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Preface

This Special Issue of the Journal of Clinical Medicine is dedicated to polycystic ovary syndrome

(PCOS), a very common disorder that affects about 10% of all women during their adult life.

The aim of this Special Issue was to present new information about the different aspects of the

syndrome that may improve our understanding of the pathogenesis, diagnosis, and treatment of PCOS.

Experts from all around the world have contributed to this Special Issue.

The first paper presents an evolutionary model of PCOS that has profound consequences on our

methods of preventing and treating this syndrome. The second paper describes the importance of a

normal LH/FSH ratio in the differential diagnosis of PCOS versus hypothalamic amenorrhea. Other

papers analyze the validity of questionnaires for detecting alterations in quality of life in these women

and analyze vaginal microbiota and the sexual function of women with PCOS.

Many papers analyze the treatment of PCOS. The first of these papers describes promotion of

physical activity in women with PCOS. Another paper analyzes possible differences in the metabolic

effects of oral versus intravaginal contraceptives. Two studies are dedicated to infertility in PCOS, with

the first trying to solve a common clinical problem related to the initial dose of clomiphene for induction

of ovulation and the second evaluating the effects of lifestyle programs on pregnancy outcomes.

One interesting paper analyzes the importance of hypoglycemia induction in reducing the

long-term effects of a simple carbohydrate diet and suggests the benefits of protein supplements.

Finally, two important papers report the results of new treatments for high body weight in women

with PCOS. The first of these papers is dedicated to the use of sodium-glucose cotransporter-2 (SGLT-2)

inhibitors in patients with the syndrome. In fact, SGLT-2 inhibitors appear to be effective in improving

menstrual frequency, reducing body weight, lowering total testosterone, and improving some glycemic

indices in women with PCOS. The final paper reports a very promising initial experience with the use

of low doses of semaglutide, a GLP-1 analog, on body weight and diabetic risk in obese PCOS patients

who were not responsive to a lifestyle program.

We believe that this reprint of important papers dedicated to PCOS will be very useful to both

researchers and clinicians interested in finding new ways to improve the life of women with PCOS.

Enrico Carmina

Editor
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Abstract: Polycystic ovary syndrome (PCOS) is a common endocrinopathy of reproductive-aged
women, characterized by hyperandrogenism, oligo-anovulation and insulin resistance and closely
linked with preferential abdominal fat accumulation. As an ancestral primate trait, PCOS was likely
further selected in humans when scarcity of food in hunter–gatherers of the late Pleistocene addi-
tionally programmed for enhanced fat storage to meet the metabolic demands of reproduction in
later life. As an evolutionary model for PCOS, healthy normal-weight women with hyperandro-
genic PCOS have subcutaneous (SC) abdominal adipose stem cells that favor fat storage through
exaggerated lipid accumulation during development to adipocytes in vitro. In turn, fat storage is
counterbalanced by reduced insulin sensitivity and preferential accumulation of highly lipolytic
intra-abdominal fat in vivo. This metabolic adaptation in PCOS balances energy storage with glucose
availability and fatty acid oxidation for optimal energy use during reproduction; its accompanying
oligo-anovulation allowed PCOS women from antiquity sufficient time and strength for childrearing
of fewer offspring with a greater likelihood of childhood survival. Heritable PCOS characteristics are
affected by today’s contemporary environment through epigenetic events that predispose women
to lipotoxicity, with excess weight gain and pregnancy complications, calling for an emphasis on
preventive healthcare to optimize the long-term, endocrine-metabolic health of PCOS women in
today’s obesogenic environment.

Keywords: polycystic ovary syndrome; hyperandrogenism; insulin resistance; adipocyte; adipose
stem cells; evolution; body fat distribution; metabolic adaptation

1. Introduction

As the most common endocrinopathy of reproductive-aged women, polycystic ovary
syndrome (PCOS) is characterized by hyperandrogenism, oligo-anovulation and insulin
resistance and closely linked with preferential abdominal fat accumulation [1]. Its clinical
manifestations of hirsutism, menstrual irregularity, glucose intolerance and dyslipidemia
worsen with obesity to increase the risks of developing subfertility, diabetes, metabolic
syndrome and/or cardiovascular disease [2]. Almost one half of women with PCOS in
the United States have metabolic syndrome (i.e., increased abdominal (android) obesity,
hyperglycemia, dyslipidemia and/or hypertension), with a prevalence higher than that
of age-matched women without PCOS in this country [1,3] and of PCOS women in other
countries where obesity is less common [4,5].

Through an evolutionary perspective, the high worldwide prevalence of PCOS in
today’s environment should have disappeared over millennia, unless a beneficial effect
favored both survival and reproduction [6]. Perhaps not surprisingly, therefore, ances-
tral traits resembling PCOS have been reported throughout antiquity [7] and in a non-
human primate (i.e., the female rhesus macaque) [8–10] that shares a common ancestor
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with humans [11]. One explanation is that an ancient female primate trait resembling
PCOS may have been favored originally in the cooling, increasingly arid and less forested
African environments of the Oligocene before ancestors of humans diverged from those
of macaques [12,13], as the isolated continent of Africa contacted Euroasia [14], enabling
intercontinental migration [15] (Figure 1).

Figure 1. Polycystic ovary syndrome as an ancient metabolic-reproductive adaptation that originally
enhanced fat storage for survival of humans during ancient times of food deprivation and also
favored fewer offspring with a greater likelihood of childhood survival, but now predisposes women
to endocrine-reproductive dysfunction in today’s obesogenic environment (16). Ancestral traits
resembling PCOS also exist in female rhesus macaques [8–10], which share a common ancestor with
humans through parallel evolution.

Such an ancestral trait may have been additionally favored in human hunter–gatherers
of the late Pleistocene, or in more ancient human populations, when scarcity of food fur-
ther selected for programming of enhanced fat storage to meet the metabolic demands of
reproduction in later life (i.e., metabolic thrift) [7,16–18]. Parallel evolution in macaques,
particularly rhesus macaques living in semi-desert and high-altitude environments [13], may
have emulated selection in humans for programming of enhanced fat storage (Figure 1). Such
evolutionary metabolic adaptations in female primates, including women, would comple-
ment the ancient sympathoadrenal response to stress, whereby altered glucocorticoid and
catecholamine activities mobilize hepatic glucose and FFAs from visceral fat to act in concert
with insulin resistance and ensure sufficient energy during a “fight or flight” response for
survival [19–21].

Through this evolutionary perspective, the present review examines PCOS as an
ancient metabolic adaptation that underwent additional selection pressure for survival
of humans during ancient times of food deprivation, but now predisposes to metabolic-
endocrine-reproductive dysfunction in today’s obesogenic environment [17,18,22]. A par-
allel obesogenic environmental change experienced by female rhesus macaques in their
natural habitat [13], as well as by macaques removed from their natural habitat decades
ago and housed in United States National Primate Research Centers (NPRCs) [23,24], may
emulate the current obesogenic environmental challenge confronting humans (Figure 1).
Consistent with this notion, approximately 15% of adult female rhesus macaques at the
Wisconsin NPRC are naturally hyperandrogenic and exhibit PCOS-like traits [9,10]. Poly-
cystic ovarian syndrome and PCOS-like phenotypes may thus form a continuum of ancient
primate traits. Understanding trait-related molecular mechanisms, including genetic, epi-
genetic, protein and lipid interactions leading to optimal energy utilization, along with
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the perspective of providing benefits for survival and reproduction in both humans and
rhesus macaques, offers novel insight into more effective clinical management for women
with PCOS.

2. Genetics and Epigenetics of PCOS

The heritability of PCOS has been established by family and twin studies [25–28]; the
prevalence of PCOS in female first-degree relatives of affected women is 20–40% [25,27,29],
with monozygotic versus dizygotic twin studies showing the heritability of PCOS as
high as 70% [26]. Large genome-wide association studies (GWAS) in cohorts of PCOS
women and controls have identified several PCOS-susceptible loci in candidate genes
involving gonadotropin secretion/action, androgen biosynthesis/gonadal function, insulin
action/metabolism and follicle development [1,30–38]. Several PCOS candidate genes are
shared among women with differing PCOS phenotypes (i.e., Rotterdam, National Institutes
of Health (NIH) criteria, or self-reported) [36]. Some, such as thyroid adenoma associated
(THADA) and insulin receptor (INSR), are associated with metabolic disorders in PCOS
and type 2 diabetes mellitus (T2DM) [39], and others with high bioavailable (unbound)
circulating T levels [40]. Genetic correlations between PCOS status and components of
metabolic syndrome, including childhood obesity, T2DM, and fasting insulin, high-density
lipoprotein-cholesterol (HDL-C) as well as triglyceride (TG) levels, further suggest shared
genetic and biological origins between these parameters and PCOS [36,38]. That similar
PCOS risk genes are expressed in women with PCOS from Chinese and European popula-
tions points to the ancient human origins of PCOS [37,38], potentially dating back before the
migration of humans out of sub-Saharan Africa 300,000–50,000 years ago or earlier [41,42].

Importantly, women with NIH-defined PCOS have two distinct PCOS subtypes with
different genetic heterogeneity: one defined as a “reproductive” group (23% of cases),
characterized by higher luteinizing hormone (LH) and sex hormone binding globulin
(SHBG) levels with relatively low body mass index (BMI) and insulin levels; the other
defined as a “metabolic” group (37% of cases), characterized by higher BMI, glucose
and insulin levels, with lower SHBG and LH levels [38,43]. These PCOS subtypes may
differ in their developmental origins [43], with their heritability variably interacting with
risk-increasing environmental factors to fully explain its prevalence.

Alternatively, rare variants in DENND1A, a gene encoding a 1009 amino acid protein
with a clathrin-binding domain regulating endosome-mediated endocytosis, receptor cy-
cling and calcium-dependent signaling cascades [44,45], also have been associated with
endocrine-metabolic traits in families of daughters with PCOS [46]. A post-transcription
form of DENND1A, namely DENND1A.v2, is over-expressed in some PCOS women [47,48],
with DENND1A.v2 over-expression in human theca cells increasing androgen biosynthe-
sis/release, potentially through PCOS-candidate gene ZNF217 diminishing the theca cell
expression of microRNA mIR-130b-3p, a noncoding microRNA transcriptional repres-
sor [49].

Genetic variants of anti-mullerian hormone (AMH) and its type 2 receptor (AMHR2)
also have been identified in about 7% of women with PCOS by NIH criteria, with 37 such
variants having reduced in vitro bioactivity and diminished AMH inhibition of CYP17A1
as a risk factor for PCOS [50,51]. Both AMH and AMHR2 gene variants regulate intra-
ovarian follicle development and hypothalamic GnRH function, and possibly ovarian
androgen production [52], and may underlie elevated circulating AMH levels and ovarian
hyperandrogenism in PCOS women [51].

Considered together, the current understanding of the genetics of PCOS suggests
multiple contributing risk genes within which different variants can contribute to a PCOS
phenotype. Given the heterogeneity of PCOS phenotypic expression, the high prevalence
of PCOS, and its complex gene associations that account for some PCOS cases, PCOS may
have multiple molecular underpinnings that arise from common or varied developmen-
tal origins.
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Epigenetic changes coexist with many of these PCOS candidate genes [53,54]. In SC
abdominal adipose, over-expression of the LHCG receptor and under-expression of the
insulin receptor in non-obese and obese PCOS women, respectively, accompany reciprocal
DNA methylation patterns [55], while reciprocal changes of gene expression and DNA
methylation also coexist in adipogenic pathways of overweight PCOS women [56]. In
PCOS theca cells, moreover, decreased expression of miR-130b-3b (i.e., a noncoding mi-
croRNA transcriptional repressor) correlates with increased DENND1A.V2 and CYP17A1
expression as well as with androgen synthesis [49,57], while three PCOS-specific gene
variants of AMHR2 occur in regions of higher methylation and acetylation activity [51].
PCOS-susceptible loci alone, however, do not fully explain the majority of PCOS phenotypic
expression [58], so that heritability of PCOS likely involves one or more PCOS candidate
genes that have interacted with environmental factors throughout antiquity to modify the
target tissue phenotype through epigenetic events [5].

3. PCOS Phenotypic Expression

Most women with PCOS have systemic insulin resistance from perturbed insulin
receptor/post-receptor signaling, altered adipokine secretion and/or abnormal steroid
metabolism [2], in combination with preferential abdominal fat accumulation worsened by
obesity [1,59–61]. Most women with PCOS also have increased adiposity [62–64], which
interacts with hyperandrogenism to worsen PCOS phenotypic expression [1–3,65–67] and
insulin resistance [2,68,69]. Different PCOS phenotypes according to the Rotterdam cri-
teria also vary in endocrine-metabolic dysfunction [70], with NIH-defined PCOS women
(i.e., hyperandrogenism with oligo-anovulation) having the greatest risk of developing
menstrual irregularity, anovulatory infertility, T2DM and metabolic syndrome [1]. Further-
more, women with PCOS from a referral population have a more severe phenotype than
those from the general population [71,72].

To understand the origins of PCOS, the above variables underlying endocrine-metabolic
dysfunction in PCOS need to be eliminated when comparing the clinical characteristics of
healthy, normal-weight PCOS women according to the NIH criteria with age/BMI-balanced
controls [68,69,71,73,74]. In doing so, healthy normal-weight PCOS women as defined by
the NIH criteria show low-normal insulin sensitivity (Si) in frequently sampled intra-
venous glucose tolerance testing (FSIVGTT) in combination with preferential abdominal
fat accumulation (i.e., android fat) as determined by total body dual-energy x-ray absorp-
tiometry (DXA) [59,75,76]. Compared to age- and BMI-matched controls, normal-weight
PCOS women as determined by the NIH criteria also exhibit adipose insulin resistance
(adipose-IR; defined by the product of fasting circulating free fatty acid (FFA) and insulin
levels) [73,76,77].

4. Total Abdominal (Android) Fat Mass

Abdominal fat mass comprises two major adipose depots: subcutaneous (SC) and intra-
abdominal adipose. In humans, SC abdominal adipose normally stores lipid as protection
against insulin resistance, while intra-abdominal adipose has the opposite effect [78]. Total
body dual-energy x-ray absorptiometry studies confirm that android fat mass and the
percent android fat relative to total body fat are greater in normal-weight PCOS women
than age- and BMI-matched controls [59,75]. In all women combined, android fat mass
positively correlates with circulating levels of total testosterone (T), free T, androstenedione
(A4) and fasting insulin, as does the percent android fat mass relative to total body fat with
circulating levels of total T, free T, A4 and fasting insulin [59,76]. Android fat mass in these
individuals also negatively correlates with circulating cortisol levels, demonstrating an
opposing system interplay of testosterone with cortisol in the control of android fat mass in
women with PCOS [76].

Adjusting for fasting insulin levels, android fat mass remains positively correlated
with circulating total T levels, as does the percent android fat mass relative to total body fat
with circulating levels of total T, free T and A4 [59]. In these normal-weight PCOS women,
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moreover, androgen receptor blockade by low-dose flutamide simultaneously decreases
percent android fat and increases fasting glucose levels, supporting the role of androgen
excess in the metabolic adaptation of PCOS through body fat distribution [16,79].

4.1. Intra-Abdominal Adipose

Intra-abdominal (visceral) adipose in humans is normally highly lipolytic and resists
androgen inhibition of catecholamine-induced lipolysis (lipid breakdown) despite express-
ing androgen receptors [80]. Intra-abdominal fat mass in normal-weight NIH-defined
PCOS women is increased in proportion to circulating androgen concentrations and fasting
levels of insulin, TG and non-high-density lipoprotein (non-HDL) cholesterol [59]; it also
exhibits exaggerated catecholamine-induced lipolysis in non-obese PCOS women [81,82].
These intra-abdominal fat characteristics favor enhanced FFA availability for hepatic lipid
storage and utilization [83]. However, they also promote insulin resistance with obesity
when increased FFA availability exceeds the capacity of target tissues to oxidize fat or
convert diacylglycerols to triacylglycerols [81,82,84].

4.2. Subcutaneous Abdominal Adipose

Subcutaneous abdominal adipose normally protects against insulin resistance by bal-
ancing lipogenesis (lipid formation) with lipolysis (lipid breakdown) in mature adipocytes
in combination with adipogenesis (whereby adipose stem cells [ASCs] initially commit to
preadipocytes and then differentiate into newly formed adipocytes) (Figure 2) [85–89].

Figure 2. Schematic representation of adipogenesis in subcutaneous abdominal adipose stem cells
(ASCs) from normal-weight women with polycystic ovary syndrome. Adipogenesis involves ASC
commitment to preadipocytes, followed by an early/late stage preadipocyte differentiation to imma-
ture/mature adipocytes [85–87]. Dynamic changes in chromatin accessibility of SC abdominal ASCs
during adipogenesis activate different transcriptional factors/genes (zinc-finger protein 423 (Zfp423),
activator protein-1 (AP-1), peroxisome proliferator-activated receptor γ (PPARγ), CCAAT enhancer
binding protein a (CEBPα) and aldo-ketoreductase type 1C3 (AKR1C3), leading to increased free fatty
acid (FFA) incorporation/biosynthesis, thus forming triglycerides (TGs) in newly-formed mature
adipocytes. In this manner, SC adipose can increase its fat storage through enlargement of mature
adipocytes (i.e., hypertrophy) and development of new adipocytes (i.e., hyperplasia) to buffer fatty
acid influx as energy intake exceeds its expenditure [88,89].

Within SC adipose, androgen normally diminishes insulin-stimulated glucose uptake
and impairs catecholamine-stimulated lipolysis through reduced β2-adrenergic receptor
and hormone-sensitive lipase (HSL) protein expression [80,81,90]. Women with PCOS
have similar SC abdominal adipose characteristics of diminished insulin-mediated glucose
uptake, reduced glucose transporter type 4 (GLUT-4) expression [91] and catecholamine
lipolytic resistance [92,93]. Importantly, catecholamine lipolytic resistance in normal-weight
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PCOS women [92,93] can be counterbalanced by impaired insulin suppression of lipolysis
in overweight PCOS women [94].

Within SC adipose, an aldo-ketoreductase enzyme, namely aldo-ketoreductase type
1C3 (AKR1C3), generates local T from A4 [95,96]. AKR1C3 gene expression and activ-
ity are greater in SC gluteal than omental fat, with SC gluteal fat favoring androgen
activation (i.e., AKR1C3), and omental cells favoring androgen inactivation (i.e., aldo-
ketoreductase type 1C2 (AKR1C2)) [96]. In PCOS women, increased AKR1C3-mediated
androgen activation enhances lipid storage through increased lipogenesis and decreased
lipolysis [97,98], promoting fat accretion [75,98,99] despite diminished insulin-stimulated
glucose uptake [90].

4.3. Subcutaneous Abdominal Stem Cells and Cellular Reprogramming

Subcutaneous abdominal ASCs from normal-weight PCOS women exhibit altered
dynamic chromatin accessibility during adipogenesis compared to control ASCs and are
characterized by limited chromatin accessibility in undifferentiated ASCs (quiescent stage)
followed by exaggerated availability (active stage) in newly-formed adipocytes [100]. These
chromatin remodeling patterns of PCOS stem cells accompany enrichment of binding motifs
for transcription factors (TFs) of the activator protein-1 (AP-1) subfamily during early cell
differentiation, with altered gene expression of adipogenic/angiogenic functions involving
androgen–insulin interactions through transforming growth factor (TGF)-ß1 signaling [77].

In these SC abdominal ASCs of normal-weight PCOS women, an exaggerated com-
mitment to preadipocytes via zinc-finger protein 423 (ZFP423) overexpression negatively
correlates with fasting circulating glucose levels [99] and accompanies a greater proportion of
small SC abdominal adipocytes [59,77], presumably to buffer against fatty acid influx [89,101].
Similar small SC abdominal adipocytes occur in other individuals [101–103], in whom they
protect against insulin resistance through stem cell ZFP423 upregulation from epigenetic
modifications [104].

Following exaggerated commitment to preadipocytes, these same abdominal ASCs from
normal-weight PCOS exhibit accelerated lipid accumulation in newly-formed adipocytes
in vitro that predicts reduced serum FFA levels and improved systemic insulin sensitivity
in vivo [75,99]. These differentiating PCOS stem cells can overexpress the genes, peroxisome
proliferator-activated receptor γ (PPARγ) and CCAAT enhancer binding protein a (CEBPa), in
combination with increased AKR1C3 gene expression during adipocyte maturation in vitro
(Figure 2) [79,98,100].

From a causal perspective, administration of flutamide (an androgen receptor blocker)
to healthy normal-weight PCOS women attenuates accelerated lipid accumulation within
these newly-formed adipocytes in vitro and increases fasting circulating glucose levels
(but within the normal range) [79]. In addition to intrinsic changes in PCOS stem cell
characteristics, therefore, local androgen excess in PCOS appears to enhance lipid storage
in SC abdominal adipocytes [79,98,99] and favor insulin sensitivity [75,105,106].

5. Lipotoxicity

Lipotoxicity refers to the ectopic lipid accumulation in non-adipose tissue, where
it induces oxidative/endoplasmic reticulum stress linked with insulin resistance and in-
flammation [107]. Overweight/obese PCOS women, with greater preferential abdominal
fat accumulation, hyperandrogenism and insulin resistance [2], are at particular risk of
developing lipotoxicity due to excess FFA uptake into non-adipose cells, in part from
increased highly lipolytic intra-abdominal fat with impaired insulin suppression of lipoly-
sis [81,82,94,108–110]. In these individuals, excess fatty acid influx in the skeletal muscle
and liver promotes diacylglycerol-induced insulin resistance, impairs insulin signaling
via increased insulin receptor serine phosphorylation, and disrupts mitochondrial oxida-
tive phosphorylation [84,111]. Enlarged SC abdominal mature adipocytes in overweight
compared to normal-weight PCOS women also fosters a pro-inflammatory lipid depot
environment [59,94].
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Within today’s contemporary lifestyle, NIH-defined PCOS women have a two- to three-
fold higher prevalence of metabolic syndrome (33–47%) than age-matched women without
PCOS [3,112–114], which is reduced by diminished abdominal fat accumulation [114].
Beginning in adolescence, an increased risk for developing metabolic syndrome [115] is
evident in hyperandrogenic women [116], who preferentially increase abdominal adiposity
with weight gain [61].

Increased abdominal fat in PCOS women also increases the risk of developing nonal-
coholic fatty liver disease (NAFLD) [117–119], with non-alcoholic hepatic steatosis varying
in inflammation and fibrosis [120]. Obesity in PCOS women is an important risk factor
for hepatic steatosis [117], as is androgen excess per se, since the probability of hepatic
steatosis (37%) and elevated serum aminotransferase levels is greater in hyperandrogenic
women with PCOS than age- and weight-matched controls [121,122]. Magnetic resonance
spectroscopy further confirms greater liver fat content in women with hyperandrogenic
PCOS than non-hyperandrogenic PCOS [123].

6. Parallel Evolution of PCOS-like Traits in Naturally Hyperandrogenic Female
Rhesus Macaques

Ancestors of macaques migrated out of Africa before humans (Figure 1), about
5–6 million years ago [12,15]. Second only to humans, contemporary rhesus macaques
occupy the largest habitat range of any primate, somewhat emulating humans in their
diversity of habitats, including obesogenic urban environments [13]. Such close evolu-
tionary history to humans bestows considerable similarities in genomic, developmental,
physiological, anatomical, neurological, behavioral and aging characteristics, as well as
comparable breadth of natural disease susceptibility [10], including female hyperandro-
genism, PCOS [8,9] and obesity [124]. Obesity in rhesus macaques is heritable [125],
emulates that in humans [126–128] and may associate with human obesity risk genes [125],
increased risk of T2DM [127,129], dyslipidemia [12,126,128,130] and cardiometabolic dis-
ease [131,132]. In female rhesus macaques, as in women, hyperandrogenism enhances
obesity outcomes [128,130,133]. Examining the etiology for female rhesus macaque hy-
perandrogenism and accompanying PCOS-like traits, including metabolic dysfunction,
may thus provide supportive evidence for parallel evolution of these traits to humans
and for a shared vulnerability to PCOS (Figure 1). In addition, female rhesus macaques
and humans share menstrual cycle traits, including a relatively lengthy follicular or pre-
ovulatory phase, exposing selection of a single preovulatory follicle to hyperandrogenic
anovulatory consequences of prolonged LH hypersecretion, FSH hyposecretion [134] and
hyperinsulinemia [10].

Hyperandrogenic female rhesus monkeys with increased adiposity also emulate the
metabolic dysfunction seen in women with PCOS. They exhibit increased abdominal
subcutaneous and visceral adiposity [128,133,135], adipose insulin resistance and impaired
insulin secretion [136], and an increased incidence of T2DM [137]. Their SC abdominal
adipocytes demonstrate an altered ability to store fat relative to BMI [128,130,135,138], with
impaired preadipocyte differentiation into adipocytes accompanying a decrease in C/EBPα
mRNA. An associated enhancement of SC abdominal ASC commitment to preadipocytes
through increased ZFP423 mRNA expression may indicate a compensatory mechanism
for impaired preadipocyte differentiation [138]. Those with the highest testosterone values
demonstrate increased BMI, central adiposity and insulin resistance [8,128].

Hyperandrogenism in female rhesus monkeys may have developmental origins, emu-
lating PCOS in women. A positive correlation of adult anogenital distance with circulating
testosterone levels in naturally hyperandrogenic adult female rhesus monkeys suggests
mid-gestational hyperandrogenic origins [9]. Increased anogenital distance has also been
reported for girls born to women with PCOS [139], in women with PCOS [140] and in
adult female PCOS-like rhesus monkeys previously exposed to early-to-mid, but not
late, gestational testosterone excess [141]. Elevated maternal circulating levels of AMH
from polycystic ovaries may enhance maternal hyperandrogenism and amplify epigenetic
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transgenerational transmission of hyperandrogenic and metabolic phenotypes in female
offspring through altered placental function [142,143]. Consistent with these findings,
gestational hyperandrogenism in rhesus monkeys induces maternal hyperinsulinemia and
hyperglycemia and reliably generates 75% of female offspring with heterogenous PCOS-
like reproductive and metabolic phenotypes [144], along with gestational hyperinsulinemia
inducing ectopic pericardial and perirenal fetal lipid accumulation [145]. Commonly oc-
curring placental structure and function alterations found in women with PCOS [146–149]
and in hyperandrogenic adult female rhesus monkeys [150] can alter nutrient delivery to
the fetus [146,151], with subsequent hyperandrogenism, insulin resistance and pancreatic
beta cell dysfunction in prepubertal daughters [152–155], predisposing them to preferential
fat storage [138,153]. Given these findings implicating hyperandrogenic developmental
origins in the etiology of preferential fat storage, female rhesus monkeys may provide
unique insight into the proximate mechanisms amplifying outcomes from the inheritance
of PCOS risk genes, calling for gene editing studies of monkey embryos/cells to express
female phenotypes generated by specific PCOS risk genes in individuals of known genetic
backgrounds [10,156].

7. Conclusions

Polycystic ovary syndrome has persisted from antiquity to become the most com-
mon endocrine-metabolic disorder of reproductive-aged women. While its ancestral traits
once favored abdominal fat deposition and increased energy availability through hyper-
androgenism and insulin resistance for reproduction within hostile environments of food
deprivation, these same traits now underlie different PCOS phenotypes, with various
risks for endocrine-metabolic dysfunction, which are worsened by obesity. Normal-weight
women with NIH-defined PCOS who are otherwise healthy have SC abdominal adipose
characteristics that favor lipid storage in combination with low-normal insulin sensitivity
accompanied by increased highly lipolytic intra-abdominal fat deposition. As an ancestral
trait programmed by genetic inheritance and epigenetic amplification during gestation,
such an evolutionary metabolic adaptation in normal-weight PCOS women balances en-
hanced SC adipose storage with increased circulating glucose availability and free fatty
acid oxidation as energy substrate for the brain, muscle and other crucial target tissues.
This metabolic adaptation in hyperandrogenic PCOS women also favors oligo-ovulation,
which allowed women from antiquity sufficient time for childrearing of fewer offspring,
who in turn had a greater likelihood of childhood survival [6].

Important strengths of this review paper are the inclusion of normal-weight PCOS
women as defined by the NIH criteria, who were otherwise healthy and who were also
age- and BMI-matched to controls whenever possible to eliminate the confounding effects
of age and obesity on outcomes of interest. It is important to recognize, however, that
this review is not intended to be a comprehensive review of the field of PCOS. Rather,
it explores the hypothesis, based on the available (epi)genetic and physiological data,
that the phenotypic expression of PCOS represents an evolutionary metabolic adaptation
that balances preferential abdominal fat accumulation with increased energy availability
through hyperandrogenism and insulin resistance to optimize energy use for reproduction
during ancient times of food deprivation.

8. Future Directions

These heritable PCOS characteristics are now adversely affected by today’s contem-
porary environment through epigenetic events that predispose women to lipotoxicity,
with excess weight gain and pregnancy complications. Understanding the evolutionary
origins of PCOS emphasizes the need for a greater focus on preventive healthcare, with
early and appropriate lifestyle as well as therapeutic choices to optimize the long-term,
endocrine-metabolic health of PCOS women in today’s obesogenic environment.
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Abstract: Background: In functional hypothalamic amenorrhea (FHA), luteinizing hormone and follicle-
stimulating hormone levels show high interindividual variability, which significantly limits their diagnostic
value in differentiating FHA from polycystic ovary syndrome (PCOS). Our aim was to profile the LH:FSH
ratio in a large sample of patients with well-defined FHA. Methods: This observational study included
all consecutive patients with FHA presenting to the Department of Gynecologic Endocrinology and
Reproductive Medicine, Medical University of Vienna, between January 2017 and August 2023. The main
parameters of interest were the LH level, the FSH level, and the LH:FSH ratio. In a subgroup analysis, we
compared the LH:FSH ratio of patients with PCO morphology (PCOM) on ultrasound with that of patients
without PCOM. Results: A total of 135 patients were included. Only a minority of patients revealed FSH
and LH levels ≤ 2.0 mIU/mL (13% and 39%, respectively). Most patients (81.5%) had an LH:FSH ratio
≤ 1.0, while a minority (2.2%) had a ratio ≥ 2.1. The LH:FSH ratio was similar in patients with and
without PCOM. Conclusion: In a well-defined FHA sample, the LH:FSH ratio was ≤ 1 in most patients.
The LH:FSH ratio may prove useful in distinguishing FHA from PCOS but needs further investigation.

Keywords: hypogonadotropic hypogonadism; functional hypothalamic amenorrhea; gonadotropin-
releasing hormone; polycystic ovary syndrome; LH:FSH ratio

1. Introduction

Secondary amenorrhea is defined as the cessation of previously regular menstruation
for a period of more than three months or previously irregular menstruation longer than six
months [1] and affects about 4% of women in the general population [2].
Functional hypothalamic amenorrhea (FHA) and polycystic ovary syndrome (PCOS) are
two of the most common underlying conditions [3]. FHA is commonly associated with
stress [4], vigorous exercise, weight loss, and psychological disorders [5], leading to sup-
pression of the hypothalamic–pituitary–ovarian (HPO) axis [6], which in turn disrupts
follicular growth and ovulation. The resulting hypoestrogenism has profound effects on
cardiovascular health [7], bone density, and fatigue and decreases libido [8]. In many
cases, the onset is attributed to the interplay of various etiologies, which are potentially
influenced by genetic or epigenetic predispositions [9]. However, correcting or ameliorating
the stressors can fully restore ovulatory ovarian function [10].

PCOS is an important and sometimes difficult differential diagnosis [11]. PCOS is
diagnosed using the Rotterdam criteria as recommended in the “International evidence-
based guideline for the assessment and management of polycystic ovary syndrome 2018” [12].
The Rotterdam criteria require the presence of two of the following features: oligo-anovulation,
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signs of hyperandrogenism, and polycystic ovaries (≥12 follicles measuring 2–9 mm in
diameter and/or an ovarian volume >10 mL in at least one ovary) visible on ultrasound [12,13].
However, according to the recently published “International Evidence-based Guideline for the
assessment and management of Polycsytic Ovary Syndrome (PCOS) 2023”, anti-Muellerian
hormone (AMH) levels in plasma can be determined instead of sonographic measurement of
the follicular cysts [14]. Anti-Muellerian hormone is commonly used to assess the ovarian
follicular reserve and to identify PCOM in adults.

Since up to 50% of women with FHA reveal polycystic ovarian morphology on ultra-
sound [4,15], which is also accompanied by increased AMH levels, these patients can easily
be misdiagnosed as PCOS [16]. To date, four different PCOS phenotypes have been identi-
fied: Phenotypes A, B, C, and D. Non-hyperandrogenic phenotype D (PCOS-D) requires
only anovulation and PCO morphology and remains the most difficult to distinguish from
FHA with PCOM [15]. Recent data show that with an AMH threshold of 3.2 ng/mL, 34.8%
are classified as phenotype D [17], The similarities such as secondary amenorrhea, PCO
morphology on ultrasound/increased AMH levels, and infertility make it very difficult
to differentiate between the two conditions. The fact that there are no highly reliable
parameters for the differential diagnosis between FHA and PCOS has been underlined by a
recent review [11].

In FHA, the imminent cause of amenorrhea is a disrupted frequency pattern of
gonadotropin-releasing hormone (GnRH) secretion [18]. Exposure to stress activates the
hypothalamic–pituitary–adrenal axis, leading to an elevated secretion of corticotropin-
releasing hormone (CRH) and glucocorticoids such as cortisol [19], which inhibit GnRH
secretion and release. As a result, LH (luteinizing hormone) and FSH (follicle-stimulating
hormone) levels decrease and then are no longer sufficient to maintain folliculogenesis and
ovulatory ovarian function [10]. Thus, it seems reasonable to use LH and FSH as parameters
to diagnose FHA and differentiate between FHA and PCOS. According to several studies,
this seems feasible for LH [11,16] but controversies exist for the use of FSH [11,16]. Gener-
ally, while the LH profile has been extensively studied in FHA women, less is known about
the role of FSH in women with FHA [20,21]. The pattern of GnRH secretion appears to
be an important factor in regulating gonadotropin subunit gene expression, gonadotropin
synthesis, and hormone secretion [22]. It is thought that in hypothalamic–pituitary–ovarian
axis dysfunction, an inadequate production of GnRH by the hypothalamus (i.e., slow
frequency of GnRH pulses) leads to a decreased secretion of LH and, to a lesser extent, of
FSH, since reduced GnRH pulsatility favors FSH secretion [23]. Consequently, the LH:FSH
ratio would theoretically be lower in FHA than in other situations and could be used as a
diagnostic criterion. We have indeed previously reported that a threshold of 0.96 has a very
high specificity to discriminate between women with FHA and PCOM and women with
phenotype D of PCOS [16].

However, since FSH levels in FHA patients vary from one study to the other and since
no one has previously primarily focused on the LH:FSH ratio, we aimed to investigate this
parameter in our large patient population with well-defined FHA. Our goal was to define
its distribution and to search for relationships with various hormones in women with FHA
to shed some new light on the pathophysiologic aspects of FHA.

2. Materials and Methods

Study design: we conducted a single-center, retrospective observational study to
investigate the LH:FSH ratio in patients with well-defined FHA.

Study population: This observational study included 135 consecutive patients with
FHA presenting to the Clinical Department of Gynecological Endocrinology and Repro-
ductive Medicine, Medical University of Vienna, Austria, from January 2017 to August
2023. The FHA definition includes the presence of secondary amenorrhea for at least six
consecutive months and a negative progestogen challenge test. Women with pregnancy,
hypothyroidism, acne and hirsutism, hyperprolactinemia, and other organ-related pituitary
dysfunctions (by MRI) were excluded from study participation.
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Reasons causing amenorrhea were extensively described in previous studies [4,21,24–26].
In detail, all women presenting with FHA had experienced reasonably regular menstrual cycles
prior to the manifestation of amenorrhea. A weight loss exceeding 10 kg prior to the onset of
amenorrhea was considered significant. Furthermore, a body mass index (BMI) below 18.5 kg
per square meter, as per the established criteria for classifying underweight individuals, indicated
a likelihood of FHA due to underweight status. Diagnoses of eating disorders were made in
accordance with the ICD-10 criteria. Each participant classified as an “exerciser” when engaged
in physical activity for a minimum of 10 h per week, which encompassed various forms of
exercise including dancing, aerobics, biking, and more, or running at least 30 miles per week.
It is imperative to acknowledge the presence of emotionally distressing events leading to the
onset of amenorrhea, including familial, scholastic, occupational, or psychosocial stressors (psy-
chiatric disorders were ruled out using DSM IV criteria). None of the women displayed clinical
manifestations of hirsutism or acne.

Parameters analyzed: The AKIM software (SAP-based patient management system at
the Medical University of Vienna) was used for data acquisition. In addition, the following
serum parameters were analyzed: anti-Müllerian hormone (AMH), total testosterone, sex
hormone-binding globulin (SHBG), prolactin, estradiol, and thyroid-stimulating hormone.
The data was retrieved from the electronical medical database AKIM (based on SAP ERP
Release 2005, V33 (01/2021), Walldorf, Baden Würtenberg, Germany).

Blood samples were collected from a peripheral vein during the early follicular phase
(cycle days 2–5) after bleeding induction with oral estradiol (2 mg per day) and dydroges-
terone (20 mg/day) for 10 days. Laboratory analyses were performed at the Department of
Laboratory Medicine, Medical University of Vienna, in compliance with ISO 15189 quality
standards acc (International ISO standard, number 15189, Akkreditierung Austria, Stuben-
ring 1, 1010 Vienna, Austria, 2012) ording to previous publications [4,16,27,28]: estradiol,
follicle-stimulating hormone (FSH), luteinizing hormone (LH), anti-Mullerian hormone
(AMH) and sex hormone-binding globulin (SHBG) were measured by the corresponding
Cobas electrochemiluminescence immunoassays (ECLIAs) on Cobas e 602 analyzers (Roche,
Mannheim, Germany). All specific tests used were described previously by Beitl et al. [16].

The baseline patient characteristics collected included age at admission, body mass
index (BMI), gravidity, parity, and follicle number per ovary (FNPO), which was determined
by ultrasound using an “Aloka Prosound 6” ultrasound machine and an “UST-9124 Intra
Cavity transducer” (frequency range 2.0–7.5 MHz; Hitachi, Wiener Neudorf, Austria).
The threshold for defining follicular excess was set at 12 follicles per ovary, as recommended
for an ultrasound machine with probe frequency range < 8 MHz [29].

Statistical Analysis: We present categorical data as numbers and frequencies, and
continuous data as median and interquartile range (IQR). We used the analysis of variance
(ANOVA) for between-group comparisons. Univariate correlations between some variables
were sought using Spearman’s non-parametric test. To evaluate possibly associated factors
with categorical data, univariable binary regression models were used. All significant
parameters were then entered into a multivariable binary regression model. For these
models, odds ratios (ORs), their 95% confidence intervals (95% CI), and p-values are
provided. The IBM Statistical Package for Social Science software (SPSS 28.0) was used for
all statistical tests. p-values < 0.05 were considered significant.

3. Results

A total of 135 consecutive patients with FHA were included in this study.
Table 1 shows the baseline characteristics of the study patients.
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Table 1. Basic patient characteristics.

Age (years), median (IQR) 1 26 (22;29)

BMI (kg/m2), median (IQR) 1 20.3 (18.6;22.0)

Gravidity: n (%) 2

0 134 (99.3)

1 1 (0.7)

Parity: n (%) 2

0 134 (99.3)

1 1 (0.7)

Causes for FHA: n (%) 2,3

Stress 44 (32.6)

Excessive exercise 55 (40.7)

Anorexia nervosa 30 (22.2)

Acute weight loss 33 (24.4)

Underweight 24 (17.8)

Duration since last menstrual bleeding
(months), median (IQR) 1 14 (10;24)

Hormones, median (IQR) 1

TSH (IU/mL) 1.57 (1.12;2.03)

Prolactin (ng/mL) 8.9 (6.6;12.9)

FSH (mIU/mL) 4.7 (3.3;6.5)

LH (mIU/mL) 2.6 (1.3;4.7)

Estradiol (pg/mL) 23 (12;31)

Testosterone (ng/mL) 0.20 (0.13;0.29)

DHEAS (μg/mL) 2.03 (1.40;2.73)

SHBG (nmol/L) 73.0 (55.1;101.8)

AMH (ng/mL) 3.1 (1.6;6.2)

Polycystic ovarian morphology on ultrasound,
n (%) 2 58 (43.0)

Note: 1 Continuous data are provided as median and interquartile range; 2 categorical data are presented as
absolute numbers (n) and relative frequencies (percent); 3 since more than one cause of FHA (e.g., excessive
exercise + stress) was identified in some patients, the sum of the cause distribution exceeds the total number of
study patients. BMI = body mass index, TSH = thyroid-stimulating hormone, FSH = follicle-stimulating hormone,
LH = luteinizing hormone, DHEAS = dehydroepiandrosterone-sulfate, SHBG = sex hormone-binding globulin,
AMH = anti-Mullerian hormone.

The distribution of FSH and LH values is shown in Figure 1. FSH was ≤ 4.0 mIU/mL
and ≤ 2.0 mIU/mL in 38.5% and 12.6%, respectively, whereas this was the case for 68.9%
and 38.5% of LH levels, respectively. The LH:FSH ratio was ≤ 1.0 in most patients (81.5%),
whereas a value ≥2.1 was found in only 2.2% (Figure 2).
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Figure 1. Distribution of FSH and LH levels (mIU/mL) at initial diagnosis of FHA.

Figure 2. Distribution of the LH:FSH ratio at the initial diagnosis of FHA.

The following significant positive correlations (p < 0.05) between serum parameters
were found (Table 2): FSH and LH; FSH and estradiol; FSH and AMH; LH and the LH:FSH
ratio; LH and estradiol; LH and testosterone; LH and prolactin; the LH:FSH ratio and
prolactin; the LH:FSH ratio and estradiol; the LH:FSH ratio and prolactin; estradiol and
testosterone; estradiol and prolactin; as well as testosterone and prolactin.
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Table 2. Correlation analyses.

FSH LH LH:FSH Ratio Estradiol Testosterone AMH Prolactin

FSH
r2 - 0.556 −0.141 0.291 0.045 0.221 0.323

p <0.001 0.103 <0.001 0.604 0.010 0.134

LH
r2 0.556 - 0.633 0.387 0.218 0.060 0.315

p <0.001 <0.001 <0.001 0.011 0.134 <0.001

LH:FSH ratio
r2 −0.141 0.633 - 0.271 0.159 −0.076 0.261

p 0.103 <0.001 0.002 0.066 0.385 0.002

Estradiol
r2 0.291 0.387 0.271 - 0.243 0.076 0.182

p <0.001 <0.001 0.002 0.005 0.386 0.037

Testosterone
r2 0.045 0.218 0.159 0.243 - 0.126 0.268

p 0.604 0.011 0.066 0.005 0.134 0.002

AMH
r2 0.221 0.060 −0.076 0.076 0.126 - −0.051

p 0.010 0.134 0.385 0.386 0.134 0.555

Prolactin
r2 0.323 0.315 0.261 0.182 0.268 −0.051 -
p 0.134 <0.001 0.002 0.037 0.002 0.555

Correlation coefficients and p-values for Spearman correlations are provided; italic numbers indicate statistical significance.

In order to detect possible confounders, we then conducted a univariable followed
using a multivariable binary regression model using the LH:FSH ratio as the dependent
variable ( ≤ 1 versus >1; Table 3). In the univariable models, higher estradiol and higher
LH were associated with an LH:FSH ratio >1, whereas this was only the case for LH in the
multivariable analysis (OR 0.520, 95%CI: 0.400–0.675; p < 0.001).

Table 3. Parameters associated with an LH:FSH ratio ≤ 1 in women with FHA. Univariable followed
by a multivariable binary regression model.

LH:FSH Ratio ≤ 1
(n = 110)

LH:FSH Ratio > 1
(n = 25)

OR (95%CI) p OR (95%CI) p

Age (years) 1 26 (22;29) 24 (22;28) 1.047 (0.956;1.147) 0.321 - -

BMI (kg/m2) 1 19.9 (18.6;21.7) 21.2 (18.6;22.3) 0.880 (0.740;1.047) 0.149 - -

Causes for FHA:

Stress 2,3 33 (30.0) 11 (44.0) 0.545 (0.224;1.327) 0.181 - -

Excessive exercise 2,3 45 (40.9) 10 (40.0) 1.038 (0.428;2.518) 0.933 - -

Anorexia nervosa 2,3 22 (20.0) 8 (32.0) 0.531 (0.203;1.389) 0.197 - -

Acute weight loss 2,3 27 (24.5) 6 (24.0) 1.030 (0.373;2.844) 0.954 - -

Underweight 2,3 19 (17.3) 5 (20.0) 0.835 (0.279;2.503) 0.748 - -

Duration since last
bleeding (months) 1 14 (12;24) 12 (8;16) 1.039 (0.998;1.082) 0.065 - -

FSH (mIU/mL) 1 4.7 (3.4;6.3) 4.7 (2.6;6.5) 1.056 (0.868;1.284) 0.588 - -

LH (mIU/mL) 1 2.2 (1.2;3.5) 6.3 (4.0;7.7) 0.499 (0.385;0.647) < 0.001 0.520
(0.400;0.675) < 0.001

Prolactin (ng/mL) 1 8.1 (6.4;12.4) 12.0 (8.8;14.2) 0.960 (0.894;1.031) 0.260 - -

Estradiol (pg/mL) 1 21 (11;28) 25 (22;39) 0.956 (0.928;0.986) 0.004 0.975
(0.939;1.013) 0.196

Testosterone (ng/mL) 1 0.19 (0.13;0.29) 0.25 (0.14;0.33) 0.015 (0.000;1.030) 0.052 - -

SHBG (nmol/L) 1 74.0 (57.4;99.1) 70.0 (48.6;113.0) 0.998 (0.986;1.010) 0.720 - -

AMH (ng/mL) 1 2.8 (1.6;6.1) 4.5 (2.2;6.2) 0.955 (0.863;1.087) 0.486 - -

PCOM 2 42 (38.2) 13 (52.0) 0.570 (0.238;1.366) 0.208 - -

1 Numerical data are provided as median (interquartile range) and 2 categorical data as number (frequency);
3 multiple mentions possible.
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In a last step, we compared the 77 FHA women without (57.0%) to the 58 FHA women
with PCOM (43.0%) (Table 4). The latter revealed higher AMH values (6.3 ng/mL, IQR 4.9–7.6
versus 2.0 ng/mL, IQR 1.1–2.7; p < 0.001) as well as lower SHGB values (67.0 nmol/L, IQR
39.7–94.1 versus 79.4 nmol/L, IQR 63.3–104.0; p = 0.008). The ranges of the LH:FSH ratio were
similar between the two groups.

Table 4. Comparison of FHA with and without PCOM.

PCOM
(n = 58)

Non-PCOM
(n = 77)

p

Age (years) 26 (22;28) 26 (22;30) 0.299

BMI (kg/m2) 20.4 (18.8;22.5) 20.0 (18.4;21.4) 0.190

Prolactin (ng/mL) 9.6 (6.6;13.0) 8.8 (6.7;12.8) 0.964

FSH (mIU/mL) 4.8 (3.5;6.5) 4.7 (3.2;6.2) 0.426

LH (mIU/mL) 2.8 (1.5;5.5) 2.6 (1.3;4.6) 0.290

LH:FSH ratio 0.8 (0.3;1.0) 0.7 (0.4;1.0) 0.728

Estradiol (pg/mL) 24 (11;34) 22 (12;29) 0.719

Testosterone (ng/mL) 0.20 (0.14;0.29) 0.19 (0.13;0.29) 0.881

SHBG (nmol/L) 67.0 (39.7;94.1) 79.4 (63.3;104.0) 0.008

AMH (ng/mL) 6.3 (4.9;7.6) 2.0 (1.1;2.7) < 0.001
Data are provided as median (interquartile range). Please find hormones described in Table 1. A p-value < 0.05
was considered significant.

4. Discussion

In this retrospective analysis, about 13% of FHA patients revealed FSH levels
< 2.0 mIU/mL, whereas decreased LH levels < 2 mIU/mL were found in about 39%
of patients. Importantly, over 80% of women revealed an LH:FSH ratio ≤ 1. In addition,
an LH:FSH ratio >1 was associated with higher LH levels only. Last but not least, FHA
women with PCOM did not reveal an altered LH:FSH ratio.

Before discussing these findings in detail, the focus should be on basic patient charac-
teristics. We consider the fact that only women with well-defined FHA were included a
study strength. Notably, excessive exercise was the most common cause for FHA (40.7%)
followed by stress (32.6%). A low median BMI of 20.3 kg/m2 [10] as well as the low
median FSH, LH, and testosterone levels (Table 1) seem typical for FHA patients and are
comparable to previous studies [10,15,30,31]. Notably, a negative progestogen challenge
test and clear causes for FHA were mandatory definition criteria in our study population.
However, since PCOS is an important and difficult differential diagnosis and since there is
a lack of clear diagnostic criteria [15], we cannot completely rule out that very few PCOS
patients might have been included. Nonetheless, we consider this circumstance only a
minor study limitation.

The main finding was that a relevant proportion of our FHA patients revealed nor-
mal FSH and LH levels even though this was more often the case for FSH than for LH.
From a pathophysiological perspective, this seems reasonable since reduced GnRH pulsatil-
ity has been reported to favor FSH secretion [23]. Notably, FSH levels in FHA patients have
been reported to vary from study to study, leading to ambiguity in clinical practice [32].
Given the mentioned pathophysiologic considerations, where a decrease in GnRH pul-
satility will likely result in substantially decreased LH levels, but only a modest decline in
FSH levels, it seems comprehensible that so many FHA women in our study population
revealed an LH:FSH ratio ≤ 1.0 (81.5%). It is noteworthy that, to the best of our knowledge,
this parameter has not been reported previously in FHA patients [15]. Our data show that
women with an LH:FSH ratio >1 revealed higher LH levels in both the univariable and
multivariable analysis, whereas the association with higher estradiol levels was only found
in the univariable model (Table 3). It seems of particular interest that no other parameter
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was of influence. Therefore, a lower LH:FSH ratio may be considered as a specific reflection
of the GnRH dysregulation of FHA, i.e., greater suppression of LH than FSH, presumably
due to slow GnRH pulsatility [23]. Thus, one might consider the LH:FSH ratio better than
LH itself, for which we have no consensual threshold [11], since the ratio also integrates
FSH. Moreover, based on the fact that it seems to be influenced by GnRH dysregulation
alone rather than other factors, the LH:FSH ratio could help clinical decision making in
the future, especially concerning the above-mentioned differential diagnosis to PCOS.
Thus, comparative studies, especially challenging FHA vs. PCOS in large populations, are
needed in the future. Indeed, although the LH:FSH ratio is not a definition criterion for
PCOS [13], an elevated LH:FSH ratio is commonly associated with the presence of PCOS.

Concerning the correlation analyses (Table 2), the positive correlation between the
LH:FSH ratio and LH and between the LH:FSH ratio and estradiol seem to confirm the
above-mentioned results and considerations. A higher GnRH pulse frequency also leads
to a higher LH pulse frequency [33]. Accordingly, a higher LH level could reflect a better
overall GnRH pulse generator function and, thus, better ovarian function reflected by
higher estradiol levels would be logical. This is somehow also supported by the positive
correlation between LH and testosterone, since a relevant amount of androstenedione, the
most important precursor of testosterone, is produced by the theca cells in the ovary [34],
under the influence of LH [35]. The positive correlation between estradiol and testosterone
is in line with these observations. In addition, the LH:FSH ratio revealed a positive
correlation with the serum prolactin level. It has been mentioned that the prolactin level
could be considered a “sensor” of the hypothalamic–pituitary dysregulation even when
it is within the normal range [36]. As shown previously by our study group, eating
disorders and excessive exercise tended to lower prolactin levels in FHA women [37].
Therefore, the lower the LH:FSH ratio, the lower the prolactin level. The relevance of the
prolactin level, which also affects metabolism, osmoregulation, immune function, behavior,
and many more [38,39], needs to be elucidated in women with FHA in the future. However,
despite the fact that prolactin levels do not differ between FHA patients and normally
cycling controls, it has been mentioned that prolactin levels might be some kind of “sensor”
of the hypothalamic activity as mentioned above. However, since increased prolactin
levels are usually an exclusion criterion for FHA and since prolactin also exerts metabolic
effects, further studies are needed to elucidate the relevance of prolactin FHA women [36].
It seems noteworthy that in the previous analysis, the presence of PCOM in ultrasound
was associated with higher prolactin levels [36], which was not the case in the analysis
presented herein.

The lack of data on adrenal androgens must also be considered as a minor limitation.
Several factors are associated with insulin resistance in PCOS, including genetic mutations,
lipodystrophy [40], and childhood obesity according to the Bogalusa Heart Study’s find-
ings [41]. In addition, it has been shown that anovulatory patients with PCOS have a higher
risk of dysglycemia and hyperinsulinemia compared to oligo-amenorrheic or eumenorrheic
patients [42]. Whether the inclusion of data about insulin resistance in FHA would be of
relevance remains open for discussion. At least it was shown recently that the majority of
women with FHA did not reveal abnormal levels according to the “Homeostasis Model
Assessment of Insulin Resistance” (ZITAT EINFÜGEN).

It seems reasonable that higher FSH levels were positively correlated with higher
estradiol levels (Table 2). Estradiol is synthetized by granulosa cells through the action
of aromatase, which is also present in small growing follicles and is FSH-dependent [35].
Moreover, higher FSH levels were associated with higher AMH levels. This phenomenon
has been reported previously [27], which lends support to the hypothesis that the relative
FSH deficiency, which is typical for FHA, leads to a decrease in the pool of growing follicles
and therefore to a decrease in ovarian AMH production [15,27]. This relationship between
FSH and AMH had no impact whatsoever on the LH:FSH ratio.

Once again, a high rate of PCOM in women with FHA was found (43.0%), which is
in accordance with previous case series [4,15,20,30,43–45]. Although stress sensitivity has
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been suggested as a possible cause for the high PCOM prevalence [4], the exact mechanism
remains unknown. FHA women with PCOM revealed higher AMH levels (Table 4), which
has been found previously and seems plausible [15,27], as well as lower SHBG levels,
which is a new finding in patients with FHA. SHBG production is lower in PCOS women
with insulin resistance [46]. Although FHA patients with PCOM revealed higher HOMA
index levels for insulin resistance [28], this might not completely explain the difference in
SHBG levels. However, the clinical relevance is questionable, since both groups revealed
median SHBG levels within the normal range (with PCOM: 67.0 nmol/L, without PCOM:
79.4 nmol/L). However, and this seems of importance, there was no difference in the
main outcome parameter LH:FSH ratio between FHA women with and without PCOM
(median 0.8 versus 0.7, respectively; p = 0.728; Table 4). Although it has been proposed
that some FHA women with PCOM initially had simple PCOS before [4,15,27,28] and that
they reveal a hyper-responsiveness of LH to a GnRH bolus similar to PCOS patients [27],
the data suggest that in both groups, the demise in GnRH pulsatility was comparable.
It is still unclear how many FHA patients with PCOM have underlying PCOS. It would
be reasonable if this would apply only to a minority of patients. However, the question
of why so many women with FHA reveal PCOM remains open. When talking to other
experts, some suggest that PCOM would reflect a different state of ovarian stimulation in
these women. However, the data presented herein do not support this hypothesis.

Concerning limitations, the retrospective study design must be taken into account in
addition to the above-mentioned difficulties to completely separate FHA from PCOS patients.
However, the large sample size with well-defined FHA (negative progestogen challenge test,
normal pituitary MRI, clear cause for FHA) might be considered a study strength.

5. Conclusions

Our data show that an LH:FSH ratio ≤ 1 is found in >80% of women with FHA,
whereas most of these patients revealed FSH levels >2 mIU/mL. Thus, physicians should
not rely on normal FSH levels to rule out FHA. Notably, this decrease in the LH:FSH ratio
seems to be relevantly associated with dysfunction of the hypothalamic GnRH pulsatility.
The LH:FSH ratio might also be a promising parameter for the differential diagnosis
between FHA and PCOS in the future.
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Abstract: Background/Purpose: Polycystic ovary syndrome (PCOS) is an endocrine-metabolic dis-
ease most common in patients of childbearing age. This pathology is associated with clinical,
metabolic, and reproductive complications. We evaluated the diversity of the vaginal microbiota
(VM), the vaginal inflammatory reaction (VIR), the proinflammatory state, and the activation of
polymorphonuclear neutrophils (PMN) with the production of neutrophil extracellular traps (NETs).
Methods: Thirty-three patients who attended a consultation at the Hospital UTPL-Santa Inés, Loja,
Ecuador, from May to August 2023 who were diagnosed with PCOS participated in this study. Blood
samples, vaginal discharge, and a survey were obtained. Results: A high number of patients, 23/33
(69.7%), presented altered microbiota in clinical variables associated with PCOS phenotypes A and B,
sexual partners (>2), and oligomenorrhoea. A significant statistical association was only observed for
sexually transmitted infections at sampling (p = 0.023) and insulin (p = 0.002). All eight cases studied
with VIR had PMN/NETotic activity. A high frequency of proinflammatory states was observed
in all vaginal microbiota states. Conclusions: These results suggest that the PCOS could trigger a
proinflammatory state in the vaginal epithelium independently of the state of the vaginal microbiota.
Furthermore, the presence of NETs observed in the cases studied could decrease fertility in these
PCOS patients.

Keywords: polycystic ovary syndrome; phenotypes; vaginal inflammatory reaction; vaginal microbiota;
neutrophil extracellular traps (NETs)

1. Introduction

Polycystic ovary syndrome (PCOS) is a neuroendocrine, metabolic, and reproductive
disorder that can affect up to 20% of women in their reproductive age. It is characterized by
oligo-anovulation, clinical and/or biochemical hyperandrogenism, and ultrasonography
with diagnosis of polycystic ovaries [1]. Applying the recommendations of the 2019
international evidence-based guideline for diagnosing PCOS, the diagnosis of the different
phenotypes of PCOS (A, B, C, and D) can be made, allowing its categorization and type
of treatment [2,3]. Its etiopathogenesis is complex, multifactorial, and heterogeneous
in its presentation, including the interaction of genetic, epigenetic, and environmental
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factors [4]. There is a close association between microbial dysbiosis and pathological
changes in PCOS [3].

In this association, the release of proinflammatory and inflammatory factors, the
primary mechanism driven by altered microbiota, could be associated with the clinical
characteristics of polycystic ovary syndrome, predominantly obesity, insulin resistance,
and vitamin D deficiency in the different phenotypes of patients with PCOS [5,6]. Likewise,
there is an imbalance in the vaginal microbiota, generated mainly by irregular menses
and hormonal changes associated with hyperandrogenism and hyperinsulinemia with
anovulation and oligo- or amenorrhea. This maintains an estrogenic tone not counteracted
by postovulatory progesterone, so that estrogen stimulates the accumulation of glycogen in
the cells of the vaginal epithelium. This glycogen is used by Lactobacillus within vagina to
produce lactic acid, keeping the vaginal pH under 4.5 and thus preventing the growth of
pathogenic or opportunistic micro-organisms such as Candida spp. or Gardnerella spp. [4].
However, this estrogenic tone, which should be a protective factor in patients with PCOS,
is only basal, and the necessary increases associated with the normal menstrual cycle
do not occur [5]; thereby leadings to increased destruction of epithelial cells and local
inflammation [7]. These conditions create a favorable environment for microorganisms
to colonize the lower genital tract. Gardnerella vaginalis, Prevotella spp., and Mycoplasma
hominis have been described with a higher prevalence in the vaginal microbiota of patients
with PCOS [8]. This disruption of the vaginal microbiome would potentially lead to an
increase in local inflammatory factors, such as interleukin-8 and tumor necrosis factor-
α, which, together with other metabolites, trigger chronic systemic inflammation that
can affect the hypothalamic–pituitary–ovarian axis. At the vaginal level, the increase
in polymorphonuclear neutrophils (PMN), and their activation induces the formation
and release of neutrophil extracellular traps (NETs), which allow PMN to perform a
process of cell death (NETosis) through which the release of nuclear chromatin, peptides,
and antimicrobial enzymes, including defensins, catalysins, neutrophil elastase (NE) and
myeloperoxidase (MPO) occurs, controlling and helping the organism to defend itself from
inflammatory and infectious processes [9–12].

The effect of sex steroid hormones as well as the intestinal microbiome have been
extensively investigated [13–15], but inflammatory states and the vaginal microbiota require
further evaluation [16,17]. This study explores the diversity of the vaginal microbiota in
patients with PCOS, as well as the vaginal inflammatory reaction (VIR) and PMN activation
with the production of neutrophil extracellular traps.

2. Materials and Methods

2.1. Study Design

Cross-sectional study.

2.2. Sample

The sample corresponded to the first 33 patients who attended the consultation at the
Hospital UTPL-Santa Inés de Loja, Ecuador, from May to August 2023 and diagnosed with
PCOS. This study was considered random due to the characteristics of the sampling.

2.3. Location

Conducted in 2022–2023 at the Hospital Santa Inés, Loja, Ecuador, and the Center of
Excellence in Translational Medicine and Scientific and Technological Bioresource Nucleus
(CEMT-BIOREN), Universidad of La Frontera, Temuco, Chile.

2.4. Ethical Aspects

The women participating in the study participated voluntarily and without monetary
reward. They were given a written informed consent form that was read and explained to
them, and a copy was provided and signed by each of them. The Human Research Ethics
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Committee (CEISH) 2023-006O-IE of the University of Cuenca, Ecuador, authorized the
research protocol.

2.5. Survey Application

A survey was applied anonymously (using a code), which allowed the collection of
clinical data of women with a diagnosis of PCOS. The items included in the survey were
the following: age, age of onset of sexual intercourse, number of sexual partners in the
last six months, use of oral contraceptives, oligomenorrhea. At the same time, blood tests
for the following hormones were performed: HOMA (Homeostasis Model Assessment),
insulin, total testosterone, DHEAS (dehydroepiandrosterone sulfate), 17—OH progesterone,
androstenedione (A4), LH (luteinizing hormone), FSH (follicle stimulating hormone), AMH
(Anti-Müllerian hormone), glucose, and vitamin D.

2.6. Patients

Thirty-three women over 18 years of age diagnosed with PCOS were included ac-
cording to the recommendations of the 2018 international evidence-based guidelines [2],
which allow for the classification of PCOS patients according to phenotypes A, B, C, and
D. Exclusion criteria were as follows: menstruation on the day of sampling, having had
sexual intercourse in the last 48 h, being a douche user, cognitive impairment, antimi-
crobial treatment in the last 30 days, immunosuppressive drugs or immunosuppression,
chronic degenerative diseases (non-classical congenital adrenal hyperplasia, androgen-
producing tumor, hyperprolactinemia, thyroid dysfunction, Cushing’s syndrome, drugs
with androgenic activity, etc.), and patients with ovarian cysts.

Four clinical phenotypes of the disease have been identified, each with clinical impli-
cations regarding severity. Phenotype A is known as “classic” or complete and consists
of three criteria: hyperandrogenism, oligo-ovulation, and polycystic ovarian morphol-
ogy. Phenotype B, also called “classic”, has hyperandrogenism and oligo-ovulation. Both
phenotypes A and B have a more severe clinical and metabolic impact. Phenotype C is
called “ovulatory”, characterized by hyperandrogenism and polycystic ovarian morphol-
ogy, while phenotype D, “non-hyperandrogenic”, is composed of oligo-ovulation and
polycystic ovarian morphology, and being less severe [18].

2.7. Vaginal Discharge Samples

The samples were taken through speculoscopy by a professional gynecologist, using
a cotton swab from the “vaginal fornix and vaginal walls”. Subsequently, 5 smears were
made on slides which were left to dry in the air and then stored in a transporting box. Each
slide was used for the following purposes: DNA extraction, Gram staining, Giemsa, and
immunofluorescence.

2.7.1. DNA Extraction

Vaginal material was scraped with a scalpel from each slide and placed in 1.5 mL
tubes with lysis buffer (0.01 M Tris pH 7.8, 0.005 M EDTA pH 8, 0.5% SDS) and incubated
at 85 ◦C for 15 min. Subsequently, 7.5 M ammonium acetate pH 7.5 was added, the tubes
were cooled to −20 ◦C for 5 min, and the proteins were precipitated at 12,000 rpm for 5 min
(min) at 4 ◦C. The supernatant was mixed with isopropanol and incubated overnight at
−20 ◦C. DNA was precipitated at 12,000 rpm for 15 min at 4 ◦C, washed with 70% ethanol,
and hydrated with TE buffer (10 mmol/L Tris-HCl, 1 mmol/L EDTA pH 8). Internal
control: a conventional one-step polymerase chain reaction (PCR) was used as an internal
control, which allowed us to discard samples with non-amplifiable inhibitory DNA. For
this, primers PCO4 and GH20 were used: primers PCO4 5′-caacttcatccacgttcacc-3′ and
GH20 5′-gaagagccaaggacaggacaggacaggtac-3′, which amplify a fragment of 268 base pairs
(bp) of the Beta-Globin gene.
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2.7.2. Microorganism DNA Detection

Conventional one-step PCRs were used for Chlamydia trachomatis, Candida albicans [19],
and Trichomonas vaginalis [20], using specific primers previously published. For the de-
tection of Gardnerella vaginalis [21], Atopobium vaginae, and Megasphaera phylotype 1 [22], a
conventional one-step multiplex PCR was used. Primer sequences and fragment sizes are
shown in (Table 1). Positive controls: cultures or known clinical samples positive for each
microorganism were used. Visualization: PCR products were confirmed relative to the
positive control on 1.6% agarose gels stained with GelRed using a 100 bp marker (New
England Biolabs, Ipswich, MA, USA).

Table 1. Primers used in PCR analysis.

Micro-Organism Primers Sequence 5′-3′ Fragment Base
Pairs

Reference GenBank

Chlamydia
trachomatis

Forward tccggagcgagttacgaaga
241 Sánchez V. 2009 [23] NZ_CP009926.1Reverse aatcaatgcccgggattggt

Candida albicans
Forward atgggtggtcaacatac

tacatctatgtctaccacc 496 Burgener-kairuz 1994 [19] X13296.1Reverse

Trichomonas
vaginalis

Forward attgtcgaacattggtcttaccctc
262 Pačes J, 1992 [20] L23861.1Reverse tctgtgccgtcttcaagtatgc

Gardnerella
vaginalis

Forward gcgggctagagtgca
acccgtggaatgggcc 206 Zariffard MR, 2002 [21] GenBank:

AY738665.1Reverse

Atopobium vaginae Forward gcagggacgaggccgcaa
558 Fredricks D. 2007 [22] AY738657.1Reverse gtgtttccactgcttcacctaa

Megasphaera
phylotype 1

Forward gatgccaacagtatccgtccg
144 Fredricks D. 2007 [22] AY738672.1Reverse Acagacttaccgaaccgcct

The result was determined by visualization of a band at the same height, as the positive
control was interpreted as a positive sample for that micro-organism. Conversely, no band
visualization was interpreted as a negative result (Figure 1).

2.8. Analysis of Vaginal Discharge Smears

The analysis of the smears was carried out according to the criteria stated in the
BACOVA-ERIGE (Balance of Vaginal Contents-Study of the Genital Inflammatory Reaction)
procedures manual, which classifies the vaginal microbiota into 5 basic vaginal states [24]
(Table 2).

2.8.1. Gram Stain

Microscopic observation using a 100× objective and immersion oil allows differentia-
tion between Gram-positive bacteria (violet color) and Gram-negative bacteria (reddish
color). The reading was performed in 20 fields, counting Gram-positive bacilli (Lactobacil-
lus spp.), pleomorphic Gram-variable bacilli (compatible with Gardnerella vaginalis), and
Gram-variable curved bacilli (Mobiluncus spp.). A score was assigned to the number of mor-
photypes found, according to Nugent’s criteria [25], allowing the microbiota to be classified
with the following score: normal (NM) 0–3, intermediate (IM) 4–6, and bacterial vaginosis
(BV) 7–10. In addition, the presence or absence of blastoconidia and pseudohyphae were
recorded.

2.8.2. Proinflammatory State

Observed by Gram staining and defined by the amount of cellular damage (referred to
as destroyed cells (detritus) and/or epithelial cell nuclei without cytoplasm), the following
criteria were assigned: absent (0); present, grouping the cases that presented scarce (1+);
moderate (2+); and intense (3+) cellular damage. The evaluation was performed in 20 fields
at 1000× with immersion oil.
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Figure 1. Representative images of PCR products from the conventional PCRs used in the study:

(M) Molecular weight marker (100 bp) (A) PCR of the Beta-globin (268 bp) gene used as an internal
control; (B) PCR of Candida albicans (496 bp), where lanes 1 and 2 are negative samples, lanes 3, 4, and
5 are positive samples, lane 6 is positive control, and lane 7 is blank control; (C) multiplex PCR for
Gardnerella vaginalis (206 bp), Atopobium vaginae (558 bp) and Megasphaera phylotype 1 (144 bp), where
lanes 1 and 2 are positive controls, lanes 3, 4, 5, 6, 7, and 8 are positive samples, and lane 9 is blank
control; and (D) Chlamydia trachomatis PCR (241 bp), where lane 1 is negative sample, lanes 2 and 3
are positive samples, lane 4 is blank control, and lane 5 is positive control.

Table 2. Definition of basic vaginal states.

BVS in Women’s Childbearing Age NV VIR

I Normal microbiota
Predominance of Lactobacilli 0–3 No

II Normal microbiota + VIR
Predominance of Lactobacilli with vaginal
inflammatory reaction present.

0–3 Yes

III Intermediate microbiota
Equilibrium of Lactobacilli and anaerobic
Bacteria

4–6 No

IV Bacterial vaginosis
Predominance of anaerobic bacteria 7–10 No

V Nonspecific Microbial Vaginitis
Alteration of the ratio of Lactobacilli and
anaerobic bacteria, or presence of
foreign bacterial morphotypes with
inflammatory reaction.

4–10 Yes

BVS: basic vaginal status; NV: Nugent’s numerical value, VIR: vaginal inflammatory reaction.

2.8.3. Vaginal Inflammatory Reaction (VIR)

VIR was observed by Giemsa staining and counting leukocytes or PMN, applying
criteria according to the Bacova–Erige manual [24]. Absent VIR: <5, moderate VIR: >5–<10,
and intense VIR: >10 PMN per field. Reading was performed in 5 non-adjacent fields with
a 100× objective and immersion oil.
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2.8.4. Interpretation of Results
Nonspecific Microbial Vaginitis (nMVitis)

All vaginal discharge smears that had a Nugent score between 4 and 10 and presented
VIR (moderate or intense) were classified in this category. Vaginal microbiota with these
characteristics were considered to present a proinflammatory state or acute inflammation.

Bacterial Vaginosis

Interpreted as a state of chronic inflammation of the vaginal microbiota, since an
inflammatory reaction with the presence of PMN was not observed.

Definition of Altered and Normal Microbiota

For the preparation of the tables and statistical analysis of the group under study,
all cases with intermediate microbiota, bacterial vaginosis, and cases with nMVitis were
considered altered microbiota. According to Nugent’s criteria, cases that scored between 0
and 3 were considered normal microbiota.

2.8.5. Identification of Neutrophil Extracellular Traps (NETs)

Immunofluorescence of vaginal discharge smears was performed to determine the
presence of neutrophil extracellular DNA using a polyclonal primary antibody anti-rabbit
IgG (reference no. ab68672 Abcam, Cambridge, UK) to identify NE elastase. The smears
were incubated with polyclonal anti-NE antibody (reference no. ab68672 Abcam, Cam-
bridge, UK) in PBS-BSA at a dilution of 1:300. They were then washed by manual shaking
and incubated for 1 h with secondary antibody anti-Rabbit IgG conjugated with Alexa
Fluor™ 488 (reference no. A11008, Life Technologies, Invitrogen, Thermo Fisher Scientific,
Waltham, MA, USA). Subsequently, the samples were then washed by manual shaking with
Sytox orange® (reference no. s11368, Invitrogen, Thermo Fisher Scientific, Waltham, MA,
USA) (stain for DNA, 1:2000 in 1X PBS). The slides were covered with mounting medium
(reference no. 00-4959-52, Invitrogen Thermo Fisher Scientific, Waltham, MA, USA) and a
coverslip. The TissueFAXS i Plus Cytometry microscope (TissueGnostics, Vienna, Austria)
was used to scan the smears. Then, the TissueFaxs-Viewer 7.0 software was used to obtain
images of interest areas to observe fluorescence.

2.9. Statistical Analysis

The data obtained were entered in an Excel spreadsheet; they were analyzed with the
SPSS program (IMB-SPSS, version 29.0 for Windows); descriptive statistics were used with
the calculation of frequencies, percentages, measures of central tendency and dispersion,
inferential statistics, and parametric and nonparametric tests according to each variable.
For clinical and hormonal variables, OR values were calculated with their respective 95%
CI. Values of p ≤ 0.005 were considered statistically significant.

3. Results

The participants’ age range was 18–36 (mean 23 years). Phenotype A was the most
representative, with 60.6% (20/33), C and D both had 18.2% (6/33), and B was the least
observed (1/33) 3.0%.

Vaginal microbiota status according to Bacova–Erige criteria were NM 30.3% (10/33),
IM 33.3% (11/33), BV 15.2% (5/33), and nonspecific microbial vaginitis (nMVitis) 21.2%
(7/33). A high number of patients, (23/33) 69.7%, presented an altered microbiota.

The variables age (≤23 years p-value = 0.07), phenotypes A and B (considered to-
gether), lifetime sexual partners, and oligomenorrhea represented the highest number of
women with altered microbiota. Oral contraceptive use was the variable with the slightest
variation among users and non-users of contraceptives. However, the most important and
significant statistical association was observed with the variable active sexually transmitted
infection at the time of sampling (p-value = 0.023) (Table 3).
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Table 3. Clinical factors according to vaginal microbiota status in the study group (n = 33).

Vaginal Microbiota (%)

Variables n Normal Altered OR (IC) p-Value

Phenotypes

2.29(0.50; 10.50) 0.283A and B 21(63.6) 5(23.8) 16(76.2)

C and D 12(36.4) 5(41.7) 7(58.3)

Age of onset of
sexual intercourse (years)

0.27(0.04; 1.57) 0.133≤18 20(60.6) 8(40.0) 12(60.0)

>18 13(39.4) 2(15.4) 11(84.6)

Number of sexual
partners

0.35(0.06; 2.15) 0.246None 6(18.18) 3(50.0) 3(50.0)

More than 1 sexual
partner 27(81.82) 7(25.93) 20(74.07)

Active STI

6.68(1.18; 37.78) * 0.023Yes 25(75.8) 5(20.0) 20(80.0)

No 8(24.2) 5(62.5) 3(37.5)

Oral contraceptives use

0.47(0.10; 2.27) 0.341Yes 19(57.6) 7(36.8) 12(63.2)

No 14(42.4) 3(21.4) 11(78.5)

Oligomenorrhea

2.86(0.46; 17.58) 0.246Yes 27(81.8) 7(25.9) 20(74.1)

No 6(18.2) 3(50.0) 3(50.0)

Number of sexual partners: in the last six months. Active STI: sexually transmitted infections detected in
the laboratory by conventional PCR. Statistical test: Chi-squared, OR: Odds Ratio, IC: confidence interval,
* p-value < 0.005.

About the hormonal variables, only insulin showed a significant p-value. More cases
were observed in patients with normal insulin and altered microbiota. Glucose levels
were also analyzed in association with the state of the microbiota, but no results could be
obtained since the glucose levels of all the patients were reported as normal (Table 4).

Table 4. Hormonal variables according to vaginal microbiota status in the study group (n = 33).

Vaginal Microbiota (%)

Hormonal Variables N Normal Altered OR (IC) p-Value

HOMA

0.52(0.10; 2.60) 0.429Normal 12(40.0) 5(25.0) 9(75.0)

Altered 18(60.0) 7(38.9) 7(61.1)

Insulin
_ 0.002Normal 26(86.7) 6(23.1) 20(76.9)

Altered 4(15.3) 4(100.0) _

Total Testosterone

0.28(0.06; 0.35) 0.103Normal 16(48.5) 7(43.8) 9(56.3)

Altered 17(51.5) 3(17.6) 14(82.4)
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Table 4. Cont.

Vaginal Microbiota (%)

Hormonal Variables N Normal Altered OR (IC) p-Value

DHEAS

_ 0.220Normal 26(89.7) 9(34.6) 17(65.4)

Altered 3(10.3) - 3(100.0)

17-OH progesterone

2.22(0.43; 11.6) 0.339Normal 15(53.6) 6(40.0) 9(60.0)

Altered 13(46.4) 3(23.1) 10(76.9)

Androstenedione

1.07(0.2; 5.7) 0.930Normal 20(69.0) 7(35.0) 13(65.0)

Altered 9(31.0) 3(33.3) 6(66.7)

LH

1.36(0.29; 6.28) 0.690Normal 17(54,8) 6(35.3) 11(64.7)

Altered 14(45.2) 4(28.6) 10(71.4)

AMH

2.42(0.13; 44.50) 0.540Normal 2(7.7) 1(50.0) 1(50.0)

Altered 24(92.3) 7(29.2) 17(70.8)

Vitamin D

0.23(0.03; 2.61) 0.234Normal 20(71.4) 7(35.0) 13(65.0)

Altered 8(28.6) 1(12.5) 7(87.5)

DHEAS: dehydroepiandrosterone sulfate; LH: luteinizing hormone; AMH: Anti-Müllerian hormone. Statistical
test: Chi-squared, OR: Odds Ratio, IC: confidence interval, p-value < 0.005.

The proinflammatory state assessed by cell destruction (debris) and naked nuclei was
present in 72.7% (24/33) of cases with variable intensity (scarce 6/33, moderate 10/33,
and intense 8/33), depending on whether they were found in some or all fields observed
in Gram staining. A statistically significant difference was observed between the proin-
flammatory statuses present vs. absent concerning normal or altered vaginal microbiota
p-value = 0.021. A higher percentage of proinflammatory status and altered vaginal micro-
biome was observed in 14 (60.9%) patients (Table 5).

Table 5. Proinflammatory state according to the states of the vaginal microbiota.

Proinflammatory State (%)

Vaginal Microbiota n (%) Absent Present p-Value

Normal 10(30.3) 0 10(100.0)
* 0.021Altered 23(33.3) 9(39.1) 14(60.9)

Total 33(100.0) 9(27.3) 24(72.7)

The absence or presence of a proinflammatory state was defined by the amount of cell destruction and loose nuclei
observed during Gram reading in 20 fields. Vaginal microbiota normal: a score between 0 and 3 was considered
according to the Nugent criteria. Altered vaginal microbiota includes intermediate microbiota (IM), bacterial
vaginosis (BV), and non-specific microbial vaginitis (nMVitis). Statistical test: Chi-squared, (*) corresponds to a
statistically significant p-value (p< 0.05).

VIR was evaluated by the presence of PMN and Giemsa staining, and was present in
24.2% (8/33, 1 NM case and 7 IM cases).

The release of NETs was observed in the eight cases that presented VIR, and their
characteristics are shown in Table 6. In cases with VIR, 62.5% (5/8) are of phenotype A,
with no cases of phenotype B found. A total of 25% (2/8) of phenotype D and 12.5% (1/8)
of phenotype C were also found. The proinflammatory status of the cases analyzed for
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NETs were as follows: 50% (4/8) intense, 25% (2/8) moderate, 12.5% (1/8) scarce, and
12.5% (1/8) absent. Moreover, regarding the vaginal microbiota, 87.5% (7/8) of the cases
presented nMVitis.

Table 6. Distribution of SOP phenotype, proinflammatory status, and vaginal microbiota in the eight
cases examined for neutrophil extracellular traps (NETs).

Cases with VIR Phenotypes Proinflammatory State Vaginal Microbiota

1 D Scarce MN
2 A Intense nMVitis
3 D Intense nMVitis
4 A Moderate nMVitis
5 A Moderate nMVitis
6 C Intense nMVitis
7 A Absent nMVitis
8 A Intense nMVitis

(VIR): vaginal inflammatory reaction; (nMVitis): non-specific microbial vaginitis.

By PCR, one-eighth of the samples were positive for Candida albicans, two-eighths were
positive for Atopobium vaginae, and seven-eighths were positive for Gardnerella vaginalis.
For Trichomonas vaginalis and Chlamydia trachomatis, all were negative.

As observed in (Figure 2) representative images of vaginal discharge smears from
women with PCOS show anti-NE marking (Alexa fluor 488), sytox orange staining marking
DNA, and Gram stain-marked structure suggestive of NETs (green arrow).

 

Figure 2. Representative images of vaginal discharge smears from women with PCOS. The Tissue-
FAXS i Plus cytometry microscope was used to scan the smears at 20X magnification and TissueFaxs-
Viewer software was used to obtain images at 100-450% zoom. Green staining in (A1,D,E) shows anti-
NE labeling (Alexa fluor 488); Sytox orange staining marks DNA in images (B,F); Gram staining (G)
shows structures suggestive of NET (green arrow), and presence of blastoconidia corresponding
to Candida albicans diagnosed by PCR (blue arrows); Gram-stained image (H) indicates vaginal
squamous cell (red arrow) showing different bacterial morphotypes corresponding to an intermediate
microbiota; image (F) marks PMNs in the process of DNA release; yellow arrows indicate PMN
nuclei (B,C,D,H); white arrows indicate squamous epithelial cell nuclei (B) and fuchsia arrows indi-
cate NETs (A1,E) and (A2,B) channel merging. Images (C,D,E,F) (450% zoom), (A1,A2,G,H) (230%
zoom), and (B) (100% zoom) were used.

36



J. Clin. Med. 2024, 13, 2278

The PCR results for each of the samples analyzed are shown in Table 7. In Gram
staining, yeast (blastospores) were observed in 6/33 cases; four were positive for Candida
albicans by PCR, and two were positive for non- C. albicans. No positive cases were detected
for Trichomonas vaginalis.

Table 7. Micro-organisms detected by PCR in vaginal discharge samples (n = 33).

Micro-Organisms
PCR Results

Positive Negative

Gardnerella vaginalis 22(66.7) 11(33.3)
Atopobium vaginae 10(30.3) 23(69.7)
Megasphaera type 1 4(12.1) 29(87.9)

Trichomonas vaginalis 0 0
Chlamydia trachomatis 2(6.1) 31(93.9)

Candida albicans 4(12.1) 29(87.9)

4. Discussion

The presence of an altered microbiota was a frequent condition in the studied PCOS
patients (69.7%), with a high prevalence of non-specific microbial vaginitis (21.2%). A
significant statistical association (p-value = 0.023) was observed between the variable active
STI and VM (Table 3). On the other hand, the proinflammatory state, defined as evidence
of cell destruction and loose nuclei, had a high frequency (72.7%). Additionally, the VIR
was present in 8/33 of PCOS patients with PMN counts greater than five per field, with the
presence of NETs observed in all cases.

In this scenario of altered vaginal microbiota, it could be a particular and frequent
event in women diagnosed with PCOS, where hormonal and metabolic disorders they
present could play a role in NETs release [26]. Changes in the composition of the vaginal
microbiota could be associated with metabolic alterations, including insulin resistance,
suggesting a link between metabolic health and the vaginal microbiota. However, in this
study, altered blood insulin levels were not found, and 86.7% of the patients presented
normal insulin values.

Estrogens are related to the production of glycogen, which is the substrate necessary
for Lactobacilli to grow, produce lactic acid, and maintain a low pH, which contributes to a
pathogen-free vaginal environment. Elevated estrogen states, as seen during puberty and
pregnancy, promote the preservation of a homeostatic (eubiotic) vaginal microenvironment
by stimulating the maturation and proliferation of vaginal epithelial cells and the accumu-
lation of glycogen [7]. However, the relationship between 17-B estradiol and Lactobacilli is
not entirely understood within the context of the pathophysiology of PCOS [27,28]. In our
study, the intermediate microbiota condition was the most frequent, at 33.3% in patients
with PCOS. It is precisely in this condition where we begin to observe a VM with some
degrees of alteration: lower presence of Lactobacillus and a higher presence of bacterial
morphotypes of Gardnerella vaginalis, Atopobium vaginae type, and some others that usually
do not cohabit in the vaginal tract. The patients in the present study presented a high
frequency of Gardnerella vaginalis (66.7%), observed by PCR.

Regarding the epithelial damage (defined as proinflammatory state) associated with
PCOS patients in the Gram reading, in over 70% of the smears, destroyed cells and naked
nuclei were visualized. In cases with normal microbiota and nonspecific microbial vaginitis,
100% exhibited these characteristics with varying degrees of intensity. A similar condition
is found in cytolytic vaginosis (CV), characterized by fragmented epithelial cells and abun-
dant Lactobacilli, which causes an increase in vaginal acidity and epithelial damage [29].
These laboratory findings could help distinguish between CV and candidiasis, as these
pathologies do not differ in clinical features [16]. Despite this, there is still a lack of knowl-
edge about CV and its scope [29]. These processes associated with the pathophysiology
of inflammation increase the presence of PMN-generated NETs in the vaginal discharge
of women with fungal, bacterial, and parasitic infections, indicating the development of
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infectious foci at the vaginal level [30]. This study used identifying NETs as an indicator
of activated PMNs [30,31]. Our observations showed the presence of NETs in all studied
cases presenting with a VIR, which had normal microbiota (one-eighth) and non-specific
microbial vaginitis (seven-eighth), as shown in Table 6. By these results, we could speculate
a scenario that this syndrome by itself could trigger a proinflammatory state at the level of
the vaginal epithelium, independent of the state of the vaginal microbiota.

These observations are consistent with those reported by Jin C et al. (2023) in their case-
control study, where they found a higher degree of heterogeneity in the vaginal microbiome.
As well as the association with other vaginal infections, Gardnerella vaginalis was observed
more frequently (66.7%) in all stages of VM, whether accompanied by Atopobium vaginae,
Megasphaera phylotype 1, or yeasts such as Candida albicans and a higher frequency of bacteria
such as Gardnerella vaginalis compared to the control group [5]. Another study demonstrated
a higher incidence of vaginitis in women with PCOS compared to the control group [32].

Additionally, this is the first study that shows evidence of NETotic activity at the
level of the vaginal epithelium in women with PCOS. This condition, associated with
amenorrhea or oligomenorrhea states, could contribute to sperm entrapment by NETs
generated by activated PMNs, which could increase the risk of infertility in these patients.

5. Conclusions

In the studied series, more women with altered microbiota were noted in clinical
variables, phenotypes A and B, sexual partners (>2), and oligomenorrhea. However, only
the active STI and insulin variables showed a significant p-value. This is the first study to
demonstrate the presence of NETs in eight cases, showing NETotic activity in women with
PCOS. We also highlight the high frequency of a proinflammatory state observed across all
vaginal microbiota states. These findings suggest that the syndrome itself could trigger a
proinflammatory state in the vaginal epithelium, independent of the vaginal microbiota’s
state. Additionally, these conditions, associated with amenorrhea or oligomenorrhea, could
lead to decreased fertility in these PCOS patients.

Limitations of the study. The limitations include the lack of an average population
(control group) for comparisons between VM, VIR, proinflammatory status, and other
variables. However, despite a small n, trends were observed when calculating the p-value.
We hope that this study will serve as a basis for future studies in women with PCOS,
including a more significant number of participants both with PCOS and a control group
(without PCOS) in order to generate additional data to contribute to a better understanding
of this pathology.
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Abstract: Background/Objective: The prevalence and character of female sexual dysfunction (FSD)
in polycystic ovary syndrome (PCOS) have not been precisely determined. The aim of this study
was to assess FSD using the Changes in Sexual Functioning Questionnaire (CSFQ-14) in women with
PCOS and their partners compared to a control group, as well as correlations between five subscales,
the total score of the CSFQ, and seven questions of the Visual Analogue Scale (VAS). Methods: The
study sample (N = 160) comprised two groups: (1) women with PCOS and their partners (n = 91)
and (2) women without PCOS and their partners (control group; n = 69). Results: The total scores of
the CSFQ did not reveal FSD in either group of women. Regarding all subscales and the total score,
the analysis showed a statistically significant difference between women and their partners (in all
cases: p < 0.001). The discrepancy in arousal between women and men in the PCOS group was large
(the mean difference was −2.32; t = −11.29, p < 0.001, Cohen’s d = −1.26). The importance (VAS1),
the level (VAS7) of sexual satisfaction, and the intensity of sexual thoughts (VAS2) correlated with
almost all domains of the CSFQ. Conclusions: In conclusion, normal sexual function in PCOS does
not mean proper sexual functioning in a sexual relationship.

Keywords: polycystic ovary syndrome; female sexual function; arousal; desire; sexual functioning of
the couple

1. Introduction

Polycystic ovary syndrome (PCOS) affects 5–18% of women and is a complex condition
with impacts across the lifespan [1]. It is recommended to base its diagnosis on the
2003 Rotterdam criteria and confirm with two of the three criteria: hyperandrogenism,
irregular cycles, and polycystic ovary morphology [2]. The diagnostic criteria generate four
phenotypes, and the clinical features are heterogeneous. This is reflected in the fact that
PCOS remains the most common endocrine disease of women of reproductive age [3], the
most common cause of anovulatory infertility [4], and a substantial contributor to an early
onset of type 2 diabetes [5], as well as psychological disorders [6].

Numerous clinical studies have provided a greater understanding of the substantial
psychological features associated with PCOS. It is reported that increased prevalences of
depression, anxiety, negative body image, low self-esteem, and psychosexual dysfunction
are associated with high levels of distress and adverse effects on the quality of life in
women with PCOS [7,8]. Quality of life scores are often reduced in women with PCOS,
with concerns around weight and infertility having the most detrimental impact [6]. How-
ever, obesity, hyperandrogenism, and infertility are weakly associated with symptoms of
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depression and anxiety scores [6]. As it was shown in a 2019 community-based study,
women with PCOS also have an increased prevalence of disordered eating, such as binge
eating disorder, compared to controls [9].

Female sexual dysfunction (FSD) is defined in the fifth edition of the Diagnostic and
Statistical Manual of Mental Disorders (DSM-5) as a frequent, long-lasting, and distressing
problem concerning desire, arousal, orgasm, or pain and is associated with various condi-
tions characterized by negative mental and physical outcomes [10]. Despite specific studies,
the prevalence and character of FSD in PCOS have not been precisely determined, and
the conclusions from these studies are inconsistent [11–13]. The gaps in knowledge make
the condition interesting for further study. Establishing a diagnosis for sexual problems in
patients with PCOS might give rise to clinical trials aimed at improving sexual disturbances
in this group of patients.

2. Materials and Methods

The aim of our study was to assess sexual function in women with PCOS and their
partners compared to a similar control group. We decided to use the Changes in Sex-
ual Functioning Questionnaire (CSFQ) because it allowed us to assess sexual functions
within the same domains in women and men. We wanted to examine sexual function in
women with PCOS in the context of their partners. We also tried to explore the impact of
self-perception in the areas of sexual satisfaction, personal attractiveness, excessive hair,
social struggles, intensity of sexual thoughts and fantasies, and painful sexual encoun-
ters on specific domains in CSFQ. We decided to put forward four hypotheses. (1) The
importance and level of sexual satisfaction correlates positively with specific dimensions
of the CSFQ. (2) The perceived level of personal attractiveness correlates positively with
specific dimensions of the CSFQ and the perceived impact of excessive hair on personal
sexuality and social struggles due to appearance correlating negatively with specific dimen-
sions of the CSFQ. (3) The intensity of sexual thoughts and fantasies correlates positively
with specific dimensions of the CSFQ. (4) The occurrence of painful sexual encounters
correlates negatively with specific dimensions of the CSFQ. Additionally, we analyzed
demographic and physical correlates of the sexual functioning of women with PCOS.
This study was approved by the Ethics Committee of the Medical University of Silesia,
No.: PCN/CBN/0022/KB1/77/21.

The inclusion criteria comprised women diagnosed with polycystic ovary syndrome
(PCOS) according to the Rotterdam criteria, aged 18–40, with partners, and who gave
written consent. The control group included women without PCOS, aged 18–40, with their
partners, and who gave written consent.

The patients with PCOS were recruited through the Department of Gynecological
Endocrinology of Medical University of Silesia in Katowice (Poland). The participants of
the control group were recruited from the medical students of the Medical University of
Silesia and the medical staff at the Upper Silesian Medical Centre in Katowice.

Patients with PCOS were recruited to the study group during their first diagnostic
hospitalization at the Department of Gynecological Endocrinology. The diagnosis of PCOS
was confirmed by gynecologists and endocrinologists according to the Rotterdam criteria
and based on a physical examination and a set of laboratory tests tailored to each patient’s
symptoms. The topic of sexuality was not mentioned prior to the patients taking the
survey. The information provided to the respondents included a brief description of the
significance of the sexual function in women with PCOS for their further life satisfaction.
Participating patients with a stable male partner gave written consent to the proposed
study and completed a set of questionnaires for women (demographic, CSFQ-F-C, VAS) at
the end of their stay in the hospital ward. The questionnaire intended for men (CSFQ-M-C)
was taken home by the patients with PCOS and returned during their first follow-up visit
at the Outpatient Clinic of Infertility Treatment. Of 147 women enrolled in our study,
91 provided CSFQ-M-C test results from their partners.
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The control group included women without a diagnosis of PCOS or chronic diseases.
They provided written consent to the study and completed our demographic questionnaire
and the CSFQ-F-C. Their partners met the CSFQ-M-C criteria. All questionnaires were
returned together. Of the 93 women included in the control group, 69 took the test.

All information about the physical condition of patients with PCOS came from medical
records prepared during hospitalization by doctors of the Department of Gynecological
Endocrinology. Information about the control group participants was obtained based on
interviews with them.

2.1. Questionnaires and Scales

The demographic questionnaire included age, marital status, place of residence, edu-
cation, employment, confirmation of having a permanent sexual partner, and confirmation
of sexual activity in the last week or last month.

The Changes in Sexual Functioning Questionnaire 14 (CSFQ-14) was used to assess
sexual dysfunction. The CSFQ-14 is well validated and contains sex-specific items and
has proven useful in assessing changes in sexual function in various populations. The
questionnaire measures overall sexual functioning (sum of 1 to 14 items), with 5 subdomains
assessing pleasure (Item 1), desire/frequency (Items 2 + 3), desire/interest (Items 4 + 5 + 6),
arousal (Items 7 + 8 + 9), and orgasm (Items 11 + 12 + 13). We defined sexual dysfunction
on a standard basis (CSFQ—female clinical version global score ≤ 41 and CSFQ—male
clinical version global score ≤ 47).

The Visual Analogue Scale (VAS) is a psychometric scale that can be used as a tool
to measure subjective characteristics or attitudes. In our study, PCOS patients indicated
their level of agreement with the question by indicating their position on a solid line
between Points 1 and 10. Using the VAS scale used in several previous studies, we ob-
tained 7 questions: (1) How important is a satisfying sex life to you? (2) How many sexual
thoughts and fantasies have you had in the past? (3) Do you find yourself sexually attrac-
tive? (4) How does excessive body hair affect your sexuality? (5) Does your appearance
make it difficult to establish social contacts? (6) In the last 4 weeks, how often have you
experienced pain during intercourse? (7) How satisfied have you been with your sex life in
the last 4 weeks [11]? The scale was not validated for the Polish version.

The Waist Hip Ratio (WHR) was calculated by dividing a waist measurement by a
hip measurement. The Ferriman–Gallwey (m-F-G) score was used to evaluate terminal
hair growth on a scale of 0–4 on eleven different body areas according to the authors’
scoring system. A Ferriman–Gallwey score ≥ 8 was considered diagnostic of hirsutism.
The presence and severity of acne was evaluated on a scale of 0–4.

2.2. Statistical Analyses

A mixed analysis of variance (ANOVA) model was used to examine the differences
between women and their partners in PCOS and control groups. In each model, we included
within subject effects (i.e., difference between women and their partners), between subject
effects (i.e., difference between PCOS and control groups), and interaction between both
effects (i.e., to answer the question if the differences between women and men are diverse
in PCOS and control groups). We computed the ω2 coefficient as a measure of the effect
size due to its lower susceptibility in the cases of assumption violations [14]. In the case of
statistically significant effects, Holm’s post hoc tests (together with Cohen’s ds as effect size
measures) were computed.

To examine the correlation between CSFQ and VAS, we used Pearson’s correlation
coefficients. The same procedure was used to explore some demographic and physical
correlates of the sexual functioning of women with PCOS. Yet, in this case, having in mind
the ordinal (i.e., education) or nominal (i.e., residence, work, acne presence, and hirsutism),
we also used Spearman’s correlation (for ordinal variable) and the U Mann–Whitney test
(for nominal variables) to explore possible correlates of sexual functioning of women
with PCOS.
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3. Results

3.1. Participants

The sample (n = 160) consisted of two subsamples: (1) women diagnosed with PCOS
and their partners (n = 91) and (2) women without PCOS and their partners (control
group; n = 69). The average age of the women participating in the study was 28.64 years
(SD = 5.61) and was slightly higher in the PCOS group (M = 29.61, SD = 6.64) compared
to the control group (M = 27, 91, SD = 4.57). However, the difference was not statistically
significant (Mann–Whitney U test with rank-biserial correlation as a measure of effect size:
W = 3532.00, p = 0.176, rbs = 0.09).

Most participants reported higher education (PCOS: n = 51, 56%; control: n = 44,
64%) or secondary education (PCOS: n = 33, 36%; control: n = 24, 35%). The majority also
maintained stable work (PCOS: n = 69, 76%; control: n = 61, 88%). However, some of them
remained unemployed (PCOS: n = 12, 13%; control: n = 7, 10%) or received a life pension
(PCOS: n = 4, 4%; control: n = 1, 1%).

All respondents declared a stable heterosexual relationship. In both subsamples, the
percentage of women in a formal relationship (PCOS: n = 42, 46%; control: n = 35, 51%) and
an informal relationship (PCOS: n = 49, 54%; control: n = 29, 42%; n = 5, 7% of women in the
control group declared they were divorced) remained similar. Most of the respondents lived
with their family (PCOS: n = 76, 84%; control: n = 48, 70%; the rest declared living alone).

Regarding the PCOS group, the participants’ average WHR was 0.86 (SD = 0.10),
with the lowest value of 0.67 and the highest of 1.17. In the case of 32 (35%) women, the
Ferriman–Gallwey test indicated a presence of hirsutism. Also, in the case of 55 (60%)
women, the medical examination revealed acne.

3.2. Sexual Functioning—Descriptive Statistics

Table 1 presents descriptive statistics for the dimensions of the sexual functioning of
women with PCOS and the control group and their partners.

Table 1. Sexual functioning of women with and without PCOS and their partners—descriptive
statistics.

M SD Min Max Skewness

PCOS group—women
Pleasure 3.92 0.96 1.00 5.00 −0.78
Desire—frequency 6.95 1.37 3.00 10.00 −0.35
Desire—interest 8.75 2.06 3.00 12.00 −0.34
Arousal 10.56 2.05 5.00 14.00 −0.37
Orgasm 10.88 2.46 3.00 15.00 −0.40
Total CSFQ 49.59 7.47 27.00 63.00 −0.34

Control group—women
Pleasure 3.93 0.99 1.00 5.00 −0.98
Desire—frequency 6.97 1.40 4.00 10.00 −0.28
Desire—interest 8.58 2.45 3.00 13.00 −0.29
Arousal 11.16 2.10 6.00 15.00 −0.83
Orgasm 11.15 2.94 3.00 15.00 −1.02

Total CSFQ 50.68 8.63 24.00 64.00 −1.31

PCOS group—men
Pleasure 4.28 0.82 1.00 5.00 −1.55
Desire—frequency 7.42 1.39 4.00 10.00 −0.18
Desire—interest 9.77 2.19 4.00 15.00 −0.01
Arousal 12.88 1.46 9.00 15.00 −0.84
Orgasm 12.40 1.67 7.00 15.00 −0.71

Total CSFQ 56.12 5.55 40.00 70.00 −0.51
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Table 1. Cont.

M SD Min Max Skewness

Control group—men
Pleasure 4.26 0.82 1.00 5.00 −1.36
Desire—frequency 8.03 1.28 4.00 10.00 −0.31
Desire—interest 10.19 1.84 6.00 15.00 0.02
Arousal 12.32 1.72 8.00 15.00 −0.44
Orgasm 12.10 1.87 7.00 15.00 −0.68

Total CSFQ 56.33 6.37 37.00 70.00 −0.74

Scoring for CSFQ-F-C (a score at or below the cut-off points indicative for sexual dysfunction) Total CSFQ:
41.0, Pleasure: 4.0, Desire/frequency: 6.0, Desire/interest: 9.0, Arousal: 12.0, Orgasm: 11.0. Scoring for CSFQ-
M-C (a score at or below the cut-off points indicative for sexual dysfunction) Total CSFQ: 47.0, Pleasure: 4.0,
Desire/frequency: 8.0, Desire/interest: 11.0, Arousal: 13.0, Orgasm: 13.0.

3.3. Sexual Functioning—Differences between Women with PCOS, Their Partners, and Women
without PCOS

Table 2 presents the differences between women and their partners, PCOS and control
groups, and the interaction between both effects.

Table 2. Differences between women with PCOS, their partners, and women without PCOS—results
of mixed ANOVA.

Effect F df p ω2

Pleasure Within subject 33.80 1, 158 <0.001 0.03
Between subject 0.00 1, 158 0.971 0.00
Within × between subject 0.02 1, 158 0.877 0.00

Desire—frequency Within subject 59.42 1, 158 <0.001 0.07
Between subject 2.70 1, 158 0.102 0.01
Within × between subject 8.69 1, 158 0.004 0.01

Desire—interest Within subject 54.71 1, 158 <0.001 0.08
Between subject 0.19 1, 158 0.668 0.00
Within × between subject 2.72 1, 158 0.101 0.00

Arousal Within subject 123.57 1, 158 <0.001 0.18
Between subject 0.01 1, 158 0.938 0.00
Within × between subject 13.73 1, 158 <0.001 0.02

Orgasm Within subject 42.25 1, 158 <0.001 0.07
Between subject 0.00 1, 158 0.963 0.00
Within × between subject 2.17 1, 158 0.143 0.00

Total CSFQ Within subject 130.35 1, 158 <0.001 0.16
Between subject 0.43 1, 158 0.511 0.00
Within × between subject 0.67 1, 158 0.413 0.00

In terms of pleasure, desire (interest), orgasm, and total score, the analysis showed a
statistically significant difference between women and their partners (in all cases: p < 0.001),
which suggests small (for pleasure) to medium effects (for other variables). However, the
difference between PCOS participants and the control group was not statistically significant
(pleasure: p = 0.971, desire—interest: p = 0.668; orgasm: p = 0.963; total score: p = 0.511).
Also, the pattern of differences between women and men was similar in both the PCOS and
control groups (pleasure: p = 0.877; desire—interest: p = 0.101; orgasm: p = 0.143; total score:
p = 0.413), suggesting higher levels pleasure, desire (interest), orgasm and overall sexual
functioning reported by men regardless of the presence or absence of a PCOS diagnosis in
their partners.

In terms of desire (frequency) and arousal, the analysis showed a statistically signif-
icant difference between women and their partners (in all cases: p < 0.001), suggesting
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medium to large effects. However, the difference between PCOS participants and the con-
trol group was not statistically significant (desire—frequency: p = 0.102; arousal: p = 0.938).
However, the pattern of discrepancies between women and men differed between the
PCOS group and the control group (desire—frequency: p = 0.004; arousal: p < 0.001), with
small effects for all variables. The results suggest that although men generally experienced
higher levels of desire (frequency) compared to women (regardless of the presence or
absence of a PCOS diagnosis), men in the control group reported higher levels of desire
(frequency) compared to women and men who were partners of PCOS participants (mean
difference was 0.61; t = 2.81, p = 0.016, Cohen’s d = 0.45). In the case of arousal, while
women from the control group declared a slightly higher level of arousal compared to
women from the PCOS group (the average difference was 0.60; t = 2.04, p = 0.085, Cohen’s
d = 0.33), men from the control group declared slightly lower arousal compared to men in
the PCOS group (mean difference was −0.56; t = −1.91, p = 0.085, Cohen’s d = −0.30). Also,
the discrepancy in arousal between women and men in the control group was average
(the average difference was −1.16; t = −4.91, p < 0.001, Cohen’s d = −0.63), while in the
PCOS group it was very large (mean difference was −2.32, t = −11.29, p < 0.001, Cohen’s
d = −1.26).

3.4. Sexual Functioning of Women with PCOS—Correlation between CSFQ and VAS

Table 3 presents Pearson’s correlation coefficients between CSFQ and VAS scores.

Table 3. Sexual functioning of woman with PCOS—Pearson’s correlation coefficients between CSFQ
and VAS scores.

1 2 3 4 5 6 7 8 9 10 11 12

1. Pleasure —
2. Desire—frequency 0.44 *** —

3. Desire—interest 0.16 0.55
*** —

4. Arousal 0.64 *** 0.55
***

0.49
*** —

5. Orgasm 0.58 *** 0.37
***

0.35
*** 0.63 *** —

6. Total CSFQ 0.69 *** 0.70
***

0.66
*** 0.89 *** 0.80 *** —

7. Sexual satisfaction
importance (VAS1) 0.32 ** 0.24 * 0.37

*** 0.30 ** 0.22 * 0.35 *** —

8. Sexual thoughts and
fantasies—last month
(VAS2)

0.20 0.46
***

0.73
*** 0.38 *** 0.25 * 0.52 *** 0.55

*** —

9. Personal sexual
attractiveness (VAS3) 0.24 * 0.20 0.25 * 0.30 ** 0.28 ** 0.34 *** 0.26 * 0.27 * —

10. Impact of excessive
hair on personal
sexuality (VAS4)

−0.26 * −0.18 −0.06 −0.11 −0.19 −0.19 0.01 0.06 −0.16 —

11. Social struggles due
to appearance (VAS5) −0.27 ** −0.11 0.08 −0.11 −0.19 −0.17 0.07 0.22 * −0.18 0.49

*** —

12. Painful sexual
encounters (VAS6)

−0.39
*** −0.13 0.05 −0.34

*** −0.27 * −0.35
*** −0.02 0.03 −0.06 0.10 0.21 * —

13. Level of sexual
satisfaction—last month
(VAS7)

0.67 *** 0.48
*** 0.14 0.39 *** 0.53 *** 0.53 *** 0.30 ** 0.27

** 0.18 −0.18 −0.04 −0.14

* p < 0.05; ** p < 0.01; *** p < 0.001.

As expected in Hypothesis 1, the importance (VAS1) and level (VAS7) of sexual
satisfaction felt by women diagnosed with PCOS were positively correlated with almost
all dimensions of the CSFQ. Therefore, a greater importance of sexual satisfaction was
associated with a higher level of pleasure (r = 0.32, p = 0.002), frequency of desire (r = 0.24,
p = 0.025) and interest (r = 0.37, p < 0.001), arousal (r = 0.30, p = 0.004), and orgasm
(r = 0.22, p = 0.039), and more satisfying overall sexual functioning (r = 0.35, p < 0.001).
All correlation coefficients suggested small to medium effects. Accordingly, higher levels
of sexual satisfaction were associated with higher levels of pleasure (r = 0.67, p < 0.001),
frequency of desire (r = 0.48, p < 0.001), arousal (r = 0.39, p < 0.001), and orgasm (r = 0.53,
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p < 0.001) and more satisfying overall sexual functioning (r = 0.53, p < 0.001). All correlation
coefficients suggested medium to large effects. Therefore, Hypothesis 1 was confirmed.

Moreover, as expected in Hypothesis 2, the perceived level of personal attractiveness
(VAS3) experienced by women diagnosed with PCOS was positively correlated with almost
all dimensions of the CSFQ. In contrast, the perceived impact of excess hair on personal
sexuality (VAS4) and appearance-related social struggles (VAS5) was negatively associated
with only a few CSFQ dimensions. Therefore, a higher level of subjective personal attrac-
tiveness was associated with a higher level of pleasure (r = 0.24, p = 0.025), desire—interest
(r = 0.25, p = 0.016), arousal (r = 0.30, p = 0.005 ), and orgasm (r = 0.28, p = 0.008), and more
satisfying overall sexual functioning (r = 0.34, p < 0.001). All correlation coefficients sug-
gested small effects. Also, a perceived greater impact of excess hair on personal sexuality
(r = −0.26, p = 0.013) and greater social struggles due to appearance (r = −0.27, p = 0.009)
corresponded to lower levels of pleasure. All correlation coefficients suggested small effects.
Therefore, Hypothesis 2 was partially confirmed.

As assumed in Hypothesis 3, the intensity of sexual thoughts and fantasies in the last
month (VAS2) correlated positively with the dimensions of desire (for frequency: r = 0.46,
p < 0.001; for interest: r = 0.73, p < 0.001). All correlation coefficients suggested medium
(for frequency) or large (for percentages) effects. Therefore, Hypothesis 3 was confirmed.
Interestingly, sexual fantasies were also positively associated with some other dimensions
of the CSFQ, i.e., arousal (r = 0.38, p < 0.001) and orgasm (r = 0.25, p = 0.016), and with
overall sexual functioning (r = 0.52, p < 0.001). In all cases, a higher intensity of sexual
thoughts and fantasies corresponded to higher levels of desire (frequency and interest),
arousal and orgasm, and more satisfying overall sexual functioning.

We also confirmed Hypothesis 4, as the analysis showed a negative correlation between
the occurrence of painful sexual intercourse (VAS6) and the orgasm domain (r = −0.27,
p = 0.011), which suggests that the frequent occurrence of painful sexual intercourse is
equally significant—associated with a lower quality of orgasm. Correlation coefficients
suggested a small effect. Therefore, Hypothesis 4 was confirmed. Accordingly, higher
frequency of painful sexual intercourse was associated with lower levels of several other
CSFQ dimensions, i.e., pleasure (r = −0.39, p < 0.001) and arousal (r = −0.34, p < 0.001), and
with lower overall functioning sexual (r = −0.35, p < 0.001).

3.5. Demographic and Physical Correlates of Sexual Functioning of Women with PCOS

Correlations between age, WHR, Ferriman–Gallwey score, and dimensions of CSFQ
were presented in Table 4. As other demographic variables were either ordinal (i.e., ed-
ucation) or nominal (i.e., residence, acne presence, and hirsutism), we completed the
analyses with Spearman’s correlation (for education—also presented in Table 4) and the U
Mann–Whitney test (Table 5).

Table 4. Demographic and physical correlates of sexual functioning of women with PCOS—Pearson’s
correlations between age, WHR, Ferriman–Gallwey score, and dimensions of the CSFQ.

Pleasure
Desire—

Frequency
Desire—
Interest

Arousal Orgasm Total

Age 0.01 −0.06 −0.07 0.08 0.21 * 0.09
WHR 0.07 0.02 −0.17 −0.05 0.05 −0.03
Ferriman–Gallwey score 0.03 0.07 −0.09 −0.03 −0.16 −0.07
Education −0.03 0.02 0.13 0.02 −0.05 0.05

As the correlation matrix for CSRQ dimensions for PCOS women was presented in Table 3, we omitted this part
of the current table. For education, Spearman’s correlation coefficient was calculated. * p < 0.05.

Correlation analyses showed that neither the WHR score nor the Ferriman–Gallwey
score were associated with CSFQ dimensions and overall sexual functioning in women
with PCOS. Also, the level of education was not statistically significant in relation to sexual
functioning. However, the analyses showed that the older the women were, the higher
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the quality of orgasm they experienced (r = 0.21; p = 0.041). The correlation coefficient
suggested a small effect.

Table 5. Demographic and physical correlates of sexual functioning of women with PCOS—U
Mann–Whitney test results (grouping variables: residence, acne presence, and hirsutism).

W p rbs

Grouping variable: Residence
(alone vs. with family)

Pleasure 64.50 0.429 0.12
Desire—frequency 72.50 0.099 0.26
Desire—interest 77.50 0.030 0.35
Arousal 675.50 0.255 0.19
Orgasm 507.00 0.500 −0.11
Total CSFQ 668.00 0.296 0.17

Grouping variable: Acne
presence (yes vs. no)

Pleasure 921.50 0.560 −0.07
Desire—frequency 866.00 0.303 −0.13
Desire—interest 892.50 0.426 −0.10
Arousal 926.50 0.604 −0.06
Orgasm 947.50 0.731 −0.04
Total CSFQ 921.00 0.578 −0.07

Grouping variable: Hirsutism
(yes vs. no)

Pleasure 918.00 0.823 −0.03
Desire—frequency 858.00 0.466 −0.09
Desire—interest 958.50 0.906 0.02
Arousal 853.00 0.446 −0.10
Orgasm 92.50 0.847 −0.03
Total CSFQ 928.50 0.901 −0.02

For effect size, rank-biserial (rbs) correlation was reported.

The results of the U Mann–Whitney test did not reveal statistically significant differ-
ences between women diagnosed with PCOS: (1) with present and absent acne, (2) with
and without hirsutism. The only difference was reported with respect to residence. In
this case, women with PCOS who lived alone reported a higher level of desire (inter-
est; p = 0.030) compared to those who lived with their families (for women who lived
alone: median = 10.0, IQR = 3,50; for women who lived with their families: median = 8.50,
IQR = 3.00).

3.6. Associations between VAS Scores and Physical Features (WHR, Acne, and Hirsutism)

To analyze the associations between VAS scores and some physical features (i.e., WHR
and Ferriman–Gallwey score), we perform Pearson’s r correlation (Table 6).

Table 6. Associations between VAS scores and physical features (WHR and Ferriman–Gallwey
score)—Pearson’s r correlation coefficients.

1 2 3 4 5 6 7 8

1. WHR ratio —
2. Ferriman–Gallwey score 0.19 —
3. Sexual satisfaction importance (VAS1) −0.02 0.12 —
4. Sexual thoughts and fantasies—last
month (VAS2) −0.09 −0.03 0.55 *** —

5. Personal sexual attractiveness (VAS3) −0.18 0.03 0.26 * 0.27 * —
6. Impact of excessive hair on personal
sexuality (VAS4) 0.07 0.41 *** 0.01 0.06 −0.16 —

7. Social struggles due to appearance
(VAS5) 0.23 * 0.15 0.07 0.22 * −0.18 0.49 *** —

8. Painful sexual encounters (VAS6) −0.03 −0.07 −0.02 0.03 −0.06 0.10 0.21 * —
9. Level of sexual satisfaction—last
month (VAS7) 0.30 ** 0.05 0.30 ** 0.27 ** 0.18 −0.18 −0.04 −0.14

* p < 0.05; ** p < 0.01; *** p < 0.001.
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The results showed statistically significant positive correlations between the WHR
ratio, social struggles related to appearance (VAS5; r = 0.23, p = 0.031), and level of last
month’s sexual satisfaction (VAS7; r = 0.30, p = 0.004). In both cases, the higher the WHR
was, the higher both the social struggles related to appearance and the declared sexual
satisfaction were. Both statistical effects were small.

Also, the Ferriman–Gallwey score was positively correlated with the level of perceived
impact of excessive hair on personal sexuality (VAS4; r = 0.41, p < 0.001). It suggested that
women diagnosed with PCOS with higher Ferriman–Gallwey scores declared higher levels
of perceived impact of excessive hair on personal sexuality. In this case, the effect size
was medium.

To analyze the associations between VAS scores and other physical characteristics
(i.e., presence of hirsutism and acne), we performed a Mann–Whitney U test, with the same
rationale as in the previous paragraph.

Overall, the results showed no statistically significant differences in VAS scores be-
tween groups of women diagnosed with PCOS with and without acne. The only difference
that turned out to be statistically significant concerned the number of painful sexual con-
tacts (VAS6), which was higher in women with PCOS and acne (median = 2.00, IQR = 4.00)
compared to women without acne (median = 1.00, IQR = 1.00). However, the effect size
of this difference was rather small. As a result, the results showed no statistically signif-
icant differences in VAS results between groups of women diagnosed with PCOS with
and without hirsutism. In this case, the only difference that turned out to be statistically
significant was the perceived impact of excessive hair on personal sexuality (VAS4), which
was higher in women with PCOS and hirsutism (median = 7.00, IQR = 6.00) compared
to people without hirsutism (median = 2.00, IQR = 4.00). The effect size of this difference
was medium.

3.7. Association between Sexual Activity in Last Week and Sexual Functioning in Women
Diagnosed with PCOS

We examined the association between sexual activity and sexual functioning in women
diagnosed with PCOS using the Mann–Whitney U test. We decided on this procedure due
to (1) the dichotomous nature of the variable related to sexual activity (possible answers:
yes or no) and (2) differences in n groups (in the case of sexual activity in the last week—for
“no”: n = 56; for “yes”: n = 35). Also, taking into account a small n (i.e. the variable
indicating sexual activity in the last month—for “no”: n = 8; for “yes”: n = 83) or the lack of
cases in one group (i.e. the variable indicating sexual activity during the last three months)
in the case of other variables related to sexual activity, we decided to conduct this test only
for the variable related to sexual activity during the last week.

The results showed no statistically significant differences in sexual functioning be-
tween the group of women with PCOS who declared sexual activity within the last week
and those who did not perform any sexual activity in that time.

4. Discussion

The impact of PCOS on sexual function in women is still a matter of debate. Although
reviews and meta-analyses devoted to the topic of sexual dysfunction in women with
PCOS [11–13] do not lead to one consistent conclusion, they do indicate that there is a
possible relationship between PCOS and FSD in these women. Pastor et al. showed that
women with PCOS experienced FSD in terms of arousal, lubrication, sexual satisfaction,
orgasm, and overall scores compared to controls [11]. However, Zhao et al. showed that
there are no statistically significant differences in FSD between women with PCOS and
women without this diagnosis [12]. Loh et al. conducted the most extensive meta-analysis
and found that women with PCOS have a 30% higher risk of developing FSD compared
to women without PCOS [13]. They confirmed that total scores on the Female Sexual
Function Index (FSFI) did not differ significantly between the study and control groups,
while women with PCOS obtained significantly lower scores on the pain and satisfaction
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subscales than the control groups [13]. In their opinion, this indicated limitations in the use
of this scale to assess sexual desire [13] and the overlap between desire and arousal [15].
Regardless of the limitations of FSFI, it is important to remember that both men and women
may have difficulty distinguishing between desire and arousal because sexual stimuli
trigger both desire and arousal simultaneously [16,17].

Stovall et al. are the only ones in the past who have used the CSFQ questionnaire to
assess sexual functions in women with PCOS [18]. Although they described decreased
sexual function in most domains, they showed statistically significant differences between
the study and control groups only in the orgasm/fulfillment domain. In our study, we did
not obtain statistically significant differences between women with PCOS and the control
group in terms of domains and the total score on the CSFQ scale confirming the occurrence
of FSD in the study group. However, a detailed analysis of the CSFQ subscales showed
that in both groups of women the average values of the subscales of pleasure (3.92 vs.
3.93), desire/interest (8.75 vs. 8.58) and arousal (10.56 vs. 11, 16) were below the cut-off
limit—points excluded (Table 1). Additionally, the mean values in the orgasm domain
(10.88) were also below the threshold for sexual dysfunction in women with PCOS (Table 1).
The results presented are like those reported by Stovall et al. and generally support mild
FSD in women; we would like to note, however, that our study provides insight into the
sexuality of women with PCOS in the context of their sexual partners. In terms of all
domains and general functioning on the CSFQ scale, we obtained a pattern of statistically
significant differences between women and men in favor of men (Table 2). This effect
ranged from small to medium on the pleasure, desire/interest, orgasm, and total score
subscales, but from medium to large on the desire/frequency and arousal subscales.

To explain the above results, it is necessary to refer to sexual response models. The
linear model supplemented by Kaplan included four phases: desire, arousal, orgasm, and
decisiveness, and assumed that male desire is stable and high [19]. The latest research
focuses on assessing the short-term variability of the desires of women and men in the
context of their emotional state and closeness in a partnership and does not confirm
significant differences between women and men [20]. This is consistent with Basson’s later
model assuming that the motivations for sexual activity are numerous, sexual desire does
not have to be present at the beginning of the sexual response, but it is achieved after the
brain processes sexual signals that combine desire with arousal [21]. It has been suggested
that women with different levels of sexual function identify with different models of the
sexual response cycle [22], and women identifying with Basson’s model had significantly
lower levels of sexual function [23]. Clinical observations confirm that the dominant
reasons for initiating and partnering in sexual activity in women are emotional, and in
men, physical [21]. The central role of attention processes in stimulating the subjective and
physiological components of sexual arousal has been proven [24]. Conscious evaluation
of sexual stimuli and contextual cues can lead to subjective sexual arousal (SSA). The
latter may be increased by awareness of genital congestion, which is more typical of the
male experience [25].

(SSA) has been defined as positive cognitive [26] or emotional engagement [27] in
response to a sexual stimulus, suggesting that one must be directly or indirectly aware
of the sexual stimulus, which may be internal (sexual thoughts) or external (partner’s),
to experience SSA [28]. SSA reduces sexual restraint [29] and motivates individuals to
engage in sexual activity [30]. It is also believed that increased SSA may increase pleasure
and satisfaction during sexual activity, which are associated with engagement in future
sexual activity [31]. This knowledge may lead us to another result in our study, that
the intensity of sexual thoughts and fantasies was associated with higher levels of de-
sire/frequency, desire/interest, but also arousal and orgasm (Table 3). Attempts to enhance
SSA by administering drugs did not produce consistent results, which is most likely related
to the excessive heterogeneity of the studied women and the drug dose [32–34]. Cogni-
tive interventions are more effective (91% of studies) than pharmacological ones (31% of
studies) [35]. This may be partially explained by psychological variables (mood, attention,

50



J. Clin. Med. 2024, 13, 2227

relationship satisfaction), which may have a stronger impact on women’s experience of
SSA than pharmacological agents [35]. Velten et al. showed that women with clinical and
subclinical sexual dysfunctions engage in sexual stimuli to a lesser extent [36]. This finding
suggests that therapeutic efforts should focus on increasing attention to sexual cues and
simultaneously analyzing women’s emotional and cognitive evaluation of these cues [36].

Empirical research indicates that the motivation to engage in sexual activity is related
to sexual thoughts and fantasies, which influence the level of sexual well-being [21]. Gen-
der differences in the way women and men respond to sexual situations highlight the
importance of the potential for sexual arousal to decline or disappear “if everything goes
wrong” [21]. In this context, the most interesting result concerns the domain of arousal in
women with PCOS. They declare only slightly lower arousal compared to women from
the control group, but there is a large discrepancy between them and their partners in
this respect (Table 2). This may be complemented by the dual control model, which states
that sexual arousal is influenced by excitatory and inhibitory mechanisms, with women
generally exhibiting greater inhibition and men greater arousal [37,38]. The central neu-
roendocrine mechanisms regulating the sexual response in women are today described
as dynamic, creating a balance between stimulating and inhibiting factors [39,40]. Several
studies have confirmed the occurrence of arousal disorders in women with PCOS [12,41–44].
Bazarganipour et al. noticed a possible relationship between arousal and hirsutism, acne,
and obesity [42]. Bahadori et al. showed that arousal dysfunction was associated with
phenotype B characterized by hyperandrogenism, hirsutism, and anovulation [43]. Gniew
et al. suggested that this may be due to the degree of personal distress observed within
the team [44]. In this context, our results require further research due to the lack of an
objective assessment of the affective state and the relationship with specific phenotypic
characteristics of PCOS patients.

The assessment of individual sexual domains leads to the conclusion that women
with PCOS derive significantly less satisfaction from their sexual life than women without
this syndrome [11,41,45,46]. It may be the result of specific symptoms such as hyperandro-
genism, hirsutism, and oligoanovulation or anovulation, characteristic of both phenotype
A and B [47]. These symptoms had a negative impact on physical appearance, resulting
in a decreased perception of “feminine identity” and a feeling of “unattractiveness” [48],
as well as a deterioration of “self-image” and lowered “self-esteem” [49]. Indeed, higher
levels of subjective attractiveness (VAS3) in our patients were associated with higher scores
in almost all domains and the CSFQ total score, except for the desire/frequency subscale
(Table 3). This finding indicates the importance of a positive attitude towards oneself, which
can strengthen individual psychological mechanisms that eliminate frustration caused by
the diagnosis and course of PCOS.

Eftenkhar et al. found lower scores in all FSFI domains if the Ferriman–Gallwey
scale scores were 6–8 [50]. Elsenbruch et al. described concerns about excessive hair
growth among women with PCOS, who confirmed that it had a detrimental effect on their
sexual life [45]. Our study shows two conclusions on this subject: firstly, the greater the
impact of excessive hair on sexuality (VAS4) and the greater social problems resulting
from appearance (VAS5), the lower the level of pleasure was (Table 3), and secondly,
the higher results on the Ferriman–Gallwey scale worsened the subjectively perceived
impact of excessive hair on sexuality (VAS4) (Table 6). Ercan et al. reported a significant
negative correlation between the results of total FSFI and the levels of total and free
testosterone [51]. Veras et al. showed a negative correlation between sexual functions
and the levels of total testosterone and dehydroepiandrosterone sulfate [52]. On the
contrary, Mansson et al. and Stovall et al. proved the inverse relationship [18,41]. Rellini
et al. confirmed that clinical symptoms suggesting sensitivity to androgen levels, but not
biological androgen levels per se, predicted levels of sexual desire [53]. In this context, the
role of testosterone in modulating female sexual desire and sexual function in general is
still poorly understood. Although there is evidence of benefits from short-term transdermal
testosterone administration in postmenopausal women with low sexual drive, there is

51



J. Clin. Med. 2024, 13, 2227

no specific serum level or lower limit for androgens or androgen precursors to recognize
decreased female sexual function [54,55]. Our findings confirm that physical characteristics
associated with hyperandrogenism have a negative impact on women’s sexuality.

There are various research results describing the association of sexual functions with
obesity, BMI, and WHR in women with PCOS, namely that obesity and hirsutism correlate
with reduced sexual satisfaction [56], an increase in BMI has a negative relationship with
satisfaction with sexual life [41], with lower results in FSFI [57], an increase in body
weight and abdominal circumference negatively correlated with sexual satisfaction in
women [58,59], and a progressive increase in sexual dysfunctions correlated with a constant
increase in the WHR index [60]. De Frene et al. concluded that an increase in BMI in
women leads to a decrease in sexual satisfaction and in their relationships, but this was
inconsistent with the feelings of their partners, which increased in proportion to their body
weight [61]. Benetti-Pinto et al. noticed that BMI correlates with quality of life, i.e., the
higher the BMI, the lower the quality of life [62]. The studies by Elsenbruch et al. and
Stovall et al. showed that BMI changes did not correlate with the level of satisfaction
in women with PCOS [18,45]. In the case of our study, it was shown that the higher the
WHR index, the greater the social problems resulting from appearance and the greater the
sexual satisfaction reported by women with PCOS in the last month (Table 6). It cannot be
concluded that a higher WHR had a negative impact on perceived sexual satisfaction, but
it did cause greater social struggles.

The more frequent occurrence of painful sexual intercourse in our patients is associated
with a lower quality of orgasm, as well as a lower level of pleasure, arousal, and overall
functioning (Table 3). Loh et al. showed a lower pain score in women with PCOS, which
they interpreted as the possibility of dyspareunia caused by relatively low FSH levels
preventing the growth of ovarian follicles and resulting in estrogen deficiency with possible
vaginal atrophy [13]. It is worth mentioning the results of the study by Nohr EA et al.,
who found that dyspareunia occurs more often in the group of patients with a history
of PCOS [63]. The authors interpreted this finding in the context of decreased thirst and
reduced ability to relax due to chronic pain and medical conditions. This observation is
limited by the fact that the mean age of the patients was over 40 years. In this context, our
results call for deeper research into the somatic causes of intercourse pain.

Research on sexual functions poses many methodological difficulties, which are also
visible in our study. The described discrepancy in results—the presence vs. absence of FSD
and statistical difference vs. absence of this difference compared to the control group—can
be explained by the multifactorial nature of women’s sexual functions, the severity of
PCOS, and the nature of sexual relationships, as well as different populations of research
groups, inclusion criteria, and assessment methods [64]. Additionally, the limited number
of participants in the study group did not allow for the analysis of sexual functions in terms
of specific PCOS phenotypes and sex hormone levels.

5. Conclusions

We confirmed that there are no statistically significant differences in sexual function
between women with PCOS and women without this diagnosis. This finding concerns
young cisgender women who reported living in stable heterosexual relationships. Our
attempt to compare the sexual function of women and their partners in the study group
showed significant differences in all sexual areas and total sexual functioning, but the
difference in arousal was particularly important. The intensity of sexual thoughts and
fantasies especially increased desire. We have proven that self-esteem has a huge impact
on women’s sexuality. Our results concern young cisgender women who reported living in
stable heterosexual relationships.

Our findings should be translated into a model of care for women with PCOS. Multi-
disciplinary care models should offer integrated care with tailored therapies, education, and
lifestyle support, as well as treatment. A wide range of health care for this group of patients
should include not only gynecologists, endocrinologists, primary care physicians, dieti-
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tians, and exercise physiologists, but open access to psychologists and sexologists should
be ensured. The involvement of various specialists should facilitate the preparation of a
question list, a structured list of patient-generated and applied health questions that can be
integrated with evidence-based information and answers. This facilitates patient–caregiver
interaction and may contribute to improving patient knowledge and support [1].
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Abstract: This study aims to determine the test–retest reliability and to confirm the domain structures
of the Dutch version of the modified polycystic ovary syndrome questionnaire (mPCOSQ) and the
Polycystic Ovary Syndrome Quality of Life Scale (PCOSQOL) in Dutch and Flemish women with
Polycystic Ovary Syndrome (PCOS). PCOS patients were contacted with a request to complete both
questionnaires (including additional demographic questions) online in their home environment on T0
and on T1. The study was approved by the Ethics Committee of Erasmus Medical Centre and of Ghent
University Hospital. In this study, 245 participants were included between January and December
2021. The mPCOSQ has excellent internal consistency (α: 0.95) and a high to excellent Intraclass
Correlation Coefficient (ICC) for all six domains (ICC: 0.88–0.96). The PCOSQOL demonstrates
excellent internal consistency (α: 0.96) and ICC (ICC: 0.91–0.96) for all four domains. The original
six-factor structure of the mPCOSQ is partly confirmed. An extra domain is added to the PCOSQOL
which included coping items. Most women have no preference for one of the two questionnaires
(55.9%). In conclusion, The Dutch mPCOSQ and PCOSQOL are reliable and disease-specific QoL
measures for women with PCOS. Both questionnaires are recommended for clinical practice.

Keywords: polycystic ovary syndrome; PCOS; health-related quality of life; QoL; questionnaire;
modified PCOSQ; PCOSQOL

1. Introduction

Polycystic Ovary Syndrome (PCOS) is the most common endocrine condition in
women of reproductive age and affects 8–15% of that age group [1–3]. The diagnosis of
PCOS requires at least two out of three of the following criteria: (1) oligo-ovulation or
anovulation (irregular or no menstrual cycle), (2) clinical hyperandrogenism (e.g., hir-
sutism) and/or biochemical signs of hyperandrogenism (elevated free androgen index or
elevated testosterone levels), and (3) polycystic ovarian morphology (PCOM) (by transvagi-
nal ultrasound), and the exclusion of other etiologies that might cause hyperandrogenism
or cycle irregularity [4]. Most women with PCOS experience one or more of the following
symptoms: psychological (anxiety, depression, and body image dissatisfaction), physi-
cal (hirsutism and acne), reproductive (irregular menstrual cycles, and infertility), and
metabolic (insulin resistance, metabolic syndrome, prediabetes, and type 2 diabetes) disor-
ders [5]. In general, women with PCOS encounter more depressive and anxiety complaints,
they have lower self-esteem, and they experience a more negative body image than women
without PCOS [6,7]. The prevalence of clinically significant symptoms associated with
depression among women diagnosed with PCOS is reported to be 37%, which is notably
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higher compared to the rate of 14.2% observed in healthy women. Furthermore, the preva-
lence of symptoms related to anxiety is found to be 42% in women with PCOS, whereas it
is only 8.5% among healthy women [8]. Additionally, these women report lower quality
of life (QoL) due to their PCOS symptoms [9,10]. Most women with PCOS report that
weight concerns have the largest impact on QoL. Other PCOS symptoms, such as menstrual
problems, infertility, hirsutism, and acne, impact their QoL less [11]. According to the
latest PCOS guideline of the European Society of Human Reproduction and Embryology
(ESHRE), healthcare professionals should be more aware of the negative impact of PCOS
on quality of life [12].

Implementing QoL questionnaires in research and routine practice provides significant
added value in understanding the impact of a particular condition or treatment on an
individual’s well-being and overall quality of life. QoL questionnaires are standardized
instruments that assess various aspects of an individual’s physical, psychological, and
social functioning, and their overall satisfaction with life. For women with PCOS, the
polycystic ovary syndrome questionnaire (PCOSQ) [13] was developed to complement
generic health-related QoL instruments, such as the Standard short-form health survey
questionnaire (SF-36) [14]. The PCOSQ has already been translated into English [15,16],
Arabic [17], German [18], Chinese [19], Swedish [20], and Iranian [21]. Recent research
suggested that psychological, social, or environmental aspects are less represented than
the physical impact of PCOS measured by the PCOSQ. Others suggested that more QoL
measures should be developed [22] to obtain a more sensitive measure of QoL in all
PCOS phenotypes [23]. Therefore, the Polycystic Ovary Syndrome Quality of Life Scale
(PCOSQOL) was developed in 2018 based on these recommendations [24].

Globally, women have reported insufficient access to information, delayed diagnosis,
and inconsistent care for PCOS [12]. The provision of comprehensive and accurate infor-
mation has been shown to enhance satisfaction with care and improve the overall patient
experience [25]. Language barriers further exacerbate the issue, as the majority of consumer
information is predominantly available in English. This poses challenges for immigrant
populations and women residing in countries where English is not their primary language,
such as the Netherlands and Belgium. Therefore, this study aims to determine the test–
retest reliability and to confirm the domain structure of the Dutch version of the mPCOSQ
and the PCOSQOL in Dutch-speaking samples. Additionally, we want to examine which
questionnaire is preferred by women with PCOS.

2. Materials and Methods

2.1. Study Design

Two independent translators performed a forward and backward translation of the
original English mPCOSQ and PCOSQOL. Between January and December 2021, patients
with PCOS were contacted with a request to complete the mPCOSQ and PCOSQOL ques-
tionnaires (and some additional demographic questions) online in their home environment
(T0). A test–retest design was applied to demonstrate stability over time by having all
women complete the same questionnaires a second time after two to four weeks (T1). At
both points in time, participants were asked if they had a preference for one of the two
questionnaires. We also performed a factor analysis. All materials, including the informa-
tion sheet, the consent form, and the questionnaires, were completed using Gemstracker
(www.gemstracker.org). The study was approved by the Ethics Committee of the Eras-
mus Medical Centre (The Netherlands) (MEC-2019-0628) and Ghent University Hospital
(Belgium) (B6702020000388).

2.2. Questionnaires

The original PCOSQ [13] was developed in 1998 by Cronin et al. It consisted of 26 items
and took 10 to 15 min to complete. The questionnaire included five subscales: emotions,
body hair, infertility, weight, and menstrual problems [13]. Based on a validation study
by Jones and colleagues [15], an acne domain was added to improve the validity of the
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PCOSQ. This resulted in a 30-item mPCOSQ with 6 subscales: emotions (8 items), body
hair (5 items), weight concerns (5 items), infertility concerns (4 items), menstrual problems
(4 items), and acne (4 items). Each item is answered based on a 7-point Likert scale, where
one represents the poorest function, and seven represents an optimal function. A higher
score on the mPCOSQ denotes a higher quality of life [26]. The PCOSQOL is developed by
Williams et al. and is a 35-item self-administered questionnaire with four domains: impact
of PCOS (16 items), infertility (7 items), hirsutism (6 items), and mood (6 items). Each item
is answered based on a 7-point Likert scale, ranging from 1 (usually) to 7 (does not apply).
A higher score on the PCOSQOL denotes a higher quality of life [24].

2.3. Population

Women of at least 18 years old, who were able to speak and write Dutch, and who
were diagnosed with PCOS according to the Rotterdam criteria [4] or according to the
international evidence-based guideline for the assessment and management of PCOS [12]
were eligible for the study. Women who were pregnant at T0 or T1 were excluded from
the study. The definition of PCOM varies according to the PCOS criteria that are used.
According to the Rotterdam criteria, PCOM is defined as ≥12 follicles (measuring 2–10 mm)
and/or ovarian volume > 10 cm3 in at least one ovary [27]. According to the international
evidence-based guideline for the assessment and management of PCOS, PCOM is defined
as a follicle number per ovary of ≥20 (on either ovary) and/or an ovarian volume ≥ 10 mL,
ensuring no corpora lutea, cysts, or dominant follicles [12]. Both definitions are used to
define PCOS in this study.

2.4. Recruitment

Participants were recruited via Erasmus MC (the Netherlands) and Ghent University
Hospital (Belgium). At the Erasmus MC, all patients were recruited via a PCOS database
of the Division of Reproductive Endocrinology and Infertility. This database includes
all women with menstrual cycle disorders that are systematically screened using a stan-
dardized protocol. They were all contacted via email and received a link to the online
questionnaires. At Ghent University Hospital, Belgian PCOS patients were recruited in
several ways: (1) PCOS patients who were included in a previous study and who agreed to
be contacted for future research received an email with the link to the questionnaires, (2) the
gynecologists working at the Women’s Clinic and in a later stage the endocrinologists work-
ing at the Endocrinology Department of the hospital were informed about the study and
recruited patients in their daily practice, (3) the treating gynecologists of the Department
of Reproductive Medicine (RM) emailed PCOS patients that were eligible for the study
with a request to reply in case of interest in the study, (4) a flyer was distributed in the
waiting room of the Department of RM and later in the waiting room of the Endocrinology
Department of the hospital, (5) a message was put on the website of the Department of RM.
In May 2022, it was decided to stop recruitment. At that time, 64 Belgian PCOS patients
had completed the questionnaires at both points in time.

2.5. Statistical Considerations

Applying the procedure described by Bonett [28] for a Pearson correlation of at least
0.80 and a 95% confidence interval width of 0.10, requires a sample size of 240 patients.
Therefore, 120 Dutch patients and 120 Flemish patients need to be enrolled.

The Cronbach alpha was used together with the Intraclass Correlation Coefficient
(ICC) for the test–retest of the mPCOSQ and the PCOSQOL. To assess the reliability within
the mPCOSQ and the PCOSQOL domains, the one-way random-effects analysis of variance
technique was used to estimate the Mean Square values required for subsequent calculation
of the ICC. The ICC ranges from 0 to 1. Values near 0 indicate unreliable test–retest structure,
and values above 0.90 indicate excellent reliability. Factor analysis (using principal compo-
nents analysis with varimax rotation) was used to measure which questions belong to each
domain. The factor indicates the relationship between a set of items and is defined by the
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items that load on it or the factor loadings. Loadings > 0.5 were considered satisfactory. The
data were analyzed using SPSS Software version 28 (IBM). Data not normally distributed
were presented as medians, including the interquartile range (IQR) for continuous data
and n (%) for categorical data. Mann–Whitney U-tests were used to determine significant
differences between continuous variables. For categorical variables, Fisher’s exact and
χ2 tests were used. p-values of ≤0.05 defined statistical significance.

3. Results

A total of 245 women participated in the study and completed the test–retest of both
questionnaires; 64 women were included in Belgium and 181 in the Netherlands. The
median age of the women who completed the mPCOSQ and the PCOSQOL assessments
was 31 (IQR 27.0–34.0) years. The median weight was 79 (IQR 65.0–98.0) kg. The median
BMI was 32.1 (IQR 27.7–39.2) kg/m2. Most women received their PCOS diagnosis one
to five years ago (44.1%) and were not actively trying to become pregnant (63.7%). Most
women were married (40.8%) and worked on a full-time basis (45.3%). They did not smoke
(91.4%), drank alcohol (58.4%), and the majority did not use drugs (98.0%). Most women
were Caucasian and were born in the Netherlands or in Belgium (89.0%). Seven women
in total were born in Suriname (3.3%), Turkey (0.8%), and Morocco (0.4%), and fourteen
women were born elsewhere (5.7%), see Table 1. At baseline, women in Belgium had
a significantly lower BMI (p = 0.003) and were more likely to work on a full-time basis
(p < 0.001). There were no significant differences in age (p = 0.966), marital status (p = 0.141),
smoking status (p = 0.298), alcohol use (p = 0.464), and the proportion of women that were
trying to conceive (p = 0.291).

Table 1. Patient characteristics.

Characteristics Belgium (IQR) The Netherlands (IQR)

N = 64 N = 181

Median age (years) 31.0 (28.0–33.8) 30.0 (27.0–34.0)
Median weight (kg) 69.0 (58–80.8) 82.0 (70.0–100.0)

Median body mass index (BMI) (kg/m2) 30.0 (25.3–35.5) 34.3 (28.7–40.5)

N (%) N (%)

Time since PCOS diagnosis:
<1 year 16 (25.0) 27 (14.9)

1 to 5 years 31 (48.4) 77 (42.4)
5 to 10 years 9 (14.1) 43 (23.8)

>10 years 8 (12.5) 34 (18.8)

Trying to conceive (yes) 27 (42.2) 62 (34.3)
Marital status (married) 21 (32.8) 79 (43.6)

Education:
Low 12 (18.8) 6 (3.3)

Intermediate 2 (3.1) 84 (46.4)
High 50 (78.1) 91 (50.3)

Working status (full time) 46 (71.9) 65 (35.9)
Smoking (yes) 3 (4.7) 18 (9.9)

Alcohol use (yes) 40 (62.5) 103 (56.9)
Drug use (yes) 1 (1.6) 4 (2.2)

Note: “Low” refers to the International Standard Classification of Education (ISCED) levels 0–2 (early childhood
education, primary education, and lower secondary education), “intermediate” refers to ISCED levels 3–4 (upper
secondary education, and post-secondary non-tertiary education), and “high” refers to ISCED levels 5–8 (tertiary
education, including bachelor’s, master’s, and doctoral degrees). IQR = interquartile range.

3.1. Test–Retest Reliability

For the 30-item mPCOSQ, the overall Cronbach’s alpha (α) was 0.95, which is con-
sidered excellent internal consistency. The ICC for the six domains ranged from 0.88 to
0.96, which is high to excellent. For the 35-item PCOSQOL, the overall Cronbach’s α was
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0.96. The ICC for the four domains ranged from 0.91 to 0.96. These values are considered
excellent (Table 2).

Table 2. mPCOSQ and PCOSQOL subscales at T0 and T1.

Questionnaire Domain
Median Score T0

(Min–Max)
Median Score T1

(Min–Max)
Cronbach’s Alpha (α) ICC (95% CI)

mPCOSQ

Emotions 3.8 (1–7) 4.1 (1–7) 0.919 0.92 (0.90–0.94)
Body hair 3.8 (1–7) 3.8 (1–7) 0.959 0.96 (0.95–0.97)

Weight 3.0 (1–7) 2.8 (1–7) 0.955 0.96 (0.94–0.97)
Infertility 3.8 (1–7) 4.0 (1–7) 0.932 0.93 (0.90–0.95)

Menstrual problems 3.3 (1–7) 3.3 (1–7) 0.879 0.88 (0.84–0.90)
Acne 5.8 (1–7) 5.8 (1–7) 0.916 0.92 (0.89–0.94)

PCOSQOL

Impact of PCOS 3.9 (1–7) 3.9 (1–7) 0.952 0.95 (0.94–0.96)
Infertility 4.6 (1–7) 4.6 (1–7) 0.951 0.95 (0.94–0.96)
Hirsutism 4.5 (1–7) 4.3 (1–7) 0.961 0.96 (0.95–0.97)

Mood 4.2 (1–7) 4.2 (1–7) 0.914 0.91 (0.89–0.93)

Note: CI = confidence interval.

3.2. Factor Analysis

For the mPCOSQ, we found that the original six-factor structure was partly confirmed
(Supplemental Tables S1 and S2). Two items (“How much of the time during the last two
weeks did you feel a lack of control over the situation with PCOS?” (item 23) and “In
relation to your last menstruation, how much was a late menstrual period a problem for
you?” (item 20)) did not load on their original domain. Therefore, item 23 was moved
from the domain “infertility” to “emotions”, and item 20 was moved from the domain
“emotions” to “menstrual problems”.

For the PCOSQOL, the original four-factor structure was changed into a five-factor
structure: impact of PCOS (11 items), infertility (7 items), hirsutism (7 items), coping with
PCOS (6 items), and mood (4 items). The domain “coping with PCOS” was added, which
includes items from the original domain “impact of PCOS”: 19, 27, 28, 29, 32, and 33.
Item 19 (“Felt like your PCOS is in control of your life”) loaded on two domains which
are “impact of PCOS” and “coping with PCOS”. We decided to include item 19 in the
new domain, “coping with PCOS”. Item 20 (“Felt embarrassed about the way you look”),
originally in the domain “hirsutism”, failed to obtain a value of 0.50.

3.3. Baseline Differences

The overall total score on the mPCOSQ was 3.97 (SD = 1.20). The difference be-
tween the overall score in Belgium and in the Netherlands was significant (4.74 vs. 3.70;
p <0.001). On the PCOSQOL, women recruited in Belgium had an overall total score of 4.90
(SD = 1.23), and women recruited in the Netherlands had a total score of 3.86 (SD = 1.23)
(p < 0.001). This suggests that women in Belgium had better QoL compared to women in
the Netherlands. The mean scale scores of the mPCOSQ showed that “menstrual problems”
and “weight” scored the lowest, indicating the worst health in these two dimensions.
For the PCOSQOL, the scales “mood” and “impact of PCOS” scored the lowest (Table 3).
Additional analyses were performed to examine the difference between overall scores for
Belgium and the Netherlands.

Assuming that BMI performed an important role in the difference between mPCOSQ
and PCOSQOL scores in both countries, we performed additional analyses based on BMI
and if women were trying to conceive. Women with a BMI below 30 had better QoL
compared to women with a BMI above 30 on the mPCOSQ (4.48 vs. 3.93, p < 0.002) and
on the PCOSQOL (4.64 vs. 3.60, p < 0.001). Additionally, women who were not trying to
conceive had better QoL compared to women who were trying to conceive based on the
mPCOSQ (4.38 vs. 3.68, p < 0.001) and the PCOSQOL (4.14 vs. 3.68, p = 0.002).
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Table 3. Baseline mPCOSQ and PCOSQOL subscales for Belgium and the Netherlands.

Questionnaire Domain
Overall

Score (SD)
Score for

Belgium (SD)
Score for The

Netherlands (SD)
p Value

mPCOSQ

Emotions 3.99 (1.36) 4.93 (1.37) 3.65 (1.19) <0.001
Body hair 4.00 (2.03) 4.92 (2.01) 3.67 (1.95) <0.001

Weight 3.59 (2.19) 4.61 (2.10) 3.22 (2.11) <0.001
Infertility 3.73 (1.94) 4.37 (2.08) 3.50 (1.84) 0.002

Menstrual problems 3.41 (1.40) 3.96 (1.67) 3.22 (1.24) 0.003
Acne 5.17 (1.75) 5.43 (1.65) 5.09 (1.78) 0.167

Total score (with acne) 3.97 (1.20) 4.74 (1.24) 3.70 (1.07) <0.001
Total score (without acne) 3.78 (1.28) 4.63 (1.28) 3.48 (1.14) <0.001

PCOSQOL

Impact of PCOS 4.00 (1.47) 4.88 (1.47) 3.70 (1.35) <0.001
Infertility 4.38 (1.92) 4.74 (1.89) 4.26 (1.92) 0.094
Hirsutism 4.29 (1.88) 5.13 (1.74) 3.99 (1.84) <0.001

Mood 3.99 (1.42) 4.91 (1.17) 3.67 (1.36) <0.001
Total score 4.13 (1.31) 4.90 (1.23) 3.86 (1.23) <0.001

3.4. Acceptability

Most women (70.6%) completed the questionnaires in approximately 15 min. They
found the time spent on the questionnaires to be good (93.9%). Most women experienced
the questionnaires as medium relevant (36.3%), while 23.5% found the questionnaires
highly relevant, and 24.1% found them not relevant. Most women had no preference for
one of the two questionnaires (55.9%).

4. Discussion

The results of this study showed that the Dutch mPCOSQ and PCOSQOL are reliable
and disease-specific QoL measures for Dutch and Flemish women with PCOS. Both ques-
tionnaires had excellent internal consistency and high to excellent ICC for all domains. For
the mPCOSQ, the original six-factor structure was partly confirmed. Based on the factor
analysis of the PCOSQOL, an extra domain was added, which included coping items. Most
women had no preference for one of the two questionnaires. We found that Belgian women
with PCOS had better QoL compared to women in the Netherlands. This might be related
to the significantly lower BMI in Belgian patients.

4.1. mPCOSQ

The original PCOSQ was translated into many languages [15–20] but not yet for
Dutch-speaking women. Therefore, we have translated the 30-item Dutch version of
the modified PCOSQ, including a sixth subscale for acne [21,26]. The acne domain was
added because acne is related to a worse quality of life in women with PCOS [15] and
because previous validation studies have shown that adding acne questions improved the
validity of the original PCOSQ [15,26]. Others have introduced a version of the mPCOSQ
with seven domains; the domain “menstrual factor” of the PCOSQ was divided into
“menstrual symptoms” and “menstrual predictability” [26]. This change was installed
because Guyatt et al. had found that two questions on the menstrual period (item 8 on
irregular menstrual period and item 20 on last (late) menstrual period) loaded on a new—at
that time undefined—factor of the PCOSQ [15,17]. Other authors suggested a change of
item 20 from the emotional domain to the menstrual domain [20,21]. Another possible
explanation for the low internal consistency in the menstrual domain of the PCOSQ was the
fact that the question on headaches did not fit in that domain [16]. Due to the inconsistency
in the literature, we decided to use the mPCOSQ with six domains. Although some earlier
studies found a lower internal consistency for the menstrual domain compared to the other
PCOSQ domains [15–18], our data showed an excellent Cronbach’s α [21]. However, we
also found that item 20 did not load on the original emotional domain and suggested it
be moved to the menstrual domain, which is in line with the findings of other research
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groups [20,21]. Our results showed that item 23 (lack of control over the situation with
PCOS) should be moved from the domain “infertility” to the emotional domain. This
finding is in line with the results of previous studies [15,20].

In our study, the time interval between the completion of the questionnaires was two
to four weeks. Previous PCOSQ/mPCOSQ studies have used intervals of three to six
days [15], seven days [20], five days to two weeks [17], two weeks [21], four weeks [18],
and 44 weeks [16]. Jedel and colleagues suggested an interval of three days to limit the
impact on health status [20]. Our belief is that a longer time between T0 and T1 would be
preferable to prevent participants from recalling their previous answers and reproducing
them at T1. However, we acknowledge that a four-week timeframe may be more prone to
changes in health compared to shorter intervals [16]. However, our data showed high to
excellent test–retest reliability.

4.2. PCOSQOL

Our results with regard to internal consistency and test–retest reliability of the PCOSQOL
were in line with the development and preliminary validation study [24]. Contrary to that
study, we found that six items of the domain “impact of PCOS” loaded on a new domain
“coping with PCOS”. Moreover, it can be debated to exclude items 19 and 20 because of
very low loadings to the original domain. This, too, is in contrast with the findings of
Williams et al. [24].

4.3. Strengths, Limitations, and Future Research

The strengths of our study are worth mentioning. In contrast to some previous
studies [17,20], we strived for identical settings (the home environment) at the two points
in time of completing the questionnaires [15,21,24]. Furthermore, we questioned the
same participants twice [16,18]) and not a subgroup of the first cohort [21] or a different
cohort [24]. Additionally, it was a strength that two fertility centers in different countries
were involved because most studies were monocentric [15,17–20] or performed within one
country [21,24]. Additionally, we included both PCOS patients with and without a wish
for a child and patients with and without a recent PCOS diagnosis which improves the
generalizability of the results. Nonetheless, the proportion of participants with irregular
cycles and infertility might be larger and the proportion of participants with hirsutism and
acne might be smaller compared to the general population since we mainly recruited via
fertility centers [15,18,21].

Some limitations could be identified. Although much effort was put into recruitment
at Ghent University Hospital, the target of 120 Belgian inclusions could not be reached
within a reasonable time. However, a predominance of Dutch patients led to the intended
sample size of 240 patients. Yet, this might have influenced the results of the study as
significant differences between Belgian and Dutch participants were present at baseline,
with Belgians having a lower BMI and being more likely to work on a full-time basis.
Additionally, the sample is prone to self-selection bias: it is possible that participants were
more eager to take part in the study because of more severe symptoms related to PCOS or
because of an impaired quality of life [18]. A small cohort of Belgian participants presented
themselves to take part in the study (e.g., after reading a message on the hospital website).
For these patients, it was not possible to verify the diagnosis of PCOS [21].

More translations of the PCOSQOL in different ethnic populations are necessary to
evaluate if adjustments to the original questionnaire are necessary. Future research should
also focus on whether differences in quality of life in PCOS patients could be correlated
with different PCOS phenotypes.

5. Conclusions

The Dutch mPCOSQ and PCOSQOL are reliable and disease-specific QoL measures for
Dutch and Flemish women with PCOS. For the mPCOSQ, the original six-factor structure
was partly confirmed. Based on the factor analysis of the PCOSQOL, an extra domain
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was added, which included coping items. Most women had no preference for one of the
two questionnaires.

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/jcm12123927/s1. Table S1: mPCOSQ factor analysis;
Table S2: PCOSQOL factor analysis; File S1: Dutch version of the mPCOSQ; File S2: Dutch ver-
sion of the PCOSQOL.
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Abstract: This analysis of secondary outcome measures of a randomized controlled trial was con-
ducted to study the effect of a one-year three-component (cognitive behavioural therapy, diet, exercise)
lifestyle intervention (LSI), with or without additional Short Message Service (SMS) support, on
physical activity and aerobic capacity in overweight or obese women with polycystic ovary syndrome
(PCOS). Women diagnosed with PCOS and a BMI > 25 kg/m2 were randomly assigned to LSI with
SMS support (SMS+, n = 60), LSI without SMS support (SMS−, n = 63) or care as usual (CAU, n = 60)
in order to lose weight. Based on results from the International Physical Activity Questionnaire
(IPAQ), we found a significant within-group increase after one year for SMS+ in the high physical
activity category (+31%, p < 0.01) and sitting behaviour decreased (Δ −871 min/week, p < 0.01).
Moreover, the peak cycle ergometer workload increased within SMS+ (Δ +10 watts, p < 0.01). The
SMS+ group also demonstrated a significantly different increase in walking metabolic equivalent of
task minutes (METmin)/week compared with CAU after one year (Δ 1106 METmin/week, p < 0.05).
Apart from this increase in walking activity, no other between-group differences were found in this
trial. Overall, based on within-group results, SMS support seemed to help with improving physical
activity and aerobic capacity and decreasing sedentary behaviour.

Keywords: PCOS; lifestyle intervention; three-component; Short Message Service; exercise; physical
activity; aerobic capacity

1. Introduction

Polycystic ovary syndrome (PCOS), characterized by ovulatory dysfunction, hyperan-
drogenism and polycystic ovarian morphology, is currently the most common endocrine
disorder in reproductive-aged women [1]. This endocrine disorder is often associated with
overweightness and obesity [2]. Furthermore, other clinical problems in women with PCOS
may include derangements in reproductive, mental or metabolic parameters. The severity
of the clinically expressed PCOS phenotype in these women is in turn negatively associated
with increasing body mass index [3,4], which indicates that treatment strategies should
focus on weight management.

Physical activity (any bodily movement produced by skeletal muscles that requires en-
ergy expenditure) and structured exercise (activity requiring physical effort, carried out to
sustain or improve health and fitness), deliver metabolic, cardiovascular and psychological
health benefits in the general population [1,5–8]. Additionally, isometric strength training
(placing tension on particular muscles without moving the surrounding joints) demon-
strated positive effects on dynamic strength and sport-related performance [9]. By contrast,
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sedentary behaviour (activities during waking hours in a seated or reclined position with
energy expenditure less than 1.5 times resting metabolic rate [10]) has a negative impact on
health and is linked to all-cause mortality [11,12]. Improving physical activity is a common
element in the process of weight management. There are contradictory results on physical
activity levels in women with PCOS. One study found these to be lower in women with
than without PCOS. In particular, overweight or obese women with PCOS were less prone
to be aligned with physical activity recommendations for weight maintenance or weight
loss [13,14]. On top of this, high sedentary behaviour was extremely prevalent in this
particular group. Additionally, women with PCOS were found to have an impaired aerobic
capacity [15,16]. However, another study concluded that physical activity levels did not
differ between obese women with and without PCOS [17]. Nonetheless, physical activity
has a positive effect on overall health. Therefore, with the knowledge that obese women
with PCOS suffer from poor metabolic, reproductive and mental health, this population
should be motivated to be more physically active, achieve weight loss and maintain a
healthy lifestyle [13].

The PCOS guidelines recommend a multi-component lifestyle intervention, including
diet, behavioural strategies and physical activity, to achieve and maintain healthy weight [1].
However, health care providers are still searching for strategies to motivate this particular
population and improve adherence to healthy lifestyle choices [18]. For example, one
could promote physical activity by focusing on daily activities such as movement during
transportation, work, leisure time or household and gardening chores when considering
women’s individual and family routines as well as cultural preferences [1]. Furthermore,
eHealth, the use of information and communication technology to improve health, has
demonstrated to have the potential to effectively promote physical activity in adults with
obesity [19]. Mobile health options such as text messages through the Short Message
Service (SMS) may be used for this purpose [20]. Where SMS support is given, tailored text
messages appear to be more effective than generic ones in the general population [21,22].
However, the evidence on changes in physical activity resulting from motivational strate-
gies such as SMS support in addition to a lifestyle intervention is still limited in women
with PCOS.

We previously performed a randomized controlled one-year multidisciplinary lifestyle
intervention aimed at changing cognitions and dietary habits and encouraging and pro-
moting physical activity [23]. Half of the participants allocated to this three-component
lifestyle intervention also received additional SMS support. The control group received
care as usual, which consisted of advice to lose weight through methods of their own
choosing. The primary outcome measure, weight loss, was achieved more in the lifestyle
intervention groups and especially in the group with SMS support. Moreover, the chance of
achieving a 5% weights loss was 7.0 times greater in the lifestyle intervention groups than
the care as usual group [24]. The current study in the same cohort focused on the effect of
the lifestyle intervention, with or without SMS support, on weekly physical activity levels
when compared with care as usual. We hypothesized that physical activity levels increased
in those women who received the three-component lifestyle intervention and that tailored
SMS support might have amplified these results. Additionally, changes in aerobic capacity
were also evaluated within the lifestyle intervention groups.

2. Materials and Methods

2.1. Trial Design

The PCOS lifestyle study was a randomized controlled trial (RCT) performed between
August 2010 and March 2016. Women were included within the division of Reproductive
Endocrinology and Infertility of the Department of Obstetrics and Gynaecology, at the
Erasmus University Medical Centre, the Netherlands. The following three groups were
compared: (1) one-year three-component lifestyle intervention with SMS support (SMS+),
(2) one-year three-component lifestyle intervention without SMS support (SMS−) and
(3) one-year care as usual (CAU). Data were collected every three months from baseline up
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to and including one year. The study protocol was published previously [23]. This RCT
was approved by the Medical Research Ethics Committee of the Erasmus MC in Rotterdam
(MEC2008-337) and registered with the clinical trial number NTR2450 (www.trialsearch.
who.int (accessed on 1 February 2023)).

2.2. Participants

Women were included who were actively trying to become pregnant, had a body mass
index (BMI) > 25 kg/m2, were between 18 and 38 years of age and had a diagnosis of
PCOS according to the Rotterdam 2003 consensus criteria [25]. Exclusion criteria comprised
inadequate command of the Dutch language, severe mental illness, obesity due to another
somatic cause, androgen excess caused by adrenal diseases or ovarian tumours and other
malformations of the internal genitalia. All participants provided written informed consent.
The sample size calculation was based on a notable difference in weight as the primary
outcome measure of this RCT. A minimum of 60 participants was needed in each group,
when accounting for an expected dropout proportion of 40%. Randomisation of participants
was in a 1:1:1 ratio to one of the three groups with the use of a computer-generated random
numbers table, which was executed by a research nurse who was not involved in the study.

2.3. Three-Component Lifestyle Intervention (LSI) and Control Group (CAU)

The three-component lifestyle intervention for both the SMS+ and SMS− groups con-
sisted of twenty 2.5 h group meetings over the one-year period that covered the following
topics: (1) cognitive behavioural therapy (CBT), (2) normo-caloric diet and (3) physical ac-
tivity. The first 1.5 h of each group meeting was supervised by a mental health professional
and a dietician. CBT techniques were used to create awareness and to restructure dysfunc-
tional thoughts about, e.g., self-esteem and weight (loss). Furthermore, dietary advice was
discussed as recommended by the ‘Dutch Food Guide’ [26]. The last hour of each session
focused on physical activity and was supervised by two physical therapists. During each
session, different sports and exercises were performed to encourage participants to try new
forms of physical exercise. Furthermore, participants were also encouraged to increase
their general physical activity during their daily routine. Recommendations were based on
the Global Recommendations for Physical Activity by the World Health Organization [27].
These recommendations included: (1) five days of moderate physical activity for thirty min
each day, (2) vigorous exercise one to three days a week (at least twenty min per session)
and (3) perform eight to ten muscle-strengthening activities involving major muscle groups
twice a week. Every 3 months, participants discussed their improvements and pitfalls with
the psychologist, dietician and physical therapist.

After three months, the SMS+ group received SMS support in addition to the lifestyle
intervention program. This group sent weekly self-monitored information regarding their
diet, physical activity and emotions by SMS. A semi-automated software program returned
patient-tailored SMS feedback to encourage positive behaviour. Additionally, two messages
per week were sent addressing eating behaviour and physical activity; see Table 1.

In order to get acquainted with the program, we tested the lifestyle intervention in a
pilot group (n = 26), of which the data were not included in the final analyses.

The control group received care as usual (CAU) as provided by health care profession-
als of our department for any woman with PCOS, excess weight and a wish to become
pregnant. Their treating physician discussed the risk of excess weight for both mother and
child and the relationship between overweightness and infertility. Subsequently, weight
loss was encouraged by publicly available services such as visiting a dietician or gym.
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Table 1. Examples of text messages focused on physical activity.

• Did you know that cleaning the house is also a moment of exercise? You can burn up to
140 calories in an hour!

• Nordic walking is a fun form of walking that burns extra calories. Maybe it’s something
for you?

• Take the stairs one extra time every day this week. Your goal doesn’t have to be big, think of
something small that you can change.

• Vacuuming is also a form of exercise! Start cleaning this weekend!

• Challenge: if you encounter an elevator this week, take the stairs!

• Go for a walk during your break from work!

• Household chores are also a form of exercise! While scrubbing the floor you can burn about
140 calories (per 60 min).

• Try to go swimming with a friend this week. That will be fun!

• Did you stick to the exercise standard of 30 min a day this week?

• Did you know that exercise helps against fatigue and negative feelings?

2.4. Clinical and Endocrine Assessments

Participants of all three groups (SMS+, SMS− and CAU) received five standard-
ized assessments every three months from baseline up to and including one year. These
included general medical, obstetric and family history, physical measurements (height,
weight, BMI (kg/m2), waist and hip circumference, blood pressure), transvaginal ultra-
sound (probe < 8 MHz) and an extensive endocrine assessment on fasting blood samples.
Additionally, in order to monitor physical activity behaviour, all participants filled in the In-
ternational Physical Activity Questionnaire (IPAQ) Long Form [28] at the above-mentioned
three-monthly evaluation moments. Furthermore, a maximal cycle ergometer test was
performed in the SMS+ and SMS− groups to evaluate changes in aerobic capacity. The
CAU group did not perform the maximal cycle ergometer test intentionally, in order not to
perform any form of intervention in this control group.

2.5. Outcome Measures

The primary outcome measure included the change in physical activity category (low,
moderate, high) between and within all three groups over the course of the study period
from baseline up to and including one year. These data were retrieved from the interna-
tional physical activity questionnaires. Secondary outcome measures included changes
in total weekly physical activity (metabolic equivalent of task minutes (METmin)/week),
further subdivided per domain (work, transportation, household activities, leisure time
(METmin/week)) and intensity (walking, moderate, vigorous (METmin/week)). Changes
in sedentary behaviour (minutes/week) were also analysed. Furthermore, aerobic capac-
ity within (only) the lifestyle intervention groups were evaluated and expressed as the
achieved peak load (watt) resulting from the maximal cycle ergometer test.

2.5.1. International Physical Activity Questionnaire (IPAQ)

The IPAQ assesses the frequency, duration and intensity of physical activity in the
course of the previous week and covers the following four domains: (1) at work, (2) during
transportation, (3) during household activities and (4) during leisure time. The intensity of
these various activities can be represented in metabolic equivalents (METs), which express
energy expenditure in multiples of resting energy cost [29]. According to standardized
procedures, time and days per activity and intensity were converted to MET minute/week
scores by calculating METs x days x daily time. One minute of moderate household
activities comprises 3.0 METs, walking 3.3 METs, general moderate intensity activities 4.0
METs, vigorous yard work 5.5 METs, cycling 6.0 METs and vigorous intensity activities
8.0 METS. Sedentary behaviour is also evaluated as an extra domain, which is expressed
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in minutes/week. Subsequently, subjects can be divided into three different physical
activity categories:

1. Low: no activity is reported or some activity is reported but not enough to meet
categories ‘moderate or high’. These women reported activity equivalent to less than
600 METmin/week.

2. Moderate: These women reported 3 or more days of vigorous activity of at least 20 min
per day, 5 or more days of moderate-intensity activity and/or walking of at least
30 min per day, or 5 or more days of any combination of walking, moderate-intensity
or vigorous-intensity activities equivalent to at least 600 METmin/week.

3. High: These women reported vigorous-intensity activity on at least 3 days equivalent to
at least 1500 METmin/week or 7 or more days of any combination of walking, moderate-
or vigorous-intensity activities equivalent to at least 3000 METmin/week [28,29].

2.5.2. Maximal Cycle Ergometer Test

Before the start of every test we screened participants for cardiac and/or pulmonary
contraindications with the Physical Activity Readiness Questionnaire (PAR-Q) [30]. Par-
ticipants performed a standard ramp protocol on a cycle ergometer starting with a 5 min
warm-up (20 watt) followed by an increase in load with 10, 15 or 20 watt every minute,
based on the level of the participant. Participants must keep up a speed of 60 to 80 revolu-
tions per minute. The test endpoint was a decrease of 15 revolutions per minute; at this
point the peak load (watt), peak heart rate (beats per minute (BPM)) and modified Borg
scale were evaluated. A maximum effort was defined as achieving an arbitrary 85% of the
predicted maximum heart rate [31]. The predicted maximum heart rate was calculated with
the use of Tanaka’s equation (maximum heart rate: (208 − (0.7 × age))) [32]. The modified
Borg scale provides insight into the subjectively perceived effort level and ranges from 0
(no effort at all) to 10 (maximum exhaustion) [33]. A measurement in which the participant
did not perform a maximum effort was excluded from the analyses.

2.6. Statistical Methods

Physical activity category, weekly METs and sedentary behaviour minutes from the
IPAQ responses were calculated according to standardized procedures [29]. Data distribu-
tion was evaluated using the Kolmogorov–Smirnov test. Baseline primary and secondary
outcome measures were displayed as mean (standard deviation) in case of a normal dis-
tribution or as median (interquartile range (IQR)) in case of a non-normal distribution for
continuous variables and as n (%) for categorical variables. Within-group and between-
group differences over time were analysed with multilevel linear or logistic regression
analyses for continuous and categorical variables, respectively. The reason being that
mixed modelling is a preferred method when datasets have missing data and unbalanced
time-points [34]. The model contained two levels comprising the participants and their
repeated measures. Furthermore, the study group, logarithmic time and interactions were
included as independent variables. In case of a non-normal distribution, we performed a
bootstrap procedure with 10,000 samples in order to fulfil the assumption of normality for
the multilevel regression analyses. The estimates of the models were displayed as means for
multilevel linear regression analyses and as percentages for multilevel logistic regression
analyses. Statistical significance was defined as p < 0.05. IBM SPSS statistics version 27.0
was used for multilevel linear analyses including the bootstrap procedure. SAS version 9.4
(SAS Institute Inc., Cary, NC, USA) was used for multilevel logistic regression analyses.

3. Results

For this RCT, we identified 561 eligible women between August 2010 and March 2016.
Of these women, 352 were excluded for reasons further specified in Figure 1, and 26 women
participated in the pilot study, which was not included in the final analysis. Eventually,
183 women were allocated to SMS+ (n = 60), SMS− (n = 63) or CAU (n = 60) and had a
median age of 29 years (IQR 26–32) and median BMI of 32.8 kg/m2 (IQR 30.1–36.1). At
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baseline, only a small proportion of the participants were classified into the low physical
activity category, ranging between 4.4 and 12.2% for all groups. The proportions of par-
ticipants in the moderate and high physical activity categories ranged from 24.4 to 35.6%
and from 60.9 to 63.4%, respectively; differences were all non-significant. Walking MET-
min/week was significantly different at baseline between the SMS+ (792 METmin/week)
and CAU groups (1931 METmin/week) (p = 0.027) but not when compared with the SMS−
group (1148 METmin/week). However, total physical activity METmin/week was similar
between the groups, with 3834 (2007–5567), 3911 (2084–6555) and 3960 (1973–8573) for
SMS+, SMS− and CAU, respectively; see Table 2.

Table 2. Baseline characteristics.

Lifestyle Intervention Care as Usual

SMS+
n = 60

Missing
Values

SMS−
n = 63

Missing
Values

n = 60
Missing
Values

n (%) n n (%) n n (%) n

Nulliparous 47 (79.7) 1 47 (75.8) 1 44 (75.9) 2
Caucasian 30 (50.0) - 21 (35.0) 3 25 (42.4) 1
Smoking 13 (21.7) - 11 (17.7) 1 14 (23.7) 1

Alcohol consumption 12 (20.0) - 15 (24.2) 1 19 (32.2) 1
Education

Low 5 (8.3) - 5 (8.2) 2 8 (14.3) 4
Intermediate 33 (55.0) - 34 (55.7) 2 35 (62.5) 4

High 22 (36.7) - 22 (36.1) 2 13 (23.2) 4
IPAQ physical activity category n = 45 n = 46 n = 41

Low 2 (4.4) 3 (6.5) 5 (12.2)
Moderate 16 (35.6) 15 (32.6) 10 (24.4)

High 27 (61.4) 28 (60.9) 26 (63.4)

Median (IQR)
Missing
values

n
Median (IQR)

Missing
values

n
Median (IQR)

Missing
values

n

Age (year) 28 (26–32) - 30 (27–33) 1 28 (26–32) -
Weight (kg) 95 (85–106) - 89 (80–104) 1 84 (79–97) -

BMI (kg/m2) 33.5 (30.9–37.1) - 33.6 (30.4–36.0) 1 30.6 (29.3–34.3) -
Waist (cm) 102 (94–110) 4 100 (93–107) 4 96 (89–109) 1

IPAQ n = 46 n = 47 n = 43
Walking (METmin/week) 792 (330–2112) 1148 (446–2153) 1931 (512–4158)

Moderate (METmin/week) 1935 (686–4447) 2160
(1050–4187) 1350 (720–3300)

Vigorous (METmin/week) 960 (240–3840) 1096 (380–3540) 1440 (520–5280)
Total physical activity

(METmin/week)
3834

(2007–5567)
3911

(2084–6555)
3960

(1973–8573)
Sitting

(min/week)
2520

(1710–3630)
2730

(1725–3240)
2865

(1725–3360)
Maximum cycle ergometer test n = 31 n = 23

Peak load 179 (148–210) 166 (134–208) -
Peak heart rate 173 (170–181) 168 (162–178) -

mBorg 7 (4–7) 6 (5–8) -

Note: Values are displayed as numbers (percentages) or as medians (interquartile range). Abbreviations: SMS+,
lifestyle intervention with SMS support; SMS−, lifestyle intervention without SMS support; IQR, interquartile
range; IPAQ, international physical activity questionnaire; BMI, body mass index; MET, metabolic equivalent of
task; mBorg, modified Borg (rating of perceived exertion scale).
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Figure 1. CONSORT flowchart.

3.1. Changes in Low, Moderate and High Physical Activity Categories Estimates

Remarkably, the biggest and statistically significant changes within the high, moderate
and low physical activity categories were observed within the SMS+ group. There was a
within-group increase of 31.0% (from 60.0% to 91.1%) in the high physical activity category
over 12 months (p = 0.007) and a within-group decrease in moderate physical activity
category (from 35.8% to 9.6%, Δ −26.1% within 12 months, p = 0.018). The low physical
activity category within SMS+ did not change significantly (from 5.4% to 2.4%, Δ −3.0%
within 12 months, p = 0.358). Within the SMS− group these differences were less prominent,
with changes from 6.5% to 10.7% (Δ 4.2% within 12 months, p = 0.443) within the low
category, 31.6% to 20.4% (Δ −11.3%, p = 0.251) within the moderate category and 62.6%
to 69.6% (Δ 7.0% within 12 months, p = 0.515) within the high category. Moreover, for the
CAU group there were changes from 9.5% to 8.7% (Δ −0.7% within 12 months, p = 0.917)
in the low category, 25.6% to 18.4% (Δ −7.3%, p = 0.453) within the moderate category and
64.8% to 73.3% (Δ 8.4% within 12 months, p = 0.442) within the high category; see Figure 2.
We did not observe any statistically significant between-group differences for changes in
physical activity categories; see Table 3.
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Figure 2. Changes in physical activity category estimates over time. Note: differences were tested
with multilevel logistic regression analyses. * indicates significant within-group differences compared
with baseline (p < 0.05). SMS+, lifestyle intervention with SMS support; SMS−, lifestyle intervention
without SMS support; CAU, care as usual.

Table 3. Differences in physical activity categories and METmin/week between study groups at
12 months.

SMS+ vs.
CAU

Difference

p
Value

SMS− vs.
CAU

Difference

p
Value

SMS+ vs.
SMS−

Difference

p
Value

Category
%

Low −2.2 0.312 4.9 0.543 −7.1 0.232
Moderate −18.9 0.182 −4.0 0.823 −14.9 0.220

High 22.6 0.079 −1.5 0.922 24.0 0.060
Domains METmin/week

Work 1574 0.293 1615 0.318 −42 0.981
Transport −7 0.952 259 0.635 −266 0.479

Domestic and garden −776 0.145 −264 0.665 −512 0.330
Leisure 547 0.502 −103 0.883 650 0.298

Intensity METmin/week
Walking 1106 0.047 403 0.421 703 0.134

Moderate −645 0.351 −508 0.417 −138 0.833
Vigorous 622 0.634 293 0.824 329 0.797

Total physical activity 2095 0.195 530 0.195 1565 0.243
Sedentary behaviour

min/week
Total sitting −510 0.172 55 0.858 −565 0.141

Note: Differences were tested with multilevel logistic regression analyses for categorical variables, and with
multilevel linear regression analyses for continuous variables, combined with a bootstrap procedure in case of
a non-normal distribution. Boldface indicates significant difference (p < 0.05). Abbreviations: MET, metabolic
equivalent of task; SMS+, lifestyle intervention with SMS support; SMS−, lifestyle intervention without SMS
support; CAU, care as usual.
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3.2. Physical Activity METminutes Estimates after 12 Months

Total physical activity METmin increased significantly within the SMS+ group, with
2175 METmin/week (p = 0.043), and non-significantly within the SMS− and CAU groups,
with 610 METmin/week (p = 0.460) and 80 METmin/week (p = 0.944), respectively; see
Figure 3. Between-group differences for total physical activity were non-significant. With
regard to the different physical activity intensities, we observed a statistically significant
higher increase in walking METmin/week within the timeframe of 12 months in the SMS+
group (from 1404 METmin/week to 2057 METmin/week) compared with the CAU group
(from 2131 METmin/week to 1677 METmin/week) (p = 0.047, Δ 1106 METmin/week).
Further details on estimated within-group and between-group physical activity changes
within the different domains and for the different intensities are presented in Tables 3 and 4.

 

Figure 3. Changes in total physical activity METminutes and sitting behaviour minutes over time.
Note: differences were tested with multilevel linear regression analyses, combined with a bootstrap
procedure in case of a non-normal distribution. * indicates significant within-group differences
(p < 0.05). MET, metabolic equivalent of task; min, minutes; SMS+, lifestyle intervention with SMS
support; SMS−, lifestyle intervention without SMS support; CAU, care as usual.

3.3. Sedentary Behaviour Estimates after 12 Months

Sedentary behaviour decreased significantly within SMS+ from 2735 min/week at
baseline to 1864 min/week at 12 months (Δ −871 min/week, p = 0.005). Additionally, a
non-significant decrease was observed within SMS−, from 2563 min/week at baseline
to 2257 min/week at 12 months (Δ −306 min/week, p = 0.183), and within CAU, from
2559 min/week at baseline to 2198 min/week at 12 months (Δ −361 min/week, p = 0.157);
see Table 4. Between-group differences with regard to sitting minutes were non-significant;
see Table 3.
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Table 4. Within-group changes in METmin/week from baseline to 12 months.

IPAQ Responses Group Baseline 3 Months 6 Months 9 Months
12

Months

n SMS+ 46 21 10 8 5
n SMS− 47 29 22 17 14
n CAU 43 21 28 21 11

Domains METmin/week Group Baseline 3 months 6 months 9 months 12
months Change p value

within

Work SMS+ 3704 3845 3902 3938 3964 260 0.858
SMS− 3428 3591 3656 3698 3729 302 0.823
CAU 5047 4337 4050 3867 3733 −1313 0.200

Transport SMS+ 1203 1169 1155 1147 1140 −63 0.826
SMS− 987 1097 1141 1169 1190 203 0.421
CAU 1217 1187 1174 1167 1161 −56 0.904

Domestic and garden SMS+ 1633 1392 1295 1233 1187 −446 0.251
SMS− 1531 1567 1581 1590 1597 66 0.853
CAU 1446 1624 1697 1743 1776 331 0.220

Leisure SMS+ 1348 1783 1959 2071 2153 805 0.132
SMS− 1393 1477 1510 1532 1548 155 0.639
CAU 1481 1620 1677 1713 1739 258 0.661

Intensity METmin/week Group Baseline 3 months 6 months 9 months 12
months Change p value

within

Walking SMS+ 1404 1757 1899 1990 2057 652 0.063
SMS− 1483 1455 1444 1437 1432 −51 0.879
CAU 2131 1886 1787 1724 1677 −453 0.245

Moderate SMS+ 2505 2563 2587 2602 2613 107 0.833
SMS− 2446 2579 2632 2666 2691 245 0.590
CAU 2094 2500 2665 2769 2846 753 0.066

Vigorous SMS+ 2366 2415 2435 2448 2457 91 0.927
SMS− 2609 2481 2429 2396 2371 −238 0.835
CAU 3203 2916 2800 2726 2672 −531 0.660

Total physical activity SMS+ 5031 6207 6681 6984 7206 2175 0.043
SMS− 5186 5516 5649 5734 5796 610 0.460
CAU 5986 6029 6046 6057 6065 80 0.944

Sedentary min/week Group Baseline 3 months 6 months 9 months 12
months Change p value

within

Total sitting SMS+ 2735 2265 2074 1953 1864 −871 0.005
SMS− 2563 2397 2331 2288 2257 −306 0.183
CAU 2559 2364 2285 2235 2198 −361 0.157

Note: Differences were tested with multilevel linear regression analyses combined with a bootstrap procedure
in case of a non-normal distribution. Boldface indicates significant differences (p < 0.05). Abbreviations: IPAQ,
international physical activity questionnaire; n, number; MET, metabolic equivalent of task; SMS+, lifestyle
intervention with SMS support; SMS−, lifestyle intervention without SMS support; CAU, care as usual.

3.4. Aerobic Capacity Estimates after 12 Months within SMS+ and SMS−
We observed a significant increase in peak load resulting from the maximal cycle

ergometer test within SMS+ from 177 watts at baseline to 187 watts at 12 months (Δ 10 watts
(+5.5%) within 12 months, p = 0.005). For SMS−, this was 168 watts at baseline and 170 watts
at 12 months (Δ 3 watts (+1.6%) within 12 months, p = 0.102). This was non-significant
between the two groups (p = 0.222). Participants achieved on average 92–93% of the
predicted maximum heart rate, which remained stable over the course of the study. The
number of participants who delivered a maximum performance according to the pre-
specified cut-off of ≥85% of the predicted maximum heart rate is further specified in
Table 5.
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Table 5. Within-group changes in maximal cycle ergometer test outcomes from baseline to 12 months.

Group Baseline
3

Months
6

Months
9

Months
12

Months
Change

p Value
within

p Value
between

Max performance
n (total) SMS+ 31 (46) 22 (25) 13 (15) 11 (12) 9 (11) - - -

SMS− 23 (40) 25 (29) 19 (22) 14 (18) 16 (19) - - -

Peak load (watts) SMS+ 177 182 184 186 187 10 0.016 0.222
SMS− 168 169 170 170 170 3 0.516

% of achieved
maximum HR * SMS+ 93 93 93 93 93 0 0.557 0.195

SMS− 92 93 93 93 93 1 0.228

Peak HR (BPM) SMS+ 175 174 173 173 173 −2 0.226 0.173
SMS− 172 172 173 173 173 1 0.442

mBorg SMS+ 6 6 6 6 6 0 0.688 0.552
SMS− 6 6 6 6 6 0 0.647

Note: Differences were tested with multilevel linear regression analyses for continuous variables, combined with
a bootstrap procedure in case of a non-normal distribution. Boldface indicates significant differences (p < 0.05).
* Achieved maximum HR was calculated with the Tanaka equation. Abbreviations: SMS+, lifestyle intervention
with SMS support; SMS−, lifestyle intervention without SMS support; HR, heart rate; BPM, beats per minute;
mBorg, modified Borg (rating of perceived exertion scale).

4. Discussion

This randomized controlled study reports on physical activity outcomes following
a three-component lifestyle intervention with or without additional SMS support. Apart
from an increase in walking METmin/week in the SMS+ group compared with the CAU
group after one year, we did not observe any other statistically significant between-group
differences. However, the SMS+ group was successful at improving categories of self-
reported physical activity and also demonstrated a statistically significant positive within-
group effect on aerobic capacity and decreased weekly sitting minutes.

Other lifestyle interventions have described positive health benefits as a result of
increased physical activity behaviour. Modest increases in step count were associated with
reduced levels of inflammatory markers in women with PCOS [35]. Both high-intensity
interval training (HIIT) and continuous aerobic exercise training have shown to improve re-
productive function [36], anthropometrics and some cardiometabolic health markers [37,38].
However, HIIT has shown to offer greater improvements in aerobic capacity, insulin sen-
sitivity and menstrual cyclicity and larger reductions in hyperandrogenism compared
with moderate intensity training [39]. In the end, a recent meta-analysis concluded that
improvements in health outcomes were more dependent on exercise intensity rather than
dose [40]. However, especially with regard to adherence to a lifestyle intervention in this
population, one should keep in mind an individual’s personal and cultural preferences
when composing an exercise program in order to make it a sustainable lifestyle change.
This may sometimes mean that health care providers should focus more on increasing
general daily physical activity rather that promoting vigorous exercise.

Weekly sitting minutes decreased significantly within the SMS+ group during our
one-year lifestyle intervention. Sedentary behaviour is extremely prevalent in the PCOS
population [13], and positive associations were found between increased sitting time and
weight gain [14,41], as well as PCOS symptom severity [42]. In the general population,
sedentary behaviour is linked to all-cause mortality and adverse health impacts [11,12].
Therefore, one of the most important aspects should be to diminish sedentary behaviour in
women with PCOS who struggle with weight loss or weight maintenance.

The lifestyle intervention with SMS support demonstrated a statistically significant
within-group increase in peak workload over the course of the study. However, the clinical
relevance of the magnitude of this finding can be questioned. Notable improvements
in aerobic capacity are generally to be expected following an increase in moderate and,
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especially, vigorous exercise [39,43]. An explanation for the modest improvements could be
that one of the main goals of our lifestyle program was to encourage the implementation of a
combination of moderate, vigorous and muscle-strengthening activities in the participant’s
daily routine [23,27] and was therefore not designed as an intense, solely high-intensity
exercise intervention. There are no studies that clearly define the clinical relevance of
changes in peak workload or IPAQ responses in women with PCOS and excess weight.
However, evidence does exists on the effect of weight loss and favourable changes in
aerobic capacity [44]. Around 85.7% of the women in the SMS+ group achieved >5%
weight loss [24], suggesting that the improvements in body weight might have positively
impacted the results on peak workload. Furthermore, the observed positive changes
to the high category at least indicates an increase in general weekly physical activity.
Walking METmin/week improved more in the SMS+ group, corresponding to an increase
of almost 30 min daily walking activity. Taking more steps per day has been found
to be associated with a progressively lower risk of all-cause mortality in the general
population [45]. Moreover, the decrease in sitting behaviour minutes, which in the SMS+
group amounted to several hours a day, may also be seen as a significant improvement.
One could hypothesize that the above-mentioned findings do count as clinically relevant in
this population of women with PCOS in which lifestyle habits are known to be difficult to
improve [46].

A strength of our study was the use of tailored SMS in order to encourage and reinforce
positive behavioural changes and increase physical activity. Although the PCOS guidelines
recommend considering the use of mobile health applications for this purpose, limited
evidence is available on the effectiveness of this method. In general, studies have suggested
that the use of mobile technology for health promotion might be effective in improving
long-term health-related outcomes [47,48]. Recently, a study concluded that a mobile health
application, in addition to a lifestyle modification program, could decrease BMI, waist
circumference, anxiety and depression and improve exercise and diet adherence in patients
with PCOS in the long term [49]. Furthermore, another mobile health application called
‘AskPCOS’ has been recently developed in response to the specific needs of women with
PCOS [50,51]. These are all indications that the use of supporting mobile health technology
has a positive effect on behavioural changes and should be used to motivate adherence to a
healthy lifestyle in the PCOS population.

A limitation of the study is recall bias for weekly physical activity measured with
IPAQ, which is a common problem in retrospective assessment with questionnaires. Self-
reporting can cause over- and underestimation of weekly physical activity that may bias
the results [52]. However, the IPAQ is an internationally used questionnaire with accept-
able measurement properties and is at least as good as other established self-reporting
methods [28]. In order to address the above-mentioned limitations, specific rules for pro-
cessing data were applied according to the IPAQ protocol [29]. Nonetheless, the IPAQ data
provide a good reflection of the participant’s weekly activities. Future studies should con-
sider using devices such as an accelerometer or pedometer in order to objectively measure
physical activity. Furthermore, when interpreting the results, one should keep in mind
that this randomized controlled trial was powered on weight loss (primary outcome) and
not on physical activity [23]. Additionally, the preferred assessment of aerobic capacity
is measuring the maximum amount of oxygen uptake during exercise (VO2max) [53],
which can be conducted using an open-circuit spirometry method. By measuring the gas
exchange, the oxygen demands of the skeletal muscles during maximal physical exercise
give a reflection of the peak capacity of the participant’s cardiovascular and pulmonary sys-
tems [54]. Open-circuit spirometry was not performed in our study population. However,
VO2max is closely related to exercise workload. Therefore, the interpretation of the results
of these two outcomes are comparable, although conclusions should be interpreted with
caution. Finally, one could also interpret the absence of maximum cycle ergometer tests
in the CAU group as a limitation. However, this was implemented intentionally because
any form of interference could have influenced the control group’s actions. A recurrent
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maximal cycle ergometer test is not in line with care as usual and therefore could have
impaired the results from the control group.

5. Conclusions

Apart from an increase in walking activity in SMS+, no other between-group differ-
ences were found in this one-year three-component lifestyle intervention. However, based
on within-group results, additional SMS support seemed superior in improving physical
activity and aerobic capacity and decreasing sedentary behaviour in overweight and obese
women with PCOS and a wish to become pregnant. Future adequately powered studies
should be performed in order to confirm this positive tendency for eHealth options in the
promotion of a physically active lifestyle.
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Abstract: Research question: Clomiphene citrate (CC) is one of the first-line treatments for ovulation
induction in women with anovulatory polycystic ovary syndrome (PCOS). However, nearly 1 out
of 2 women is resistant to 50 mg/day of CC. The objective of this study is to investigate the clinical,
biological, and/or ultrasound factors that may predict the resistance to 50 mg/day of CC in the first
cycle of treatment in women with anovulatory PCOS. This would make it possible to identify PCOS
patients to whom the dose of 100 mg/day would be offered as of the first cycle. Design: A retrospec-
tive and monocentric study was conducted on 283 women with anovulatory PCOS who required
the use of ovulation induction with CC (903 cycles). Results: During the first cycle of treatment,
104 patients (36.8%) were resistant to 50 mg/day of CC. Univariate regression analysis showed that
patients who resisted 50 mg/day of CC had significantly higher BMI, waist circumference, serum
levels of AMH, total testosterone, Δ4-androstenedione, 17-OHP, and insulin (p < 0.05), compared to
patients ovulating with this dose. Serum levels of SHBG were significantly lower in patients resistant
to 50 mg/day (p < 0.05). After multivariate analysis, only AMH and SHBG remained statistically
significant (p = 0.01 and p = 0.001, respectively). However, areas under the ROC curves were weak
(0.59 and 0.68, respectively). Conclusion: AMH and SHBG are the only two parameters significantly
associated with the risk of resistance to 50 mg/day of CC. However, no satisfactory thresholds have
been established to predict resistance to 50 mg CC.

Keywords: polycystic ovary syndrome; clomiphene citrate; ovulation induction; antimullerian
hormone; sex hormone binding globulin

1. Introduction

Polycystic ovary syndrome (PCOS) is the most common endocrine disorder in women
of childbearing age, with a prevalence ranging from 4% to 21%, depending on the diagnostic
criteria used [1]. The presentation of this syndrome is very heterogeneous, with variable
clinical expression, including usually menstrual cycle disorders, hyperandrogenism, and/or
infertility [2]. Since 2004, the ESHRE/ASRM Rotterdam Consensus criteria are the most
commonly used for the diagnosis of PCOS [3].

PCOS is the mean etiology of infertility due to anovulation [2,4,5]. Clomiphene citrate
(CC) and letrozole are the first-line treatment for ovulation induction in PCOS [4–6]. Both
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CC and letrozole are successful in inducing pregnancy. A recent meta-analysis confirms
a moderate but significant superiority of letrozole over clomiphene citrate [7]. Thus, in
countries where letrozole is off-label for ovulation induction, such as France, CC is used as
a first-line treatment for ovulation induction in PCOS women [6].

CC is a selective modulator of estrogen receptors exerting anti-estrogenic activity at
the hypothalamic level. CC enhances the pulsatile release of GnRH. This will result in an
increase in the secretion of endogenous gonadotropins and especially follicle-stimulating
hormone (FSH) by the anterior pituitary gland, allowing cyclic follicular growth [2,8–10].
The recommended starting dose of CC is 50 mg/day for 5 days. If ovulation is not achieved,
the dose will then be increased by 50 mg/day for 5 days in the next cycle, up to a maximum
dose of 150 mg/day for 5 days [11,12]. As reported by some authors, the ovulation rate
with this treatment can be as high as 75–80% [10,11]. Despite the relatively high efficacy of
CC, approximately 15–40% of patients will not respond to the maximum recommended
dose of 150 mg/day for 5 days and will be considered resistant to this treatment [13–16].

Several studies have investigated factors that may potentially predict CC resistance,
comparing treatment-sensitive patients with those resistant to CC 150 mg/day. Thus,
obesity, insulin resistance, hyperandrogenism, and excess AMH are among the most
common factors associated with CC resistance [4,17–19]. Genetic predisposition would
also play a role in CC resistance [20]. However, all these studies failed to identify clinical,
hormonal, metabolic, or ultrasound factors which could predict with certainty a complete
resistance to CC. Thus, in countries where clomiphene citrate is the only first-line treatment
available for ovulation induction in PCOS women, there is, therefore, no factor that would
make it possible to immediately opt for second-line treatments (ovarian drilling or ovulation
induction with gonadotropins) [4–6]. Therefore, it would be interesting to investigate
clinical, biological, and/or ultrasound factors that may predict resistance to the initial CC
dose of 50 mg/day. Indeed, nearly 1 in 2 women is resistant to 50 mg/day of CC [18,21].
Identifying this or these factor(s) would allow starting the treatment at a higher dose
(100 mg/day) at once. This would save significant time for patients who are resistant to
50 mg/day of CC. Moreover, the fact of being able to achieve pregnancy more quickly
also theoretically limits the risk of having to use second-line treatments: either injectable
gonadotropins or laparoscopic ovarian drilling [4–6]. These two treatments are both more
expensive and more prone to complications (e.g., higher risk of multiple pregnancies with
injectable gonadotropins, requiring rigorous ultrasound and hormonal monitoring, or the
operative and anesthetic risks of ovarian drilling) rather than first-line ovulation inducers
such as clomiphene citrate [5,22]. To our knowledge, no study has investigated this issue.

The main objective of our study was, therefore, to investigate the clinical, biological,
and/or ultrasound parameters which would predict resistance to CC at 50 mg/day in
women with anovulatory PCOS. The secondary objective was to determine the effectiveness
of anovulation management with this ovulation inducer in the whole cohort by trying to
determine the optimal number of initiated cycles and ovulatory cycles to offer to these
PCOS women.

2. Materials and Methods

2.1. Population

This is a retrospective, single-center study conducted between May 2003 and December
2020 in the Reproductive Medicine Department of Lille University Hospital in France. As
this study was retrospective and without intervention, the opinion of the Ethics Committee
on the study was not required. All patients had given prior consent for the use of their
clinical, hormonal, and ultrasound records. On 16 December 2019, the Institutional Review
Board of the Lille University Hospital gave unrestricted approval for the anonymous use of
all patients’ clinical, hormonal, and ultrasound records (reference DEC20150715-0002).

All anovulatory PCOS women treated with a starting dose of CC at 50 mg/day were
included in the study. The diagnosis of PCOS was based on the Rotterdam criteria pub-
lished in 2003 [3]. Two of the following three criteria had to be present for diagnosis:

81



J. Clin. Med. 2023, 12, 4943

(1) Oligo- or anovulation (OA): oligomenorrhea (<8 cycles per year), amenorrhea (absence
of menses > 3 months) or regular anovulatory cycles (menstrual cycles between 26 and
34 days but with no progesterone increase above 3 ng/mL 7 to 8 days before menstrua-
tion [23]); all the women in our study suffer from OA. (2) Clinical hyperandrogenism (HA)
(modified Ferriman and Gallwey score ≥ 7 in our Caucasian population [24] or biological
hyperandrogenism (total testosteronemia ≥ 0.50 ng/mL, as previously described [25,26]).
(3) Ultrasound polycystic ovaries (PCOM): ovarian volume ≥ 10 mL [27,28] and/or ovarian
surface area ≥ 5.5 cm2 [25], and/or FNPO (follicle number per ovary) ≥ 12 from 2003 to
2007 [3,27] (ultrasound scanner: General Electric Logic 400, Milwaukee, equipped with
a 7 MHz endovaginal probe), then FNPO ≥ 19 from 2008 (ultrasound scanner: General
Electric Voluson E8, equipped with a 5 to 9 MHz endovaginal probe) [26]. The presence of
elevated AMH was considered equivalent to the presence of polycystic ovaries on ultra-
sound (serum AMH ≥ 35 pmol/L), as previously reported [26,29,30]. The PCOS phenotype
was then identified for each patient, according to the NIH 2012 extension of the Rotterdam
classification [1], as described above [30]: phenotype A (OA + HA + PCOM), phenotype
B (OA + HA), phenotype D (OA + PCOM). Given our inclusion criteria, phenotype C
(HA + PCOM = ovulatory PCOS) is not present in our population.

The exclusion criteria were women aged under 18 years or over 43 years, other eti-
ologies of hyperandrogenism or dysovulation (hyperprolactinemia, nonclassical adrenal
hyperplasia, organic or functional gonadotropic deficiencies, ovarian or adrenal tumors,
Cushing’s syndrome, thyroid dysfunctions, idiopathic dysovulation, and premature ovar-
ian failure), endometriosis, alterations in tubal permeability, sperm abnormalities. We also
excluded PCOS women with metformin treatment.

Clinical examination, hormonal and metabolic tests, and pelvic ultrasound exam-
ination were performed between the second and the fifth days of the menstrual cycle,
either spontaneous or after a progestin challenge test (dydrogesterone, 10 mg/day for 7 to
10 days).

The clinical examination included a detailed interview, seeking, in particular, to specify
the duration of menstrual cycles (regular cycles, oligomenorrhea, or amenorrhea), BMI
calculation, waist circumference measurement, and assessment of hirsutism according to
the modified Ferriman and Gallwey score [24]. The biological assessment carried out at the
beginning of the follicular phase, between the second and the fifth days of the menstrual
cycle, included measurements of estradiol, LH and FSH, AMH, total testosterone, Δ4-
androstenedione, 17-hydroxy-progesteron, SDHEA, SHBG, TSH, prolactin, and insulin. As
previously described [31–34], estradiol, LH, FSH, total testosterone, Δ4-androstenedione,
17-hydroxy-progesterone, SDHEA, SHBG, and prolactin were measured by immunoassays.
Until January 2016, the AMH assay was performed using the second-generation AMH-
EIA enzyme immunoassay kit from Beckman Coulter Immunotech (manual technique) as
previously described [26,30]. From January 2016, AMH was measured using an automated
method, Access Dxi, marketed by Beckman Coulter. We chose to perform the statistical
analyses considering the values obtained with the AMH-EIA test. The conversion formula
was applied for all AMH values obtained with the Access Dxi test, i.e., for all assays
performed after January 2016: AMH-EIA = (AMH Dxi − 0.44)/0.775 (values expressed in
pmol/L), as previously published [35]. The pelvic ultrasound was performed on the same
day. In addition to the search for uterine or tubal pathologies, a count of antral follicles
(follicles strictly less than 10 mm in diameter) was conducted during this examination.
Antral follicular count (CFA) and follicle number per ovary (FNPO) was performed using
“the Real-time 2D ultrasound” method [36], and ovarian surfaces using a manual ellipse, as
described previously [25]. From 2002 to 2008, the ultrasound machine used was a General
Electric Milwaukee Logic 400, with a 7 MHz endovaginal probe; then, from 2008, a General
Electric Voluson 28, with a 5 to 9 MHz endovaginal probe. A complete infertility work-up
was performed on both members of a couple before considering a CC ovulation induction
treatment. Bilateral tubal patency was checked in the patient by hysterosalpingography
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or laparoscopy. The patient’s partner had to perform at least one spermogram to ensure
compatibility with spontaneous pregnancy.

2.2. Therapeutic

All patients were treated with simple CC ovulation induction therapy. In the first
cycle, the initial dose was 50 mg/day, starting on the second day of a spontaneous cycle or
triggered by sequential treatment with dydrogesterone, 10 mg/day for 7 to 10 days.

The ovarian response was systematically monitored by ovulation ultrasound mon-
itoring, starting around D12 (±1 day), in the Reproductive Medicine Department of
Lille University Hospital (France). No biological assay was performed during follicu-
lar growth monitoring.

The purpose of the ultrasound was to evaluate the response to CC by measuring the
number of selected follicles (≥10 mm) and to measure the endometrial thickness in order
to identify a possible anti-estrogenic effect of CC on the endometrium [37].

The date of ovulation was estimated from the size of the dominant follicle measured
on ultrasound. A progesterone assay was performed approximately 7–8 days after the
estimated date of spontaneous ovulation. A significant increase in progesterone levels
confirms spontaneous ovulation and, thus, a positive response to CC.

2.3. Cycle Outcome

In the absence of menstruation approximately 2 weeks after the estimated date of ovu-
lation, a plasma hCG test was performed. If the blood pregnancy test was positive, a pelvic
ultrasound was performed at about 6 weeks of amenorrhea to ensure that the pregnancy
was ongoing and screen for multiple pregnancies. In the absence of pregnancy, however,
the patient would start a new cycle of CC at the dose at which ovulation was achieved.

In case of the absence of follicular recruitment (confirmed by another ultrasound
examination performed 5 to 7 days after the first), sequential treatment with 10 mg/day
of dydrogesterone for 7 to 10 days was prescribed to induce menstruation. The dosage of
CC was then increased to the next cycle in 50 mg increments, with a maximum dose of
150 mg/day. A maximum of 6 ovulatory cycles with CC was performed for achieving a
clinical pregnancy.

2.4. Response to CC

The response to 50 mg CC was assessed by the presence or absence of ovulation via
ultrasound monitoring and serum progesterone assay. The patient was considered sensitive
to CC if the progesterone level in the second half of the cycle was ≥3 ng/mL. In the absence
of follicular recruitment, the patient was then considered resistant to 50 mg CC.

Excessive responsiveness to CC was defined by the presence of three or more dominant
follicles on ultrasound monitoring.

We have also evaluated the effectiveness of the current strategy of gradually increasing
CC doses in the event of resistance to treatment by calculating the cumulative rates of
progressive pregnancies per cycle initiated and per CC ovulatory cycle.

2.5. Statistical Analysis

Baseline characteristics were compared between the two groups using Chi-square tests
(or Fisher’s exact tests when expected cell frequency was <5) for categorical characteris-
tics and the Student t-test (or Mann−Whitney U test for non-Gaussian distribution) for
continuous characteristics.

To assess the independent predictors of the 50 mg resistance, baseline characteristics
associated with a p < 0.20 in univariate analyses were implemented into a backward-
stepwise multivariable logistic regression model using a removal criterion of p > 0.05.
Results were expressed using Odds ratios (ORs) as effect sizes with 50 mg non-resistance
as reference. Before developing the multivariable models, we examined the log-linearity
assumption for continuous characteristics using restricted cubic spline functions [38],

83



J. Clin. Med. 2023, 12, 4943

as well as the absence of colinearity between candidate predictors by calculating the
variance inflation factors (VIFs). Because of the similarity and collinearity between SHBG
and insulinemia, obesity and BMI, we decided to perform the multivariate model with
SHBG and BMI. To avoid case deletion due to missing data on baseline characteristics and
outcomes, missing data were imputed by multiple imputations using a regression-switching
approach [39] (chained equations with m = 10) also before developing the multivariable
model [39]. The imputation procedure was performed under the missing at random
assumption using all baseline characteristics and study outcomes with a predictive mean
matching method for continuous variables and logistic regression models (binary, ordinal
or multinomial) for categorical variables. Estimates obtained in the different imputed data
sets were combined using Rubin’s rules [40].

Finally, we determined the optimal threshold value of factors associated with 50 mg
resistance in the final models by maximizing the Youden index from the ROC curves.
Statistical testing was conducted at the two-tailed α-level of 0.05. Data were analyzed using
the SAS software version 9.4 (SAS Institute, Cary, NC, USA).

3. Results

A total of 283 patients with anovulatory PCOS were included in the study between May
2003 and December 2019, representing a total of 903 cycles of CC. The clinical, biological,
and ultrasound characteristics of our population are detailed in Table 1.

Table 1. Clinical, biological, and ultrasound characteristics of the population (n = 283).

Variables Values *

Age (years) 27.5 ± 3.7

Menstrual Cycles (%)

Regular anovulatory cycles 17 (5.9%)

Oligomenorrhea 185 (65.5%)

Amenorrhoea 81 (28.6%)

BMI (kg/m2) 25.8 ± 5.4

Waist circumference (cm) 85.2 ± 15.2

Modified Ferriman and Gallwey Score 5.0 (0 to 9.0)

Estradiol (pg/mL) 37.0 (28.0 to 50.0)

FSH (IU/L) 5.0 ± 1.3

LH (IU/L) 5.9 (4.0 to 9.1)

AMH (pmol/L) 71.8 (53.6 to 107.4)

Total testosterone (ng/mL) 0.4 ± 0.2

Δ4-androstenedione (ng/mL) 1.6 (1.2 to 2.2)

17-OHP (ng/mL) 0.6 (0.5 to 0.9)

SHBG (nmol/L) 38.4 (24.0 to 49.8)

SDHEA (μmol/L) 4.6 (3.4 to 6.4)

Fasting insulin (mUI/L) 6.0 (3.1 to 9.8)

Mean ovarian surface (cm2) 5.7 ± 1.6

PCOM and/or elevated AMH 280 (99%)

Phenotype PCOS (%)

A = OA + HA + PCOM 225 (79.5%)

B = OA + HA 3 (1.0%)

D = OA + PCOM 55 (19.5%)
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Table 1. Cont.

Variables Values *

Mean number of CC cycles 3.2 ± 1.7

Mean number of CC ovulatory cycles 2.3 ± 1.5
* Qualitative variables are expressed as numbers (percentages). * Quantitative variables are expressed
as mean ± standard deviation or median (inter-quartile range). Abbreviations: BMI = body mass index;
FSH = Follicle Stimulating Hormone; LH = Luteinizing Hormone; AMH = Anti-Müllerian Hormone; 17-OHP = 17-
hydroxy-progesterone; SHBG = Sex Hormone Binding Globulin; OA = Oligo or anovulation; HA = Hyperandro-
genism; PCOM = Ultrasound polycystic ovaries; CC = Clomiphene Citrate.

Figure 1 illustrates the distribution of anovulatory PCOS women who do or do not
ovulate after CC induction of ovulation in incremental daily doses of 50, 100, or 150 mg
for 5 subsequent days. A total of 161 patients (56.9%) ovulated during the first cycle of CC
treatment at 50 mg/day. Therefore, 122 patients (43.1%) were resistant to 50 mg/day of
CC during the first cycle of treatment. Otherwise, 24 patients (8.5%) were hyperresponsive
during the first cycle of CC at 50 mg/day. Finally, 49 patients (17.3%) were also resistant to
the dose of 100 mg/day, and 13 patients (4.6%) were resistant to the dose of 150 mg/day.

(4.6%) 

Figure 1. Distribution of anovulatory PCOS women who do or do not ovulate after CC induction of
ovulation in incremental daily doses of 50, 100, or 150 mg for 5 subsequent days.

Figure 2 shows the cumulative clinical pregnancy rates per CC-initiated cycle and per
CC ovulatory cycle at 50, 100, and 150 mg per day.

To investigate predictors of resistance to 50 mg CC in the first cycle of treatment,
univariate regression analysis was performed to compare the clinical, biological, and
ultrasound characteristics of patients sensitive to 50 mg CC versus those resistant to this
dose. The results of the univariate regression analysis are presented in Table 2. Compared
to patients ovulating at the 50 mg dose of CC in the first cycle, patients who were resistant
to this same dose had significantly higher BMI, waist circumference, serum levels of AMH,
total testosterone, Δ4-androstenedione, 17-OHP, and insulin. In contrast, serum levels of
SHBG were significantly lower in patients resistant to 50 mg/day.
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Figure 2. Cumulative rates of clinical pregnancy, per initiated and ovulatory CC cycle, at 50, 100, and
150 mg CC during 5 subsequent days.

Table 2. Factors associated with resistance to 50 mg CC in the first cycle of treatment in
univariate analyzes.

Sensitive to 50 mg
(n = 179)

Resistant to 50 mg
(n = 104)

p Value

Age (years) 27.7 ± 3.8 27.0 ± 3.6 0.12

Menstrual cycles (%)

Regular anovulatory cycles 14 (7.8%) 3 (2.9%)

0.12Oligomenorrhea 119 (66.7%) 66 (63.5%)

Amenorrhoea 46 (25.5%) 35 (33.6%)

BMI (kg/m2) 24.9 ± 5.2 27.1 ± 5.4 0.001

Waist circumference (cm) 83.4 ± 15.8 88.3 ± 13.7 0.028

Modified Ferriman and Gallwey Score 5.0 (0 to 9.0) 3.0 (0 to 9.0) 0.90

Estradiol (pg/mL) 37.0 (28.0 to 49.5) 39.0 (28.0 to 50.0) 0.87

FSH (IU/L) 5.01 ± 1.4 4.9 ± 1.1 0.48

LH (IU/L) 5.7 (3.9 to 8.9) 6.2 (4.2 to 9.2) 0.33

AMH (pmol/L) 69.4 (51.6 to 101.2) 89.5 (56.0 to 130.0) 0.014

Total testosterone (ng/mL) 0.4 ± 0.2 0.4 ± 0.2 0.046

Δ4-androstenedione (ng/mL) 1.5 (1.1 to 2.1) 1.7 (1.3 to 2.3) 0.023

17-OHP (ng/mL) 0.6 (0.4 to 0.9) 0.7 (0.5 to 0.9) 0.046

SHBG (nmol/L) 39.6 (28.7 to 53.7) 27.2 (18.0 to 40.5) <0.001

SDHEA (μmol/L) 4.4 (3.0 to 6.4) 4.8 (3.6 to 6.2) 0.43
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Table 2. Cont.

Sensitive to 50 mg
(n = 179)

Resistant to 50 mg
(n = 104)

p Value

Fasting insulin (mUI/L) 4.5 (2.9 to 7.1) 7.9 (3.9 to 11.6) 0.002

Mean ovarian surface (cm2) 5.7 ± 1.7 5.9 ± 1.5 0.42

PCOS anovulatory phenotypes (%)
A + B 142 (79.3%) 86 (82.7%)

0.48
D 37 (20.7%) 18 (17.3%)

Qualitative variables are expressed as numbers (percentages). Quantitative variables are expressed as
mean ± standard deviation or median (inter-quartile range). Abbreviations: BMI = body mass index;
FSH = Follicle Stimulating Hormone; LH = Luteinizing Hormone; AMH = Anti-Müllerian Hormone;
17-OHP = 17-hydroxy-progesterone; SHBG = Sex Hormone Binding Globulin; OA = Oligo or anovulation;
HA = Hyperandrogenism; PCOM = Ultrasound polycystic ovaries; CC = Clomiphene Citrate.

Table 3 shows the final model from the multivariate analysis. After multivariate
analysis, higher levels of AMH and lower levels of SHBG were statistically associated with
a higher risk of resistance at the dose of 50 mg/day of CC (OR = 1.08, 95% CI 1.03 to 1.14)
and OR = 0.96, 95% CI 0.94 to 0.99, respectively).

Table 3. Independent factors of resistance to 50 mg CC in the first cycle of treatment after
multivariate analysis.

Parameters OR (95% CI) p

AMH (pmol/L) 1.08 (1.03 to 1.14) * 0.002

SHBG (nmol/L) 0.96 (0.94 to 0.99) 0.002
Baseline characteristics associated with a p < 0.20 in univariate analyses (Table 2) were implemented into a
backward-stepwise multivariable logistic regression model using a removal criterion of p > 0.05. Results were
expressed using Odds ratios (ORs) as effect sizes with 50 mg non-resistance as reference. * OR expressed
for the increase of 10 AMH units. Abbreviations: AMH = Anti-Müllerian Hormone; SHBG = Sex Hormone
Binding Globulin.

We, therefore, sought to establish thresholds for AMH and SHBG that would poten-
tially predict resistance to the 50 mg CC dose in the first cycle of treatment. ROC curves
were produced for this purpose. These ROC curves are shown in Figure 3.

Finally, we estimated expected ovulation rates in the first cycle of ovulation induction
by CC at the 50 mg/day dose according to the AMH thresholds, the SHBG thresholds,
and the AMH and SHBG thresholds when these dosages are combined. The results are
presented in Table 4.

Table 4. Predicted ovulation rates in the first cycle of ovulation induction by CC at 50 mg/day, based
on the AMH threshold, the SHBG threshold, and the combined AMH and SHBG thresholds.

No Ovulation Ovulation

AMH tested alone
AMH > 86.1 pmol/L 46.12% 53.88%

AMH < 86.1 pmol/L 29.86% 70.14%

SHBG tested alone
SHBG < 28.3 nmol/L 53,72% 46.28%

SHBG > 28.3 nmol/L 27.93% 72.07%

AMH and SHBG combined

AMH > 86.1 pmol/L
SHBG < 28.3 nmol/L 46.67% 53.33%

AMH < 86.1 pmol/L
SHBG > 28.3 nmol/L 19.42% 80.58%
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Figure 3. ROC analyses of AMH and SHBG and resistance to 50 mg CC.

4. Discussion

CC is an effective ovulation-inducing treatment for women with anovulatory PCOS,
as highlighted by the good cumulative clinical pregnancy rates per ovulatory cycle in our
study. However, in view of the stagnation of clinical pregnancy rates between rank 4 and
rank 6, it seems wise not to continue this treatment beyond 4 consecutive ovulatory cycles.
In addition, about a third of women will not respond to the 50 mg dose of CC. Thus, it
could be of interest to identify women who present risk factors for resistance to the 50 mg
dose of CC to accelerate the onset of clinical pregnancy. Indeed, it would then be relevant
to immediately offer a dose of 100 mg/day of CC to these PCOS patients from the first
cycle of ovulation induction.

Our study shows that AMH and SHBG appear to be predictive factors for resistance to
50 mg CC during the first cycle of ovulation induction in patients with anovulatory PCOS.
Nevertheless, we failed to identify thresholds for both AMH and SHBG, which could be
used to predict resistance to 50 mg CC, and thus, to initiate treatment at 100 mg/day.

To our knowledge, this is the first study to investigate predictive factors of resistance
to 50 mg CC in the first cycle of ovulation induction in PCOS women. However, many
authors have focused on predictors of resistance to 150 mg/day CC. Among these factors,
AMH is a parameter frequently cited as a predictor of response to CC. Xi et al. [21] and
Mahran et al. [41] consider AMH a good marker of CC response. According to Xi et al. [21],
patients with a high AMH level, particularly above 55.5 pmol/L, have a significantly
reduced chance of ovulation under CC. According to Mahran et al. [41], the AMH level
may help determine the initial CC dose: the higher the AMH level, the greater the initial
CC dose should be, with a proposed threshold of 24.3 pmol/L.

As AMH is produced in greater quantities in women with PCOS, its inhibitory action
on FSH is therefore more pronounced [32,34,42–44]. This may explain the results of our
study, which indicate that as serum AMH levels increase, the patient is more likely to be
resistant to the initial 50 mg CC dose. The higher the AMH, the greater the doses of FSH
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required to achieve follicular growth and ovulation. This is in agreement with the results
of Köninger et al. [45], suggesting that in CC-resistant women receiving recombinant FSH
ovulation stimulation, the higher the patient’s serum AMH level, the greater the doses
of FSH required to achieve ovulation. Unfortunately, it was not possible to establish an
AMH threshold predictive of resistance at the initial 50 mg CC dose. The selected AMH
cut-off was 86.7 pmol/L, but sensitivity and specificity were not satisfactory for clinical
application (65.5% and 52%, respectively). The AMH thresholds proposed in the literature
to predict total resistance to CC (150 mg/day dose) are highly variable (from 24.3 pmol/L
to 88.4 pmol/L) with no satisfactory relative sensitivities and specificities [21,41,46–48].
In addition, some authors found no significant difference in serum AMH levels between
women ovulating on CC versus those resistant to treatment [49]. The latter explained the
difference between these results and those of other teams by the difference in the AMH
assay kits used in the different studies, which have different sensitivities. Indeed, there
are several AMH test kits around the world, which makes the use of this test difficult to
generalize [35,43].

A recent retrospective study has shown that in phenotype B of PCOS, ovarian volume
did not have any predictive value of the dosage of CC required to induce ovulation [50].
This study is very interesting, but our population contains very few PCOS with phenotype
B. In fact, as we have published previously, using AMH as a biological equivalent of PCOM,
there are very few women with phenotype B of PCOS in our population [30]. Finally, to
our knowledge, there are no studies demonstrating a clear statistical correlation between
ovarian volume and serum AMH levels.

Furthermore, SHBG also appears to be a statistically significant parameter in the
multivariate analysis of our study. The lower the SHBG, the greater the risk of resisting the
dose of 50 mg/day of CC. Patients with confounding factors that may induce a decrease in
SHBG, such as hypothyroidism, were excluded from our study. However, as with AMH,
it was not possible to establish a satisfactory threshold for SHBG that would allow us to
specify a starting dose of 100 mg CC. The selected cut-off of 28.3 nmol/L (sensitivity of
77% and specificity of 53%) is not useful in clinical practice. SHBG is a plasma transport
glycoprotein produced by liver cells, whose role is to regulate the bioavailability of sex
steroid hormones [51]. Abnormally low levels of SHBG are frequently observed in women
with PCOS (especially in women with android obesity) and contribute to the symptoms
of clinical hyperandrogenism observed in these patients by increasing the bioavailable
(and therefore bioactive) fraction of circulating androgens (hirsutism, acne, androgenic
alopecia) [52,53]. A low serum level of SHBG is considered a marker of insulin resistance
(inhibition of hepatic synthesis of SHBG due to compensatory hyperinsulinism). A recent
meta-analysis highlights the correlation between SHBG and metabolic dysregulation in
PCOS women [54]. According to this meta-analysis, women with PCOS with low levels of
SHBG were more likely to suffer from hyperandrogenism, insulin resistance, carbohydrate
intolerance, type 2 diabetes, obesity, and cardiovascular disease. Therefore, the data in
the literature, as well as the results of our study, demonstrate that a complete metabolic
assessment and management of obesity are crucial before treatment in women with PCOS,
both for the success of treatment and for the prevention of long-term complications. A
recent prospective study indicates that women with more disturbed metabolic parameters
were at greater risk of resistance to clomiphene citrate, even when the dose was increased
to 150 mg/day for 5 consecutive days [55]. The meta-analysis by Deswal et al. [54] indicates
that insulin-sensitizing agents, such as myo-inositol or metformin, can significantly improve
the levels of SHBG in PCOS women. Moreover, several randomized clinical trials have
shown a significant improvement in ovulation rates in women using the combination of
metformin and CC compared to CC alone, although this probably applies more to PCOS
women with insulin resistance [5].

The response to CC, used as a treatment for dysovulation in PCOS women, is therefore
variable from woman to woman. Since there are no factors that can safely predict the
response or not to CC at this time, some authors have suggested a genetic predisposition
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to explain resistance to treatment. Indeed, CC is metabolized primarily in the liver by
cytochrome P450 2D6 (CYP2D6), and to a lesser extent, by cytochromes P450 3A4 and P450
3A5 [56–58]. CYP2D6 has a large genetic polymorphism responsible for several different
metabolic profiles [59]. The impact of the genetic polymorphism of CYP2D6 on the clinical
efficacy of clomiphene citrate is still controversial [56–61].

The main limitation of our study is its retrospective nature. The AMH assay was
modified in 2016, but we applied a conversion formula for all assays performed after
January 2016, thus homogenizing the results and avoiding any measurement bias [35].
Similarly, the ultrasound probe used for the pretherapeutic assessment and, therefore,
for the evaluation of the AFC/FNPO was replaced in 2008. Therefore, we decided not
to consider AFC/FNPO in the statistical analyses, preferring AMH levels, as previously
demonstrated [26,30]. Indeed, the evaluation of AFC/FNPO is operator dependent and
can evolve over time with the technical progress of ultrasound probes [28,36], unlike a
biological assay such as the AMH assay, which is more reproducible [42,43].

To our knowledge, this study is the largest cohort of anovulatory PCOS patients
treated with CC described in the literature and the only one which tries to investigate
predictors of resistance to ovulation induction by CC initiated at 50 mg/day. The main
strength of our study is, therefore, the large number of patients included. In addition, in
this monocentric study, the diagnosis of PCOS and the procedure for monitoring ovulation
during CC treatment were standardized. Our results suggest that AMH and SHBG are the
only two parameters significantly associated with the risk of resistance to 50 mg/day of
CC. However, no cut-off with satisfactory sensitivity and specificity could be established,
both for AMH and SHBG, to predict resistance to 50 mg CC.
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Abstract: Women with polycystic ovary syndrome (PCOS) and excess weight often present with
reproductive derangements. The first-line treatment for this population is a multi-component lifestyle
intervention. This follow-up study of a randomized controlled trial based on data from the Dutch
Perinatal registry was conducted to study the effect of a one-year three-component (cognitive be-
havioral therapy, healthy diet, and exercise) lifestyle intervention on pregnancy outcomes in women
with PCOS and overweight or obesity. Women diagnosed with PCOS, a BMI ≥ 25 kg/m2, and a
wish to conceive were randomized to either three-component lifestyle intervention (LSI, n = 123), and
care as usual (CAU, n = 60) where they were encouraged to lose weight autonomously. Conception
resulting in live birth was 39.8% (49/123) within LSI and 38.3% (23/60) within CAU (p = 0.845). In
total, 58.3% conceived spontaneously. Gestational diabetes (LSI: 8.2% vs. CAU: 21.7%, p = 0.133),
hypertensive disorders (LSI: 8.2% vs. CAU 13.0%, p = 0.673), and preterm birth (LSI: 12.2% vs. CAU:
17.4%, p = 0.716) rates were all lower in LSI compared to CAU. This follow-up study showed no
significant differences in conception resulting in live birth rates between LSI and CAU. Nonetheless, a
large proportion eventually conceived spontaneously. Moreover, after LSI, the number of uneventful
pregnancies was lower compared to care as usual.

Keywords: polycystic ovary syndrome; PCOS; obesity; conception; live birth; lifestyle intervention;
multi-component

1. Introduction

Polycystic ovary syndrome (PCOS) is the most common endocrine disorder in women
of reproductive age, and is defined by the presence of at least two of the following key
characteristics according to the Rotterdam 2003 criteria: ovulatory dysfunction, hyperan-
drogenism, and polycystic ovarian morphology [1,2]. Moreover, PCOS is associated with
overweight and obesity [3], and excess weight is known to have a positive correlation
with the PCOS phenotypical severity status [4]. Overall, women with PCOS and over-
weight or obesity present with more pronounced clinical, metabolic, and reproductive
derangements [5–7].

Reproductive problems in women with PCOS generally present as irregular or absent
menstrual cycles (oligo- or amenorrhea respectively), which are signs of anovulatory
subfertility. The ovulation rate is negatively affected by obesity, resulting in lower chances of
spontaneous pregnancy [8]. Obesity also causes inferior outcomes with regard to infertility
treatments when compared to women with a normal weight [9,10]. Moreover, when
pregnant, complications such as gestational diabetes, hypertensive disorders, preterm birth,
and stillbirth seem to be more prevalent in this population [11–15]. Hence, a wish to become
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pregnant is not so self-evident for women with PCOS, especially if they are overweight or
obese.

The current first-line treatment for women with PCOS is a multicomponent lifestyle
intervention (diet, exercise, behavioral therapies) in order to lose weight and to prevent
excess weight gain [1]. Despite pregnancy not being the primary aim of many studies,
some lifestyle intervention trials have reported on incidental pregnancy findings [16,17].
Nonetheless, a recent meta-analysis investigated reproductive outcomes after lifestyle
interventions compared to minimal treatment in women with PCOS and concluded that
there are no lifestyle studies available with live birth as a primary outcome [18]. Hence, the
international PCOS guideline highlighted the critical need for more research with regard to
pregnancy outcomes following lifestyle interventions [1].

In line with this PCOS guideline, we performed a randomized controlled long-term
three-component lifestyle intervention, with or without additional short message service
(SMS) support, in overweight or obese women with PCOS. Previous results on the primary
outcome measure of weight loss demonstrated that our three-component lifestyle interven-
tion program resulted in reasonable weight loss in women with PCOS, and adding SMS
resulted in even more weight loss [19]. The aim of the current follow-up study was to eval-
uate conception resulting in live birth rates within 24 months after the start of the lifestyle
intervention (LSI) compared to care as usual (CAU). Furthermore, time to conception after
the start of the intervention, mode of conception, pregnancy complications, and neonatal
outcomes were also evaluated. We hypothesized that pre-pregnancy weight loss and the
adoption of a healthy lifestyle would cause more pregnancies, shorter time to conception,
and less pregnancy complications.

2. Materials and Methods

2.1. Trial Design

This was a follow-up study from a randomized controlled trial (RCT) based on data
from the Dutch Perinatal registry. The timeframe for data collection from the Dutch
Perinatal registry per participant comprised a total of 24 months after the start of the study
(0–12 months (during study period) and 12–24 months (post-study period)). The RCT was
a one-year three-component lifestyle intervention study which was performed between
August 2010 and March 2016. Three groups were compared: one-year lifestyle intervention
with additional SMS support (SMS+), one-year lifestyle intervention without additional
SMS support (SMS−), and one-year care as usual (CAU). We have previously published
the study protocol [20]. For the current follow-up study, we combined the SMS+ and
SMS− groups into one lifestyle intervention group (LSI). This RCT was approved by the
Medical Research Ethics Committee of the Erasmus MC in Rotterdam (MEC 2008-337)
and registered by clinical trial number: NTR2450 (www.trialsearch.who.int, accessed on 2
August 2010).

2.2. Participants

Women were included within the division of Reproductive Endocrinology and Infertil-
ity of the Department of Obstetrics and Gynaecology, at the Erasmus MC, the Netherlands,
when they were actively trying to get pregnant, had a body mass index (BMI) > 25 kg/m2,
were between 18–38 years of age, and had a diagnosis of PCOS according to the Rotterdam
2003 consensus criteria [2]. Women were excluded when they had inadequate command of
the Dutch language, severe mental illness, obesity due to another somatic cause, androgen
excess caused by adrenal diseases or ovarian tumours, and other malformations of the
internal genitalia.
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The sample size calculation of the RCT was based on a notable difference in weight
as the primary outcome measure. All participants provided written informed consent.
Subsequently, participants were randomly assigned in a 1:1:1 ratio to one of the three groups
of the study with the use of a computer-generated random numbers table. This procedure
was executed by a research nurse who was not involved in the study. Assignment was made
by sequentially numbered, identical, sealed envelopes, each containing a letter designating
the allocation [20].

2.3. Three-Component Lifestyle Intervention (LSI) and Control Group (CAU)

The lifestyle intervention covered three main components during twenty 2.5 h group
meetings over the period of one-year: (1) normo-caloric diet, as recommended by the
“Dutch Food Guide” [21], (2) exercise according to the “Global Recommendations for
physical activity by the World Health Organization” [22], (3) cognitive behavioral therapy,
in order to create awareness and to restructure dysfunctional thoughts about, e.g., self-
esteem and weight (loss). After three months the SMS+ group were sent weekly self-
monitored information regarding their diet, physical activity, and emotions by SMS, and
received patient-tailored SMS feedback by a semi-automated software program in order to
provide social support and to encourage positive behavior. The LSI was first tested in a
pilot group (n = 26) in order to get acquainted with the program and procedures. These
data were not used for the study.

The control group received care as usual over the period of one year. The risk of excess
weight for both mother and child, and the relation between overweight and infertility
was discussed by their treating physician. Subsequently, weight loss was encouraged by
publicly available services such as visiting a dietician or gym.

Participants in both groups (LSI and CAU) had a wish to become pregnant. They were
encouraged to lose 5–10% of their initial body weight as their personal goal during the
course of the study. Provided that they could sustain their weight loss for at least three
months and complete the one-year study, participants received assisted reproductive care.
In the meantime, spontaneous pregnancies could also occur during the one-year study
and in the one-year follow-up period after the study. Participants did not receive further
interventions if they became pregnant spontaneously during the course of the study.

2.4. Clinical and Endocrine Assessments

All participants received five standardized assessments from baseline till one year.
These included general medical, obstetric and family history, and physical measurements
(height, weight, BMI (kg/m2), waist and hip circumference, and blood pressure). In
addition, a transvaginal ultrasound (probe < 8 MHz) was performed and fasting blood
samples were collected for an extensive endocrine assessment.

Pregnancy and neonatal outcomes were collected from the Dutch Central Bureau for
Statistics (CBS) combined with the Dutch Perinatal registry (Perined). Maternal, neonatal
and delivery characteristics are routinely registered by caregivers (midwives, gynecolo-
gists, and pediatricians) using electronic registration forms which are all collected by the
Perined registry. This results in available population based data on approximately 96%
of all deliveries and pregnancies in the Netherlands [23]. Information on miscarriages or
deliveries < 16 weeks of gestational age is not available. Data from all participants were
linked to the Perined registry by the Dutch CBS using pseudo-anonymization.

2.5. Outcome Measures

The primary outcome measure of the current follow-up study was conception within
24 months after the start of the intervention resulting in live birth. Live birth was defined
as the delivery of a living child. Secondary outcome measures included time to conception
(from start intervention until conception), mode of conception (spontaneous or by assisted
reproductive technology (ART)), pregnancy complications such as (gestational) diabetes,
hypertensive disorders (hypertension and/or (pre) eclampsia), and preterm birth (birth
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<37 months of gestational age). Other secondary outcome measures included neonatal
outcomes and complications such as neonatal intensive care unit (NICU) admission, small
for gestational age (SGA) (birth weight < 10th percentile), large for gestational age (LGA)
(birth weight > 90th percentile) and congenital abnormalities.

2.6. Statistical Methods

Data were analyzed according the intention-to-treat principle. Outcome measures
were displayed as n (%) or median (interquartile range (IQR)). Differences between the
groups (LSI (SMS+ and SMS− combined) vs CAU) were tested with the χ2 test or Fishers
exact test for categorical variables and with the Mann–Whitney U test for continuous
outcomes.

A survival analysis was performed to calculate time to conception and differences
between the groups were tested with the log rank test. Logistic regression analyses were
used to evaluate the association between changes in weight within the groups and the
chance to get pregnant.

Finally, different baseline characteristics were evaluated as predictors for conception
within 24 months after the start of the intervention. These baseline characteristics were
selected as potential predictors based on a literature search and included: study group,
age, BMI, modified Ferriman–Gallwey score (mFG), waist circumference, time attempting
to conceive before the start of the study, prior parity, smoking, testosterone, androstene-
dione, free androgen index (FAI), glucose, insulin, sex hormone-binding protein (SHBG),
luteinizing hormone (LH), follicle stimulating hormone (FSH), estradiol, mean ovarian
volume, mean ovarian follicle number, and menstrual cycle. Logistic regression analyses
were used for the analyses of these potential predictors on conception. First, with univariate
models we identified predictors with a significance of p < 0.200. Second, these identified
potential predictors were entered in a multivariate model following a stepwise elimination
of the least significant predictor until the final remaining variables reached a significance
of p < 0.05. Outcomes were displayed as odds ratio (OR) with 95% confidence interval
(CI). All models were corrected by including baseline weight as a covariate. Analyses were
performed with IBM SPSS statistics version 25.0.

3. Results

A total of 561 women were eligible for the trial between 2 August 2010 and 11 March
2016. Figure 1 shows the participation selection flow-chart. To summarize, 26 women were
included in the pilot study; 352 women could not participate because of various reasons;
and finally 183 women were randomly assigned to one of the three arms of the study:
(1) SMS+ group (n = 60), (2) SMS− group (n = 63); resulting in a total of n = 123 women
in the LSI group, and (3) CAU group (n = 60). Baseline characteristics were presented
in Table 1. Median age was 29 years (26–32)for LSI and 28 years (26–32) for CAU. BMI
at baseline was 33.6 (30.8–36.6) for LSI and 30.6 (29.3–34.3) for CAU. Time attempting to
conceive before the start of the study was 24 (15–38) and 23 (14–35) months for the LSI and
CAU groups, respectively. The majority of the participants were nulliparous with 77.7%
in LSI and 75.9% in CAU. Our previous results from this RCT demonstrated a statistically
significant (p < 0.001) within-group mean weight loss of 7.87 kg in SMS+, 4.65 kg in SMS−
and 2.32 kg in CAU after one year [19]. The following pregnancy results are based on
calculations by the Erasmus MC using non-public microdata from Statistics Netherlands.
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Figure 1. CONSORT flowchart.

Table 1. Baseline characteristics.

Lifestyle Intervention (SMS+ and SMS−) n = 123 Care as Usual n = 60

n (%) n (%)

Nulliparous 94 (77.7) 44 (75.9)
Smoking 24 (19.7) 14 (23.7)

Alcohol consumption 27 (22.1) 19 (32.2)
Ethnicity

Northern European 52 (42.6) 24 (40.0)
Mediterranean 18 (14.8) 12 (20.0)

Hindustani 15 (12.3) 6 (10.0)
African 27 (22.1) 17 (28.3)
Asian 6 (4.9) 0 (0.0)
Other 4 (3.3) 1 (1.7)

Education
Low 10 (8.3) 8 (14.3)

Intermediate 67 (55.4) 35 (62.5)
High 44 (36.4) 13 (23.2)

PCOS characteristics
OD 118 (96.7) 57 (95.0)
HA 97 (80.2) 47 (78.3)

PCOM 118 (98.3) 59 (98.3)
Phenotype classification
A (OD + HA + PCOM) 89 (74.8) 43 (71.7)

B (OD + HA) 2 (1.7) 1 (1.7)
C (HA + PCOM) 4 (3.4) 3 (5.0)
D (OD + PCOM) 24 (20.2) 13 (21.7)
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Table 1. Cont.

Lifestyle Intervention (SMS+ and SMS−) n = 123 Care as Usual n = 60

n (%) n (%)

Median (IQR)

Age (year) 29 (26–32) 28 (26–32)
Weight (kg) 92 (83–105) 84 (79–97)

BMI (kg/m2) 33.6 (30.8–36.6) 30.6 (29.3–34.3)
Waist (cm) 101 (93–107) 96 (89–109)

Age of menarche (year) 12 (12–14) 12 (11–13)
Time attempting to conceive (months) 24 (15–38) 23 (14–35)

Note: Values are displayed as numbers (percentage) or as medians (interquartile range). Time attempting to
conceive includes the time before the start of the study. Abbreviations: SMS+; lifestyle intervention with SMS
support, SMS−; lifestyle intervention without SMS support, OD; ovulatory dysfunction, HA; hyperandrogenism,
PCOM; polycystic ovarian morphology, IQR = interquartile range, BMI = body mass index.

3.1. Conception Resulting in Live Birth

Within 24 months after the start of the intervention, the conception resulting in live
birth rate was 39.8% (49/123) within the LSI groups and 38.3% (23/60) within CAU. This
was non-significant between the groups (p = 0.845), see Table 2. 26/49 (53.1%) of the
offspring were male and 23/49 (46.9%) were female within the LSI groups. For the CAU
group this was 13/23 (56.5%) and 10/23 (43.5%), respectively. Mean time to conception after
the start of the study was illustrated in a Kaplan–Meier curve in Figure 2, with 18.7 and 19.4
months within the LSI and CAU groups, respectively (p = 0.646). Although weight loss had
a positive effect on the chance to become pregnant (see Figure 3), this was non-significant
(β = −0.038 SE 0.028, p = 0.169).

Table 2. Pregnancy outcomes within 24 months after the start of the intervention.

Lifestyle Intervention (SMS+ and SMS−) Care as Usual Total

n (%) n (%) p n (%)

Conception resulting in live birth 49/123 (39.8) 23/60 (38.3) 0.845 72/183 (39.3)
Stillbirth (ante partum) - - - 3/75 (4.0)

Mode of conception
Spontaneous 27/49 (55.1) 15/23 (65.2) 42/72 (58.3)

After ART 16/49 (32.7) 7/23 (30.4) 23/72 (31.9)
Unknown 6/49 (12.2) 1/23 (4.3) 0.521 7/72 (9.7)

Method of delivery
Vaginal birth 25/49 (51.0) 11/23 (47.8) 36/72 (50.0)

Instrument-assisted/caesarean
section 22/49 (44.9) 12/23 (52.2) 34/72 (47.2)

Unknown 2/49 (4.1) 0/23 (0.0) 0.564 2/72 (2.8)
Pregnancy complications

(gestational) diabetes 4/49 (8.2) 5/23 (21.7) 0.133 9/72 (12.5)
Hypertensive disorders 4/49 (8.2) 3/23 (13.0) 0.673 7/72 (9.7)

Preterm birth 6/49 (12.2) 4/23 (17.4) 0.716 10/72 (13.9)
Adverse postpartum outcomes

Hemorrhage - - - 5/72 (6.9)
Adverse neonatal outcomes
Apgar score < 7 after 5 min - - - 3/72 (4.2)

NICU admission 3/49 (6.1) 3/23 (13.0) 0.376 6/72 (8.3)
Small for gestational age 6/49 (12.2) 4/23 (17.4) 0.716 10/72 (13.9)
Large for gestational age 5/49 (10.6) 4/23 (17.4) 0.452 9/72 (12.5)
Congenital abnormalities - - - 5/72 (6.9)

Median (IQR) Median (IQR)

Birth weight (grams) 3350 (2915–3760) 3260 (2790–3870) 0.668
Birth weight (percentile) 64 (24–83) 69 (22–86) 0.817
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Table 2. Cont.

Lifestyle Intervention (SMS+ and SMS−) Care as Usual Total

n (%) n (%) p n (%)

Median (IQR) Median (IQR)

Gestational age at delivery (days) 276 (264–283) 276 (267–283) 0.633
Apgar 5 min 10 (9–10) 10 (9–10) 0.734

Note: Results are based on calculations by the Erasmus MC using non-public microdata from Statistics Netherlands.
Values are displayed as number/total (percentage) or as medians (interquartile range). Differences were tested
with the use of the X2 test or the Fishers exact test for categorical outcomes and with the use of the Mann–Whitney
U test for continuous outcomes. There were no significant differences between the groups. Abbreviations:
SMS+; lifestyle intervention with SMS support, SMS−; lifestyle intervention without SMS support, ART; assisted
reproductive technology, NICU; neonatal intensive care unit, IQR = Interquartile range.

Figure 2. Time from the start of the study to conception resulting in live birth by group. Note: Results
are based on calculations by the Erasmus MC using non-public microdata from Statistics Netherlands.
(A) shows the Kaplan–Meier curve with mean time to conception resulting in live birth for lifestyle
intervention (18.7 months), and care as usual (19.4 months). Differences were tested with the log
rank test (p = 0.646). (B) shows the number of conceptions resulting in live birth within the given
timeframe 0–12 months (during study period) and 12–24 months (post-study period) per study group.
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Figure 3. Logistic regression model for the effect of changes in weight on the chance of conception
≤ 24 months after the start of the intervention resulting in live birth. Note: Results are based on
calculations by the Erasmus MC using non-public microdata from Statistics Netherlands. Logistic
regression analyses; chance of conception: B = −0.038 SE 0.028, p = 0.169; chance of conception
corrected for baseline drop-out: B = −0.055 SE 0.031, p = 0.081.

A large proportion of the participants conceived spontaneously (42/72, 58.3%), with
55.1% (27/49) in the LSI groups and 65.2% (15/23) in the CAU group (p = 0.521). Median
birth weight was 3350 g (2915–3760) and 3260 g (2810–3848) for the LSI and CAU groups
respectively (p = 0.668), with a median gestational age at delivery of 39 weeks (37–40)) for
the LSI group and 39 weeks (38–40) for the CAU group (p = 0.830).

3.2. Pregnancy and Neonatal Complications

Both (gestational) diabetes (LSI 8.2% (4/49) and CAU 21.7% (5/23); p = 0.133), and
hypertensive disorder rates (LSI 8.2% (4/49) and CAU 13.0% (3/23); p = 0.673) during
pregnancy were non-significantly different between the groups, see Table 2. Preterm
birth accounted for 12.2% (6/49) in the LSI groups, and for 17.4 (4/23) in the CAU group
(p = 0.716). NICU admission rates were 6.1% (3/49) in the LSI groups, and 13.0% (3/23)
within the CAU group (p = 0.376). Both groups combined contained 5 cases with a congeni-
tal abnormality. From our own data we encountered one neonatal death in total due to a
severe congenital disorder.

3.3. Prediction of Conception

Twelve potentially predicting baseline variables, further specified in Table 3, were
identified and joined in a multivariate model. The stepwise elimination process resulted
in a model in which time attempting to conceive before the start of the study (OR 0.984
(95% CI 0.972–0.997), p = 0.017) and insulin (OR 0.991 (95% CI 0.986–0.997), p = 0.003) at
baseline both had a negative predictive value for conception resulting in live birth within
24 months after the start of the intervention (see Table 3). The ROC curve for the final
model is displayed in Figure 4 with an area under the curve of 0.691 (p < 0.001).
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Table 3. Determinants of conception within 24 months after the start of the intervention.

Univariate Model OR (95% CI) p-Value

Age 0.939 (0.875–1.007) 0.078
Body mass index 0.877 (0.776–0.991) 0.035

Modified Ferriman–Gallwey score 0.959 (0.901–1.021) 0.191
Waist circumference 0.967 (0.930–1.006) 0.094

Time attempting to conceive 0.984 (0.971–0.997) 0.014
Androstenedione 0.906 (0.805–1.021) 0.105

Free androgen index 0.919 (0.852–0.992) 0.030
Glucose 0.564 (0.310–1.023) 0.060
Insulin 0.992 (0.986–0.997) 0.002

Sex hormone-binding globulin 1.020 (1.000–1.040) 0.049
Mean ovarian volume 0.925 (0.846–1.013) 0.091

Amenorrhea 0.535 (0.223–1.287) 0.163

Multivariate model OR (95% CI) p-value

Time attempting to conceive 0.984 (0.972–0.997) 0.017
Insulin 0.991 (0.986–0.997) 0.003

Note: Results are based on calculations by the Erasmus MC using non-public microdata from Statistics Netherlands.
Logistic regression analyses, values are displayed as odds ratio (95% confidence interval), all model were corrected
for baseline weight. Abbreviations: OR; odds ratio, CI; confidence interval.

Figure 4. Receiver operating characteristic (ROC) curve for the model predicting conception within
24 months after the start of the intervention resulting in live birth. Note: Results are based on
calculations by the Erasmus MC using non-public microdata from Statistics Netherlands. This final
model included time attempting to conceive before the start of the study and insulin at baseline, area
under the curve = 0.691 (p < 0.001).
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3.4. Drop-Out Rate during Study Intervention Period

Finally, with the complete pregnancy data from the CBS and Dutch Perinatal reg-
istry we got more insight into participants who discontinued the intervention because of
pregnancy or dropped out due to other causes. In previous publications we described
a drop-out rate of 63.4% [19], which overestimated the number of true drop-outs as it
included participants who dropped out due to pregnancy during the study period. With
28/123 pregnancies in the LSI group and 12/60 pregnancies in the CAU group there were
a total of 40 (21.9%) pregnancies during the study intervention period, resulting in a true
drop-out rate of 42.1%.

4. Discussion

This follow-up study from a randomized controlled one-year three-component lifestyle
intervention reports on pregnancy outcomes based on data from the Dutch Perinatal
registry. Conception rates and time to conception after the start of the study showed
comparable non-significant results between the groups. It is worth mentioning that the
majority of our population eventually conceived spontaneously. Pregnancy complications
and outcomes were lower in the lifestyle intervention groups, and weight loss in general
had a positive effect on the chance to conceive within 24 months after the start of the
intervention. However, these findings were statistically non-significant. We also examined
some predictors for pregnancy which resulted in a final model including baseline insulin
level and time attempting to conceive before the start of the study.

Weight [19], emotional well-being [24], phenotypical characteristics [25], and metabolic
health [26] all were shown to improve more in the LSI groups compared to CAU over the
course of our study. It is believed that the pre-pregnancy optimization of these factors
should improve reproductive and obstetric outcomes in women with PCOS as well as
in their offspring [1]. Over the course of the study and follow-up period, women in all
three groups got pregnant, either spontaneously or eventually aided by ART, as long
as they reached their personal weight-loss goal at the end of the study. We observed
coinciding increasing pregnancy rates and decreasing time to pregnancy after the start
of the intervention in the lifestyle program. A similar trend was observed for pregnancy
complications and adverse neonatal outcomes. It is interesting to see that the rates of
pregnancy complications and adverse neonatal outcomes in the LSI group were, although
still higher, more similar to the rates in the general Dutch population [27] when compared
to the CAU group. However, the expected statistically significant differences were lacking.
This could be explained by the fact that this study was powered on weight loss as the
primary outcome [19], and not on pregnancy outcomes. Another explanation could be that
the lifestyle intervention group was compared to care as usual, which also consisted of
advice to lose weight. Although the amount of weight loss these women achieved was not
as much as in the LSI group, this probably still had a positive influence on their chance to
get pregnant.

Antenatal lifestyle interventions in the general population are associated with lower
risks of adverse maternal and neonatal outcomes [28], which should be similar in women
with PCOS. However, data on pregnancy outcomes reported from multi-component
lifestyle interventions are lacking. A recent meta-analysis investigating the effect of lifestyle
interventions in women with PCOS concluded that there were no studies which reported
on live birth, miscarriage, or pregnancy [18]. However, Legro and colleagues did report
on a preconception intervention (either 16 weeks of continuous oral contraceptive pills,
lifestyle modification by low caloric diet, or both, followed by ovulation induction) in
which live birth rates did not significantly differ between the groups [29]. The same group
also demonstrated an improved live-birth rate as a benefit of delayed infertility treatment
using clomiphene citrate (CC) when preceded by lifestyle modification with weight loss,
compared to immediate treatment [30]. Furthermore, a few studies were performed on
pregnancy outcomes in obese infertile women in general. These concluded that, although
weight loss was achieved, lifestyle intervention preceding infertility treatment did not sub-
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stantially affect live-birth rates [31–33]. However, we do have to keep in mind that success
rates with fertility treatments are lower among obese infertile women when compared to
normal-weight women [9,10], as well as the chance of natural conception [8]. Pregnancy
and neonatal complications are also less common among non-obese women compared to
obese women [34–36]. On top of this, women with PCOS have been found to be more prone
to weight gain, which was most marked in those with unhealthy lifestyles [37]. Altogether,
we would argue that recommending a lifestyle intervention in order to promote weight
loss instead of immediately starting an infertility treatment in overweight or obese women
with PCOS is the better choice. Moreover, a three-component lifestyle intervention aids
in creating an overall healthier body composition in the metabolic, physical and mental
domains which might as well result in a healthier pregnancy.

Based on our results, one could argue for the implementation of such a long-term
and intensive lifestyle intervention for all women with PCOS, in order to improve fertility
outcomes. Should we therefore look for other therapies to achieve even more weight loss,
such as bariatric surgery? However, one should also keep in mind a treatment’s impact,
side-effects and cost-effectiveness. Bariatric surgery is an invasive procedure, and will
cause a delay in fertility treatment because it is undesirable to conceive during a period of
rapid weight loss. Furthermore, pregnancy complications due to nutrient malabsorption
after bariatric surgery are also possible [1,38]. Other less invasive options, such as the
use of insulin sensitizers like metformin or thiazolidinediones, are proven to be beneficial
for weight loss and the treatment of infertility in women with PCOS [39]. However,
these drugs can cause gastro-intestinal side effects or even weight gain, which may reduce
patient compliance [40]. Inositol as an insulin sensitizer is currently recognized as a possible
candidate for a non-invasive low-cost addition to lifestyle therapy with lack of significant
adverse effects, even in pregnancy [41–43]. Benefits such as improving the ovulation
rate as well as hormonal and insulin sensitivity indexes have been demonstrated [44].
However, further evidence will be necessary to confirm the efficacy of inositol to improve
pregnancies and live birth in women with PCOS [45]. Finally, the use of anti-obesity
drugs such as glucagon-like peptie-1 receptor agonists are currently an emerging area of
interest and could also be considered while developing treatment strategies for overweight
women with PCOS. Although contraindicated during pregnancy, these anti-obesity drugs
simultaneously improve insulin sensitivity, reduce cardiovascular disease risk, and show
promising potential in achieving and maintaining weight loss [46].

Baseline insulin levels and time attempting to get pregnant before the start of the study
both had a negative predictive value on the chance to conceive. The same factors along
with other predictors were reported in studies predicting the chances for live birth after
ovulation induction using anti-estrogens [10,47,48], or using gonadotrophins [49–51]. In
addition, a large proportion in our population conceived spontaneously, which again may
be driven by different baseline predictors. Overall, given this spontaneous conception rate,
and knowing most of them had a long time to pregnancy before they entered the study,
which is a negative predictor, these study results are encouraging and may support the
advice of lifestyle changes prior to infertility treatment in this population.

A strength of this follow-up study is the utilization of pregnancy data from the Dutch
Perinatal registry. Because of this, we were sure to collect data on all conceptions resulting
in live birth within the given timeframe, and we could even report on pregnancy outcomes
from women who were lost to follow-up from the RCT. On top of this, we could make
a distinction between the “real drop-out” and women who became pregnant during the
study but were lost to follow-up, which resulted in a lower overall study drop-out rate
than previously reported for this RCT [19].

104



J. Clin. Med. 2023, 12, 426

However, a limitation of data from the CBS is the absent knowledge on miscarriages
and pregnancies that ended before 16 weeks of gestation. Nonetheless, the final desired
end-goal of couples will be an uneventful pregnancy and the birth of a living child, which
is therefore in our eyes the most important study outcome. Furthermore, one should keep
in mind that not all women in our study ultimately received fertility treatment, which
could also be seen as a limitation. Participants in our study only received fertility treatment
after achieving their personal weight loss goal, whereas other studies generally treated all
participants [29,31–33]. This may cause an underestimation of pregnancies in our study
when compared to other study designs. However, we believe that it was more desirable for
participants to primarily achieve their weight loss goal and a healthy lifestyle before the
start of an infertility treatment in order to decrease the chance on any possible iatrogenic
induced pregnancy complications associated with overweight or obesity [52].

5. Conclusions

In total, 39.3% of the women conceived within 24 months after the start of the study,
of which 58.3% were spontaneous conceptions. Women in het LSI groups lost more weight
compared to CAU based on our previous data; however, this follow-up study showed no
significant differences in conception resulting in live birth rates between LSI and CAU.
These results should be interpreted with caution, because the study was not powered for
pregnancy outcomes.
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Abstract: This clinical trial aims to compare hormonal and metabolic changes after a 9-week continu-
ous use of oral or vaginal combined hormonal contraceptives (CHCs) in women with polycystic ovary
syndrome (PCOS). We recruited 24 women with PCOS and randomized them to use either combined
oral (COC, n = 13) or vaginal (CVC, n = 11) contraception. At baseline and 9 weeks, blood samples
were collected and a 2 h glucose tolerance test (OGTT) was performed to evaluate hormonal and
metabolic outcomes. After treatment, serum sex hormone binding globulin (SHBG) levels increased
(p < 0.001 for both groups) and the free androgen index (FAI) decreased in both study groups (COC
p < 0.001; CVC p = 0.007). OGTT glucose levels at 60 min (p = 0.011) and AUCglucose (p = 0.018)
increased in the CVC group. Fasting insulin levels (p = 0.037) increased in the COC group, and insulin
levels at 120 min increased in both groups (COC p = 0.004; CVC p = 0.042). There was a significant
increase in triglyceride (p < 0.001) and hs-CRP (p = 0.032) levels in the CVC group. Both oral and
vaginal CHCs decreased androgenicity and tended to promote insulin resistance in PCOS women.
Larger and longer studies are needed to compare the metabolic effects of different administration
routes of CHCs on women with PCOS.

Keywords: PCOS; oral combined hormonal contraception; vaginal combined hormonal contraception;
metabolic effects; OGTT

1. Introduction

Polycystic ovary syndrome (PCOS) is the most common endocrine disorder, affecting
5–18% of women of reproductive age [1,2]. According to the Rotterdam criteria [3] and the
international evidence-based PCOS guideline [4], PCOS is defined by at least two of the
following three features: (1) polycystic ovaries on gynecological ultrasonography, (2) oligo-
or anovulation, and/or (3) clinical and/or biochemical hyperandrogenism (hirsutism or
high serum testosterone or androgen levels). Women with PCOS display an increased
risk for glucose metabolism disorders [5,6], obesity, hypertension, dyslipidemia, insulin
resistance (IR), and metabolic syndrome [5–8].

Combined hormonal contraceptives (CHCs) are the first-line treatment for the most
common PCOS-related clinical manifestations, namely menstrual irregularity and hir-
sutism [4,9]. However, CHCs are known to induce unfavorable metabolic effects, especially
on glucose metabolism, in the general population [10–13]. Recommendations for CHC use
by women with PCOS are generally based on studies of women without PCOS, with a
limited number of studies on the use of CHCs in PCOS. Given the metabolic burden related
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to PCOS, it is plausible that CHCs may worsen already existing metabolic disorders related
to the syndrome [14]. Some studies of women without PCOS have indicated that the use
of combined vaginal contraception (CVC) causes fewer metabolic effects than combined
oral contraception (COC) [12,15], although the findings are inconsistent [13]. Given the
widespread use of CVC among women and possibly less adverse systemic effects of vaginal
administration due to lower hepatic stress compared with oral administration, there is a
necessity for studies to evaluate the metabolic effects of CVC use in women with PCOS.

Although the international evidence-based PCOS guideline recommends COCs in first-
line pharmacological management for menstrual irregularity and hyperandrogenism, it
does not provide specific recommendations for dosage, mode of administration, or specific
preparation [4]. Earlier, the Amsterdam ESHRE/ASRM consensus on women’s health
aspects of PCOS concluded that there is a need to perform head-to-head trials comparing
different CHC strategies, as well as longitudinal follow-up studies on CHC use in women
with PCOS [3].

The aim of this randomized controlled trial was to compare the hormonal and
metabolic effects of COC and CVC in women with PCOS after nine weeks.

2. Materials and Methods

This randomized, prospective, open-label, single-centered study was conducted at
Oulu University Hospital, Finland, between 2011 and 2016. The study was approved by the
Ethics Committee of Oulu University Hospital. All participants signed a written consent
document. The study was registered at ClinicalTrials.gov (NCT01588873).

2.1. Study Population (Figure 1)

The participants were selected from the hospital register of Oulu University Hospital
according to the ICD10 diagnosis code for PCOS (E 28.2). The women were eligible to
participate if they were aged 18–40 years, healthy, and without medical contraindications
for the use of CHCs (high blood pressure, migraine with focal aura, severe or multiple risk
factors to thromboembolism, acute or chronic hepatocellular disease or hepatic adenomas
or carcinomas, unexplained abnormal vaginal bleeding, diagnosed or suspected cancer, or
an estrogen-dependent tumor), not using any medication, not smoking, not pregnant or
breastfeeding, and had not used any hormonal or cortisone medicines for at least 2 months
prior to study entry.

Figure 1. Flowchart of the study.
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The participants were randomized to use either a combined hormonal oral contra-
ceptive pill (COC group: ethinylestradiol, EE, 20 μg and desogestrel, 150 μg; Mercilon®;
Organon Ltd., Dublin, Ireland) or a combined hormonal contraceptive vaginal ring (CVC
group: EE, 15 μg/day and etonogestrel, an active metabolite of desogestrel, 120 μg/day;
NuvaRing®; N.V.Organon, Oss, Netherlands) continuous for 9 weeks. The randomization
list (allocation 1:1) was computer-generated. The participants went through two clinical
examinations, the first at baseline and the second at 9 weeks of treatment, which included a
gynecological examination, a transvaginal ultrasound (endometrium thickness, ovarian
volumes, and the number of follicles), blood sampling for hormonal and metabolic parame-
ters, and an oral glucose tolerance test (OGTT). At baseline, the clinical examination was
performed between cycle days 1–3 and, at the ninth study week, within 3 days from the
beginning of menstruation after discontinuation of the contraceptive preparation.

In all, 24 women with PCOS were recruited, 13 in the COC group and 11 in the CVC
group (Figure 1). Diagnosis of PCOS was made according to the Rotterdam criteria. The
baseline characteristics of the participants are described in Table 1.

Table 1. Baseline characteristics of the study population.

COC CVC p-Value *

Age (years) 32.4 ± 6.6 30.8 ± 4.9 0.051

BMI (kg/m2) 25.4 ± 3.3 23.2 ± 2.4 0.068
PCOM 13/13 11/11 0.287

oligomenorrhea 10/13 9/11 0.493
hirsutism/high testo 6/13 5/11 0.974

* p-value between the study groups at baseline. COC, combined oral contraceptive; CVC, combined vaginal
contraceptive; BMI, body mass index; PCOM, polycystic ovarian morphology.

2.2. Oral Glucose Tolerance Test

The 75 g 2 h oral OGTT was performed after 12 h of fasting at baseline and 9 weeks.
Blood samples were taken at 0, 30, 60, and 120 min. Glucose and insulin areas under
the curve (glucose AUC and insulin AUC), the homeostatic model assessment of insulin
resistance (HOMA-IR), the homeostatic model assessment of β-cell function (HOMA-2β),
and whole-body insulin sensitivity (i.e., Matsuda index) [16] were calculated based on
OGTT results to evaluate glucose tolerance, IR, and insulin sensitivity.

Although the hyperinsulinemic-euglycemic glucose clamp is the gold standard for
evaluating insulin sensitivity, it is costly, time-consuming, invasive, and requires staff. The
calculated indexes, such as HOMA-IR and Matsuda, have been shown to estimate insulin
resistance and sensitivity more easily [16–18].

HOMA-IR (=insulin (mU/L) × glucose (mmol/L)/22.5) is a calculated index used
to quantify IR from basal glucose and insulin levels and was first described in 1985 by
Matthews et al. [18]. A strong linear correlation of HOMA-IR with the clamp has been
found [17,18]. In women with PCOS, HOMA-IR has been used in various studies of
different populations to assess IR [19–22] and has proven to be a robust clinical and epi-
demiological tool for assessing IR. HOMA-2β (=20 × fasting insulin (μIU/mL)/fasting
glucose (mmol/mL) − 3.5) has been used as a marker of basal insulin secretion by
pancreatic β-cells [21].

The Matsuda index (=[10,000/
√

fasting glucose × fasting insulin) (mean glucose
(OGTT) × mean insulin OGTT)]) was described by Matsuda and DeFronzo in 1999. It
estimates whole-body physiological insulin sensitivity [16]. In women with PCOS, the
Matsuda index correlates well with HOMA-IR and the quantitative insulin-sensitivity
check index (QUICKI), which indicates its reliability in the detection of IR [23,24].

2.3. Assays

Serum samples for the assay of total testosterone (T) were conducted by using Agilent
triple quadrupole 6410 liquid chromatography–mass spectrometry (LC-MS) equipment
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with an electrospray ionization source operating in positive-ion mode (Agilent Technologies,
Wilmington, DE, USA). Multiple reaction monitoring was used to quantify T by using
trideuterated T (d3-T) with the following transitions: m/z 289.2 to 97 and 289.2 to 109 for T
and 292.2 to 97 and 292.2 to 109 for d3-T. The intra-assay coefficients of variation (CVs) of
the method were 5.3%, 1.6%, and 1.2% for T at 0.6, 6.6, and 27.7 nmol/L, respectively.

Sex hormone binding globulin (SHBG) was analyzed by chemiluminometric im-
munoassays (Immulite 2000, Siemens Healthcare Diagnostics, Los Angeles, CA, USA)
with a sensitivity of 0.02 nmol/L. Serum glucose, total cholesterol, low-density lipopro-
tein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), and triglycerides
were assayed using an automatic chemical analyzer (Advia, 1800; Siemens Healthcare
Diagnostics, Tarrytown, NY, USA), insulin by using an automated a chemiluminescence
system (Advia Centaur; Siemens Healthcare Diagnostics, Tarrytown, NY, USA), and high-
sensitivity C-reactive protein (hs-CRP) by using an immunonephelometry (BN ProSpec;
Siemens Healthcare Diagnostics, Marburg, Germany). All samples (baseline and 9 weeks)
from the same subject were analyzed in the same assay.

2.4. Statistical Analyses

Power calculation was based on our previous study comparing the metabolic effects
of the same preparations (Mercilon® and Nuvaring®) in young healthy women [13]. That
study showed a significant increase of 0.44 mmol in serum triglyceride levels at 9 weeks
of treatment with both preparations. The power analysis indicated that 17 women would
have been needed in both study groups to reveal a similar increase in the serum level of
triglycerides. To allow for dropouts, the planned sample size was 40 women (20 women
in each group). Unfortunately, because of the strong criticism at the time of the recruit-
ment raised in the media toward the thromboembolic risks linked to the use of hormonal
contraception, the recruitment was extremely slow, and we managed eventually to recruit
24 women, 13 in the COC group and 11 in the CVC group.

All variables are present as means with standard deviation (SD) in Table 2. Paired
samples t-tests were performed for normally distributed variables and Wilcoxon’s tests
were used for variables with a skewed distribution to explore changes in hormonal and
metabolic levels within the same study group at the baseline and during the treatment. To
analyze the differences between the study groups and the change from baseline to the 9th
study week, we used a linear mixed model (repeated measures) with a random intercept.
All results were adjusted with the BMI and age of the participants.

Table 2. Differences in the parameters of androgen secretion, glucose metabolism, lipid profile, and
inflammation between the study groups. Analyses were performed with a linear mixed model with a
random intercept.

Variable Fixed Effect Estimate 95%CI p-Value p Adjusted *

BMI (kg/m2)
time 0.33 −0.08; 0.75 0.128 0.109
CHC −1.70 −4.20; 0.79 0.131 0.170

time*CHC −0.34 −0.95; 0.26 0.245 0.244

WC (cm)
time −0.36 −3.32; 2.61 0.748 0.825
CHC −0.81 −8.22; 6.60 0.626 0.825

time*CHC 0.42 −3.99; 4.83 0.812 0.843

sBP (mmHg)
time −0.32 −5.77; 5.14 0.905 0.394
CHC −7.07 −16.41; 2.28 0.134 0.195

time*CHC −2.42 −10.76; 5.92 0.550 0.880

dBP (mmHg)
time −0.63 −4.99; 3.73 0.425 0.762
CHC −2.78 −11.02; 5.45 0.109 0.495

time*CHC −1.53 −7.94; 4.88 0.613 0.618
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Table 2. Cont.

Variable Fixed Effect Estimate 95%CI p-Value p Adjusted *

SHBG
time −111.8 −144.98;

−78.7 <0.001 <0.001

CHC 37.8 −6.6; 81.9 0.019 0.093
time*CHC −39.2 −88.5; 10.1 0.080 0.113

Kol
(mmol/L)

time −111.8 −144.98;
−78.7 <0.001 <0.001

CHC 37.8 −6.6; 81.9 0.019 0.093
time*CHC −39.2 −88.5; 10.1 0.080 0.113

LDL-C
(mmol/L)

time −0.188 −0.61; 0.23 0.569 0.360
CHC 0.113 −0.52; 0.75 0.766 0.718

time*CHC 0.149 −0.48; 0.78 0.598 0.622

HDL-C
(mmol/L)

time −0.025 −0.34; 0.29 0.076 0.869
CHC 0.291 −0.34; 0.92 0.574 0.351

time*CHC 0.052 −0.42; 0.53 0.595 0.821

triglycerides
(mmol/L)

time −0.179 −0.4; 0.04 0.032 0.103
CHC 0.236 −0.12; 0.59 0.919 0.182

time*CHC −0.333 −0.66; −0.01 0.542 0.046

CRP
(mmol/L)

time −0.538 −1.96; 0.88 0.403 0.432
CHC 2.139 0.35; 3.93 0.109 0.021

time*CHC −1.350 −3.44; 0.74 0.376 0.190

fasting
glucose

(mmol/L)

time −0.099 −0.36–0.17 0.700 0.440
CHC −0.181 −0.50–0.14 0.213 0.266

time*CHC 0.131 −0.26–0.52 0.456 0.488

fasting
insulin
(mU/L)

time −2.215 −4.8; 0.39 0.140 0.091
CHC 3.127 −4.8; 0.39 0.718 0.108

time*CHC 0.749 −3.13; 4.63 0.899 0.690

AUCglucose
time −1.666 −3.52; 0.19 0.107 0.817
CHC 0.283 −2.19; 2.75 0.065 0.076

time*CHC 0.413 −2.42; 3.25 0.921 0.764

AUCinsulin
time −27.11 −70.7; 16.5 0.260 0.206
CHC 71.37 −1.8; 144.5 0.363 0.056

time*CHC −20.00 −86.7; 46.7 0.249 0.534

HOMA-IR
time −0.430 −1.20; 0.34 0.404 0.266
CHC 1.178 0.18; 2.18 0.295 0.022

time*CHC −0.292 −1.5;0.91 0.316 0.617

HOMA-2β
time −26.61 −55.3; 2.05 0.269 0.067
CHC 49.15 5.1; 93.2 0.065 0.030

time*CHC 2.428 −40.2; 45.1 0.827 0.906

Matsuda
index

time 1.835 0.29; 3.38 0.065 0.023
CHC 0.302 −2.95; 3.55 0.673 0.850

time*CHC −0.968 −3.29; 1.36 0.717 0.759
* Adjusted with BMI and age. Time comparison between baseline and the ninth week of study. CHC, comparison
between study groups. Time*CHC, comparison between study groups between baseline and week 9. COC,
combined oral contraceptive; CVC, combined vaginal contraceptive; BMI, body mass index; WC, waist circum-
ference; sBP, systolic blood pressure; dBP, diastolic blood pressure; SHBG, sex hormone binding globulin; FAI,
free androgen index; HOMA-IR, homeostasis model assessment of insulin resistance; HOMA-2β, homeostasis
model assessment of β-cell function; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein
cholesterol; hs-CRP, high-sensitivity C-reactive protein.

Statistical analyses were performed using the Statistical Package for the Social Sciences
(SPSS) software (version 28.0 for Windows, SPSS Inc., Chicago, IL, USA). The statistical
significance level was set at p ≤ 0.05.
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3. Results

3.1. Anthropometric Parameters

At baseline, women in the COC group were older (32.4 vs. 30.8 years, p = 0.051), and
their BMI tended to be higher (25.4 vs. 23.5, p = 0.068) compared to the CVC group (Table 1).
At baseline and 9 weeks of treatment, there were no significant differences between the
two study groups regarding BMI (p = 0.245), waist circumference (WC, p = 0.812), diastolic
blood pressure (dBP, p = 0.550), or systolic blood pressure (sBP, p = 0.613) (Table 2).

3.2. Serum Levels of Androgens and SHBG

There were no significant differences in serum levels of testosterone at 9 weeks between
the groups. However, SHBG levels increased significantly in both groups (COC p < 0.001,
CVC p < 0.001) between baseline and week 9, and FAI was decreased in both groups (COC
p < 0.001, CVC p = 0.007) (Table 3). The changes in SHBG and FAI between baseline and
week 9 were similar within the groups (Table 2).

Table 3. Parameters (mean ± standard deviation, SD) related to androgen secretion, glucose
metabolism, lipid profile, and inflammation in the study groups.

COC CVC

Week 0 Week 9 Change Pcoc Padj Week 0 Week 9 Change Pcvc Padj

n 13 11 11 9

BMI (kg/m2) 25.4 ± 3.3 25.1 ± 3.0 −0.3 (−0.6; 0.1) 0.173 0.157 23.2 ± 2.4 23.5 ± 2.7 0.02 (−0.3; 0.4) 0.917 0.929

WC (cm) 82.3 ± 10.9 82.1 ± 8.6 −0.4 (−3.3; 2.5) 0.842 0.812 80.9 ± 7.5 80.5 ± 8.1 0.00 (−1.1; 1.1) 0.990 0.912

sBP (mmHg) 116.3 ± 9.4 116.4 ± 13.3 0.5 (−6.6; 7.5) 0.928 0.876 106.8 ± 10.1 111.1 ± 7.7 1.9 (−2.7; 6.4) 0.270 0.322

dBP (mmHg) 69.4 ± 8.2 70.5 ± 8.6 1.6 (−2.9; 6.1) 0.472 0.656 62.0 ± 9.2 65.9 ± 7.8 2.5 (−1.9; 6.9) 0.167 0.203

Testo
(nmol/L) 1.31 ± 0.5 1.13 ± 0.6 −0.1 (−0.5; 0.2) 0.331 0.450 2.31 ± 2.1 1.20 ± 0.3 −1.3 (−3.2; 0.6) 0.140 0.195

SHBG
(nmol/L) 48.54 ± 17.5 156.36 ± 1.6 109.8 (84.1; 135.6) <0.001 <0.001 55.73 ± 22.3 208.84 ± 84.0 151.6 (101.1; 202.1) <0.001 <0.001

FAI 2.88 ± 1.3 0.75 ± 0.4 −2.1 (−3.3; −1.0) <0.001 <0.001 3.80 ± 2.9 0.61 ± 0.2 −3.5 (−6.0; −1.0) 0.005 0.007

Fasting
glucose

(mmol/L)
5.3 ± 0.3 5.3 ± 0.3 0.0 (−0.3; 0.3) 0.938 0.863 5.2 ± 0.5 5.1 ± 0.4 −0.2 (−0.4; 0.1) 0.166 0.324

Fasting
insulin

(mU/L)
10.1 ± 5.1 11.7 ± 4.1 1.58 (0.02; 3.1) 0.037 0.020 11.1 ± 6.2 12.8 ± 7.7 1.72 (−2.1; 5.6) 0.255 0.168

AUCglucose 12.2 ± 7.1 13.1 ± 10.6 1.5 (−1.4; 4.3) 0.129 0.281 10.7 ± 8.8 13.7 ± 11.5 1.5 (0.3; 2.7) 0.018 0.034

AUCinsulin 92.0 ± 286.6 129.0 ± 199.2 14.4 (−18.9; 47.6) 0.268 0.240 72.3 ± 402.0 212.7 ± 339.7 44.0 (−18.9; 106.8) 0.089 0.294

HOMA-IR 2.3 ± 1.3 2.7 ± 0.9 0.25 (−0.2; 0.7) 0.189 0.235 2.3 ± 1.5 3.4 ± 1.9 0.87 (−0.5; 2.3) 0.134 0.212

HOMA-2β 106.1 ± 41.7 137.0 ± 53.8 26.1 (6.2; 46.1) 0.011 0.010 130.0 ± 60.8 163.4 ± 81.5 30.7 (−9.4; 70.7) 0.098 0.532

Matsuda
index 6.09 ± 3.4 4.91 ± 1.6 −1.2 (−2.4; 0.1) 0.066 0.089 6.18 ± 3.1 5.39 ± 3.6 −0.8 (−2.8; 1.1) 0.241 0.288

Cholesterol
(mmol/L) 4.15 ± 0.6 4.33 ± 0.7 0.04 (−0.5; 0.6) 0.572 0.722 4.29 ± 0.5 4.36 ± 0.7 0.14 (−1.1; 1.4) 0.749 0.787

HDL-C
(mmol/L) 1.44 ± 0.4 1.67 ± 0.5 −0.25 (−0.9; 0.4) 0.088 0.113 1.65 ± 0.3 1.65 ± 0.3 0.03 (−0.2; 0.3) 0.869 0.985

LDL-C
(mmol/L) 2.56 ± 0.7 2.33 ± 0.8 0.19 (−0.04; 0.4) 0.959 0.988 2.60 ± 0.6 2.64 ± 0.7 −0.02 (−0.2; 0.3) 0.943 0.098

Triglycerides
(mmol/L) 0.93 ± 0.4 1.29 ± 0.8 0.36 (−0.1; 0.8) 0.098 0.367 0.76 ± 0.3 1.28 ± 0.5 0.49 (0.3; 0.7) <0.001 <0.001

Hs-CRP
(mmol/L) 1.58 ± 1.8 2.00 ± 2.1 0.78 (−0.46; 2.0) 0.302 0.567 1.65 ± 1.5 3.50 ± 2.3 1.75 (−0.02; 3.6) 0.032 0.040

COC, combined oral contraceptive; CVC, combined vaginal contraceptive; BMI, body mass index; WC, waist
circumference; sBP, systolic blood pressure; dBP, diastolic blood pressure; SHBG, sex hormone binding globulin;
FAI, free androgen index; HOMA-IR, homeostasis model assessment of insulin resistance; HOMA-2β, homeostasis
model assessment of β-cell function; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein
cholesterol; hs-CRP, high-sensitivity C-reactive protein.

3.3. Oral Glucose Tolerance Test (OGTT)

In the OGTT, glucose levels at 60 min were higher after 9 weeks of treatment compared
to baseline (p = 0.008, adjusted p = 0.011) in the CVC group. Further, glucose AUC was
increased significantly in the CVC group (p = 0.018, adjusted p = 0.034) (Table 3, Figure 2).
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Figure 2. Glucose and insulin responses during OGTT. (a) Glucose values at 0, 30, 60, and 120 min
in both study groups at baseline; (b) glucose values at 0, 30, 60, and 120 min in both study groups
week 9. AUCglucose values between baseline and the ninth week in the COC and CVC groups. AUC
* is AUCglucose between the study groups. An asterisk (*) marks a significant increase in 60 min
glucose value in the CVC group compared to baseline; (c) insulin values at 0, 30, 60, and 120 min
in both study groups at baseline.; (d) insulin values at 0, 30, 60, and 120 min in both study groups
at baseline. AUCinsulin values between baseline and the ninth week in the COC and CVC groups.
AUC * is AUCinsulin between the study groups at week 9. An asterisk (*) marks a significant increase
in 120 min insulin values in both groups compared to baseline.
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Fasting insulin levels (p = 0.037, adjusted p = 0.023) increased after 9 weeks of treatment
in the COC group, and insulin levels at 120 min increased in both groups (COC p = 0.005,
adjusted p = 0.004; CVC p = 0.028, adjusted p = 0.042) (Table 3, Figure 2).

HOMA-2β levels increased significantly in the COC group (p = 0.011), but the change
became nonsignificant after adjustments (adjusted p = 0.10) (Table 3). HOMA-2β differed
significantly between the two groups (p = 0.037, adjusted p = 0.030), but the increase in
HOMA-2β levels was similar in both groups (Table 2).

3.4. Serum Lipids and hs-CRP

Serum levels of triglycerides (p < 0.001, adjusted p < 0.001) increased significantly at
9 weeks of treatment in the CVC group (Table 3). There were differences in triglyceride
levels (p = 0.030, adjusted p = 0.103) between baseline and 9 weeks; the levels increased,
and the change differed between the groups (p = 0.542, adjusted p = 0.046) (Table 2).

Hs-CRP levels (p = 0.032, adjusted p = 0.040) increased significantly after 9 weeks
in the CVC group (Table 3). The levels differed between the groups after adjustments
(adjusted p = 0.021), but the change in hs-CRP was similar in both groups (p = 0.376,
adjusted 0.382) (Table 2).

4. Discussion

In this study, both COC and CVC decreased androgenicity but displayed only mild
effects on glucose metabolism, IR, lipid profile, and chronic inflammation. Though the study
failed to recruit the targeted number of women, the data contrasted with our hypothesis,
as CVC did not seem to have a more beneficial hormonal or metabolic profile than COC
in PCOS.

CHC preparations are the most used medical treatment for PCOS, as they reduce
menstrual abnormalities and relieve manifestations of clinical hyperandrogenism (acne
and hirsutism). In the present study, a 9-week use of 20 μg EE + DSG or 15 μg/d EE/EGS
caused an approximately 200–270% increase in SHBG levels and a subsequent 74–84%
decrease in FAI levels, in line with the results of previous studies [13,15,25]. Some studies
have reported a greater increase in SHBG during oral CHC use [13,26], whereas others
have found that SHBG increased more during CVC treatment [15,25]. The present results
suggest that the routes are comparably efficient in improving hyperandrogenemia in PCOS.

In some studies, CVC was considered to cause fewer adverse changes in glucose
metabolism and insulin sensitivity in general female populations [15]. In the present
study, after 9 weeks of treatment, AUCglucose increased in the CVC group. A small
compensatory increase in insulin secretion was observed in both groups. In the COC group,
fasting insulin and 120 min insulin levels increased and, in the CVC group, there was an
increase in 120 min insulin levels. These results are partly in line with those of our previous
study, which demonstrated a reduction in insulin sensitivity and an increase in AUCglucose
levels among 54 healthy young women who were given oral, vaginal, or transdermal CHCs
continuously for 9 weeks [13]. However, not all studies agree on the detrimental effect of
CHCs on glucose metabolism. In one study, CVC users did not experience any changes
in carbohydrate metabolism compared to COC users over five cycles [15]. Furthermore,
CVC for 24 months was found to be safe in women with type 1 diabetes when estimated by
glycosylated hemoglobin levels [27]. Moreover, in the only randomized study performed
with women with PCOS (n = 37), CVC improved insulin sensitivity and glucose tolerance,
whereas COC (containing EE + drospirenone) worsened IR and insulin secretion at 6 months
of treatment [28]. Comparisons with previous studies are challenging because studies differ
regarding CHC preparations and the methods used to evaluate glucose metabolism and
IR. The gold standard for assessing IR is the hyperinsulinemic-euglycemic glucose clamp
technique. However, several measurements based on serum glucose and insulin response to
glucose intake, such as HOMA-IR, HOMA-2β, and the Matsuda index, have been shown to
be useful. These indexes have been shown to reliably reflect IR in several previous studies
in women with PCOS [19–22]. On the other hand, it is unclear whether patients presenting
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mild IR (i.e., an altered response to a clamp but a normal HOMA-IR and a normal response
to an oral glucose test) display any additional clinical problems when compared to patients
with a normal response to the clamp. Indeed, there are also concerns that the evaluation of
IR in women with PCOS is method-dependent, and there may be discrepancies between
markers [29]. In addition, lean women with PCOS may be more easily misclassified as
insulin sensitive [30]. Nonetheless, our results raise concerns that CVC may not be safer
than COC in women with PCOS regarding its effects on glucose metabolism.

In the present study, changes in lipid profile showed an increase in triglyceride levels in
the CVC group, and the increase was slightly greater in the CVC group. These results align
with those of previous studies among women with PCOS, showing that COC use is associ-
ated with increased levels of triglycerides but also HDL and total cholesterol levels [14,31].
Similar results were generated in a study performed on healthy women treated with oral,
transdermal, or vaginal CHCs for 9 weeks, showing an increase in triglycerides and HDL
in all study groups [13]. Comparably, oral EE administration has been shown to result in in-
creased total cholesterol, mainly due to increased HDL cholesterol and triglycerides [32–34].
A similar effect during the use of CVC has also been described [35]. High triglyceride levels
seem to be an independent predictor of the future risk of myocardial infarction [36] and
have been associated with elevated cardiovascular risks [37], specifically in women [37].
A meta-analysis of CHC effects on the lipid profile in PCOS women concluded that des-
ogestrel containing CHCs increased triglyceride levels after 6 months of treatment [33].
In the present study, triglyceride levels e increased significantly in the CVC group. A
9-week study is too short for solid conclusions regarding lipid profile changes with COC or
CVC use. However, our results do not support the recommendation that vaginal CHC be
preferred to oral preparations to decrease the cardiovascular risks linked to PCOS. As an
abnormal lipid profile is typically present in women with PCOS [38], larger, long-lasting
follow-up studies and real-world register data analyses are needed to clarify whether the
use of CHCs (either oral or vaginal) will increase the risk of cardiovascular morbidity and
mortality in women with PCOS. It is possible that the alleviation of hyperandrogenemia
with CHCs overcomes mild impairments in metabolic parameters.

Serum levels of hs-CRP increased in the CVC group after 9 weeks of treatment. Despite
differences in CRP levels, the change in hs-CRP levels was similar between the two groups.
This result is in line with studies performed with oral and vaginal preparations [39,40] and
with our recently published data showing EE to be a strong promoter of chronic low-grade
inflammation [13,41]. This is an important finding, as women with PCOS have been shown
to display chronic inflammation [42,43], which, in turn, is associated with an increased
risk of cardiovascular diseases and events, as well as overall mortality [44]. Of note, the
findings of a recent study comparing estradiol valerate (EV) with EE among healthy women
suggest that EV could display a more neutral effect on inflammation and lipids [41]. Further
randomized studies are needed to clarify whether preparations containing EV instead of
EE could be safer regarding cardiovascular risks in women with PCOS.

Strengths and Limitations

The main strengths of the present study are that PCOS diagnosis was made by a
gynecologist and the participants were homogeneous concerning ethnicity, as all were
Caucasians. All in all, the study provides important data for future meta-analyses. The
weaknesses of the study are the failure to recruit enough participants to meet the power
calculation criteria for a sufficient sample size and to engage participants to finish the
study, which underscores the challenge of running a randomized clinical trial. Additionally,
a slightly higher BMI (nonsignificant) and age at baseline in the COC group may have
influenced the results. Further, the power calculation was based on changes in triglycerides,
not on glucose metabolism parameters or inflammation markers, which must be taken
into consideration when interpreting the results. Additionally, as discussed earlier, the
hyperinsulinemic-euglycemic glucose clamp technique is the gold standard for IR mea-
surement, but it is costly, time-consuming, invasive, and requires staff. We used basal
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and OGTT-derived calculated indexes (HOMA-IR, HOMA-2β, and the Matsuda index) to
evaluate IR in women with PCOS. Lastly, the short follow-up period does not permit con-
clusions to be drawn on the long-term consequences of the use of COC or CVC, warranting
future studies.

5. Conclusions

Contrary to our hypothesis, CVC did not seem to be metabolically safer than COC
based on this short clinical study. As there are a limited number of studies assessing
different administration routes of CHCs for women with PCOS, the results show some new
data and underline the need for larger and longer studies comparing the metabolic effects
of CHC administration routes in PCOS.
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Abstract: Polycystic ovary syndrome (PCOS) is an insulin-resistant state compensated for by the
body via hyperinsulinemia. More than 50% of women with PCOS are obese and/or have metabolic
syndrome. Weight loss improves both metabolic and reproductive outcomes. Energy/caloric content
as well as the nutrient composition of one’s diet may also be important. This article will present a
series of studies from our research comparing the effects of dietary protein vs. simple carbohydrates
(CHOs). The results of the acute challenge studies demonstrate that simple CHO intake causes
reactive hypoglycemia in one third of women with PCOS, especially among obese and insulin-
resistant individuals. Symptoms of hypoglycemia are associated with secretion of cortisol and
adrenal androgens. Simple CHOs suppress the hunger signal ghrelin for a shorter period. During
weight loss, women who receive protein supplementation achieve more significant weight and fat
mass losses. The amino acid compositions of the protein supplements do not affect the improvements
in weight and insulin resistance. It is plausible that simple CHO intake leads to weight gain, or
interferes with weight loss, by causing reactive hypoglycemia, triggering adrenal steroid secretion
and thus leading to snacking. Since obese women with PCOS are more susceptible to reactive
hypoglycemia, a vicious cycle is established. Restriction of simple CHOs may break this cycle.

Keywords: reactive hypoglycemia; postprandial hypoglycemia; polycystic ovary syndrome; protein
supplements; whey protein; weight loss; adrenal steroids; ghrelin

1. Introduction

Characteristic features of polycystic ovary syndrome (PCOS) include oligomenor-
rhea/amenorrhea/anovulation, hyperandrogenemia and cystic ovaries. In addition, women
with PCOS have insulin resistance and hyperinsulinemia even in the absence of obesity.
In the USA, 69% of women with PCOS are obese and 64% have metabolic syndrome [1,2].
Weight loss improves both metabolic and reproductive outcomes in PCOS [3–6]. Our
earlier research in women without PCOS demonstrated that replacement of dietary fat
with carbohydrates (CHOs) can lead to weight loss in free-living conditions [7]. However,
those women who do not lose weight on a low-fat/high-CHO diet experience worsening
of dyslipidemia and a rise in inflammatory risk factors [8]. This article will summarize the
results of our nutrition research in women with PCOS. Potential links between the nutrient
composition of their diets and the changes in anthropometric and metabolic outcomes
will be discussed. A unifying conceptual framework for a dietary approach to PCOS will
be presented.

A notable finding of our studies was that simple CHO intake was associated with
reactive hypoglycemia in a significant number of PCOS patients [9,10] and triggered adrenal
steroid secretion. Hypoglycemia is defined as low blood glucose concentrations that can
cause harm to an individual. Glucose levels below 70 mg/dL are considered mild, and
those below 54 mg/dL are considered serious hypoglycemia. Mild hypoglycemia leads
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to adrenergic symptoms such as tremors, palpitations, sweating, hunger and paresthesia.
Serious hypoglycemia causes additional neuroglycopenic symptoms such as headache,
dizziness, confusion, amnesia, seizure and coma [11].

Hypoglycemia occurring within four hours after a meal is called reactive or post-
prandial hypoglycemia [12]. This condition is frequently undermined by the medical
community for several reasons: Hypoglycemic symptoms can occur without biochemical
evidence of low blood glucose. There is no accurate method of diagnosing postprandial
hypoglycemia. The oral glucose tolerance test (OGTT) overestimates the problem since
10% of individuals tested with an extended (5 h) OGTT develop blood glucose below
50 mg/dL. A mixed-meal challenge can elicit neuroglycopenic symptoms in the absence of
hypoglycemia. Because of these limitations, reactive hypoglycemia is considered significant
when it develops after bariatric surgery, significant alcohol intake or in the rare case of
hereditary fructose intolerance or insulinoma.

The goal of our research was to determine the optimal weight loss diet for women with
PCOS. All the studies presented here were approved by the Institutional Review Boards,
peer-reviewed and published. We addressed the following questions:

1. Does replacement of dietary fat with CHOs vs. protein influence the amount of weight
loss and body composition?

2. What are the acute metabolic and endocrine effects of CHO and protein intake on PCOS?
3. Do the amino acid compositions of dietary proteins affect weight loss and/or in-

sulin resistance?

1.1. Comparing Low-Fat/High-CHO vs. Low-Fat/High-Protein Diets during Weight Loss in
Women with PCOS
Acute Effects of Simple CHOs vs. Protein

Thirty-three women who fulfilled the National Institutes of Health criteria for PCOS
participated in this 2-month-long, free-living, randomized, single-blinded study [13]. To
achieve a final energy reduction of 450 kcal/day, their daily energy intake was reduced by
700 kcal, and a 240 kcal supplement containing either whey protein (WP) or simple CHOs
was added. The powdered supplements contained either sugar-free WP isolate (96% pure)
or simple sugars (glucose plus maltose) and were packaged in individual, identical-looking
pouches to allow blinding. Because whey is naturally calcium-enriched, and calcium
can independently promote weight loss, the calcium contents of the supplements were
equalized by adding tricalcium phosphate to the carbohydrate supplement. Whey protein
supplement was sweetened by adding a non-caloric sugar substitute; both supplements
were similarly flavored. Most participants consumed the supplements as a partial meal
replacement for breakfast.

First, the effects of oral whey protein (WP) vs. simple sugar intakes were examined
during 5 h challenge studies [10]. Even though WP did not change plasma glucose concen-
trations (Figure 1a), it increased plasma insulin 5-fold (Figure 1b), indicating that WP is
a potent insulin secretagogue. Another significant difference was seen in plasma ghrelin
levels. Ghrelin is a gastrointestinal hormone secreted in the stomach and duodenum. It
is a “hunger signal”. It is suppressed by food intake and rises to signal hunger when the
stomach empties. While both simple sugar and WP similarly suppressed ghrelin, after
simple sugar intake, ghrelin started to rise after two hours, whereas after WP intake, ghrelin
remained suppressed throughout the five-hour test (Figure 1c). This observation suggested
that protein intake may provide satiety for a longer period as compared to simple sugar.
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(a)

(b)

(c)

Figure 1. Changes in plasma glucose (a), insulin (b) and total plasma ghrelin (c) (mean ± SEM)
during oral glucose tolerance (n = 28, dashed line) and protein challenge (n = 23, solid line) tests.
Differences between responses to the two treatments are expressed through the treatment-by-time
interaction effect. Overall, the interaction effect was highly significant (p < 0.001). Key timepoint
p values are shown on the graph. All tests were based on the Wald test performed by using a linear
mixed model applied to all available data (from reference [10]).

1.2. Postprandial Hypoglycemia after Simple Sugar vs. Protein Intake

During the previous studies, a significant number of PCOS patients developed the
symptoms of hypoglycemia after simple sugar consumption. It is well known that hypo-
glycemia stimulates the secretion of several pituitary hormones, including ACTH, and
triggers the secretion of adrenal hormones [14,15]. Therefore, the next study focused on
hypoglycemic symptoms as they relate to adrenal function [9]. Since the standard test
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used to evaluate this is the 5 h oral glucose test (OGTT), responses to glucose vs. WP were
compared. The adrenal response was defined based on cortisol changes during the OGTT.
Subjects who had a minimum increase of 7.2 μg/dL (200 nM) in cortisol were defined as
“responders” because such a response is considered positive during cortrysin stimulation
testing. In total, 9 subjects had a 10.7 ± 1.0 μg/dL increase in cortisol (responders); 10 sub-
jects had a 3.5 ± 0.6 μg/dL decrease (non-responders); and 11 subjects had an intermediate
response of a 4.3 ± 1.0 μg/dL increase (p < 0.0001). The changes in DHEA concentrations
followed a similar pattern: Δ = 14.4 ± 1.7 ng/mL in the responders, Δ = 0.4 ± 0.9 ng/mL in
the non-responders and Δ = 3.6 ± 1.2 ng/mL in the intermediates (p = 0.0003) (Figure 2a).

(a)

(b)

Figure 2. Changes in cortisol and DHEA, glucose and insulin (a) and clinical symptoms (b) in
responders (n = 9, solid line) vs. non-responders (n = 10, dashed line) during oral glucose tolerance
test (mean ± SEM, *; p < 0.05 when responders are compared to non-responders) (from reference [9]).
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Responders had higher glucose levels at 1 h (194 ± 13 vs. 131 ± 12 mg/dL, p < 0.05) but
lower nadir glucose levels later during the test (61.4 ± 2.2 vs. 70.2 ± 2.3 mg/dL, p = 0.0002).
Responders also had a higher insulin response at 2 h as compared to non-responders
(159 ± 31 vs. 54 ± 29 mU/mL, p < 0.05) (Figure 2a).

The key clinical symptoms related to the autonomic response, neuroglycopenia and
malaise (sweating, shaking, hunger, weakness, confusion, drowsiness, behavior, speech
difficulty, incoordination, nausea and headache) were monitored using the Hypoglycemia
Symptoms Logs program developed in collaboration with William Horn and Nancy Keim,
PhD [9]. The symptoms were recorded hourly on a 0–100 scale on hand-held tablets. The
data were transferred from the tablets to an Excel spreadsheet for analysis and were plotted
against time. When responders were compared to non-responders, the symptoms diverged
at the 3rd hour. The responders had higher scores in shakiness, sweatiness, weakness and
hunger (Figure 2b).

When the baseline characteristics of responders were compared to those of non-
responders, the responders were more obese (BMI: 37.0 ± 1.6 vs. 31.7 ± 1.8 kg/m2, p < 0.05)
and had higher serum leptin levels (28.9 ± 1.7 vs. 24.1 ± 1.1 ng/mL, p < 0.03). The
responders also had lower and sex hormone-binding globulin (SHBG) levels (33.9 ± 3.1 vs.
58.6 ± 6.7 nmol/L, p = 0.022).

These results indicate that one third of the women with PCOS developed physiologically
significant reactive hypoglycemia stimulating adrenal steroid secretion. These patients were
more obese and insulin-resistant as compared to those who did not develop hypoglycemia.

1.3. Effects of Dietary CHOs vs. Protein on Anthropometric Outcomes during Weight
Loss Intervention

These studies compared the effects of WP vs. simple CHOs on changes in weight and
body composition [13]. Twenty-four women who fulfilled the National Institutes of Health
criteria for PCOS completed the 2-month, free-living, randomized, single-blinded study.
Habitual energy intake was reduced by 700 kcal, and a 240 kcal supplement containing
either WP or simple CHOs was added. The final energy restriction was −450 kcal/day.
After randomization, 13 participants first received the simple CHO supplement, and
11 participants received the WP supplement. Seven-day food records were analyzed using
NutritionistPro (v7.9, Redmond, WA, USA).

The baseline energy intakes were similar (1947 ± 166 kcal/d in the WP; 1770 ± 157 kcal/d
in the simple CHO groups). Energy intake decreased similarly (by 476 and 400 kcal/day,
respectively). Protein intake increased from 20% to 33% in the WP group and decreased
from 22% to 17% in the simple CHO group. Body composition was determined using
electrical bioimpedance.

Those receiving WP lost more weight (−3.3 +/−0.8 kg vs. −1.1 +/−0.6 kg, p < 0.03)
and more fat mass (−3.1 +/−0.9 kg vs. −0.5 +/−0.6 kg, p < 0.03). Serum leptin was deter-
mined to be an independent measure of fat mass, and it decreased from 37.2 ± 3.9 μg/L to
31.3 ± 3.4 μg/L in the WP group but did not change in the simple CHO group (Figure 3).
The effects of weight loss on the insulin resistance parameters, endocrine hormones and
plasma lipids are shown on Table 1.

Table 1. Changes in metabolic, inflammatory and endocrine variables (mean ± SEM) before and two
months after weight loss program in patients supplemented with either whey protein (n = 11) or
simple carbohydrate (n = 13).

Baseline 2 mo. Change P1 P2

Fasting glucose (mg/dL)

Whey protein 111 ± 5 110 ± 5 −1.5 ± 3.3 (log)

Simple carbohydrates 102 ± 6 97 ± 4 −4.5 ± 2.9 0.561 0.513
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Table 1. Cont.

Baseline 2 mo. Change P1 P2

Fasting insulin (mIU/mL)

Whey protein 31.8 ± 4.2 28.6 ± 4.6 −3.2 ± 2.1

Simple carbohydrates 23.9 ± 5.0 22.0 ± 5.4 −1.9 ± 2.1 0.664 0.664

Adiponectin (μg/L) (log)

Whey protein 8.6 ± 1.2 6.7 ± 0.6 −1.9 ± 0.8 a (log)

Simple carbohydrates 8.6 ± 1.5 8.0 ± 1.2 −0.6 ± 0.8 0.159 0.126

HOMA

Whey protein 9.0 ± 1.3 7.3 ± 1.6 −1.7 ± 1.0

Simple carbohydrates 6.1 ± 1.8 5.5 ± 1.6 −0.6 ± 0.6 0.306 0.298

HgBA1 (%)

Whey protein 5.7 ± 0.1 5.5 ± 0.2 −0.1 ± 0.1

Simple carbohydrates 5.4 ± 0.1 5.2 ± 0.1 −0.1 ± 0.1 0.855 0.855

Triglyceride (mg/dL)

Whey protein 149 ± 16 117 ± 19 −32 ± 21

Simple carbohydrates 92 ± 11 94 ± 12 2 ± 8 0.15 0.0974

Cholesterol (mg/dL)

Whey protein 201 ± 8 168 ± 10 −33 ± 8.4 b

Simple carbohydrates 164 ± 6 162 ± 7 −2.3 ± 6.8 0.0089 0.0053

HDL cholesterol (mg/dL)

Whey protein 38 ± 2 34 ± 2 −4.5 ± 1.3 b

Simple carbohydrates 37 ± 1 36 ± 2 −0.4 ± 1.3 0.0395 0.024

Apo B (mg/dL)

Whey protein 117 ± 4 97 ± 7 −20 ± 5 b

Simple carbohydrates 90 ± 5 93 ± 6 3 ± 5 0.0045 0.0045

hs-CRP (ng/mL)

Whey protein 4.7 ± 0.9 3.7 ± 0.8 −1.0 ± 0.6

Simple carbohydrates 4.5 ± 1.2 3.6 ± 1.1 −0.9 ± 0.6 0.887 0.881

Total testosterone (ng/mL)

Whey protein 0.95 ± 0.19 0.79 ± 0.11 −0.16 ± 0.16 (log)

Simple carbohydrates 0.70 ± 0.07 0.73 ± 0.09 0.04 ± 0.04 0.817 0.791

SHBG (nmol/L)

Whey protein 37.8 ± 8.5 32.7 ± 8.5 −5.1 ± 4.0 (log)

Simple carbohydrates 48.3 ± 10.6 41.0 ± 7.2 −7.4 ± 6.6 0.774 0.755

Free androgen index

Whey protein 15.8 ± 4.8 14.6 ± 3.0 −1.2 ± 3.9 (log)

Simple carbohydrates 7.5 ± 1.5 9.2 ± 1.8 1.7 ± 1.2 0.943 0.941

DHEAS (ng/mL)

Whey protein 203.8 ± 34.1 256.8 ± 57.1 53.1 ± 43.8

Simple carbohydrates 261.8 ± 45.2 275.7 ± 50.6 14.0 ± 22.6 0.425 0.425

Raw data were analyzed. Selected variables were log-transformed to satisfy distributional assumptions. a p < 0.05,
baseline vs. 2 months within group. b p < 0.01, baseline vs. 2 months within group. P1: significance of the changes
between the whey protein and simple carbohydrate groups based on a 2-sample t-test. P2: significance of the
changes between the whey protein and simple carbohydrate groups based on a mixed-model analysis of variance
that adjusts for the baseline values.
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Figure 3. Effects of whey protein (WP: black columns) vs. simple carbohydrate (CHO: white columns)
supplements on weight, body mass index (BMI), fat mass and plasma leptin concentrations during
two months of weight loss intervention. *: p < 0.05 and †: p < 0.01 when compared to before-
weight-loss baseline; numeric p values indicate the differences between the WP vs. simple CHO
supplements. Changes in the variables over time were analyzed using mixed-model analysis of
variance methods. Post hoc comparisons between timepoints were conducted using paired t-tests. A
significance level of 0.05 was used to determine statistical significance of observed differences. Post
hoc comparisons between the treatment groups with respect to contemporaneous changes in the
same response measures were based on two-sample t-tests. From reference [13]).

Whey protein recipients had significantly larger decreases in serum cholesterol (−33.0
+/−8.4 mg/dL vs. −2.3 +/−6.8 mg/dL), high-density lipoprotein cholesterol (−4.5 +/−1.3 mg/dL
vs. −0.4 +/−1.3 mg/dL) and apoprotein B (−20 +/−5 mg/dL vs. 3 +/−5 mg/dL) as compared
to the simple CHO group (Table 1).

These results indicate that women with PCOS may lose more weight and fat mass on
a hypocaloric high-protein diet as compared to those on a high-simple-CHO diet.

1.4. Effects of Amino Acid Composition of Dietary Protein on Weight Loss and Metabolic
Parameters in Women with PCOS

Whey protein comprises 60% essential amino acids (EAAs) and 23% branched-chain
amino acids (BCAAs) [16]. The literature-reported measurements of plasma metabolome
indicated that plasma BCAA concentrations correlate with insulin resistance [17,18]. Since
PCOS and metabolic syndrome are insulin-resistant states, it is important to determine
whether WP, a rich source of BCAAs, can exacerbate insulin resistance. To evaluate this
possibility, WP was compared to gelatin (a form of collagen) during weight loss in women
with metabolic syndrome. Gelatin differs from WP significantly in its AA content [19]. It
is an incomplete protein missing the essential AA tryptophan, while it is enriched with
proline and hydroxyproline. Whey protein contains three times more BCAAs as compared
to gelatin.

In an 8-week double-blinded, placebo-controlled, randomized weight loss intervention,
29 women with metabolic syndrome received either gelatin-based or WP-based supple-
ments (Glanbia, Inc., Twin Falls, ID, USA), 20 g/day. The metabolome of 27 participants
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(WP: n = 16) and (gelatin: n = 11) was investigated at the beginning and at the end of the
intervention using GC–time-of-flight mass spectrometry [20].

Before the intervention, plasma BCAA levels correlated with the homeostasis model
assessment of insulin resistance (HOMA) (r = 0.52, 0.43 and 0.49 for Leu, Ile and Val,
respectively; all p < 0.05). However, after the weight loss intervention, these correlations
disappeared. There was no difference in plasma abundances (reported as quantifier ion
peak height ÷ 100) of BCAAs between the WP and gelatin supplementation groups (Ile:
gelatin: 637 ± 18 vs. WP: 744 ± 65), (Leu: gelatin: 1210 ± 33; WP: 1380 ± 79) and (Val:
gelatin: 2080 ± 59; WP: group: 2510 ± 230).

These findings suggest the composition of dietary protein did not affect the anthro-
pometric or metabolic outcomes. Whey protein supplementation did not cause insulin
resistance when compared to gelatin. Weight loss was the most important determinant of
insulin resistance.

2. Discussion and a Unifying Hypothesis

Our studies indicated that (Table 2):

1. One third of the women with PCOS developed physiologically significant reactive hy-
poglycemia after simple sugar intake and secretion of cortisol and adrenal androgens.

2. Adrenal steroid secretion coincided with hypoglycemic symptoms.
3. Whey protein intake stimulated insulin secretion but did not cause hypoglycemia.
4. Whey protein supplementation suppressed the hunger signal ghrelin for a longer

period as compared to simple CHO supplement.
5. A weight loss diet containing a WP supplement was associated with greater weight

loss and fat mass loss and a decrease in leptin when compared to the diet containing
a simple CHO supplement.

6. When the WP supplement was compared to the gelatin supplement, there was no
difference in the amount of weight loss or the improvement in insulin sensitivity,
despite the lower essential AA- and BCAA content of gelatin.

The literature supports that women with PCOS are susceptible to reactive hypo-
glycemia. Altuntas et al. tested 64 lean subjects with PCOS with an extended OGTT and
reported the prevalence of reactive hypoglycemia to be 50% [21]. Mumm et al. compared
88 women with PCOS to 34 age- and BMI-matched controls using a 5 h OGTT [22]. Seven-
teen percent of the women with PCOS but none of the controls developed hypoglycemia.
Obese women with PCOS who developed reactive hypoglycemia had a higher cumulative
insulin response as compared to those who did not develop hypoglycemia.

It is well known that hypoglycemia stimulates the secretion of several pituitary hor-
mones including ACTH [15]. Insulin-induced hypoglycemia is used to test central stimu-
lation of adrenal function [14]. It is not known, however, whether reactive hypoglycemia
can trigger adrenal hormone secretion as well. The literature suggests that women with
PCOS may respond to hypoglycemia differently than control women. Sam et al. compared
10 women with PCOS to 9 age-, BMI- and ethnicity-matched controls using hypoglycemic
clamp and found that women with PCOS had a three-fold higher glucagon response [23].
The other counter-regulatory hormones, such as growth hormone and cortisol, did not show
differential responses. Gennarelli et al. used insulin-induced hypoglycemia to compare the
counter-regulatory hormones in women with PCOS vs. control women [24]. Obese women
with PCOS were less symptomatic and had a blunted noradrenaline response as compared
to the obese controls. Lean women with PCOS had a greater increase in growth hormone
as compared to lean controls.

Our studies focused on the clinical presentation of hypoglycemia. We showed that
one third of women with PCOS developed hypoglycemic symptoms during the 5 h OGTT.
The symptomatic patients had lower nadir glucose levels and secreted cortisol and adrenal
androgens while experiencing symptoms. They were also more obese and insulin-resistant
than the asymptomatic women with PCOS. The link between hypoglycemic symptoms
and adrenal hormone secretion indicates that the clinical symptoms are important clues
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pointing to the triggering of the adrenals. The link between hypoglycemic symptoms and
obesity suggests that hypoglycemia may alter eating/snacking behavior, as observed by
Kishimoto in men with subclinical hypoglycemia [25].

Table 2. Summary of the intervention studies comparing dietary proteins and simple carbohydrates
(WP: whey protein; CHOs: carbohydrate).

WP vs. Simple-CHO WP vs. Gelatin

Acute
Challenge
Studies

(Reference [10])

WP Simple-CHO

Glucose: No change Increased
Insulin: Increased Increased
Ghrelin: Suppressed 5 h Suppressed 3 h

-----

Adrenal-Steroid
Response to
Acute
Challenge

(Reference [9])

Responders Non-Responders

-----Cortisol: Increased No change
DHEA: Increased No change
Hypoglycemia: Yes No

Weight Loss
studies

Reference [13])

WP Simple-CHO WP Gelatin

Weight: Decreased Decreased less
BMI: Decreased Decreased less
Fat mass: Decreased No change
Leptin: Decreased No change

Similar decreases in weight,
BMI, and plasma glucose,
insulin, and lipids in
both groups

Plasma
Metabolome
Changes

(Reference [18])

------------

Before, but not after, weight
loss, branch chain amino
acids (Leu, Ile, Val) correlated
with homeostasis model
assessment of insulin
resistance (HOMA) (p < 0.05
for all).
Proline and cystine related
pathways discriminated WP
vs. gelatin supplementations.

Since PCOS is an insulin-resistant state and a significant number of patients may have
obesity and metabolic syndrome, several studies attempted to identify the optimal diet for
weight loss and maintenance in PCOS. We found that a high-protein diet containing WP was
superior to a high-CHO diet in achieving weight loss and fat mass loss. Studies of plasma
metabolome by Ooi et al. showed that branched-chain AA supplementation may increase
fat oxidation [26], offering a potential mechanism for our observation. A meta-analysis
including 24 studies by Wycherley et al. compared energy-restricted high-protein/low-
fat vs. standard-protein weight loss diets and found that high-protein diets caused more
significant weight loss and fat mass loss and lowered plasma triglyceride levels more than
the standard-protein diets [27]. There were no differences in changes in plasma insulin
and other lipids. Even though all these studies included obese, insulin-resistant patients,
only two focused on PCOS. One of these was our study, which, as summarized earlier,
found favorable effects of a high-protein diet [13]. The other study, which was conducted
by Stames et al., did not find any difference between the high-protein vs. high-CHO
diets [28]. Moran et al. reviewed the results of five studies in 137 women with PCOS [29].
The differences in study populations and dietary interventions did not permit a meta-
analysis. It appeared that a monounsaturated-fat-enriched diet caused greater weight loss.
Low-glycemic-index and/or low-CHO diets improved menstrual regularity and quality
of life and elicited greater reductions in insulin resistance, fibrinogen and total as well
as high-density lipoprotein cholesterol [30,31]. A high-protein diet improved depression
and self-esteem [32], whereas a high-CHO diet increased the free androgen index. Most
importantly, regardless of dietary composition, weight loss improved the presentation
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of PCOS. Sorensen et al. compared high-protein vs. standard-protein diets in a 6-month
study of 27 women with PCOS and reported greater weight and fat mass losses with the
high-protein diet [33].

Our initial high-protein weight loss studies used WP supplementation. Whey protein
contains high amounts of essential AAs and BCAAs. Studies of the plasma metabolome
indicated that plasma BCAAs correlated with insulin resistance [17,18]. Therefore, we
compared WP to gelatin, a protein which is relatively poor in BCAAs; there was no
difference in weight or fat mass loss or the change in insulin sensitivity [20]. It appeared
that the protein content of the diet but not the AA composition of the protein was an
important factor for weight loss.

In clinical practice, symptoms suggesting reactive hypoglycemia occur mostly during mid-
morning and/or mid-afternoon and may include “getting hungry; craving sugar/carbohydrate”,
“losing concentration/getting sleepy” and “developing headaches/sweating”. Typically,
these complaints are preceded by a breakfast or a lunch enriched with simple CHOs.
Patients attempt to relieve the symptoms by eating CHO-rich snacks. We propose that this
frequent snacking behavior contributes to obesity.

Here, we present a unifying concept linking simple CHO intake to reactive hypo-
glycemia and hunger, which in turn leads to frequent snacking and obesity (Figure 4).

Figure 4. Simple carbohydrate intake can trigger secretion of cortisol and adrenal androgens by
causing sustained hyperinsulinemia and postprandial hypoglycemia, which causes sugar craving
and frequent snacking. Cortisol secretion leads to central obesity and insulin resistance, and adrenal
androgens may worsen hirsutism by converting to testosterone. Simple carbohydrates suppress the
hunger signal ghrelin for a shorter period when compared to protein intake, decreasing satiety.

The following mechanisms are proposed:

1. Polycystic ovary syndrome is an insulin-resistant state, compensated for by the body
via hyperinsulinemia. Simple CHO intake results in large amounts of insulin secretion.
Insulin levels in the circulation remain elevated after emptying of the stomach, and
this causes reactive hypoglycemia. Protein intake also stimulates insulin secretion but
does not cause hypoglycemia, possibly because protein intake stimulates glucagon,
which facilitates glycogenolysis in the liver [34]. In addition, amino acids, especially
alanine, serve as glucose precursors for gluconeogenesis [35].
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2. Reactive hypoglycemia triggers an adrenergic response, as evidenced by the symp-
toms of tremors and sweating and stimulates steroid hormone secretion from the
adrenals. Cortisol causes central fat deposition, insulin resistance and dyslipidemia.
This concept is supported by our observation that the women with hypoglycemic
symptoms were more obese and insulin-resistant. Adrenal androgens are converted to
testosterone in the peripheral tissues and increase hirsutism. We found that the women
with hypoglycemic symptoms had a 1.7-times higher testosterone level/DHEAS molar
ratio as compared to those without hypoglycemic symptoms.

3. Even though protein and CHOs are equally effective in suppressing the hunger signal
ghrelin, the effect of CHOs does not last as long. Moran et al. reported no difference
between the suppressive effects of oral protein vs. CHO challenges during a 3 h
test [36]. We saw that the suppressive effects of CHO vs. protein intakes differed after
the 3rd hour. After protein intake, ghrelin remained suppressed for 5 h; after simple
CHO intake, ghrelin started to rise by the 3rd hour and returned to baseline by the
5th hour.

In summary, the evidence from our research suggests that simple CHO intake causes re-
active hypoglycemia in a significant number of women with PCOS. Reactive hypoglycemia
leads to hypoglycemic symptoms and triggers adrenal steroid secretion. In addition, simple
CHO intake suppresses the hunger signal for a short time. All these factors may encourage
snacking between meals and lead to obesity. Since obesity increases the risk of reactive
hypoglycemia, a vicious cycle emerges. Limiting simple CHO intake and increasing protein
intake can break this vicious cycle by preventing reactive hypoglycemia and frequent
snacking and consequently may improve the anthropometric, endocrine and metabolic
outcomes in PCOS.
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Abstract: Polycystic ovary syndrome (PCOS) is the most common endocrine disorder in reproductive-
age women impacting their reproductive, mental, and metabolic health. Insulin resistance is a major
driver of the pathophysiology of PCOS. There are several challenges with the management of this
complex disorder including insufficient treatment options. Over the past 88 years, multiple hormonal
and non-hormonal medications have been tried to treat the various components of this syndrome
and there is no FDA (Food and Drug Administration)-approved medication specifically for PCOS
yet. Sodium-glucose cotransporter-2 (SGLT-2) inhibitors have a unique mechanism of inhibiting
the coupled reabsorption of sodium and glucose in renal proximal convoluted tubules. This review
aims to examine the efficacy and side-effect profile of SGLT-2 inhibitors in patients with PCOS.
In a limited number of studies, SGLT-2 inhibitors appear to be effective in improving menstrual
frequency, reducing body weight and total fat mass, lowering total testosterone and DHEAS levels,
and improving some glycemic indices in women with PCOS. SGLT2 inhibitors are generally well
tolerated. With future research, it is possible that SGLT-2 inhibitors could become a key therapeutic
option for PCOS.

Keywords: SGLT-2 inhibitors; polycystic ovary syndrome; treatment

1. Introduction

1.1. Polycystic Ovary Syndrome

Polycystic ovary syndrome (PCOS) is the most common endocrinopathy in women
in the reproductive age group, with a worldwide prevalence of 10–13% depending upon
the diagnostic criteria used. This disorder is also a common cause of infertility. The
pathogenesis of PCOS involves genetic [1], epigenetic [2], neuroendocrine [3], reproductive,
and metabolic alterations [4] and is not completely understood. It is hypothesized that
aberrant activity of the GnRH (Gonadotropic-releasing hormone) pulse generator results in
preferential secretion of the Luteinizing hormone over the Follicle-stimulating hormone,
leading to increased androgen production in the theca cells and diminished testosterone-
to-estrogen conversion in the granulosa cells of ovaries [5]. Insulin receptor binding
defects and a decrease in Glut4 receptors lead to hyperglycemia and hyperinsulinemia,
which further stimulates ovarian androgen production [6]. About 38–88% of women with
PCOS are either overweight or obese [7], which substantially exacerbates insulin resistance
and contributes to multiple other metabolic abnormalities. Though there are multiple
commonly recognized phenotypes of PCOS (Type A, B, C, and D), insulin resistance and
hyperinsulinemia are thought to be core features [8]. Insulin resistance is also a major
driver of the pathophysiology of PCOS, leading to inflammation, metabolic complications,
and reproductive dysfunction.
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Management of PCOS includes treatment of oligo/anovulation, hyperandrogenic
symptoms, and metabolic risks including prediabetes, type 2 diabetes, dyslipidemia, obesity,
NAFLD, and obstructive sleep apnea [9]. Since polycystic ovary syndrome is associated
with a multitude of symptoms, women with this disorder are often treated with more than
one medication, both approved and off-label [10]. There are multiple treatment options and
include hormonal preparations [11], antiandrogens, topical agents, laser photo epilation,
electrolysis, diet, exercise, behavioral strategies, and insulin sensitizers. PCOS women are
often treated with more than one medication and there is ongoing curiosity in finding novel
treatment options to provide relief from the various issues associated with the syndrome.

Insulin resistance is a core component of PCOS, hence insulin sensitizers such as
Metformin have been commonly used to treat overweight and obese women with PCOS to
improve anthropometric and metabolic outcomes. In a review of 24 randomized controlled
trials, metformin was associated with a reduction in body weight, BMI, fasting blood glu-
cose, total testosterone, androstenedione, 17-hydroxyprogesterone levels, and an increase
in the likelihood of pregnancy rate in women with PCOS [12]. It is equally effective as an
active lifestyle intervention. The common side effects of metformin are gastrointestinal,
such as nausea or abdominal discomfort, as well as B12 deficiency [13] in patients with
pernicious anemia or who have undergone bariatric surgery. Other studies have found
that metformin can very rarely increase the risk of lactic acidosis, particularly in patients
who are taking high doses and have risk factors such as renal insufficiency or hepatic
disease [14].

New medications such as GLP1 agonists and SGLT2 inhibitors have gained impor-
tance in treating patients with type 2 diabetes and PCOS in recent years. Metformin and
SGLT2 inhibitors have the benefit of being administered orally compared to GLP1 agonists
which are injectable except for oral semaglutide [15]. The GLP1 agonist semaglutide has
been shown to cause weight loss and decrease HOMA-IR, basal insulin, and fasting blood
glucose in obese patients with PCOS who have previously been unresponsive to lifestyle
modifications [16]. Similarly, liraglutide also improved BMI, weight, and waist circumfer-
ence in obese women with PCOS [17]. In a recent systematic review and meta-analysis,
GLP1 agonists, alone or combined with metformin, appear to be more beneficial than met-
formin alone in reducing BMI, waist circumference, and insulin resistance in overweight
and obese women with PCOS [18,19]. The focus of this review is to examine if SGLT2
inhibitors would have a meaningful role in treating PCOS.

1.2. SGLT2 Inhibitors

Sodium/glucose cotransporters (SGLT) are integral membrane proteins that mediate
glucose transport across the cell membranes along with related substances and are hence
called cotransporters [20]. SGLT-1 proteins are present in the cells lining the small intestine,
facilitating absorption of D glucose and D galactose across the luminal brush border
membrane. SGLT-2 proteins are predominantly expressed in the epithelial cells lining the
proximal convoluted tubules (PCTs) of the kidneys and play a significant role in reabsorbing
90% of the glucose in the glomerular filtrate by lowering the renal threshold for glucose and
cotransport sodium (Na+) [20]. The sodium-potassium-ATPase pump in the basolateral
membrane of the epithelial cell in the PCT maintains the transport of sodium and glucose
(via GLUT-2) back into the blood [20].

In the United States, Canagliflozin, Dapagliflozin, Empagliflozin, Ertugliflozin, and
Bexagliflozin are the five FDA-approved SGLT2 inhibitors for treating adults with type
2 diabetes. Licogliflozin (LIK066), is a dual SGLT1 and 2 inhibitor [21]. By blocking the
SGLT2 proteins in the proximal convoluted tubules of the kidneys, these medications
reduce glucose reabsorption and increase urinary glucose excretion, leading to a reduction
in HbA1c [22].

Apart from the above benefits, in a large randomized controlled study that enrolled
7020 patients (EMPA-REG OUTCOME), empagliflozin showed a 38% relative risk reduction
in cardiac-related deaths in patients with type 2 diabetes at high risk for cardiovascular
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events [23]. A meta-analysis published by McGuire et al., showed improved cardiovascular
and renal outcomes in type 2 diabetes patients on SGLT2 inhibitors, making it a drug
of choice in patients with heart failure [24] and renal failure [25]. The cardioprotective
effects of SGLT2 inhibitors in patients with heart failure with low ejection fraction appear
to be related to improved endothelial function and vasodilatation, reduced inflammation,
enhanced diuresis, and improved myocardial metabolism and efficiency [26]. This group
of medications is currently being studied for the treatment of other metabolic disorders
including obesity and non-alcoholic fatty liver disease.

2. SGLT2 Inhibitors in PCOS

Because prior research has shown such tremendous benefits for patients with other
medical conditions who are started on an SGLT2 inhibitor, there has been an interest in
exploring whether this may be a novel treatment option for patients with PCOS [27–30].
In this review, we examine the effects of SGLT2 inhibitors on various outcomes in women
with polycystic ovary syndrome.

There have been five randomized clinical trials, Cai et al., 2022 [31], Elkind-Hirsch et al.,
2021 [32], Javed et al., 2019 [33], Tan et al., 2022 [34], and Zhang et al., 2022 [35] that used
SGLT2 inhibitors in women with PCOS and examined clinical outcomes, published as of
end of year 2023. In all of these studies, overweight or obese patients with PCOS were
treated with an SGLT2 inhibitor and they had at least one comparison arm. A systematic
review and meta-analysis of the effect of these medications on the metabolic parameters in
four of these five studies observed significant benefits in body weight, HOMA-IR, and fast-
ing glucose level [30]. Table 1 shows the key characteristics of the randomized controlled
trials that utilized SGLT2 inhibitors in women with PCOS.

Table 1. Key characteristics of the randomized controlled trials that utilized SGLT2 inhibitors in
women with PCOS.

Cai et al. [31] Elkind-Hirsch et al. [32] Javed et al. [33] Tan et al. [34] Zhang et al. [35]

SGLT2 inhibitor Canagliflozin
100 mg daily Dapagliflozin 10 mg daily Empagliflozin 25 mg

daily
Licogliflozin 50 mg
three times daily

Canagliflozin
100 mg daily (with
Metformin 1000 mg
twice a day)

Comparison Arm M E, E/D, D/M, P/T M P M

Number of
participants

C: 33
M: 35

E: 20
D/E: 20
D: 17
D/M: 19
PH/T:16

EM: 19
M: 20

L: 10
P: 10

C/M: 21
M: 20

Study duration
(weeks) 12 24 12 2 12

BMI (kg/m2)

C: 27.26
(25.55 to 28.99)
M: 27.95
(26.22 to 29.69)

E: 38.6 ± 1.1
E/D: 39.9 ± 0.9
D: 38 ± 1.1
D/M: 37.6 ± 1.1
P/T: 38.4 ± 1.1

EM: 37.1 ± 6.2
M: 38.7 ± 7.8 38.1 ± 6.3 C/M: 31.11 ± 3.02

M: 29.33 ± 3.19

Age (years)

C: 28.58
(26.72 to 30.43)
M: 27.83
(25.97 to 29.68)

E: 30 ± 1.1
E/D: 31 ± 1.4
D: 28 ± 1.5
D/M: 31 ± 1.6
PH/T: 30 ± 1.5

EM: 26.0 (8.0)
M: 31.5 (20.0) 27.6 ± 5.3 C/M: 26.38 ± 5.89

M: 25.5 ± 4.36

C = canagliflozin; M = metformin; D = dapagliflozin; EM = empagliflozin; L = licogliflozin; E = exenatide;
PH = phentermine; T = topiramate; P = placebo.

3. Effects of SGLT2-Inhibitors on Various Outcomes

3.1. Effect on Menstrual Irregularity

Menstrual irregularity is one of the hallmarks of PCOS, and Metformin helps to
induce ovulation in women with PCOS [36]. Both studies that evaluated the effects of
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SGLT2 inhibitors on menstrual patterns showed improvement, and one of the two showed
statistically significant results. Cai et al. evaluated the impact of both metformin and SGLT2
inhibitors on menstrual irregularity, and at week 12, the number of menstrual cycles per
year was increased in both the canagliflozin 1.34 (0.66 to 2.02) and the metformin group
1.37 (0.63 to 2.11), suggesting that canagliflozin is non-inferior to metformin. However,
the results were not significant when comparing the two groups [31]. In Zhang et al.,
improvement in menstrual cycle irregularity was noted in both the canagliflozin/metformin
group (80.95%, 17/21) and the metformin group (80.00%; 16/20); however, there was no
significant difference seen between the two groups (p = 0.6228) [35].

3.2. Biochemical Hyperandrogenism
3.2.1. Total Testosterone

Biochemical hyperandrogenism, elevation of testosterone, DHEAS, and/or androstene-
dione levels, is one of the diagnostic criteria in PCOS. Nearly 75% of women with PCOS
have elevated androgen levels [37]. Combined oral contraceptive pills help to treat biochem-
ical hyperandrogenism by suppressing ovarian androgen production and increasing the pro-
duction of SHBG (sex hormone-binding globulin), which in turn decreases the free androgen
levels. When looking at the effect of SGLT2 inhibitors on hormonal parameters, either alone
or in combination with metformin, four out of the five studies showed a decrease in total
testosterone [31–33,35] with two of the studies reaching statistical significance [32,35]. In
Cai et al., there was an overall reduction in total testosterone in the canagliflozin group and
no significant difference (p = 0.411) was seen between canagliflozin −0.15 (−0.38 to 0.08)
vs. metformin −0.00 (−0.25 to 0.24) groups [31]. Similarly, Elkind-Hirsch et al. showed
a statistically significant decrease in total testosterone (TT) when compared to baseline
(p < 0.001) in the dapagliflozin as well as the other treatment groups including exenatide,
exenatide/dapagliflozin, dapagliflozin/metformin, and phentermine/topiramate [32]. In
Zhang et al., the canagliflozin/metformin combination decreased total testosterone signifi-
cantly compared to metformin alone [canagliflozin/metformin: −2.49 ± 1.55 vs. metformin:
−2.20 ± 1.30; (p = 0.0233)], though both groups demonstrated significantly lower TT levels
when compared to baseline (p < 0.0001 and p = 0.0343, respectively) [35]. In Javed et al., TT
levels increased in the empagliflozin group (% baseline change 2.6 (37.0) %) and decreased
in the metformin group (% baseline change −14 (33.6)%); although, neither result was
statistically significant [33]. Tan et al. demonstrated a non-significant reduction in total
testosterone in the licogliflozin group compared to the placebo (9% reduction, 90% CI:
0.77–1.07; p = 0.340) [34]. Table 2 reviews the hormonal parameters examined in the studies
that utilized SGLT2 inhibitors in women with PCOS.

Table 2. Comparison of the Changes in Hormonal Parameters in the trials that used SGLT2 inhibitors
in women with PCOS.

Cai et al. [31] Elkind-Hirsch et al. [32] Javed et al. [33] Tan et al. [34] Zhang et al. [35]

SGLT1/2
inhibitor Canagliflozin Dapagliflozin Empagliflozin Licogliflozin Canagliflozin

(with Metformin)

Total
Testosterone

Pre-treatment:
1.78 ng/mL
(1.52 to 2.05)
LS mean −0.15
(−0.38 to 0.08)

Pre-treatment:
46 ng/dL ± 5
Post-treatment:
35 ng/dL ± 4.4 (−11) *

Pre-treatment:
1.6 nmol/L ± 0.4
Post-treatment:
1.6 nmol/L ± 0.6

Effect size: 9%
decrease in
(TRLIK066:TRPCB
[TT]: 0.91; 90% CI:
0.77–1.07; p = 0.340)

Pre-treatment:
0.95 ng/mL
(0.78–1.08)
Post-treatment:
0.53 ng/mL
(0.45–0.84) *
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Table 2. Cont.

Cai et al. [31] Elkind-Hirsch et al. [32] Javed et al. [33] Tan et al. [34] Zhang et al. [35]

Free Androgen
Index n/a

Pre-treatment:
6.7 ± 1.0
Post-treatment:
4.7 ± 0.8 (−2.0) *

Pre-treatment:
10.3 ± 3.0
Post-treatment:
9.4 ± 3.6

n/a

Pre-treatment:
28.62% ± 16.4
Post-treatment:
19.15% ± 13.19 *

DHEAS

Pre-treatment:
261.80 ug/dL
(217.77 to 305.83)
LS mean −68.96
(−126.36 to −11.55) **

Pre-treatment:
210 mcg/dL ± 22
Post-treatment:
187 mcg/dL ± 24 (−23)

Pre-treatment:
6.1 μmol/L ± 1.6
Post-treatment:
6.2 μmol/L ± 2.1

Effect size: 24%
decrease in
(TRLIK066:TRPCB
[DHEAS]: 0.76; 90%
CI: 0.65–0.89;
p = 0.008 *

n/a

Androstenedione

Pre-treatment:
4.17 ng/mL
(3.53 to 4.81)
LS mean −0.48
(−1.04 to 0.09)

n/a

Pre-treatment:
5.7 nmol/L ± 1.4
Post-treatment:
5.7 n μmol/L ± 1.9

Effect size: 19%
decrease in
(TRLIK066:TRPCB [A4]:
0.81; 90% CI:
0.68–0.99; p = 0.089)

Pre-treatment:
3.57 ng/mL ± 1.29
Post-treatment:
3.22 ng/mL ± 1.35

SHBG

Pre-treatment
33.76 nmol/L
(21.64 to 45.89)
LS mean −4.82
(−19.40 to 9.75)

Significantly increased
*—no data provided by
paper

Pre-treatment:
17.3 nmol/L ± 6.4
Post-treatment:
19.2 nmol/L ± 8.5 *

Effect size: 15%
increase in
(TRLIK066:TRPCB
[SHBG]: 1.15; 90% CI:
0.97–1.36;
p = 0.173)

Pre-treatment:
13.60 nmol/L
(8.55–20.15)
Post-treatment:
13.6 nmol/L
(9.55–24.10)

Free testosterone

Pre-treatment
2.40 pg/mL
(1.92 to 2.88)
LS mean 0.30
(−0.30 to 0.89)

n/a n/a

Effect size: 12%
decrease in
(TRLIK066:TRPCB[FT}:
0.88; 90% CI:
0.70–1.11; p = 0.353)

n/a

DHEAS—dehydroepiandrosterone sulfate; SHBG—sex hormone-binding globulin; FT—free testosterone; A4—
androstendione; TRLIK066:TRPCB—ratio of relative changes between licogliflozin and placebo; * statistically
significant within-group comparison p < 0.05; ** statistically significant compared to the metformin alone group
in Cai et al. To convert from ng/dL to nmol/L multiply ng/dL by 0.0347. μIU/mL is equivalent to mU/L. To
convert ng/mL to nmol/L multiply the ng/mL by 2.5. To convert μg/dL to μmol/L multiply the μmol/L by 20.7.
μg/dL is equivalent to mcg/dL.

3.2.2. Free Androgen Index

In Zhang et al., in the canagliflozin/metformin group, the free androgen index (FAI)
at 12 weeks decreased significantly compared to baseline (p = 0.0457) but not in the
metformin-only group [35]. Additionally, Elkind-Hirsch et al. demonstrated that FAI
(p < 0.001) significantly decreased in the SGLT2 inhibitor group. In Javed et al., there
were non-significant reductions in FAI in both the metformin and empagliflozin groups
(−7.0 ± 31.4% baseline change in the empagliflozin group vs. −9.7 ± 34.0% baseline
change in the metformin group) [33]. In Tan et al., there was a non-significant reduction in
FAI in the licogliflozin group compared to the placebo (21% reduction, 90% CI: 0.58–1.08,
p = 0.204) [34].

3.2.3. Dehydroepiandrosterone Sulfate

Three out of the four studies that evaluated Dehydroepiandrosterone sulfate (DHEAS)
showed a decrease in levels [31,32,34]. One result was statistically significant compared
to baseline [34], while one was statistically significant compared to metformin [31]. In Cai
et al., there was a reduction in DHEAS levels in the canagliflozin group, but an increase in
DHEAS levels in the metformin group (LS mean difference of −68.96 vs. 36.52, respectively,
p = 0.013) [31]. In Tan et al., the licogliflozin group had a statistically significant decrease in
DHEAS levels (effect size of 24%, treatment ratio of licogliflozin to placebo of 0.76 90% CI
0.65–0.89, p = 0.008) [34]. In Elkind-Hirsch et al., DHEA-S levels decreased in the SGLT2
inhibitor group when compared to baseline patient parameters; however, the drug effect
did not reach statistical significance [32]. Both the empagliflozin and metformin groups in
Javed et al. showed an increase in levels of DHEAS compared to baseline (1.0 ± 20.1 and
8.1 ± 15.0%, respectively) but were not statistically significant [33].
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3.2.4. Androstenedione

Four studies noted a decrease in androstenedione levels [31,33–35]. In Tan et al. the
licogliflozin group showed a reduction in androstenedione levels compared to the placebo
(effect size of 19%, treatment ratio of licogliflozin to placebo of 0.81 90% CI 0.68–0.99,
p = 0.089) [34]. In Javed et al., the empagliflozin group had an overall decrease in an-
drostenedione levels (−2.2 (24.4)% baseline change) while the metformin group had an
overall increase in levels (5.6 (59.8)% baseline change) [33]. In Cai et al., there was a decrease
in androstenedione levels in the canagliflozin group, while levels slightly increased in the
metformin group; although neither was statistically significant (−0.48 (−1.04 to 0.09) vs.
0.04 (−0.49 to 0.56) p = 0.199) [31]. In Zhang et al., no significant changes in androstenedione
were seen in either the canagliflozin/metformin group, or in metformin alone compared to
the baseline [35].

3.2.5. Sex Hormone-Binding Globulin (SHBG)

Two out of five studies that examined SHBG showed a significant increase in levels [32,33].
In Zhang et al., in the metformin group the SHBG (sex hormone-binding globu-

lin) levels increased significantly (p = 0.0303), but no changes were observed in the
canagliflozin/metformin group [35]. In Javed et al., there was a significant increase in the
SHBG levels in the empagliflozin group (9.9 ± 22.6% baseline change, p = 0.049) compared
to the baseline [33]. The metformin group showed a non-significant increase in levels of
SHBG (6.4 ± 25.5%) [33]. In Elkind-Hirsch et al., SHBG levels significantly increased in
the dapagliflozin group (p < 0.001) [32]. In Cai et al., SHBG levels decreased in both the
canagliflozin and metformin groups with no significant difference between the two groups
(−4.82 (−19.40 to 9.75) vs. −13.58 (−31.21 to 4.05) p = 0.472) [31]. In Tan et al., there was a
non-significant increase in SHBG levels in the licogliflozin group compared to the placebo
(treatment ratio of licogliflozin to placebo of 1.15 90% CI 0.97–1.36, p = 0.173) [34].

3.3. Obesity and Other Anthropometric Indices

Nearly 38–88% of women with PCOS have a BMI in the overweight or obese range [38].
Metformin improves metabolic outcomes in PCOS women and is therefore recommended
by international guidelines for women with a BMI > 25 [9]. SGLT2 inhibitors, just like
metformin, appear to improve anthropometric indices, with multiple studies showing
a decrease in BMI, waist circumference, and hip circumference. In Cai et al., all study
participants had a similar decrease in weight (kg) [canagliflozin: −2.82 (−3.97 to −1.66) vs.
metformin: −2.68 (−3.93 to −1.43)] and BMI (kg/m2) [canagliflozin: −1.04 (−1.56 to −0.53)
vs. metformin: −0.90 (−1.46 to −0.35)] [31]. Similarly, Javed et al. did not find a statistically
significant change in total mass (p = 0.079) or BMI (p = 0.069) [33]. In Elkind-Hirsch et al.,
patients in the exenatide/dapagliflozin and phentermine/topiramate groups had greater
decreases in BMI compared to patients in other treatment groups [32]. In Zhang et al.,
there was a statistically significant decrease in both body weight and BMI for patients
receiving both canagliflozin and metformin (p < 0.0001 and <0.0001, respectively) as well as
metformin alone (p < 0.0001 and p < 0.0001, respectively), but not a statistically significant
difference between groups [35]. Tan et al. found that body weight before and after treatment
was stable in patients who received licogliflozin (BMI not examined) [34]. Table 3 shows
the studies that examined the effects of SGLT2 inhibitors in women with PCOS.
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Table 3. Comparison of the changes in anthropometric parameters and BMI in studies that used
SGLT2 inhibitors in women with PCOS.

Cai et al. [31] Elkind-Hirsch et al. [32] Javed et al. [33] Zhang et al. [35]

SGLT2 inhibitor Canagliflozin Dapagliflozin Empagliflozin Canagliflozin
(with Metformin)

BMI (kg/m2)
Pretreatment 27.26 (25.55 to 28.99) 38 ± 1.1 37.1 ± 6.2 31.11 ± 3.02

Posttreatment LS Mean: −1.04
(−1.56 to −0.53) 37.4 ± 1.2 (−0.6) * 36.6 ± 6.0 28.62 ± 2.91 *

Weight (kg)
Pretreatment 72.94 (67.89 to 77.99) 104 ± 3 102.3 ± 16.6 81.23 ± 9.83

Posttreatment LS Mean: −2.82
(−3.97 to −1.66) 102.6 ± 4 (−1.4) * 101.5 ± 16.3 75.40 ± 8.68 *

Waist Circumference (cm)
Pretreatment 92.87 (88.00 to 97.75) 104 ± 3 101.2 ± 9.7 n/a

Posttreatment LS Mean: −4.05
(−6.18 to −1.91) 101 ± 3.2 (−3) 99.6 ± 9.5 *

Waist-to-hip ratio
Pretreatment 0.91 (0.88 to 0.93) 0.81 ± 0.02 n/a n/a

Posttreatment LS Mean: −0.02
(−0.04 to 0.00) 0.79 ± 0.017 (−0.02) n/a n/a

* p < 0.05.

Three studies examined waist and hip circumference. Cai et al. found similar de-
creases for canagliflozin and metformin in waist circumference (cm) [canagliflozin: −4.05
(−6.18 to −1.91) vs. metformin: −3.27 (−5.54 to −0.99) (p = 0.629)] and hip circumfer-
ence (cm) [canagliflozin: −2.62 (−4.02 to −1.21) vs metformin: −2.93 (−4.42 to −1.44)
(p = 0.767)] [31]. Elkind-Hirsch et al. only found a statistically significant decrease in waist
circumference and waist-to-hip ratio with exenatide plus dapagliflozin and phentermine
plus topiramate compared to dapagliflozin with metformin [32]. Finally, Javed et al. found
that empagliflozin led to a statistically significant decrease in waist circumference (p = 0.024)
and hip circumference (p = 0.013) compared to the baseline. There was also a statistically
significant difference between empagliflozin and metformin for both waist (empagliflozin:
−1.6 ± 2.8% vs. metformin: 0.2 ± 2.1%; p = 0.029) and hip circumference (empagliflozin:
−2.0 ± 3.0% vs. metformin: 1.1 ± 1.9%; p = 0.001) [33].

3.4. Effect on Glycemic Indices

Nearly 20–35% of women with PCOS have impaired glucose tolerance and 5–10%
have type 2 diabetes [39]. Three out of four studies that examined glycemic indices appear
to show statistically significant findings and improvements in insulin resistance. Table 4
reviews measures of glycemic control across four studies. Cai et al. found that canagliflozin
led to an increase in homeostatic model assessment insulin sensitivity index (HOMA-ISI)
[LS mean 0.42 95% CI (0.23 to 0.62)], along with a decrease in glycated hemoglobin (HbA1c)
[LS mean −0.26 95% CI (−0.43 to −0.09)], fasting blood glucose [LS mean −0.23 95% CI
(−0.40 to −0.06)], fasting serum insulin [LS mean −7.70 95% CI (−11.46 to −3.94), and
postprandial insulin [LS mean –81.43 95% CI (−122.71 to −40.14)] [31]. Tan et al. showed
that licogliflozin reduced hyperinsulinemia by decreasing the area under the curve for
insulin by 68%, the maximum peak of insulin by 74%, HOMA-IR by 30%, and fasting
glucose by 6% [34]. Zhang et al. found a lower area under the curve for glucose and the
area under the curve for the insulin-to-glucose ratio in patients who received metformin
+ canagliflozin vs. metformin alone. However, there were no differences in fasting blood
glucose, fasting insulin, area under the curve for insulin, or HOMA-IR [35]. Javed et al.
did not find that empagliflozin leads to any changes in insulin sensitivity (insulin, fasting
glucose, HOMA-IR) [33].
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Table 4. Changes in glycemic indices in the trials that employed SGLT2 Inhibitors in women
with PCOS.

Cai et al. [31] Elkind-Hirsch et al. [32] Javed et al. [33] Zhang et al. [35]

SGLT2 inhibitor Canagliflozin Dapagliflozin Empagliflozin Canagliflozin (with
Metformin)

Hemoglobin A1c
(HbA1c)%

Pretreatment 5.60 (5.37 to 5.83) n/a n/a n/a

Posttreatment Change from baseline LS mean:
−0.26 (−0.43 to −0.09) n/a n/a n/a

HOMA-IR
Pretreatment 5.33 (3.92 to 6.73) 4.1 ± 0.7 2.6 (2.1) 5.70 (3.38–6.08)

Posttreatment Change from baseline LS mean:
−2.04 (−2.89 to −1.18) 3.4 ± 0.6 (−0.7) * 2.4 (2.7) 3.14 (1.91–4.71) *

FBG
Pretreatment 5.18 mmol/L (4.99 to 5.38) 98 mg/dL ± 2.3 4.5 mmol/L (0.6) 5.70 mmol/L (5.27–6.02)

Posttreatment Change from baseline LS mean:
−0.23 (−0.40 to −0.06) 93 mg/dL ± 2.1 (−5) * 4.5 mmol/L (0.6) 5.20 mmol/L (4.88–5.35)

FINS
Pretreatment 22.58 mU/L (16.99 to 28.17) n/a 12.6 μIU/mL (11.6) 21.5 mU/L (14.35–24.20)

Posttreatment Change from baseline LS mean:
−7.70 (−11.46 to −3.94) n/a 12.7 μIU/mL (14.4) 12.0 mU/L (8.20–20.15) *

HOMA-IR—homeostatic model assessment of insulin resistance; FBG—fasting blood glucose; FINS—fasting
serum insulin. * p < 0.05; [31]. To convert from mg/dL to mmol/L divide mg/dL by 18. μIU/mL is equivalent to
mU/L.

3.5. Changes in Metabolic Indices

In a limited number of studies, SGLT2 inhibitors have also shown mixed results in
impacting metabolic parameters, as seen in Table 5. One out of the four studies that looked
at cholesterol found statistically significant decreases in total cholesterol and triglycerides
from the baseline with canagliflozin and metformin [35], and one out of two studies that
examined blood pressure found statistically significant improvements in systolic (SBP)
and diastolic blood pressure (DBP) [32]. In Cai et al., canagliflozin was not found to
significantly decrease total cholesterol (mmol/L) [0.17 (−0.05 to 0.39)], LDL cholesterol
(mmol/L) [0.22 (0.06 to 0.51)], or increase HDL cholesterol [0.02 (−0.17 to 0.13)]. It did lead
to a slight decrease in triglycerides (mmol/L) [−0.36 (−0.54 to −0.17) [31]. Zhang et al. and
Javed et al. did not find significant differences in lipid parameters [33,35]. Elkind-Hirsch
et al. found that triglycerides were reduced with exenatide/dapagliflozin, but not with
dapagliflozin alone [32]. Data on the impact of SGLT2 inhibitors on systolic and diastolic
blood pressure are also limited. Out of the five studies reviewed, only two (Elkind-Hirsch
et al. [32] and Javed et al. [33]) looked at changes in SBP and DBP. While Elkind et al.
found that systolic and diastolic blood pressures were both significantly decreased by all
treatments (exenatide, dapagliflozin, exenatide/dapagliflozin, dapagliflozin/metformin,
and phentermine/topiramate) (p < 0.035) [32], they did not assess differences between
treatment groups. Javed et al. found no differences in blood pressure after 12 weeks in
patients on empagliflozin compared to metformin [33]. It is important to note that patients
in both studies were normotensive before starting the study.

142



J. Clin. Med. 2024, 13, 1056

Table 5. Changes in metabolic parameters in the studies that used SGLT2 inhibitors in women
with PCOS.

Cai et al. [31] Elkind-Hirsch et al. [32] Javed et al. [33] Zhang et al. [35]

SGLT2 inhibitor Canagliflozin Dapagliflozin Empagliflozin Canagliflozin
(with Metformin)

Total Cholesterol
Pretreatment 4.87 mmol/L (4.58 to 5.16) 183 mg/dL ± 6 4.8 mmol/L ± 1.0 4.90 mmol/L ± 0.93

Posttreatment LS mean: 0.17 mmol/L
(−0.05 to 0.39) 186 mg/dL ± 11 (+3.0) 4.7 mmol/L ± 1.1 4.54 mmol/L ± 0.80 *

Triglycerides
Pretreatment 1.75 mmol/L (1.37 to 2.14) 143 mg/dL ± 21 1.5 mmol/L (1.3) 1.54 mmol/L (1.09–2.01)

Posttreatment LS mean: −0.36 mmol/L
(−0.54 to −0.17) n/a 1.4 mmol/L (0.9) 1.20 mmol/L (0.84–1.63) *

LDL
Pretreatment 3.04 mmol/L (2.66 to 3.43) 107 mg/dL ± 6 2.8 mmol/L ± 1.0 3.06 mmol/L ± 0.97

Posttreatment LS mean: 0.22 mmol/L
(0.06 to 0.51) 113.5 mg/dL ± 10 (6.5) 2.7 mmol/L ± 1.1 2.83 mmol/L ± 0.70

HDL
Pretreatment 1.33 mmol/L (1.12 to 1.54) 44 mg/dL ± 2 1.1 mmol/L ± 0.2 -

Posttreatment LS mean: 0.02 mmol/L
(−0.17 to 0.13) 43 mg/dL ± 2.2 (−1.0) 1.1 mmol/L ± 0.2 -

* p < 0.05; [31]. To convert from mg/dL to mmol/L divide mg/dL by 18.

3.6. Side Effects of SGLT2 Inhibitors and Limitations of the RCTs

While SGLT2 inhibitors can have many benefits for patients with PCOS, potential
adverse effects must be noted. The side effect profile of SGLT2 inhibitors in these studies
appears to be favorable, with primarily mild gastrointestinal symptoms like metformin.
The most common adverse effects reported by the studies overall included yeast infections,
urinary tract infections, lightheadedness, diarrhea, and flatulence [32,34]. In Cai et al., ad-
verse effects were more common in the metformin group compared to the SGLT2 inhibitor
group [31]. In Zhang et al., the most common side effects in the canagliflozin/metformin
group were nausea, diarrhea, dizziness, and abdominal pain [35]. Though no serious
adverse events were reported in any of the studies, patients with PCOS trialing an SGLT2
inhibitor should be aware of potential side effects, most commonly the gastrointestinal and
potentially infectious.

In studies of patients with type 2 diabetes, the use of SGLT2 inhibitors has been
associated with an elevated risk of diabetic ketoacidosis (DKA) [40]. In particular, patients
are at increased risk of euglycemic DKA or moderately elevated glucose levels. There are
two mechanisms behind this described by Liu et al. [41]. First, as SGLT2 inhibitors increase
the excretion of urinary glucose, there is a decrease in insulin secretion which can lead to
the production of free fatty acids and conversion to ketone bodies, and second, there is
also an increase in the secretion of glucagon, leading to the increased production of ketone
bodies [41].

Data from the CANVAS Program, which looked at patients with type 2 diabetes and
high cardiovascular risk, revealed an increase in the rate of fractures in patients taking
SGLT2 inhibitors. In this study, patients taking an SGLT2 inhibitor had a greater rate of all
fractures compared to the placebo, as well as a similar trend with low-trauma fractures [42].
One caveat is that most of the research in the literature on SGLT inhibitors has been done
on patients with diabetes, and more studies are needed in patients with PCOS to evaluate
the side-effect profile in this population.

Because all the patients in the studies that used SGLT2 inhibitors were either over-
weight or obese, more research is needed to determine if SGLT2 inhibitors are effective
for PCOS women with a normal BMI. Another potential limitation was the variability in
study length, which was from 2 to 24 weeks. Though all the studies investigated various
biochemical parameters, no data were provided regarding clinical hyperandrogenic factors
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(i.e., hirsutism, acne, alopecia), which would be helpful to assess in further studies. In
addition, pregnancy rates and outcomes were not evaluated in these studies.

4. Conclusions

Polycystic ovary syndrome is the most common hormonal disorder in women of child-
bearing age. Though there is no cure for PCOS, the goal is to manage the symptoms and
prevent long-term complications. Insulin resistance and compensatory hyperinsulinemia
affect a significant percentage of women with PCOS. SGLT2 inhibitors, by improving gluco-
toxicity and insulin sensitivity, could play a beneficial role in treating some of the metabolic
and hormonal derangements in PCOS. They have been shown to improve menstrual fre-
quency, reduce body weight and total fat mass, lower total testosterone and DHEAS levels,
and improve glycemic indices in patients with PCOS. SGLT2 inhibitors, when compared to
a placebo or standard of care in patients with PCOS, appear to have a similar effect on im-
proving menstrual cycles as metformin. Given the benefits shown in these studies, SGLT2
inhibitors could be considered a novel treatment strategy for PCOS as they target multiple
hormonal, metabolic, and glycemic control-associated abnormalities. Alternatively, for pa-
tients who are unable to tolerate or have contraindications to metformin, SGLT2 inhibitors
have shown promise to be a viable alternative. Given the limited number of studies that
have investigated the benefits of SGLT2 inhibitors in patients with PCOS, larger sample
sizes are needed to further evaluate these benefits. In particular, randomized double-blind
placebo-controlled trials comparing metformin, SGLT2 inhibitors, and a placebo would be
helpful in further distinguishing metabolic, hormonal, glycemic, and clinical outcomes.
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Abstract: In spite of the widespread use of lifestyle modifications programs, many patients with
PCOS are obese and prevalence of obesity in PCOS remains high. In this study, we present the data
on the use of semaglutide, an incretin mimetic drug, in obese PCOS patients who were unresponsive
to a lifestyle modification program. Twenty-seven obese patients with a diagnosis of PCOS, who did
not reduce their body weight by a lifestyle modification program, were included in this study and
treated by semaglutide, 0.5 mg subcutaneously once a week. After three months of treatment, an
improvement in body weight with a mean decrease in body weight of 7.6 kg and a mean BMI loss of
3.1 was observed, while very few side effects were reported. Almost 80% of the studied obese PCOS
patients obtained at least a 5% decrease in their body weight. Only a few patients (22%) obtained
a decrease in body weight lower than 5% and were considered non-responsive to semaglutide, at
least at the used doses. These patients presented a more severe obesity than responsive patients.
Independently of results on body weight, and in patients who did not obtain a 5% decrease in
their body weight, insulin basal values decreased, and HOMA-IR improved. Fasting blood glucose
normalized in 80% of semaglutide-treated IFG PCOS women. In patients who were responsive to
semaglutide (weight loss > 5%), the treatment was continued for additional three months. Weight loss
slowed but continued and, at the end of the six months of therapy, the mean body weight loss was
11.5 kg and mean BMI reduced from 34.4 to 29.4. A total of 80% of responsive patients normalized
menstrual cycles. In conclusion, treatment with semaglutide, at low doses, significantly reduces body
weight in almost 80% of obese PCOS patients who were unresponsive to a previous lifestyle plan. It is
often associated with the normalization of menstrual cycles, and these important results are obtained
with very few side effects.

Keywords: PCOS; obese PCOS; semaglutide; weight loss; impaired fasting glucose; insulin resistance

1. Introduction

Obesity is common in polycystic ovary syndrome (PCOS) [1–3] and is associated with
severe insulin resistance, metabolic alterations and cardiovascular complications [2–6]. It
strongly affects the long-term prognosis of PCOS patients [2,3,6]. In obese PCOS patients,
lifestyle modification programs that include diet and physical exercise are considered first-
line treatment and many studies have shown that these programs may improve the clinical
presentation and long-term prognosis of the syndrome [2,3]. However, many patients with
PCOS remain obese, and the prevalence of obesity in PCOS is higher than in the general
population [1–3,6].

In the past, drugs that improve insulin resistance, like metformin, have shown only
a modest ability to improve body weight in obese PCOS patients [2,7,8]. Better results
have been obtained with products that mimic intestinal incretins and, in particular, the
glucagon-like peptide 1 (GLP-1) effect, improving not only insulin production but also
reducing appetite and energy intake [9]. Liraglutide, a GLP-1 mimetic product, may reduce
body weight in obese subjects [10] and has been used in obese PCOS patients with mixed
results [11,12]. Most meta-analyses report that many obese PCOS patients treated by
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liraglutide lose more than 5% of their body weight, with a total weight loss of 4–6 kg [11].
These results are not really satisfactory because most patients remain obese, and side effects
are common and determine a high withdrawal rate [11,12].

More recently, semaglutide, a new incretin mimetic product, has shown the ability
to more consistently reduce body weight in obese type 2 diabetic patients as well as in
obese nondiabetic subjects [12–17]. However, data on obese PCOS patients are almost
non-existent and it is unclear whether semaglutide may be used to reduce body weight in
this disorder and what doses of the drug should be used to avoid side-effects.

In this study, we present data on use of low doses (0.5 mg once a week subcutaneously)
of semaglutide in 27 obese PCOS patients who were unresponsive to a lifestyle modification
program. Our data show that this treatment reduces body weight in most obese PCOS patients.

2. Materials and Methods

Twenty-seven obese (body mass index (BMI) kg/m2, ≥30) patients with a diagnosis
of PCOS who were unresponsive to a lifestyle modification program were included in
this study. All these patients were referred between 2021 and 2022 because of obesity,
hyperandrogenism and menstrual disorders, and were initially treated for three months
with a lifestyle program (low-fat hypocaloric diet, a personalized program of physical
exercise and psychological support) but did not reduce body weight (body weight loss
lower than 5%).

The diagnosis of PCOS was based on Rotterdam criteria, with two out of three of the
following criteria: chronic anovulation, clinical or biologic hyperandrogenism, and/or
polycystic ovaries on ultrasound after the exclusion of other medical disorders [2]. All
studied patients presented phenotype A PCOS (chronic anovulation, hyperandrogenism
and polycystic ovaries) [2,4].

In all patients, serum levels of total testosterone (T), 17-hydroxy-progesterone (17OHP),
fasting insulin and fasting glucose were determined on days 3–5 of the cycle. An oral
glucose test (OGTT, 75 g of glucose) was performed with measurement of blood glucose
at 30, 60 and 120 min. In non-menstruating women, blood samples were obtained after
withdrawal bleeding after progestogen administration.

Anovulation was defined as serum progesterone < 3 ng/mL (<9.54 nmol/L). Clinical
hyperandrogenism was defined as the presence of hirsutism. Hirsutism was assessed
by Ferriman–Gallwey–Lorenzo scores [18], and patients with scores higher than 6 were
considered hirsute. Adult acne and female-pattern hair loss were not considered a sign of
hyperandrogenism if androgen levels were normal [19,20]. Biochemical hyperandrogenism
was defined as serum testosterone > 34 ng/dL.

Total testosterone was determined by mass spectrometry after liquid chromatography
(LC/MS) assay while 17OHprogesterone and serum insulin were measured by specific
RIAs using previously described methods [21,22]. Insulin sensitivity was evaluated by
the quantitative HOMA-IR method (glucose mg/dL × insulin mU/mL/405) [23]. In all
patients, serum 17OH progesterone values were determined to exclude the existence of
Non-Classic Congenital Adrenal Hyperplasia [24]. In some patients, because of clinical
suspicion, urinary free cortisol, and serum prolactin and TSH were measured by commercial
RIA methods to exclude other endocrine conditions.

In all assays, intra-assay and inter-assay coefficients of variation did not exceed 6%
and 15%, respectively.

Transvaginal pelvic ultrasound was performed using a transducer frequency of
8–10 MHz and the presence of polycystic ovaries was established by the finding of an
increased number of follicles, each of which measured 2–10 mm in diameter, and/or
increased ovarian size [25].

No patient had received any medication for at least 3 months before the study, and
all patients gave informed consent for this evaluation. The treatment with semaglutide
and the research protocol obtained institutional approval from the ethical committee of our
university (2021/22).
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The various values of the women with PCOS were compared to those of 65 normal
ovulatory women. These controls were drawn from the same population and did not report
complaints of hyperandrogenism or menstrual irregularities.

All studied obese PCOS patients were treated by semaglutide, 0.5 mg subcutaneously
once a week for three months. During this period, side effects were recorded each month
while, at the end of the three months of treatment, body weight, BMI and FGL scores were
reassessed, fasting blood glucose and serum insulin were re-evaluated and HOMA-IR was
calculated again.

In responsive patients (weight loss > 5%), the semaglutide treatment was prolonged at
the same dose for an additional three months and, at the end of the six months of therapy,
body weight, BMI, FGL scores, fasting blood glucose and serum insulin were re-assessed
and menstrual cycle characters and side effects were recorded.

Statistical Analysis

Statistical analyses were performed using Statview 5.0 (SAS Institute, Cary, NC, USA).
Because several values were not normally distributed, a log transformation was necessary
to obtain a normal distribution. Analysis of variance (ANOVA), followed by Tukey tests,
were performed to assess differences in clinical and biochemical parameters between basal
conditions and three and six months of treatment with semaglutide. The accuracy of
parameters used to discriminate between basal and post-treatment values were evaluated
using ROC curve analyses. Differences in reliability between different parameter values
were assessed by Tukey multiple comparison tests. p < 0.05 was considered statistically
significant. All results are reported as mean ± SD.

3. Results

All studied PCOS patients were obese (BMI range 30.4–47.9) and 33% of patients
presented moderate (BMI > 35 < 40) or severe (BMI > 40) obesity. As shown in Table 1,
the studied cohort of PCOS patients had significantly (p < 0.01) increased values of BMI,
FGL scores, total testosterone, 17OH Progesterone, fasting glucose, insulin, HOMA-IR
and triglycerides and significantly (p < 0.01) lower levels of HDL-cholesterol compared to
normal controls. No differences in total cholesterol and LDL cholesterol values between pa-
tients and controls were observed. All studied patients reported irregular (oligomenorrhea
or secondary amenorrhea) menses.

Table 1. Some clinical and hormonal data of 27 obese PCOS patients and 65 normal controls.

PCOS Patients Controls

Age (yrs.) 30 ± 9 29 ± 3

BMI (kg/m2) 35.7 ± 6 ** 23 ± 4

FGL index 10 ± 2 ** 3 ± 1

LH/FSH ratio 1.7 ± 0.5 ** 1.1 ± 0.4

Total testosterone (ng/dL) 53 ± 15 ** 22 ± 5

17-OH-Progesterone (ng/mL) 1.2 ± 0.4 ** 0.8 ± 0.2

Fasting glucose (mg/dL) 98 ± 12 ** 78 ± 9

Insulin (mU/mL) 16 ± 7 ** 9 ± 3

HOMA-IR 4 ± 2 ** 1.2 ± 0.3

Total Cholesterol (mg/dL) 171 ± 22 168 ± 20

HDL Cholesterol (mg/dL) 46 ± 8 ** 55 ± 5

LDL Cholesterol (mg/dL) 108 ± 17 105 ± 15

Triglycerides (mg/dL) 94 ± 21 ** 65 ± 18
** p < 0.01 versus controls.
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Fifteen PCOS patients (55.6%) had fasting values of blood glucose higher than 100 mg/dL
(IFG, increased fasting glucose, patients), while four patients (all with increased fasting glu-
cose) presented impaired glucose tolerance (blood glucose > 140 mg/dL and <200 mg/dL
at 120 min after OGTT). No patients were affected by type 2 diabetes.

After semaglutide treatment for three months, BMI, body weight, fasting glucose,
insulin and HOMA-IR values significantly (p < 0.01) decreased. The mean weight loss was
7.6 ± 3 kg (range 2–12 kg) and mean BMI loss was 3.1 ± 1 (range 0.9–4.6). % body weight
loss was 8.9 ± 3.7 (range 2.8–14.6%). Fasting glucose, insulin and HOMA-IR decreased
significantly (p < 0.01) and twelve IFG PCOS patients (80%) showed normal fasting blood
glucose, while in the remaining three IFG patients (20%) the values of fasting glucose
improved (decrease of at least 10 mg/dL) but remained higher than 100 mg/dL.

% weight loss negatively correlated with basal BMI (p < 0.01) and basal body weight
(p < 0.05) but not with basal blood glucose or insulin or HOMA-IR values. No correlations
were found between decrease in fasting glucose or insulin or calculated HOMA-IR and
basal BMI, body weight, glucose, insulin, or HOMA-IR.

Six patients (22.2%) lost less than 5% of their body weight and were considered un-
responsive to semaglutide, while twenty-one patients lost more than 5% of their body
weight and were considered responsive to semaglutide. Nine responsive patients lost more
than 10% of their body weight and were considered highly responsive to semaglutide. In
Table 2, some characters of highly responsive and non-responsive PCOS patients were
compared. PCOS patients who did not respond to semaglutide presented with a signifi-
cantly (p < 0.01) higher BMI than PCOS patients who lost > 10% of their body weight after
treatment with semaglutide.

Table 2. Basal BMI, fasting glucose, insulin and HOMA-IR in PCOS patients treated by semaglutide
and divided according to their response to the therapy.

Highly Responsive PCOS
Patients

(Weight Loss > 10%)

Non-Responsive PCOS
Patients

(Weight Loss < 5%)

Number of patients 9 6

BMI (kg/m2) 32 ± 5 ** 40 ± 5

Fasting glucose (mg/dL) 94 ± 11 102 ± 11

Insulin (mU/mL) 14.9 ± 2.9 17.8 ± 10

Homa-IR 3.6 ± 0.5 4.6 ± 2
** p < 0.01 versus non responsive PCOS patients.

Twenty-one obese PCOS patients who were responsive (weight loss > 5%) to semaglu-
tide therapy continued the treatment with this product at the same dose for an additional
three months. In Table 3, the results of the treatment on BMI, and glucose metabolism are
shown. In these responsive PCOS patients, the additional three months of treatment with
semaglutide induced a small further decrease in body weight (mean weight loss −2.5 kg)
with a total weight loss of 11.5 kg after six months of therapy (Table 3). No further changes
in fasting glucose, insulin or HOMA-IR were found. In these responsive patients, menstrual
disorders improved, with fifteen PCOS women (71% of responsive patients) achieving
normal menses. No significant changes in FGL scores were observed.

Treatment with semaglutide, 0.5 mg once a week for up to six months induced few side
effects, with nine patients (33%) reporting morning nausea and two patients complaining
of sporadic vomiting. No patient withdrew from the therapy because of side effects.
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Table 3. Changes in BMI, body weight, fasting glucose, insulin, and insulin resistance (HOMA-IR)
(mean ± SD) in 21 obese PCOS women responsive (weight loss > 5%) to semaglutide treatment
(0.5 mg subcutaneously once a week).

Basal
After 3 Months of

Treatment with
Semaglutide

After 6 Months of
Treatment with

Semaglutide

BMI (kg/m2) 34.4 ± 5.9 30.8 ± 5 ** 29.4 ± 5 **

Body weight (kg) 85 ±15 76 ± 16 ** 73.5 ± 15 **

Fasting glucose (mg/dL) 97 ± 12 90 ± 8 ** 90 ± 6 **

Insulin (mU/mL) 17 ± 7 11 ± 5 ** 11 ± 5 **

HOMA-IR 3.5 ± 2 2.5 ± 1 ** 2.4 ± 0.8 **
** p < 0.01 versus basal values.

4. Discussion

In this study, we evaluated the effect of low doses (0.5 mg subcutaneously once a week)
of semaglutide on body weight and insulin and glucose blood levels in 27 obese PCOS
women who were unresponsive to a lifestyle program. All PCOS patients presented a
classic form of PCOS (phenotype A: chronic anovulation, hyperandrogenism and polycystic
ovaries) and were treated by 0.5 mg of semaglutide subcutaneously once a week. No specific
lifestyle plan was added to the pharmacologic treatment, but patients were told to maintain
a normal food intake and a regular physical activity.

Our results show an improvement in body weight, with a mean decrease in body
weight of 7.6 kg and a mean BMI loss of 3.1. Almost 80% of obese PCOS patients who were
unresponsive to a lifestyle plan, obtained an at least 5% decrease in their body weight and
this was associated with a significant improvement in basal glucose and insulin resistance
(calculated by HOMA-IR). Only a few patients (22%) showed a decrease in body weight
of lower than 5% and were considered non-responsive to semaglutide, at least at the
used doses.

The mean weight loss observed after treatment with semaglutide was larger than
that reported with metformin [2,7,8] or liraglutide [9–12] and was obtained using low
doses of the product with very few side effects. Independently of results on body weight,
and also in patients who did not reach a 5% decrease in their body weight, insulin basal
values decreased, and HOMA-IR improved in all treated patients. Fasting blood glucose
normalized in 80% of semaglutide-treated IFG PCOS women, with the remaining few IFG
PCOS patients obtaining a decrease of at least 10 mg/100 mL of their fasting blood glucose.
This suggests that semaglutide, independently of its effect on body weight, may represent
a good alternative to metformin for improving insulin resistance and preventing type 2
diabetes in PCOS.

Interestingly, comparing patients who were unresponsive to semaglutide therapy with
patients who were highly responsive (weight loss > 10%), we found that unresponsive
patients were significantly more obese (mean BMI 40 versus 32, p < 0.01). This may suggest
that, in severely obese patients, higher doses of semaglutide are needed. Consistently with
this, in most studies on the general population, higher doses of semaglutide (1 mg or more
once a week) have been used for the treatment of obesity [13–17]. However, it should be
noted that many patients with severe obesity present a genetic form of obesity that may
not be sensitive to drugs that mimic an incretin effect [26,27].

In patients who were responsive to semaglutide (weight loss > 5%), the treatment
was continued for an additional three months. Weight loss slowed but continued and, at
the end of the six months of therapy, the mean body weight loss was 11.5 kg and mean
BMI reduced from 34.4 to 29.4. This very good treatment result was associated with an
improvement in menstrual cycles, which, in almost 80% of the responsive patients, became
normal. All this was obtained with very few side effects.
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Of course, other studies are needed, but these initial results look very promising and
suggest that semaglutide may become a very important tool for the treatment of obese
PCOS patients.

In conclusion, treatment with semaglutide at low doses significantly reduces body
weight in almost 80% of obese PCOS patents who were unresponsive to a previous lifestyle
plan. It is often associated with the normalization of menstrual cycles and these important
results are obtained with very few side effects. The best results are obtained in patients with
mild obesity, while patients with severe obesity are generally unresponsive to the product, at
least at the used doses. Independently of the effects on body weight, semaglutide treatment
improves insulin resistance and may normalize fasting glucose in IFG PCOS patients.
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