14)

Received allocated intervention: 14

Did not receive allocated intervention: 0

L

Dropped out (n=1)
New job required increased physical
activity level (n=1)

Dropped out (n=3)
Moved (n=2)
Personal reason (n=1)

Dropped out (n=3)
Injury unrelated to study (n=1)
Too busy (n=1)
Lost to follow up (n=1)

Analyzed (n=17)
Excluded from analysis: 0

Analyzed (n=16)
Excluded from analysis: 0

Analyzed (n=14)
Excluded from analysis: 0

FIGURE 1 Study flow chart
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TABLE 1 Baseline characteristics of study participants

Randomized No exercise HIT CAET

Characteristic (n=47) (n=17) (n=16) (n=14)
Age (y) (SD) 29.2(4.7) 29.1(5.4) 29.1(4.1) 29.5 (4.6)
Weight (kg) (SD) 84.2(22.5) 86.1(21.8) 83.4(22.2) 83.2(25.1)
Body mass index (kg/m2) (SD) 31.4(8.4) 31.6(8.2) 31.4(8.6) 31.3(9.0)
Phenotype

A (hyperandrogenism, ovulatory dysfunction, 28 (60%) 10 (59%) 6 (38%) 12 (86%)

PCO)

B (hyperandrogenism, ovulatory dysfunction) 13 (28%) 5(29%) 6 (38%) 2 (14%)

C (hyperandrogenism, PCO) 2 (4%) 1(6%) 1(6%) 0 (0%)

D (ovulatory dysfunction, PCO) 4 (8%) 1 (6%) 3(18%) 0 (0%)
Age at menarche (y) (SD) 12.0(1.9) 11.6 (2.4) 12.4(1.7) 12.1(1.3)
Baseline reported menstrual length (days) (SD) 64.7 (45.9) 64.0 (40.8) 51.1 (32.0) 82.9 (62.0)
History of 1 or more pregnancies (N) 12 (26%) 4 (24%) 4 (25%) 4 (29%)
History of 1 or more live births (N) 6 (13%) 2 (12%) 1 (6%) 3(21%)
Current smoker (N) 2 (4%) 1(6%) 0 (0%) 1(7%)
Former smoker (N) 10 (21%) 5(29%) 3(19%) 2 (14%)
Has a partner (N) 30 (64%) 13 (76%) 8 (50%) 9 (64%)
Employed (N) 43 (91%) 17 (100%) 13 (81%) 13 (93%)
Previous treatments for PCOS

Lifestyle (diet and/or exercise) (N) 25 (53%) 8 (47%) 8 (50%) 9 (64%)

Oral contraceptive pill (N) 38 (81%) 13 (76%) 13 (81%) 12 (86%)

Spironolactone (N) 8 (17%) 2(12%) 3(19%) 3(21%)

Metformin (N) 18 (38%) 6 (35%) 4 (25%) 8(57%)

Progesterone (N) 18 (38%) 5(29%) 5(31%) 8 (57%)

Ovulation induction (clomiphene citrate/ 5(11%) 3(18%) 0 (0%) 2 (14%)

letrozole) (N)

Hair removal (N) 45 (96%) 17 (100%) 14 (88%) 14 (100%)

Isotretinoin (N) 4 (9%) 1(6%) 2 (13%) 1(7%)
Medical conditions

Obstructive sleep apnoea (N) 4 (15%) 1(6%) 2 (13%) 1(7%)

Depression (N) 17 (36%) 10 (59%) 4 (25%) 3(21%)

Anxiety (N) 19 (40%) 7 (41%) 6 (38%) 6 (43%)
Family history

PCOS (N) 20 (43%) 8 (47%) 6 (38%) 6 (43%)

Infertility (N) 11 (23%) 6 (35%) 3(19%) 2 (14%)

Gestational diabetes (N) 8(17%) 3(18%) 3(19%) 2 (14%)

Diabetes (N) 30 (64%) 9 (52%) 11 (69%) 10 (71%)

Hypertension (N) 30 (64%) 12 (71%) 8 (50%) 10 (71%)

Heart disease (N) 24 (51%) 10 (59%) 8 (50%) 6 (43%)

Stroke (N) 19 (40%) 8 (47%) 6 (38%) 5(36%)

(IQR 61%, 97%) with 30/47 (63.8%) completing 275% of the OPK 3.4 | Reproductive outcomes

tests and 19/47 (40.4%) completing 290%. During the final 3 months
of the intervention, 17/47 (36.2%) participants completed 290% of
prescribed OPK tests, and median adherence was 65% (IQR 0%,
96%). There was no difference in OPK-testing adherence between-
groups at any assessment interval (Figure 3).

Given sub-optimal adherence to OPK-testing throughout the inter-
vention, we were unable to analyse effects of the exercise interven-
tions on ovulation using an intention-to-treat analysis. During the
3-month run-in-phase, 28/47 (59.6%) participants ovulated 2once. In
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FIGURE 2 Adherence to prescribed High Intensity Interval Training Continuous Aerobic Exercise Training
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FIGURE 3 Adherence to ovulation prediction kit testing

a per-protocol analysis of 33 participants completing 275% prescribed
OPKs during the intervention, 22 (67%) had =1 documented ovula-
tion. Further, there was no significant between-group difference in
ovulation events during the intervention: 8/12 (67%) in control, 8/11
(73%) in HIIT and 6/10 (60%) in CAET.

Forty-two participants tracked menstrual cycles during run-in and
intervention phases. Proportions of participants by group with regular
menses (21-35 days) pre-intervention compared with the last three
months of the intervention were 29% vs 47% (p = .31) in control, 50%
vs 53% (p = .85) in HIIT and 29% vs 42% (p = .48) in CAET. There were
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TABLE 2 Anthropometric and fitness outcomes

Mean (SD) Change from Difference in change
baseline to 6 months  from baseline to 6 months
Outcome Baseline 3 months 6 months (95% ClI) (95% Cl) p Value
Body Weight (kg) (SE) [n]
Control group 85.5 (6) [16] 85.7 (6) [16] 86.0(6.2) [15] 0.5(-0.9,1.9) 45
HIIT group 85.2(6.2) [15] 85.2(6.2)[15] 85.3(6.4)[11] 0.1(-1.4,1.6) .87
CAET group 84.5(6.9)[12] 83.4(6.9)[12] 83.3(7.1)[12] -1.2(-2.8,0.4) 13
Intergroup comparisons
CAET vs Control -1.7(-3.8,0.4) .10
HIIT vs Control -0.4(-2.4,1.6) .69
HIIT vs CAET 1.3(-0.9, 3.5) .22
Body mass index (kg/m?) (SE) [n]
Control group 31.1(2.2)[16] 31.1(2.2)[16] 31.3(2.2)[15] 0.2(-0.3,0.7) 49
HIIT group 31.8(2.3)[15] 31.9(2.3)[15] 31.9(2.3)[11] 0.1(-0.5,0.7) .82
CAET group 31.4(2.6)[12] 31(2.5)[12] 30.6(2.6)[12] -0.8(-1.4,-0.2) .01
Intergroup comparisons
CAET vs Control -1(-1.8,-0.2) <.01
HIIT vs Control -0.1(-0.9,0.7) 78
HIIT vs CAET 0.9 (0,1.7) .04
Waist circumference (cm) (SE) [n]
Control group 96.6(4.7)[16] 94.3(4.6)[16] 92.1(4.7)[14] -4.5(-8.6,-0.4) .03
HIIT group 98.7 (4.8) [15] 96 (4.7)[15] 91.4(4.9)[11] -7.3(-11.8,-2.9) <.01
CAET group 98.5(5.4)[12] 94.2(5.3)[11] 91.6(5.4)[12] -6.9 (-11.5,-2.3) <.01
Intergroup comparisons
CAET vs Control -2.4 (-8.6, 3.8) 44
HIIT vs Control -2.8(-8.8, 3.3) .36
HIIT vs CAET -0.4 (-6.8, 6) .90
VO, ..« (mL/kg/min) (SE) [n]
Control group 29.6(1.8) [15] - 29.2(1.7)[13] -0.4(-2.1,1.4) .69
HIIT group 28.4(1.9)[14] - 30(1.9) [12] 1.5(-0.2,3.3) .09
CAET group 30.1(2)[12] - 29.9 (2) [10] -0.2(-2.2,1.7) .80
Intergroup comparisons
CAET vs Control -0.1(-2.7,2.5) 93
HIT vs Control 1.9 (-0.6,4.4) 13
HIIT vs CAET 1.8(-0.8,4.4) .18

Note: HIIT, high-intensity interval training; CAET, continuous aerobic exercise training; VO

indicates statistically significant result (p < .05).

no significant between-group differences in proportions with regular
menstrual cycles pre-intervention (p = .51) or in the last three months of
the intervention (p = .87). Eight participants with amenorrhoea or oligo-
menorrhoea at baseline had regular cycles during the intervention: four
in control, three in HIIT and one in CAET (p = .32). These participants all
had BMI > 25 kg/m2 at baseline and were PCOS phenotype A or B, and
half lost weight during the intervention. One control participant and one
CAET participant had regular menses at baseline that became irregular
over the six-month intervention; both had baseline BMI > 40 kg/mz.
Twenty-nine participants had menstrual cycle lengths recorded
during both run-in-phase and intervention. For ten control group

2max? maximal oxygen uptake; SE, standard error. Bold

participants, mean cycle length pre-intervention was 45.1 (SD 17.9)
days compared with 37.7 (SD 13.9) days at the end of intervention
(p = .23). For 12 HIUT participants, mean menstrual lengths pre-
intervention and end of intervention were 35.9 (SD 11.9) days and 32.5
(SD 9.5) days, respectively (p = .23), compared with seven CAET group
participants who had mean lengths of 46.8 (SD 20.0) days and 34.3 (SD
6.1) days, respectively (p = .09). There were no between-group differ-
ences pre-intervention (p = .53) or end of intervention (p = .57).
Twenty-seven participants had documented ovulation events and
menstrual periods during the pre-intervention run-in-phase allowing
estimation of the luteal phase length: nine in control, 12 in HIIT and
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six in CAET compared with 11 participants in the last three months of
the intervention (three in control, five in HIIT and three in CAET). The
mean luteal phase was 13.6 days (SD 2.5) compared with 14.2 days
(SD 1.5) for the 23 participants during the intervention (p = .55). There
were no between-group differences in the mean luteal phase length
pre-intervention (p = .54) or end of intervention (p = .38).

Three participants achieved pregnancy during run-in and all re-

sulted in live births.

3.5 | Hirsutism

The mean Ferriman-Gallwey hirsutism scores?® were not signifi-
cantly different pre-intervention and end of intervention in control
(p = .31), HIIT (p = .44), or CAET (p = .86). There were no signifi-
cant between-group differences: control vs HIIT (p = .91), control vs
CAET (p = .58) and HIIT vs CAET (p = .68).

3.6 | Anthropometric and physical
fitness outcomes

There was a statistically significant decrease of -0.8 kg/m? in BMI
in the CAET group (95%Cl -1.4-0.2, p < .01; Table 2). Waist circum-
ference decreased significantly within the controls (-4.5 cm, 95%Cl
-8.6-0.4; p = .03), CAET (-6.9 cm, 95%Cl -11.5-2.3; p < .01) and
HIIT groups (7.3 cm, 95%Cl -11.8-2.9; p < .01), with no statistically
significant between-group difference. No within- or between-group

differences were observed in VO Table 2).

2max (

3.7 | Cardiometabolic outcomes

Mean fasting glucose increased in HIIT (0.3 mmol/L, 95% CI 0.1-
0.6; p =. 02), which was significantly different from controls (p = .04)
(Table 3). Mean fasting insulin levels increased significantly in controls
by 19.5 mIU/L (95% CI 0.9-38.2; p = .04) with no changes within the
CAET (p = .19) or HIIT group (p = .90), nor were between-group dif-
ferences observed. LDL-C was reduced in the HIIT group compared
with CAET (-0.3 mmol/L, 95%Cl -0.6-0.1; p = .03). HDL-C increased
in the HIT group compared with control (0.2 mmol/L, 95%Cl 0.0-0.4;
p = .04), with no difference between CAET and control (p = .47). No
within- or between-group differences were observed in blood pres-
sure, HbA, , HOMAZ2-IR, total cholesterol, triglycerides, ALT or GGT
(Table 3).

3.8 | Adverse events
No trial-related adverse events were reported. One participant in
the CAET group sustained a musculoskeletal injury unrelated to ex-

ercise training and withdrew from the trial.

4 | DISCUSSION

We evaluated feasibility of a randomized trial evaluating HIIT and
CAET versus control on reproductive outcomes. Recruitment and
retention were adequate to conduct such a trial, but adherence to
exercise and especially to OPK-testing, failed to meet pre-specified
success criteria.

Exercise adherence has not been widely reported in PCOS
exercise trials.'® One trial? reported 60% adherence. Another?’
only included the 14/16 (87.5%) participants who completed >75%
of prescribed exercise sessions in their analysis, but did not spe-
cifically report exercise adherence. In our trial, we found median
adherence of 68% (IQR 53%, 86%), slightly below our pre-defined
feasibility criterion of >70%. In both exercise groups, exercise ad-
herence trended down over time, similar to other exercise inter-
vention studies in women.?®?? Exercise adherence is influenced
by many participant factors including perceptions about exercise,
perceived supportive behaviour and autonomous motivation.*°
Low exercise adherence in our trial could be secondary to bar-
riers including lack of time, fear of injury, physical limitations or
lack of confidence with respect to exercise as noted in other stud-
jes.2*15 This study illustrates the importance of a feasibility study.
Proposed lifestyle interventions for women with PCOS must be
appropriate and easily integrated into their lives to encourage
adherence.

HIIT and CAET were compared in a previous 8-week trial in-
volving participants without PCOS with overweight or obesity; no
differences were reported between training groups in adherence or
exercise enjoyment.31 In our study, we noted a negatively skewed
distribution of adherence for participants randomized to CAET
where half the participants completed >80% of the prescribed ses-
sions, perhaps suggesting a subgroup of participants were adopt-
ers of CAET. Conversely, positive skew was observed for the HIIT
group, especially during the final three months of the intervention.
While exploratory, these different patterns suggest there may be
differences between the training regimens affecting adherence, and
may also reflect differences in participant characteristics within and
between groups.

Reported attrition in previous PCOS exercise trials was 6%-54%,
with most having attrition 225%.> This pilot trial's relatively low at-
trition demonstrates interest among women with PCOS in exercise
research participation.3? Unfortunately, low OPK-testing adherence
caused inadequate sensitivity; ovulations could have been missed as
the LH surge typically would not be detectable by the OPK test for
longer than 24-48 h. OPKs have been used in research protocols
involving women not actively trying to conceive®¥%4 however, OPK
adherence was not reported. While OPKs are practical, easy to use
and non-invasive in ovulation monitoring for family planning,35 this
trial suggests prolonged daily OPK use may not be sustainable in
individuals not seeking conception. To capture ovulation accurately
in a research setting, other techniques such as twice-monthly serum

progesterone levels may be necessary.
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TABLE 3 Cardiometabolic outcomes

Mean (SD) Change from Difference in change
baseline to 6 from baseline to 6
Outcome baseline 3 months 6 months months (95% ClI)  months (95% ClI) p valve

Systolic blood pressure (mmHg) (SE) [n]

Control group 1177 (3.4)[16]  117.5(3.0)[16]  116.0(3.5)[15] -1.7(-7.6,4.2) .56
HIIT group 114.9(3.5)[15]  115.8(3.1)[15] 118.0(3.9)[11] 3.1(-3.6,9.9) .35
CAET group 113.8(3.9)[12] 114.1(3.5)[12] 114.0(4.0)[12] 0.2(-6.4,6.8) 96
Intergroup comparisons
CAET vs Control 1.9 (-7.0, 10.7) 47
HIIT vs Control 49 (-4.1,13.8) .28
HIIT vs CAET 3.0(-6.5,12.4) .53
Diastolic blood pressure (mmHg) (SE) [n]
Control group 73.7 (2.2) [16] 72.0(1.7) [16] 72.7 (2.4) [15] -1.0(-5.1,3.2) .64
HIIT group 72.5(2.3) [15] 73.7 (1.7) [15] 72.9(2.7)[11] 0.4(-4.4,5.1) .88
CAET group 72.8(2.6) [12] 68.6(1.9) [12] 72.9(2.7)[12] 0.2(-4.5,4.8) 94
Intergroup comparisons
CAET vs Control 1.1(-5.1,7.4) 72
HIIT vs Control 1.3(-5.0,7.6) .67
HIIT vs CAET 0.2 (-6.5, 6.9) 95
Haemoglobin Alc (%) (SE) [n]
Control group 5.3(0.1) [16] 5.3(0.1) [15] 5.4(0.1) [15] 0.1(0.0,0.1) 14
HIIT group 5.4(0.1) [15] 5.5(0.1) [15] 5.4(0.1) [11] 0.0(-0.1,0.1)
CAET group 5.3(0.1) [12] 5.3(0.1) [12] 5.4(0.1) [12] 0.1(0.0,0.2)
Intergroup comparisons
CAET vs Control 0.0(-0.1,0.1) .60
HIIT vs Control -0.1(-0.2,0.1) .30
HIIT vs CAET -0.1(-0.2, 0.0) 15
Fasting insulin (mIU/L) (SE) [n]
Control group 99.5(15.4)[16]  114.0(17.6) [14] 119.1(19.0)[15] 19.5(0.9,38.2) .04
HIIT group 90.1(15.9) [15] 84.4 (17.9) [14] 88.8(20.2) [11] -1.4(-23.1,20.4) .90
CAET group 83.4(17.8)[12]  86.4(19.8)[12]  97.2(21.7)[12] 13.8(-7.0, 34.6) 19
Intergroup comparisons
CAET vs Control -5.8(-33.7,22.2) .68
HIIT vs Control -20.9 (-49.5,7.7) A5
HIIT vs CAET -15.1 (-45.2, 15.0) 31
Fasting Glucose (mmol/L) (SE) [n]
Control group 5.0(0.1) [16] 5(0.1) [15] 4.9(0.1) [15] -0.0(-0.3,0.2) .75
HIIT group 5.0(0.1) [15] 5.1(0.1) [14] 5.3(0.1) [11] 0.3(0.1,0.6) .02
CAET group 4.9(0.1) [12] 5(0.2)[12] 5.0(0.1) [12] 0.2(-0.1,0.5) 15
Intergroup comparisons
CAET vs Control 0.2(-0.1,0.6) 19
HIIT vs Control 0.4 (0.0,0.7) .04
HIIT vs CAET 0.1(-0.2,0.5) 47
HOMAZ2-IR (SE) [n]
Control group 1.8(0.3) [16] 2.1(0.4) [14] 2.2(0.3) [15] 0.3(0.0,0.7) .05
HIIT group 1.7 (0.3) [15] 1.7 (0.4) [14] 1.7 (0.4) [11] 0.0(-0.4,0.4) .82
CAET group 1.5(0.3)[12] 1.6 (0.4) [12] 1.8(0.4) [12] 0.3(-0.1,0.7) 17

(Continues)
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TABLE 3 (Continued)

Mean (SD) Change from Difference in change
baseline to 6 from baseline to 6
Outcome baseline 3 months 6 months months (95% ClI)  months (95% ClI) p valve
Intergroup comparisons
CAET vs Control -0.1(-0.6,0.4) 78
HIIT vs Control -0.3(-0.8,0.2) 27
HIT vs CAET -0.2(-0.8,0.3) 42
Total Cholesterol (mmol/L) (SE) [n]
Control group 4.5(0.2) [16] 4.7 (0.2) [15] 4.4(0.2) [15] -0.06 (-0.29, .59
0.17)
HIT group 4.4(0.2) [15] 4.2(0.2) [15] 4.2(0.2) [11] -0.20 (-0.46, A2
0.06)
CAET group 4.1(0.2)[12] 4.2(0.2) [12] 4.3(0.2)[12] 0.11 (-0.15, 41
0.36)
Intergroup comparisons
CAET vs Control 0.17 (-0.18, 0.51) .33
HIIT vs Control -0.14 (-0.49, 0.20) 41
HIIT vs CAET -0.31(-0.67,0.06) .09
LDL-C (mmol/L) (SE) [n]
Control group 2.6(0.2) [16] 2.9 (0.2) [15] 2.7 (0.2) [15] 0.06 (-0.12, .50
0.24)
HIIT group 2.6(0.2) [15] 2.5(0.2) [15] 2.4(0.2) [11] -0.17 (-0.38, .10
0.04)
CAET group 2.5(0.2) [12] 2.6(0.2) [12] 2.7(0.2)[12] 0.16 (-0.05, A3
0.36)
Intergroup comparisons
CAET vs Control 0.09 (-0.18, 0.37) 49
HIIT vs Control -0.24 (-0.51, 0.04) .09
HIIT vs CAET -0.33(-0.62, -0.04) .03
HDL-C (mmol/L) (SE) [n]
Control group 1.3(0.1) [16] 1.2(0.1) [15] 1.2 (0.1) [15] -0.11 (-0.22,0) .05
HIIT group 1.2(0.1) [15] 1.1(0.1) [15] 1.2(0.1) [11] 0.07 (-0.06, .30
0.20)
CAET group 1.1(0.1) [12] 1.1(0.1) [12] 1.1(0.1) [12] -0.05 (-0.18, 41
0.07)
Intergroup comparisons
CAET vs Control 0.06 (-0.11, 0.23) 47
HIIT vs Control 0.18 (0.01, 0.35) .04
HIIT vs CAET 0.12 (-0.06, 0.30) 19
Triglycerides (mmol/L) (SE) [n]
Control group 1.3(0.2) [16] 1.3(0.2) [15] 1.2(0.1) [15] -0.10(-0.31, .36
0.12)
HIT group 1.3(0.2) [15] 1.2(0.2) [15] 1.2(0.2) [11] -0.16 (-0.40, .20
0.09)
CAET group 1.1(0.2) [12] 1(0.2)[12] 1.1(0.2)[12] 0(-0.24,0.24) 99
Intergroup comparisons
CAET vs Control 0.10 (-0.23,0.43) .54
HIIT vs Control -0.06 (-0.38, 0.27) .73
HIIT vs CAET -0.16 (-0.50, 0.19) .36

(Continues)
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TABLE 3 (Continued)

Mean (SD) Change from Difference in change
baseline to 6 from baseline to 6
Outcome baseline 3 months 6 months months (95% CI)  months (95% Cl) p valve
ALT (mmol/L) (SE) [n]
Control group 19.7 (3) [16] 22 (2.6)[15] 25.4 (4) [15] 5.73(-0.41, .07
11.86)
HIIT group 15.9(3.1) [15] 14.6 (2.6) [15] 16 (4.3) [11] 0.11(-6.84, 7.05) .98
CAET group 16.5(3.5)[12] 15.5(2.9) [12] 16.1(4.5)[12] -0.42 (-7.34, .90
6.50)
Intergroup comparisons
CAET vs Control -6.14 (-15.39, 3.10) 19
HIIT vs Control -5.62 (-14.89, 3.65) .23
HIIT vs CAET 0.52(-9.28, 10.33) 91
GGT (mmol/L) (SE) [n]
Control group 25.1(4.5) [16] 29.4(5.2) [15] 27.9 (4.5) [15] 2.80(-2.08, .25
7.68)
HIIT group 22.3(4.7) [15] 20.3 (5.3) [15] 19.7 (4.7) [11] -2.61(-7.83, .32
2.62)
CAET group 19.3(5.2) [12] 19.8 (6) [12] 21.3(5.2)[12] 2(-3.58,7.58) 47
Intergroup comparisons
CAET vs Control -0.80(-8.21, 6.61) .83
HIIT vs Control -5.41 (-12.55, 1.74) .13
HIIT vs CAET -4.61 (-12.25, 3.04) .23

Note: HIIT, high-intensity interval training; CAET, continuous aerobic exercise training; SE, standard error, LDL-C, low-density lipoprotein cholesterol;

HDL-C, high-density lipoprotein cholesterol; ALT, alanine aminotransferase; GGT, gamma-glutamyl transferase; VO

indicates statistically significant result (p < .05).

It is unclear how menstrual regularity is affected by exercise in
women with PCOS; some trials demonstrated improvements while
others found no change.!® One exercise trial” found participants
with reproductive function improvements had significantly more
weight loss than those who did not. We found participants from
each group experienced improvements in menstrual cycle regular-
ity, with no significant intergroup differences. The participants with
increased menstrual cycle regularity had hyperandrogenism (PCOS
phenotype A/B), and overweight or obesity; 50% lost weight during
the intervention. This finding raises two questions that require fur-
ther investigation: (1) is the response to exercise related to PCOS
phenotype (are phenotypes with hyperandrogenism more respon-
sive to exercise); and (2) does the reproductive response to exercise
vary by baseline BMI and/or weight loss?

This study has several strengths including being the first randomized
trial to compare effects of HIIT and CAET on reproductive outcomes. It
included a three-month run-in-phase to determine baseline reproduc-
tive function including ovulations and menstrual cycle lengths in women
with PCOS. We included normal-weight women as well as women with
elevated BMlIs making our study findings more generalizable than previ-
ous exercise trials in PCOS”?’ that only included participants with ele-
vated BMlIs. We also included rigorous and direct measurements for the
anthropometric, metabolic and hormonal outcomes.

Since this study was a pilot trial to evaluate feasibility and inform
planning of future trials, the sample size was inadequate to evaluate

omax? maximal oxygen uptake; bold

efficacy of HIIT and CAET on reproductive health. In addition, low
OPK-testing adherence precluded clear conclusions regarding ovu-
lation rates. Finally, participants may have changed their dietary
intake, which we did not assess and could not control for in the anal-
yses that might have influenced these results.

In conclusion, while acceptable participant recruitment and rel-
atively low attrition indicate women with PCOS are interested in
exercise research participation, future trials should address barri-
ers to exercise adherence, and a different, more feasible and sus-
tainable ovulation testing method should be used. HIIT and CAET
did not result in statistically significant improvements in repro-
ductive health outcomes, specifically menstrual cycle and luteal
phase length. HIIT and CAET were both effective at improving an-
thropometrics, insulin resistance and lipids in women with PCOS.
Our findings indicate there may be differential anthropometric
and cardiometabolic effects of exercise based on exercise type.
Further, larger studies are needed to evaluate impacts of these two
exercise interventions on reproductive, anthropometric and car-
diometabolic outcomes as well as to explore associations of PCOS
phenotype and BMI to exercise response, to inform evidence-
based clinical practice guidelines for the management of PCOS in

reproductive-aged women.
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