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Abstract

Background: Fitness is a marker of physiological and mental health. The purpose of this pilot study was to assess the feasibility of
processes to recruit women with polycystic ovary syndrome (PCOS) during the Covid pandemic and collect their health and fitness data.
Additionally, the datawas used to explore possible associations between anthropometrics, PCOS biomarkers, health-related quality-of-life
(HRQoL), and depressive symptoms with that of fitness and self-reported physical activity levels among women with PCOS.Methods:
A convenience sample of women with PCOS (n = 15) were recruited via flyers and the snowball method. Participants completed surveys,
anthropometrics, a dual energy x-ray absorptiometry scan, blood work, and a fitness assessment. Data were statistically analyzed using
Spearman correlations. Results: Feasibility measures of recruitment and retention rates were 83% and 100%, respectively. Fidelity
measurement for process averaged 97%. Participants (age 25.9 (± 6.2), mostly White (80%), single (60%), and employed full-time
(67%)) were categorized as obese (body mass index (BMI) 32.2 kg/m2 ± 8.3, percent bodyfat 41.1%± 8.1) with≤1 comorbidity. Most
participants were not regularly physically active and had high free testosterone levels (7.6 pg/mL± 4.3), elevated high-density lipoprotein
(63.2 mg/dL± 12.9), fair cardiovascular capacity, and below averagemuscular strength/endurance. The following statistically significant
and strong associations were found: (1) VO2 max with percent bodyfat (–0.59; p = 0.02), sex hormone binding globulin (0.73; p = 0.00),
HRQoL (0.72; p = 0.00), and depressive symptoms (–0.67; p = 0.00), (2) abdominal strength with BMI (–0.66; p = 0.01) and high density
lipoprotein (HDL) (0.59; p = 0.02), (3) physical activity level with percent bodyfat (–0.72; p = 0.00), and (4) resistance training with
low density lipoprotein (LDL) (–0.52; p = 0.05). Conclusions: Collecting health and fitness data from women with PCOS is a feasible
research approach. Randomized controlled trials in which health and fitness data are collected from women with PCOS are needed to
confirm possible associations between fitness and PCOS clinical features and is in the planning process.
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1. Introduction
Polycystic ovary syndrome (PCOS), the most com-

mon chronic endocrinopathy among women, has a preva-
lence that ranges between 15 and 20% [1]. Common
signs/symptoms include subfertility, insulin resistance,
dyslipidemia, hirsutism, and lethargy, placing women with
PCOS at risk for comorbid conditions such as diabetes,
cardiovascular disease, reproductive cancers, and depres-
sion and resulting in reduced health-related quality-of-life
(HRQoL) [2]. Unfortunately, a PCOS diagnosis is often
missed or delayed, as its presentation can widely vary, thus
affecting treatment recommendations [3].

According to Rotterdam criteria, PCOS is diagnosed
when two of three characteristics exist: clinical or biochem-
ical hyperandrogenism, ovulatory dysfunction, and/or ul-
trasound evidence of polycystic ovaries [4]. Using all pos-
sible combinations, this heterogenous condition produces
four phenotypes. For example, some women with PCOS

may be obese, others lean and somewomenwith PCOSmay
have hirsutism, while others may not. Such differences in
physical presentation confound PCOS diagnosis and treat-
ment. However, the risk for comorbid conditions holds con-
stant regardless of phenotype due to factors such as central
adiposity (affecting 50% of women) and dyslipidemia (af-
fecting 70% of women), which are both independent of total
bodyfat percentage [3,5].

Lifestyle changes, such as exercise, are recommended
as first-line treatment by the Endocrine Society Clinical
Practice Guidelines for PCOS [4]. However, research in-
dicates that less than 60% of women with PCOS engage in
regular physical activity [5] and more than 25% are seden-
tary [6]. Fitness (the sum attributes of cardiorespiratory
capacity, muscular strength and endurance, and flexibil-
ity), is a marker of physical and mental health and peo-
ple who are fit have lower mortality from any cause as
compared to those who are not fit [7]. To date, there are
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no research studies about fitness as an indicator of PCOS
clinical features and health risk. As such, we conducted a
pilot study to assess the feasibility of processes to recruit
women with polycystic ovary syndrome (PCOS) and col-
lect their health and fitness data. Additionally, the data
was used to explore possible associations between anthro-
pometrics, PCOS biomarkers, health-related quality-of-life
(HRQoL), and depressive symptomswith that of fitness and
self-reported physical activity levels among women with
PCOS.

Theoretical Model
A theoretical PCOS physiological model guided this

study (Fig. 1, Ref. [8]). PCOS is multifactorial, as ge-
netic alterations, epigenetic modifications, and environ-
mental factors contribute to development or worsening of
the clinical manifestations [8]. Genetic origin of PCOS is
confirmed by a hereditary factor observed in first-degree
relatives, as womenwho havemothers or sisters with PCOS
are at increased risk (35–40%) of developing the condition
[9]. In addition to a genetic basis, epigenetic alterations
(e.g., DNA methylation, noncoding RNA regulation) play
a central role in PCOS outcomes, including phenotypic dif-
ference, by dynamically and reversibly controlling gene ex-
pression during childhood and into adulthood [8]. Envi-
ronmental factors (e.g., nutrition, physical activity, smok-
ing) combined with genetic predisposition can change the
epigenome landscape leading to (epi)genetic susceptibility
for developing PCOS throughout life [8].

Genetics LifestyleEpigenetics

Percent Body Fat
w/Central Adiposity

Hyperandrogenism Insulin Resistance

Inflammation

Clinical
(Hirsutism, Acne, 

Alopecia)
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SHBG

Polycystic Ovary Syndrome

Fig. 1. Adapted (with permission) physiological model of poly-
cystic ovary syndrome [8]. This model illustrates the interre-
lationships and outcomes of etiological factors and PCOS symp-
toms.

Obesity is a common characteristic of women with
PCOS, and affects clinical manifestations such as hyper-
androgenism, insulin resistance, and dyslipidemia [4]. Vis-
ceral fat, bodyfat located within the abdominal cavity, is
a storage site for circulating androgen. Androgen is also
present in plasma as free or unbound testosterone [4]. Fur-
ther, hyperinsulinemia due to insulin resistance also con-
tributes to excess androgen, as hyperinsulinemia decreases

the total amount of sex hormone binding globulin (SHBG)
[10], a glycoprotein that binds with androgen. Androgen
is also produced in excess by the adrenal glands in most
women with PCOS [4].

2. Materials and Methods
2.1 Study Overview

The investigator’s apriori target goal for sample size
was based on a small effect size and p < 0.05 [11], as well
limited resources. A convenience sample of participants (n
= 15) was recruited into this single-arm process feasibil-
ity study using flyers and the snowball method during the
summer months of 2021 on a university campus (~35,000
students) in the southeastern United States and amidst the
Covid pandemic. Inclusion criteria were women aged 18–
42 with a medically confirmed PCOS diagnosis. Exclusion
criteria were medically induced menopause, cardiovascular
disease, orthopedic injury, and pregnancy. Exclusion crite-
ria were identified during telephone or email prescreening
using the Physical Activity Readiness Questionnaire. When
participants met requirements and provided medical confir-
mation of a PCOS diagnosis via secured email, they were
scheduled an appointment at a university-based clinical ex-
ercise research center. Upon arrival at the research cen-
ter, the study purpose, benefits, and risks were explained to
potential participants, and their questions were answered.
After informed consent, the following measures were ob-
tained: anthropometrics, venipuncture for laboratory panel,
questionnaires, dual energy x-ray absorptiometry (DEXA),
estimated oxygen consumption, muscular fitness, and flex-
ibility. Participants received a $50 gift card as an incentive.
Research protocols were approved by the university’s Insti-
tutional Review Board (Pro00106153).

2.2 Feasibility Measures
Feasibility measures included recruitment and reten-

tion rates and participant feedback. The recruitment rate
was calculated by dividing the total number of participants
who entered the study by the number of participants who
answered the call for participants, and then multiplying by
100%. The retention rate was calculated by dividing by the
number of participants completing all phases of the study
by the number of participants entering the study, and then
multiplying by 100%. Fidelity to process was measured us-
ing an apriori checklist, with results calculated by dividing
the number of missed steps by the number of defined ac-
tions and multiplying by 100%. At the end of each fitness
assessment, participants were asked three open-ended ques-
tions to obtain their feedback about the research process. A
future full-scale study will be based on the feasibility of this
pilot trial.

2.3 Anthropometrics
Anthropometric measurements included height (mea-

sured to nearest 0.1 cm using a wall-mounted stadiometer),

2

https://www.imrpress.com


weight (measured twice and to nearest 0.1 kg using an elec-
tronic scale), and waist and hip circumferences (measured
twice to nearest 0.1 cm using a measuring tape). Body
mass index (BMI) was calculated with the formula [BMI
= weight (kg)/height (m)2]. Waist-to-hip ratio was deter-
mined by dividing waist circumference by hip girth. Per-
cent bodyfat and lean muscle mass were determined us-
ing the Lunar fan-beam dual energy x-ray absorptiometry
(DEXA) scanner (GE Healthcare model 8743, GE Health-
care, Waukesha, WI, USA). DEXA is spectral imaging
involving less than two days’ exposure to natural back-
ground radiation, with demonstrated reliability of an intr-
aclass correlation of R = 0.99 [12].

2.4 Laboratory-Derived Data
After fasting for at least eight hours before the appoint-

ment, participants received venipuncture for a laboratory
panel including free testosterone, SHBG, and lipid profile.
Trained personnel followed standard protocol for venipunc-
ture to collect approximately 10 mL of blood. The spec-
imens were processed at Lexington Medical Center (West
Columbia, SC, USA). Results were confidentially sent to
the principal investigator’s university office. Free testos-
terone is used to diagnose androgen excess not due to other
rare disorders [3]. SHBG is a PCOS and insulin resistance
biomarker [10]. A lipid profile was collected to assess for
dyslipidemia.

2.5 Questionnaire-Derived Data
2.5.1 Demographics

The demographic questionnaire included age, race,
educational attainment, marital status, number of children,
employment, insurance, geographic residence, and comor-
bid conditions.

2.5.2 Health-Related Quality-of-Life
PCOS-specific HRQoL was measured using the Poly-

cystic Ovary Syndrome Questionnaire (PCOSQ-50). The
PCOSQ-50 has been reported to have a construct validity
of 0.92 and test-retest reliability of 0.91 [13]. It includes
50 items in six domains: psychosocial/emotional, fertility,
sexual function, obesity/menstrual disorders, hirsutism, and
coping. Answers are given on a 5-point Likert scale ranging
from 1 = always (worst condition) to 5 = never (best condi-
tion). A score for each domain was calculated as the sum of
all answered items in the domain divided by the number of
answered items. The total PCOSQ-50 score was calculated
as the sum of all answered items divided by the number of
answered items. Lower scores indicate poor HRQoL [13].

2.5.3 Physical Activity Level
The Rapid Assessment of Physical Activity (RAPA)

was used to determine participants’ physical activity lev-
els. The RAPA includes seven yes/no questions. The sum
of “yes” responses indicates physical activity frequency,

and intensity. The second section of the RAPA includes
questions about the performance of resistance training and
flexibility exercise. The RAPA has been reported to have
good sensitivity (100%) and specificity (75%) for determin-
ing physical activity level [14]. Positive and negative pre-
dictive value for determining physical activity levels were
94.4% and 100% respectively [14].

2.5.4 Depressive Symptoms
The Personal Health Questionnaire (PHQ-8) was used

to assess prevalence and severity of depressive symptoms
occurring within the past two weeks. The scale consists of
8 items with a 4-point rating ranging from 0 (not at all) to
3 (nearly every day). A score of ≥10 indicates major de-
pression and ≥20 indicates severe major depression [15].
Construct validity was reported at 0.75 and internal reliabil-
ity was reported at 0.81 [15]. Given the sensitive nature of
the questions and the overall purpose of the screening, local
and nationalmental health resourceswere provided. The re-
sources were verbally mentioned during the informed con-
sent and provided in writing before the depressive symp-
toms survey.

2.6 Fitness Testing
2.6.1 Modified Bruce Treadmill Test

Themodified Bruce treadmill test was used to estimate
maximal oxygen consumption (VO2 max) or cardiorespi-
ratory fitness, as this measure is related to functional ca-
pacity and serves as a strong independent predictor of all-
cause and disease-specific mortality [5]. The modified ver-
sion was chosen to ensure safety and comfort when assess-
ing sedentary or physically inactive participants and due
to availability and cost of a more direct measure. After
a prolonged warm-up (6 minutes), the protocol is divided
into 3-minute stages, each with a faster speed and steeper
grade. The participant’s heart rate and perceived exertion
were monitored throughout the test. The final score was
calculated using the total time spent in working phases with
the formula [(4.38 × T) – 3.9 = VO2 max]. The estimated
VO2 max was then compared to gender- and age-based nor-
mative data. The modified Bruce treadmill test was cho-
sen as the safest alternative for sedentary participants. For
the modified Bruce treadmill test, a Pearson product mo-
ment correlation coefficient between predicted and mea-
sured VO2 max of 0.94 for women without cardiac condi-
tions (n = 5509) [16]. The average predicted error was –0.6
mL·kg−1·min−1 for the general equation [16].

2.6.2 Modified Push-Up Test
Using the American College of Sports Medicine

(ACSM) protocol, the modified push-up test was used to
estimate upper body muscular fitness. This test was chosen
as a safer alternative than one-rep-max tests for sedentary or
physically inactive participants and due to the availability
of normative data. The test involves performing push-ups
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in a modified position (knees bent with lower legs in con-
tact with the mat). The score is the total number of mod-
ified push-ups performed with proper form in one minute.
The score was compared to gender- and age-based norma-
tive data. The norm-referenced test-retest reliability esti-
mate using intraclass correlations from one-way analysis of
variance (ANOVA) was R = 0.99 [16].

2.6.3 Curl-Up Test
Using ACSM protocol, the curl-up test was used to

estimate abdominal muscular fitness. This test was chosen
as a safer alternative than one-rep-max tests for sedentary
or physically inactive participants and due to the availabil-
ity of normative data. In a supine position, the participant
repetitively lifts and lowers the upper body to a metronome
set at 40 beats/minute. The score is the number of curl-
ups performed with proper form to cadence. The score was
compared to gender- and age-based normative data. Psy-
chometric findings included high test-retest reliability (r =
0.98), moderately high inter-apparatus reliability (r = 0.71),
and moderately high inter-tester reliability (r = 0.76) [16].

2.6.4 Sit-and-Reach Test
Using ACSM protocol, the sit-and-reach test was used

to assess hamstring flexibility. The test was chosen be-
cause it assesses the flexibility of several muscle groups
with one movement and due to the availability of norma-
tive data. This measure was chosen because hamstring flex-
ibility is related to low back and knee joint health. Par-
ticipants sat against a wall with feet placed at the 15-inch
mark on a measuring tape. Keeping knees straight and
feet plantarflexed, participants reached forward with both
hands. The score was the farthest distance reached of three
trials. The score was compared to gender-and age-based
normative data. The sit-and-reach test has shown a moder-
ate mean criterion-related validity for estimating hamstring
extensibility (r = 0.46–0.67) [16].

2.7 Statistical Analyses
Analyses were conducted using IBM SPSS Statis-

tics for Windows, version 27.0 (IBM Corp., Armonk, NY,
USA). Descriptive statistics (frequencies or mean ± stan-
dard deviations) were computed for each measure. Given
the small sample, assumptions of normality were not met.
Thus, Spearman correlations were conducted. The data that
support the findings of this study are available from the cor-
responding author upon reasonable request.

3. Results
The feasibility of conducting health and fitness assess-

ments of women with PCOS was measured using recruit-
ment and retention rates and participant feedback. Eighteen
women answered the call for participants, with 15 meeting
eligibility requirements for a recruitment rate of 83%. Fif-
teen women entered the study and successfully completed

all phases for a retention rate of 100% (Fig. 2). Using a
level of confidence at 95%, the margin of error for recruit-
ment was 2%. Anything between 0.61% and 1.00% (0.81
± 0.2) would accurately describe the PCOS population on
the university’s campus.

Screened

Enrollment

Allocation

Screened prior to eligibility 
assessment

(n=18)

Excluded (n=1)
• Did not meet inclusion criteria 

(n=1)

Follow-Up

Assessment

Assessed for eligibility
(n=16)

Excluded (n=2)
• Sick (n=2)

Allocated to intervention (n=15)
Received allocated intervention 

(n=15)
Did not receive allocated 

intervention (n=0) 

Loss to follow-up (n=0)
Discontinued intervention (n=0)

Assessed (n=15)

Fig. 2. Consort flow diagram of recruitment and retention.

The process for each participant progressed as planned
and there were no adverse events. Fidelity to process was
96%. All participants expressed satisfaction with the study
and seven participants (47%) requested their laboratory and
fitness results. Participant feedback was positive, and no
recommendations were made for improving the process.

Participants (n = 15) were 25.9 (± 6.2) years of age
and mostly White (80%). Almost half (47%) had ≥1 co-
morbid conditions. Characteristics of the study sample are
listed in Table 1. Phenotypically, the women were obese
(BMI 32.2 kg/m2 ± 8.3, bodyfat 41.1% ± 8.1) with high
levels of free testosterone (7.6 pg/mL ± 4.3) (Table 2).
Many (53%) of the women reported regular physically ac-
tivity, but not for the recommended 150 minutes/week of
moderate-to-vigorous activity. Six (40%) participants re-
ported performing resistance training. Nine (60%) partic-
ipants reported performing flexibility exercises. Table 3
presents clinical ranges, means (± standard deviation (SD))
of the total population (i.e., reference group), a descriptor of
sample means for each study characteristic, and the percent
of the sample at risk for a poor health outcome based on that
characteristic. Participants reported a neutral HRQoL total
(3.3 ± 0.7) with low scores in the obesity/menstrual and
hirsutism domains. The sample mean for depressive symp-
toms indicated few depressive symptoms; however, four
(27%) participants scored high (≥10), indicating major de-
pression [15] (Table 2). Correlational analyses yielded nine
statistically significant (p < 0.05) associations and seven
associations with large effect sizes that approached statisti-
cal significance (p = 0.05–0.15) (Table 4).
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Table 1. Descriptive statistics of study sample (n = 15).
Characteristics Frequency (%) or Mean ± SD

Age 25.9 ± 6.2
Ethnicity
African American or black 0% (0)
Hispanic, Latino/a, or Spanish 13.3% (2)
White 80% (12)
Mix of two 6.7% (1)

Educational attainment
High school or GED 13.3% (2)
Some college 26.7% (4)
Bachelors 33.3% (5)
Masters 26.7% (4)

Employment status
Not working 13.3% (2)
Part time 20% (3)
Full time 66.7% (10)

Medical insurance
Yes 100% (15)

Marital status
Single 60% (9)
Married or partnership 40% (6)

GED, general educational development; SD, standard deviation.

4. Discussion
4.1 Feasibility

According to a review of funded and published ran-
domized controlled trials, successful recruitment is ≥75%
and successful retention is≥80% [17]. Using these criteria,
collecting health and fitness information from women with
PCOS is a feasible research approach. According to par-
ticipant feedback, women with PCOS are seeking answers
about their condition and are eager to participate in future
PCOS research including this assessment protocols used in
this study.

4.2 VO2 Max

VO2 max is an indicator of long-term morbidity and
mortality and has been recommended by the American
Heart Association to be regularly assessed and used as a
clinical vital sign [5]. The finding that participants in this
study had only “fair” VO2 max was alarming, as VO2 max
gradually decreases 1–2% per year at ≥26 years [18]. The
mean age of this sample was 25.9 (± 6.2) years. The mean
VO2 max was lower than the VO2 max reported for appar-
ently healthy women in the same age group [18]. As with
the general population, the participants did not meet rec-
ommended physical activity guidelines [18]. However, ex-
ercise studies implementingmoderate-to-vigourous aerobic
exercise have demonstrated that obese women with PCOS
can increase VO2 max at the same rate as obese women
without PCOS [19–22]. More research is necessary to de-
lineate factors associated with decreased VO2 max among
women with PCOS at baseline.

4.2.1 Percent Bodyfat
Consistent with studies in other populations, VO2 max

had a strong negative relationship with percent bodyfat (R
= –0.59, p = 0.02). Debate exists about the causal direction
between VO2 max and body composition. Findings from
a cross-sectional study by Maciejczyk and colleagues [23]
suggested that high body mass, independent of cause (high
lean mass or high bodyfat percentage) decreases VO2 max
relative to total body mass. Whereas a prospective random-
ized trial conducted by Skrypnik and colleagues [24] con-
cluded that exercise increases VO2 max, which affects body
composition. These studies included obese women, but not
women diagnosed with PCOS.

4.2.2 Lean Muscle Mass
VO2 max had a small, positive association with lean

muscle mass (R = 0.09, p< 0.001). Studies among the gen-
eral population reveal that higher lean muscle mass con-
tributes to metabolic capacity, which can elevate cardiores-
piratory fitness dependent on total bodyfat percentage [25].
A study among women with PCOS revealed that women
had lower cardiovascular capacity and muscular endurance
than women without PCOS. The authors hypothesized that
metabolic and hormonal factors specific to PCOS (e.g., cen-
tral obesity, insulin resistance) may affect muscle function
in women with PCOS [26].

4.2.3 Sex Hormone Binding Globulin (SHBG)

VO2 max had a strong, positive association with
SHBG (R = 0.73, p < 0.001). SHBG production is reg-
ulated by androgens (decrease), estrogens (increase), and
insulin (decrease). The participants in this study presented
with low levels of SHBG, which is often related to hyper-
androgenism (also present in the participants in this study).
The association between physical activity or cardiovascu-
lar fitness might be mediated, in part, through androgens;
however, this has only been studied in men [27]. Find-
ings from a systematic review about exercise effects on hor-
mones suggest that SHBG was largely unaffected by aero-
bic exercise but increased with either the isolated use of re-
sistance training or the combination of cardiovascular and
resistance exercise [28]. Additionally, women with PCOS
who exercised at vigorous intensities had higher levels of
SHBG than women who exercised at lower intensities [28].

4.2.4 Health Related Quality of Life (HRQoL)

VO2 max had a strong, positive relationship with
HRQoL (R = –0.72, p< 0.01). Several studies have shown
that women with PCOS have reduced HRQoL, especially
in the psychosocial domain. However, only three random-
ized controlled exercise trials included HRQoL, all which
revealed improved physical functioning, general health, so-
cial functioning, and mental health [29]. Therefore, by im-
proving VO2 max with exercise, women with PCOS may
improve their HRQoL [30].
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Table 2. Means and standard deviations of laboratory and fitness data compared to clinical guidelines (n = 15).
Variable Reference values Mean ± SD Descriptor Sample # at risk

Body mass index (BMI)

<18.5 (underweight)

32.2 ± 8.3 obese 12 (80%)
18.5–24.9 (normal)
25–29.9 (overweight)
≥30 (obesity)

Waist-to-hip ratio (WtH)
≤0.80 (low risk)

0.81 ± 0.1 moderate risk 7 (47%)0.81–0.84 (moderate risk)
≥0.85 (high risk)

Percent bodyfat 21–32% 41.1 ± 8.1 obese 14 (93%)
Lean muscle mass ≥93.1 lb 98.07 ± 15.1 low 7 (47%)
Free testosterone 0.7–3.6 pg/mL 7.6 ± 4.3 high 11 (73%)
Sex hormone binding globulin (SHBG) 18–144 nmol/L 23.0 ± 12.9 normal 6 (40%)
High density lipoprotein (HDL) 40–59 mg/dL 63.2 ± 12.9 high 3 (20%)
Low density lipoprotein (LDL) <100 mg/dL 91.0 ± 24.0 normal 5 (33%)
Triglycerides (TGs) <150 mg/dL 93.0 ± 32.0 normal 1 (7%)
VO2 max (mL/mg/min) Based on age 36.8 ± 10.6 fair 5 (33%)
Upper body muscular endurance Based on age 15.4 ± 4.0 Below average 7 (47%)
Abdominal muscular endurance Based on age 21.3 ± 18.2 Below average 12 (80%)
Flexibility (inches) Based on age 18.8 ± 2.8 average 6 (40%)

Table 3. Means and standard deviations of HRQoL and
depressive symptoms (n = 15).

Variable Mean ± SD

HRQoL total 3.3 ± 0.7
Psychosocial/emotional 3.2 ± 0.7
Fertility 3.9 ± 0.9
Sexual function 3.3 ± 0.9
Obesity/menstrual 3.1 ± 0.9
Hirsutism 3.1 ± 1.4
Coping 3.4 ± 0.8
Depressive symptoms total 7.3 ± 5.3
HRQoL, health-related quality-of-life; SD, standard
deviation.

4.2.5 Depressive Symptoms
VO2 max had a strong, negative association with de-

pressive symptoms (R = –0.67, p = 0.01). VO2 max as a
predictor of depressive symptoms has not been extensively
studied among the general population and not at all among
women with PCOS. In a cross-sectional study of women
without PCOS (aged 26–43) who did not meet physical ac-
tivity guidelines, VO2 max was found to be the only phys-
iologic characteristic (as compared to bodyfat percentage,
autonomic indices, and physical activity levels) to indepen-
dently predict depressive symptom scores [31].

4.3 Abdominal Strength
Study participants had “below average” muscular fit-

ness for age, a risk factor for musculoskeletal injuries and
osteoarthritis due to poor posture and instability [32]. Ev-
idence suggests that obese individuals have reduced max-
imum muscle strength relative to body mass compared to

non-obese persons [33]. In this study, the three participants
with a “normal” BMI scored average to above average on
both muscular fitness tests. The two participants with the
highest BMIs and percent bodyfat levels were unable to per-
form the curl-up test and scored poorly on the push-up test.
More research is necessary to determine if bodyfat percent-
age is related to muscle activation and/or muscle morphol-
ogy, such as muscle volume and architecture [34].

4.3.1 Body Mass Index (BMI)
The relationship between abdominal fitness and obe-

sity indices among women in general is not well studied.
A cross-sectional study of healthy men and women aged
18–30 found that women had lower abdominal strength due
to anatomical differences and higher bodyfat mass [35].
Findings from another cross-sectional study indicated that
obesity had a significant negative impact on core muscu-
lar endurance among young adult men, regardless of which
obesity measure was assessed [36]; however, a prospec-
tive study comparing normal-weight women with PCOS
(phenotype D) to women without PCOS, using obesity in-
dices, revealed that women with PCOS had lower muscle
endurance than the control group of normal-weight women
[30]. The researchers hypothesized that factors such as in-
sulin resistance and visceral adiposity may damage muscle
function in women with PCOS by slowing protein synthesis
[26].

4.3.2 Lean Muscle Mass
Women with PCOS and increased levels of lean mus-

cle mass demonstrated strong and significant performance
with abdominal strength. However, less than half of the
women had normal to elevated lean muscle mass. This
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Table 4. Bivariate analysis of anthropometrics, PCOS biomarkers, HRQoL, and depressive symptoms with fitness variables (n
= 15).

Variable VO2 Max
Strength 1 Strength 2

Flexibility
RAPA 1 RAPA 2

(upper) (abdominal) (PA level) (RT)

R p R p R p R p R p R p

BMI –0.49 0.07 –0.29 0.29 –0.66 0.01 0.40 0.14 –0.63 0.12 –0.06 0.82
% Bodyfat –0.59 0.02 –0.44 0.10 –0.61 0.12 0.22 0.43 –0.72 0.00 –0.09 0.74
LMM 0.09 0.01 0.20 0.01 0.69 0.01 –0.91 0.01 1.21 0.01 0.51 0.01
WtH –0.06 0.83 –0.05 0.86 –0.28 0.32 0.15 0.60 –0.47 0.08 0.25 0.36
TestF 0.39 0.16 0.04 0.89 –0.23 0.39 0.07 0.82 0.02 0.95 –0.17 0.54
SHBG 0.73 0.00 0.26 0.34 0.33 0.23 –0.00 0.99 0.20 0.47 0.10 0.74
HDL 0.16 0.57 0.14 0.63 0.59 0.02 –0.48 0.07 –0.02 0.95 –0.46 0.08
LDL –0.03 0.91 0.12 0.67 –0.20 0.49 0.08 0.77 0.33 0.23 –0.52 0.05
TGs –0.43 0.11 –0.11 0.69 –0.14 0.62 0.09 0.75 –0.47 0.08 –0.17 0.54
HRQoL 0.72 0.00 0.36 0.19 0.36 0.62 –0.42 0.12 0.28 0.32 0.13 0.66
DepSx –0.67 0.00 –0.31 0.25 –0.20 0.48 –0.06 0.84 –0.39 0.15 –0.49 0.06
BMI, body mass index; LMM, lean muscle mass; SHBG, sex hormone binding globulin; R, Pearson correla-
tion; DepSx, depressive symptoms; HDL, high density lipoprotein; PCOS, polycystic ovary syndrome; HRQoL,
health-related quality of life; LDL, low density protein; PA, physical activity; RT, resistance training; TestF , free
testosterone; TGs, triglycerides; VO2 max, maximum oxygen volume; WtH, waist-to-hip ratio.

finding indicates that increased lean muscle mass can yield
greater core strength, thus providing evidence for resistance
training as a component of physical fitness. Resistance
training studies for women with PCOS have resulted in im-
proved strength measures, although core strength was not
directly measured [37,38].

4.3.3 High Density Lipoprotein (HDL)
Contrary to other research [39], the women in this

study had high HDL, a protective factor for cardiovascular
disease. The finding of high HDL was counter-intuitive,
given the fair VO2 max and high bodyfat percentages. The
high HDLmay be due to unique characteristics of this small
sample. More research is needed with a larger sample.

4.4 Physical Activity Level
Physical activity level had strong negative associa-

tions with percent bodyfat among the women with PCOS
in this pilot study. Physical activity is defined as any bod-
ily movement produced by skeletal muscles that requires
energy expenditure [40], and thus includes all types of ex-
ercise.

Percent Bodyfat
The strong negative association between physical ac-

tivity level and percent bodyfat is consistent with the liter-
ature. Many studies have revealed that performing regular
aerobic exercise, especially of vigorous intensity, decreases
bodyfat percentage over time [41]. This was true among
women with and without PCOS [42]. Performing other
modalities of physical activity, such as resistance training,
also reduces percent bodyfat over time, especially at higher
intensities and in presence of greater lean mass [43].

4.5 Resistance Training Level
The performance of resistance training, as determined

by RAPA, had a strong negative relationship with low den-
sity lipoprotein (LDL).

4.5.1 Low Density Lipoprotein (LDL)
The negative association between resistance training

and LDL is supported by the scientific literature. Re-
search findings of a systematic review revealed that LDL
decreased with resistance training, especially when the re-
sistance training involved either an increased volume of
movement (i.e., an increased numbers of sets and/or rep-
etitions) or a larger load (i.e., weight lifted X repetitions X
number of sets). All studies examining the differential ef-
fects of exercise types showed that resistance training had a
greater impact on LDL (decrease) than either fewer sets or
the isolated use of aerobic activity [44]. Other researchers
reported that as little as one hour per week of high-volume
resistance training, independent of aerobic activity, con-
ferred a 40–70% lower risk for cardiovascular disease [45].

4.5.2 Flexibility
While increased lean muscle mass was inversely re-

lated to flexibility, we argue that those with lean muscle
mass would also benefit from flexibility training, of which
less than half participated. Fitness for anyone involves a
holistic approach of cardiovascular, strength, and flexibility
traing [46]. Despite debate [47], these authors hypothesize
that full range of motion, provided by flexibility training,
enables strength gains from resistane exercise.
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4.6 Limitations
This pilot study was conducted to assess the feasibil-

ity of conducting health and fitness assessments of women
with PCOS. Possible associations between anthropomet-
rics, PCOS biomarkers, HRQoL, and depressive symptoms
among women with PCOS with that of fitness and self-
reported physical activity levels were also explored. The
study involved a convenience sample, thus minimizing ex-
ternal validity. The sample was small; however, there were
several strong statistically significant associations between
participants’ fitness levels and their biopsychosocial char-
acteristics. A glucose tolerance test was not included in
this study due to cost. However, an SHBG level, a marker
of insulin resistance, and consequently, a predictor of di-
abetes was included [3]. Indirect fitness measures may re-
sult in less precision; however, indirect measures were cho-
sen as safer alternatives for those women with PCOS who
were sedentary or not regularly physically active. Self-
report measures of physical activity can lack accuracy. Dig-
ital wearable devices will be considered in future studies.
Lastly, information about medication-use was not collected
and may have confounded results.

4.7 Strengths
This pilot study had several strengths. Recruitment

and process procedures flowed such that 15 women with
PCOS were recruited within three summer months on a col-
lege campus during the Covid-19 pandemic when remote
learning was mandated. The participants provided a med-
ically confirmed PCOS diagnosis. Anthropometrics were
precisely measured by trained professionals using estab-
lished protocols and body compositionwas determinedwith
DEXA, a gold standard for total body composition assess-
ment [12]. The list of PCOS biomarkers was not exhaustive
but representative, and it allowed for exploration of associ-
ations between fitness and health indicators. Biomarkers
measured that specifically reflected the unique physiologic
challenges of womenwith PCOS included free testosterone,
SHBG (amarker of insulin resistance), and total lipid panel.

5. Recommendations
Randomized controlled trials in which health and fit-

ness data are collected from women with PCOS are needed
to confirm possible associations between fitness and PCOS
clinical features. As such, the authors are currently plan-
ning to pilot a two-armed randomized controlled trial of
an exercise intervention for women with PCOS to establish
proof-of-concept [48]. We will incorporate the processes of
health and fitness testing within the future study to compare
pre-post results and between- and within-group differences
between the intervention and control groups, while also as-
sessing health and fitness as secondary outcomes.

6. Conclusions
In summary, the research team’s processes for recruit-

ment and collection of health and fitness data from women
with PCOS met feasibility parameters. Given the small
sample size of this process feasibility study, the authors
recognize the opportunities to expand recruitment efforts
(e.g., social media and referral networks) and the battery of
biomarkers (e.g., fasting serum glucose). Data from fitness
assessments may help identify PCOS clinical features, and
thus help reveal possible health risks among women with
PCOS. Research evidence, although limited at this time,
supports associations between fitness and health outcomes
in other populations. The scientific literature also includes
evidence that most types of physical activity confer hor-
monal or metabolic benefit when performed regularly and
at higher intensities. This study supported current research
and added associations between fitness indices and health
outcomes not yet explored.
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