. . SAGE Open Medicine
Systematic Review

SAGE Open Medicine

Volume 12: I-11

© The Author(s) 2024

Article reuse guidelines:
sagepub.com/journals-permissions
DOI: 10.1177/20503121241308997
journals.sagepub.com/home/smo

S Sage

Effects of SGLT-2 inhibitors on clinical

and biological hyperandrogenism and
menstruation irregularities in patients with
polycystic ovary syndrome: A systematic
review of randomized trials

Houcem Elomma Mrabet' ", Houda Ben Salem?,
Taieb Ach?, Asma Ben Abdelkarim? and Wafa Alaya'

Abstract

Introduction: Polycystic ovary syndrome is a common chronic condition characterized by insulin resistance and
hyperandrogenism, leading to significant health risks and impaired quality of life. Sodium-glucose transporter type 2 inhibitors
have shown promise in improving the metabolic profile of women with polycystic ovary syndrome. However, their impact
on hormonal parameters and cycle disorders remains uncertain.

Methods: This systematic review analyzed randomized clinical trials published up to | December 2023, comparing sodium-
glucose transporter type 2 inhibitors to metformin, other antidiabetic agents, or placebo in women with polycystic ovary
syndrome. The primary outcomes were changes in total testosterone, free androgen index, dehydroepiandrosterone sulfate,
delta-4 androstenedione, and cycle disorders.

Results: Five randomized studies were included, evaluating canagliflozin, dapaglifiozin, licogliflozin, or empagliflozin
against metformin, exenatide, or placebo, with a total of 214 participants. Improvements in total testosterone and
dehydroepiandrosterone sulfatewere observed in some studies, but the effects were inconsistent across drugs and outcomes.
Additionally, two studies reported beneficial effects on cycle disorders.

Conclusions: Sodium-glucose transporter type 2 inhibitors appear to have a potential but variable impact on hormonal
parameters in women with polycystic ovary syndrome. However, larger and longer-duration studies are needed to fully
elucidate their long-term efficacy in addressing hyperandrogenism and improving overall outcomes in these patients.
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Introduction

Polycystic ovary syndrome (PCOS), a common endocrinop-
athy characterized by hyperandrogenism, ovulatory dysfunc-
tion, and insulin resistance, remains a major therapeutic
challenge.' Although conventional treatments like oral
contraceptives and metformin are widely used, long-term
efficacy and management of associated comorbidities remain
public health issues.>*

Inhibitors of the sodium-glucose cotransporter type 2
(ISGLT2), a therapeutic drug class with proven hypoglyce-
mic and cardio-renal protective action in diabetic and
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nondiabetic patients, have recently attracted growing interest
in treating PCOS.? Their mechanism of action, involving
inhibition of renal glucose reabsorption and increased uri-
nary glucose excretion, offers promising therapeutic poten-
tial in this complex pathology.’

Numerous studies have suggested that ISGLT2 may exert
beneficial effects beyond their action on blood glucose by
modulating several pathophysiological pathways involved in
PCOS.* These include improving insulin sensitivity, promot-
ing weight leading and overall protective cardiovascular
effects.* Recent studies have highlighted the role of insulin
resistance in the pathophysiology of PCOS, particularly its
relationship with hyperandrogenism. Genetic insights, such
as the involvement of genes related to insulin receptors and
steroidogenesis, have provided a deeper understanding of the
mechanisms driving PCOS.>® These advances make SGLT-2
inhibitors a promising therapeutic option due to their ability
to improve insulin sensitivity and potentially mitigate
hyperandrogenism.

However, while the effect of ISGLT2 on improving the
cardiometabolic profile of women with PCOS is well identi-
fied,* the impact of this therapeutic class on the clinical and
biological hyperandrogenism that constitutes an important
pillar of PCOS pathophysiology remains poorly elucidated.

This systematic review aims to evaluate the efficacy of
ISGLT2 on clinical and biological hyperandrogenism and
cycle irregularities in women with PCOS.

Methods
Type of study

This is a systematic review of the literature encompassing
randomized clinical trials investigating the effects of ISGLT2
on hormonal parameters, clinical hyperandrogenism, and
cycle irregularities in women with PCOS. The review was
conducted according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) 2020
guidelines.”

Search strategy

The search was carried out using the PUBMED, Sciences
Directs, and Cochrane databases. The keywords used were
“PCOS” and “Sodium-Glucose Transporter 2 Inhibitors,”
linked by the Boolean tool “AND.” The search for these
words was limited to the title and abstract in the Sciences
Direct database. In the PUBMED database, the “Clinical
Trial” filter was applied. No restriction by year of publica-
tion was applied. The last search date was 1 December 2023.

The first step was the authors’ selection of articles based
on their titles, according to the selection criteria detailed
below, and eliminating duplicates. The two authors then made

a second selection after reading the full text. In the event of
discrepancies, the choice was made after consultation.

Inclusion criteria

This systematic review included randomized clinical trials:

— Double-blind or not

— Investigating hormonal parameters (total testosterone
(TT) or free testosterone (FT), SDHEA, sex hormone-
binding globulin (SHBG), free androgen index (FAI)
estradiol, gonadotrophins), clinical signs of hyperan-
drogenism (hirsutism) and/or cycle disorders in
women with PCOS

— Using: (i) ISGLT2 alone versus placebo (ii) ISGLT2
versus metformin (iii) ISGLT2 combined with met-
formin versus metformin alone (iv) ISGLT2 versus
another antidiabetic agent

— Which included patients aged over 18, diagnosed
with PCOS according to the Rotterdam 2003 or
National Institutes of Health criteria.®

Noninclusion criteria

Studies were not considered for inclusion if they met any of
the following broad criteria:

— Nonrandomized controlled trials (RCTs), such as
observational studies, systematic reviews, meta-anal-
yses, case reports, and letters to the editor.

— Studies that did not focus specifically on women
diagnosed with PCOS.

— Studies that did not use SGLT-2 inhibitors as the pri-
mary intervention, whether alone or in combination
with other treatments.

— Studies that lacked evaluation of hormonal parame-
ters (e.g., TT, SHBG) or clinical manifestations of
hyperandrogenism (e.g., hirsutism) and/or menstrual
irregularities.

Exclusion criteria
We have excluded:

— Studies involving participants with hyperandrogen-
ism due to conditions other than PCOS.

— Inaccessible full text: Studies for which the full text was
unavailable and thus could not be fully assessed.
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— Studies with significant methodological concerns,
such as high risk of bias, lack of a control group, or
insufficient reporting on hormonal and menstrual
outcomes.

— Studies that did not provide adequate data on key hor-
monal parameters or menstrual irregularities as
required for this systematic review’s analysis

Assessment of study quality

The assessment of studies for bias was carried out by both
authors independently using the “Revised Cochrane risk of
bias tool for randomized trials (RoB 2)” in its 22 August
2019 version.? This tool explores five domains and six sub-
domains, assigning each subdomain one of the following
risk-of-bias grades: Low, Some concern, High.” The evalua-
tion was carried out independently by two authors, and any
discrepancies were addressed after consultation.

Data extraction and representation

Data extraction was carried out independently by two
authors, using preestablished formula. The data studied were
the baseline characteristics of the study population (inclu-
sion criteria, age, presence of overweight or obesity, total
number of subjects), the course of the study (duration of
study, randomization, number of subjects in the different
groups, molecules, and doses used in the intervention and
control groups, clinical and biological parameters assessed)
and the results of the interventions. No sensitivity, subgroup,
or statistical analysis was conducted to account for heteroge-
neity or compare outcomes across studies. Results were syn-
thesized into tables and figures by two independent authors.

Results

Study selection and study populations

A total of five RCTs were included, with a combined total of
214 participants (Figure 1).!'* The interventions evaluated
in these studies included various SGLT-2 inhibitors, specifi-
cally canagliflozin (100 mg/day), dapagliflozin (10 mg/day),
licogliflozin (100 mg/day), and empagliflozin (25 mg/day).
The control groups in the studies were treated with either
metformin (doses from 1500 to 2000 mg/day), exenatide
(2mg/week), or placebo. Study durations ranged from 2 to
24 weeks. Four of the studies used the Rotterdam 2003 crite-
ria to diagnose PCOS, while one study employed the NIH
1990 criteria.!!

The study populations were somewhat heterogeneous,
with differences in BMI, age, and comorbidities. These fac-
tors likely contributed to the variability observed in the out-
comes. Some studies included patients who were overweight
or obese, while others included women with a wider range of

body compositions. The mean age of participants across the
studies ranged from 23 to 35years, and comorbidities such
as insulin resistance and dyslipidemia were frequently
reported (Table 1).

Assessment of study quality:

Overall, the studies were of good quality with no high risk of
bias (Table 2).

Efficacy of ISGLT-2 on clinical or biological
hyperandrogenism and cycle disorders in women
with PCOS

Table 3 summarizes the results of the various studies
included. The efficacy of ISGLT-2 on hormone levels was
inconsistent across studies (Table 4).

The primary hormonal parameters evaluated across the
studies were TT, FAI, sex hormone-binding globulin
(SHBG), and serum dehydroepiandrosterone sulfate
(S-DHEA). The results regarding these hormonal outcomes
were inconsistent across the trials:

e TT: Significant reductions in TT were observed in
three out of the five studies. Canagliflozin and empa-
gliflozin were particularly effective in lowering tes-
tosterone levels, while dapagliflozin and licogliflozin
had more variable results. One study reported no sig-
nificant change in TT with dapagliflozin, while
another showed a mild reduction (Figure 2).

e FAIL: Two studies reported a statistically significant
decrease in FAI following treatment with SGLT-2
inhibitors. This reduction in FAI was linked to an
increase in SHBG levels, which are known to reduce
the bioavailability of FT. Canagliflozin showed the
most consistent effects in lowering FAI.

e S-DHEA: Of the four studies that measured S-DHEA
levels, two reported significant reductions. The
decrease in S-DHEA was most notable in studies eval-
uating canagliflozin and licogliflozin, suggesting
these drugs may have a more potent effect on adrenal
androgen synthesis compared to other SGLT-2
inhibitors.

e SHBG: An increase in SHBG levels was observed
in two studies, indicating improved insulin sensi-
tivity and a potential reduction in the bioavailabil-
ity of androgens. This increase in SHBG was more
pronounced in studies with participants who had
higher baseline insulin resistance, suggesting that
the insulin-lowering effects of SGLT-2 inhibitors
may play a key role in improving androgen profiles
(Figure 2).
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Identification of studies via databases and registers
5 Records identified through Records removed before
2 database searching screening:
& (PUBMED, Science Direct, ) Duplicated records (n= 35=
] Cochrane): 245 Records marked as ineligible
& Additional records identified by automation tools (n =0)
=2 through other sources: 10
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;reogvr:daz%szgﬂer e —»| fitle/abstract screening
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.
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Reports assessed for eligibility | -Not randomized controlled trials
(n=60) (n=15)
- Did not investigate hormonal
parameters or menstrual iregularities (n=
20)
- Non-comparable intervention/control
1 (n=10)
e - Other reasons (e.g., study design,
3 Studies included in review
S| | (n=5)
S Reports of included studies
£ (n=5)
—/

Figure |. Flow diagram of included studies according to PRISMA 2020 guidelines for new systematic reviews.

Gonadotropins: None of the included studies found a
significant effect of SGLT-2 inhibitors on gonadotro-
pin levels (LH and FSH). This suggests that the pri-
mary hormonal effects of SGLT-2 inhibitors in PCOS
are likely mediated through their impact on insulin
sensitivity and androgen levels rather than direct
effects on gonadotropins.

Menstrual cycle disorders

The impact of SGLT-2 inhibitors on menstrual cycle regular-
ity was assessed in two studies. Both studies, which evaluated
canagliflozin, reported improvements in menstrual cycle reg-
ularity. However, the improvements were not significantly
different from the control groups, which were treated with
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Table |. Summary of the methodology and characteristics of study population of the included studies.

Study, Inclusion criteria  Intervention/control Population study Study Hormonal  Clinical Menstruation
(country (intervention/ duration parameters hyperandrogenism
and year of control) (weeks) measured
publication)
Javed etal.!  18—45years. Empagliflozin 25 mg/ 39 (19/20) 12 TT, FAI, N/A N/A
(UK, 2019) BMI>25kg/m? day versus metformin SHBG,
PCOS: Rotterdam 1500 mg/day S-DHEA,
Criteria 2003 Estradiol,
D-4A
Elkind-Hirsh 18—45years. BMl  Dapagliflozin (10mg 37 (17/20/20/19) 24 TT, FA N/A N/A
et al? (USA, between 30 and  /d) versus exenatide SHBG,
2021) 45kg/m2. PCOS:  (2mg/week) S-DHEA
NIH Criteria versus dapagliflozin
1990 (10 mg/d) + exenatide
(2 mg/week)
versus dapagliflozin
(10mg/d) + metformin
(2000 mg/d)
Zhang et al.>  18—40years. Canagliflozin 100 mg/ 41 (21/20) 12 FSH, LH, N/A Yes
(Chine, IMC>24kg/m2.  day + metformin TT, D-4A,
2022) PCOS: Rotterdam 2000 mg/day versus SHBG et
criteria 2003 metformin 2000 mg/day FAI
Phenotype B
Cai et al.* 1845 years. Canagliflozin 100 mg/ 68 (33/35) 12 FSH, LH, FGS Yes
(Chine, HOMA-IR>2,5. day versus metformin TT, TL,
2021) PCOS: Rotterdam 2000 mg/day SHBG,
criteria 2003 D-4A,
S-DHEA
Tanetal®  PCOS: Rotterdam Licogliflozin 50mg*2/ 29 (15/14) 2 TL, TT, N/A N/A
(Allemagne, criteria 2003, day versus placebo SHBG, FAl,
USA, 2021)  phenotype A or SDHEA,
B. Overweight, DHEA

obese or with
insulin-resistant

D-4A: delta 4 androstenedione; DHEA: dehydroepiandrosterone; FAL: free androgen index; FSG: Ferriman Gallaway score; FSH: follicle stimulating hor-
mone; FT: free testosterone; LH: luteinizing hormone; N/A: not applicable; PCOS: polycystic ovary syndrome; SDHEA: dehydroepiandrosterone sulfate;
SHBG: sex hormone binding globulin; TT: total testosterone.

metformin or exenatide. While SGLT-2 inhibitors appeared to
restore more regular menstrual cycles in some participants,
the variability in study populations and differences in base-
line menstrual irregularities made it difficult to draw defini-

tive conclusions about their efficacy in this regard.

One study noted that the participants who experienced
the greatest improvement in menstrual regularity had
higher baseline testosterone levels and were more
insulin-resistant, suggesting that SGLT-2 inhibitors
may be particularly effective in a subset of women
with more severe metabolic disturbances.

Comparison with metformin

In three of the studies, metformin was used as a control treat-

ment.

When compared to metformin, SGLT-2 inhibitors

showed similar benefits in terms of improving insulin sensi-
tivity and reducing body weight. However, metformin dem-
onstrated more consistent improvements in both menstrual
regularity and hyperandrogenic symptoms such as hirsutism.

Hirsutism: Only one study evaluated clinical hyperan-
drogenism using the Ferriman—Gallwey score. The
results showed no significant difference in hirsutism
scores between canagliflozin and metformin, indicat-
ing that the impact of SGLT-2 inhibitors on clinical
hyperandrogenism may be less pronounced than their
effects on biochemical hyperandrogenism.

The results suggest that while SGLT-2 inhibitors may offer
comparable metabolic benefits to metformin, their effects on
hormonal regulation, particularly in the context of hyperan-
drogenism and menstrual irregularities, are less consistent
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Table 2. Evaluation of bias risk of the included studies.

Study Javed et al.! Elkind-Hirsh et al.2  Zhang et al.3 Caietal? Tan et al®
Risk of bias arising from the Low Low Low Low Low
randomization process

Risk of bias due to deviations from Some concerns Low Low Low Low

the intended interventions (effect of

assignment to intervention)

Risk of bias due to deviations from High Low Some concerns  Low Low

the intended interventions (effect of

adhering to intervention)

Missing outcome data Low Low Low Low Low

Risk of bias in measurement of the Low Low Low Low Low
outcome

Risk of bias in selection of the Low Low Low Some concerns  Some concerns

reported result

Overall risk of bias Some concerns Low

Some concerns  Some concerns Some concerns

Discussion

PCOS is the most common endocrinopathy in women of
childbearing age.'>'> Depending on the diagnostic criteria,
its prevalence varies from 4% to 20%."? Its pathophysiology
is complex and not completely understood. It includes
genetic (genes involved in steroidogenesis, gonadotropin
genes and their receptors, AMH genes, insulin genes and
their receptors, etc.), epigenetic, prenatal, and postnatal fac-
tors (intrauterine exposure to androgens), environmental
(endocrine disruptors such as bisphenol A), dietary (high-fat
hypercaloric diet, Vitamin D deficiency), social (chronic
stress), as well as the involvement of the gut microbiota,
mitochondrial dysfunction, oxidative stress, and chronic
low-grade inflammation."!>~'” The main pathophysiological
elements of PCOS are insulin resistance and hyperinsulin-
ism, and hyperandrogenism, both of which are interrelated
and responsible for the clinical phenotype of patients fol-
lowed for PCOS. Insulin resistance is a cornerstone mecha-
nism in both the development and persistence of PCOS.°
Insulin resistance in PCOS patients is due to an insulin
receptor defect resulting from excessive serine phosphoryla-
tion and decreased tyrosine phosphorylation, leading to
reduced activation of the phosphatidylinositol-3-kinase sign-
aling pathway by insulin, resulting in increased blood glu-
cose levels.® Patients with PCOS are exposed to an increased
prevalence of cardiovascular risk factors, such as hyperten-
sion (through activation of the sympathetic and/or renin-
angiotensin systems), obesity, dyslipidemia (with an
atherogenic profile), and chronic kidney disease, responsible
for increased morbidity and mortality.? In addition, women
with PCOS are at greater risk of impaired quality of life,
anxiety, and depression.?’ Currently, PCOS is usually man-
aged by changes in lifestyle, oral contraceptives, and met-
formin, prescribed to restore regular menstruation, lower
insulin resistance, and maintain adequate body weight.>*!8
In cases of infertility, letrozole, and clomiphene citrate are
frequently prescribed to induce ovulation.>!®182° Focusing

on treating symptoms and the complexity of the physio-
pathological mechanisms in PCOS prevents the optimal effi-
cacy of different treatment regimens.'®> With ISGLT2 proving
their beneficial metabolic effects in women with PCOS,* this
systematic review aimed to investigate the efficacy of
ISGLT2 on clinical and biological hyperandrogenism and
cycle disorders.

The diagnostic criteria for PCOS used in these studies
were the Rotterdam 2003 criteria in four studies and the
National Institutes of Health (NIH) 1990 criteria in the study
by Elkind-Hirsch et al.!! PCOS, a diagnosis of exclusion, can
be characterized using three different sets of diagnostic crite-
ria: the 1990 NIH criteria, the 2003 Rotterdam criteria, and
the 2006 Androgen Excess-PCOS Society (AE-PCOS) crite-
ria. The Rotterdam criteria include (i) oligo-ovulation or
anovulation, (ii) clinical or biochemical signs of hyperandro-
genism, or (iii) polycystic ovarian morphology evidenced by
intravaginal pelvic ultrasound or AMH elevation,®> and
require the presence of two out of three to confirm the diag-
nosis of PCOS.! Based on the Rotterdam criteria, PCOS
cases are distinguished into four different phenotypes (A, B,
C,D ) according to the presence or the absence of the three
diagnostic criteria.! The NIH and AE-PCOS criteria consider
hyperandrogenism to be a necessary condition for diagno-
sis,® corresponding to phenotypes A and B of the Rotterdam
criteria.' In the five randomized studies we included, the
effect of ISGLT2 use was inconsistent on hormone levels.

Mechanisms of action on androgen
levels

In PCOS, hyperandrogenism and insulin resistance appear to
be interrelated. Insulin and insulin-like growth factors act
synergistically with LH to increase androgen synthesis in
ovarian theca cells.?! Insulin also decreases SHBG by reduc-
ing its hepatic synthesis, resulting in increased FT,?! capable
of binding and activating the androgen receptor. In peripheral
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Table 3. Summary of the results of different interventions in the included studies.

Study (country, year of
publication)

Intervention

Effects of intervention

Javed et al.' (UK, 2019)

Elkind-Hirsh et al.?
(USA, 2021)

Zhang et al.3 (Chine,
2022)

Cai et al.* (Chine,
2021)

Tan et al.®> (Allemagne,
USA, 2021)

Empagliflozin 25 mg/day
versus metformin 1500 mg/
day

Dapagliflozin (10 mg /day)
versus exenatide (2mg/week)
versus dapagliflozin (10mg/
day) + exenatide (2mg/
week) versus dapagliflozin
(10mg/j) + metformin
(2000 mgfj)

Canagliflozin 100 mg/

day + metformin 2000 mg/
day versus metformin
2000 mg/day

Canagliflozin 100 mg/j versus
metformin 2000 mg/j

Licogliflozine 50mg*2/j
versus placebo

Effects on hormonal parameters compared to baseline levels

SHBG: 9.9%%22.6 versus 6.4%+25.5 (p=0.049)

E2: 39.2% (121) versus -8.7% (111.3) (p=0.032)

TT 2.6% (37) versus —14% (33.6) (NS)

D-4A —2.2% (24.4) versus 5.6% (59.8) (NS)

SDHEA 1.0% = 20.1 versus 8.1% = 15 (NS)

FAI: =7.0% = 31.4 versus —9.7% *+ 34 (NS)

Effects on hormonal parameters compared to baseline levels

TT —11ng/dL versus —=8.2ng/dL versus 6.4 versus 5.5 ng/dL

SDHEA -23 pg/dl versus =9 vs —12 vs =7 pg/dL

FAI: =2 vs =1.5 vs =1.5 vs —0.7

Significant improvement of TT et FAI (p < 107) with significant increase of
SHBG levels (p < 107%) across the different groups

Nonsignificant improvement of SDHEA (p =0.08)

- Effects on menstruation:

Improvement of menstruations in both intervention and control groups:
80.95%, versus 80.00% (p=0.62)

- Effects on hormonal parameters compared to baseline levels:

TT: -2.49£1.55 versus -2.20+1.3; (p=0.023)

FSH: —0.75 =2.51 versus —0.68 = 2.17; (p=0.9309)

LH: =1.91 (=7.40 to 2.49) versus 0.42 (-7.10 to 4.19); (p=0.1990)

FAl: =9.47 = 11.65 versus =5.11 =7.40; (p=0.1631)

SHBG: 0.10 (—3.45 to 5.30) versus 2.95 (-2.15 to 10.30); (p=0.4579)
D-4A: -0.36 = I.17 versus —0.39 = 1.58; (p=0.9555)

- Intragroup analysis:

A significant decrease in TT compared to baseline levels was observed in
both the intervention (p < 107*) and control (p =0.0343) groups.

A significant decrease in the FAl was observed in the intervention group
(p=0.0457) but not in the control group.

A significant increase in SHBG was observed in the control group
(p=0.0303) but not in the intervention group

Effects on clinical hyperandrogenism: SFG: —0.26 (—0.68 to 0.15) versus
-0.20 (-0.67 to 0.26) (p=0.844)

Effects on hormonal parameters compared to baseline levels:

- SDHEA (ug/dL) —68.96 (—126.36; —11.55) versus 36.52 (-=16.31 to
89.35), p=0.013

- TT (ng/mL) —0.15 (—0.38; 0.08) versus 0.00 (—0.25; 0.24) p=0.411

- TL (pg/mL): 0.30 (—0.30; 0.89) versus 0.30 (-0.44; 1.04) p=0.991

- D-4A (ng/mL) —0.48 (- 1.04; 0.09) versus 0.04 (—0.49; 0.56), p=0.199
- SHBG (nmol/L) —=4.82 (—19.40; 9.75) versus —13.58 (=31.21; 4.05), p=0.472
- LH (IU/L) 0.53 (-2.75; 3.80) versus —1.84 (-5.41; 1.72), p=0.351

- FSH (IU/L) =0.09 (—1.13; 0.94) versus —0.12 (-1.23; 0.98), p=0.971
Effects menstruation: Increase in the number of menstrual cycles per year
in both the intervention and control groups

TL: Nonsignificant 12% reduction with licogliflozin vs placebo.

D-4A: Significant reduction with licogliflozin vs placebo with an effect size
of 19%(p=0.089)

SDHEA: significant reduction with licogliflozin vs placebo with an effect
size 24% (p=0.008)

DHEA: Nonsignificant 31% reduction with licogliflozin vs placebo (effect
size 31%).

TT: Nonsignificant 9% reduction with licogliflozin vs placebo (effect size 9%).
SHBG: Nonsignificant 15% increase with licogliflozin vs placebo (effect size
15%).

FAI: Nonsignificant 21% reduction with licogliflozin vs placebo (effect size 21%).

D-4A: delta 4 androstenedione; DHEA: dehydroepiandrosterone; FAL: free androgen index; FSG: Ferriman Gallaway score; FSH: follicle stimulating hor-
mone; FT: free testosterone; LH: luteinizing hormone; N/A: not applicable; PCOS: polycystic ovary syndrome; SDHEA: dehydroepiandrosterone sulfate;
SHBG: sex hormone binding globulin; TT: total testosterone.
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Table 4. Summary of the effect of varying SLGT-2 inhibitors on hormonal parameters, menstruations, and clinical hyperandrogenism in

patients with PCOS.

Molécule Empagliflozine Dapagliflozine Canagliflozine Licogliflozine
Etude Javed et al.' Elkind-Hirsh Zhang et al.3 Caietal* Tan etal®
etal?

HA — —_ —_ NS —
Menstruations — — —

T NS NS

TL — — — NS NS

SHBG NS NS NS

FAI NS — NS

FSH — — NS NS —

LH — — NS NS —

E2 — — — —

D-4A NS — NS NS
S-DHEA NS NS —

DHEA — — — — NS

D-4A: delta 4 androstenedione; DHEA: dehydroepiandrosterone; FAI: free androgen index; FSG: Ferriman Gallaway score; FSH: follicle stimulating
hormone; FT: free testosterone; HA: clinical hyperandrogenism; LH: luteinizing hormone; PCOS: polycystic ovary syndrome; SDHEA: dehydroepian-
drostrone sulfate; SGLT-2: sodium-glucose cotransporter; SHBG: sex hormone-binding globulin; TT: total testosterone; N significant decrease; k

significant increase; NS: nonsignificant effect; —: not studied.

-20 -15 -10 -5 0 5 10 15

M Testosterone Change (%) ™ SHBG change (%)

Figure 2. The effect of different studied SGLT-2 inhibitors

on testosterone and SHBG levels expressed in percentage of
baseline levels.

SGLT-2: sodium-glucose transporter type 2; SHBG: sex hormone-binding
globulin.

tissues, testosterone can be reduced to 5o~ dihydrotestoster-
one (DHT).?> DHT being the most potent agonist of the
androgen receptor is responsible for androgenic features like
hirsutism and acne.?? Additionally, on the other hand, short-
term androgen administration in women has been shown to
decrease insulin sensitivity, as demonstrated both in hyperin-
sulinemic hyperglycemic and euglycemic clamps* and in
mouse models.?*?* The effects of ISGLT-2 on androgen levels
may be explained by their beneficial effect on patients’ meta-
bolic profiles. These molecules improve insulin sensitivity
even in nondiabetic patients,>?® thus reducing insulin levels
and its pro-androgen effect. By improving insulin sensitivity
and reducing hyperinsulinemia, SGLT-2 inhibitors may indi-
rectly decrease androgen production and increase SHBG lev-
els, which reduce free androgen bioavailability.

Despite these promising findings, the effects of SGLT-2
inhibitors on androgen levels were not consistent across all
trials. This variability could be attributed to differences in
baseline insulin resistance, BMI, and the duration of treat-
ment. For example, participants with higher baseline insulin
resistance may have experienced more pronounced improve-
ments in androgen levels due to greater reductions in insulin
levels. Additionally, studies that used higher doses or longer
treatment durations may have had more time to observe sig-
nificant changes in hormonal parameters.

Their beneficial effect on anthropometric and metabolic
parameters in PCOS women has also been demonstrated.*
These effects include an increased insulin sensitivity, thus
lowering total insulin levels.* Lowering insulin levels can
explain the potentially beneficial effect of ISLGT2 on the
androgen levels shown in this systematic review. ISGLT2
offers cardiovascular protection in patients with or without
T2DM, through its action on the renin—angiotensin system
and/or the sympathetic nervous system, and improvement of
mitochondrial function; all are important pathophysiological
pathways in PCOS.

Potential role in menstrual cycle
regulation

Restoration of menstrual regularity is a key therapeutic goal
in managing PCOS, as menstrual irregularities are often the
first sign of endocrine disruption in these patients. Two of
the included studies reported improvements in menstrual
regularity following treatment with canagliflozin. These
findings suggest that by reducing hyperinsulinemia and
improving insulin sensitivity, SGLT-2 inhibitors may restore
the balance between LH and follicle-stimulating hormone
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(FSH), leading to improved ovulatory function. Dapagliflozin,
an SGLT-2 inhibitor, has been shown to partially restore
reproductive function in obese female mice by improving
LH profiles and increasing ovulation rates.?’ In high-fat diet-
fed mice, dapagliflozin ameliorated ovulation disorders by
attenuating microglia-mediated hypothalamic inflammation
and improving insulin and leptin sensitivity.?® SGLT-2 inhib-
itors have demonstrated neuroprotective properties and the
ability to suppress microglia-induced neuroinflammation in
the central nervous system.?

However, the improvements in menstrual regularity
observed with SGLT-2 inhibitors were not significantly dif-
ferent from those seen with metformin. Metformin, a well-
established treatment for PCOS, also improves insulin
sensitivity and has been shown to regulate menstrual cycles
in insulin-resistant women.*° The similarity in outcomes
suggests that while SGLT-2 inhibitors offer a promising
alternative, their effects on menstrual cycle regulation may
not be superior to traditional treatments such as metformin.

Further research is needed to explore the mechanisms by
which SGLT-2 inhibitors influence menstrual cycle regulation.
Animal studies have shown that improved insulin sensitivity
can restore normal hypothalamic—pituitary—ovarian axis func-
tion by modulating gonadotropin-releasing hormone (GnRH)
pulsatility and reducing androgen production. It is possible that
SGLT-2 inhibitors exert similar effects, but the lack of long-
term data limits our understanding of their full potential.

Long-term clinical implications

The use of SGLT-2 inhibitors in nondiabetic women with
PCOS is a novel therapeutic approach, and the long-term
clinical implications of this treatment are still unclear. While
SGLT-2 inhibitors have been shown to provide cardiometa-
bolic benefits in diabetic populations, their safety and effi-
cacy in nondiabetic women with PCOS have not been
thoroughly evaluated. This is especially important given the
increased cardiovascular risk associated with PCOS, which
includes a higher prevalence of hypertension, dyslipidemia,
and obesity.

The potential cardiovascular protective effects of SGLT-2
inhibitors, such as reductions in blood pressure, body weight,
and visceral fat, could offer additional benefits for women
with PCOS. However, the long-term use of these drugs raises
concerns regarding potential adverse effects, such as an
increased risk of urinary tract infections and euglycemic dia-
betic ketoacidosis. These risks may be more relevant for
nondiabetic women, and thus larger, long-term studies are
needed to assess the risk-benefit profile of SGLT-2 inhibitors
in this population

Strengths and limitations

This study analyzed five RCTs, selected through a rigorous
literature search and the use of strict inclusion and exclusion

criteria to identify high-quality literature for analysis. We
also carried out a careful assessment of bias in these studies.
This included population across all studies with PCOS
patients with clinical or biological hyperandrogenism
(Phenotype A and/or B, NIH criteria) and insulin-resistant
phenotype. However, a key limitation of this review is the
lack of statistical analysis to account for heterogeneity or
compare outcomes across studies. Future studies should
address this limitation to enhance the comparability and
robustness of findings. In addition, the hormonal parameters
measured across the five studies were heterogeneous and the
effects on clinical hyperandrogenism and menstruation were
measured in one and two studies, respectively.

Clinical implications

While SGLT-2 inhibitors present a promising alternative for
managing insulin resistance in PCOS, further research is
essential to assess their long-term safety and efficacy, espe-
cially in nondiabetic populations. The potential risks of pro-
longed SGLT-2 inhibitor use, such as urinary tract infections,
warrant careful consideration, particularly in women with
PCOS who may not have diabetes.

Recommendations for future research

Future studies should focus on direct comparisons between
SGLT-2 inhibitors and established treatments like metformin
and oral contraceptives to better evaluate their relative effi-
cacy in managing hyperandrogenism and menstrual irregu-
larities. Additionally, studies should investigate which
specific subgroups of women with PCOS (e.g., those with
higher baseline insulin resistance) may benefit most from
SGLT-2 inhibitors. Larger and longer-duration trials are also
needed to establish a clearer understanding of the long-term
effects and safety of SGLT-2 inhibitors for reproductive and
metabolic outcomes in women with PCOS.

Conclusion

This systematic review highlights the potential role of
SGLT-2 inhibitors in managing PCOS, particularly through
their effects on insulin sensitivity, androgen levels, and men-
strual regularity. The findings suggest that SGLT-2 inhibitors
may offer benefits comparable to metformin for metabolic
improvements, with the added advantage of possible cardio-
protective effects. However, the impact of SGLT-2 inhibitors
on hyperandrogenism and menstrual regulation remains
inconsistent across studies. This variability may be influ-
enced by the differences in drug type, dosage, duration, and
patient characteristics, such as baseline insulin resistance
and BMI. In conclusion, SGLT-2 inhibitors represent a valu-
able addition to the therapeutic options available for PCOS
management, but further research is required to fully under-
stand their role and establish clear guidelines for their use in
this patient population.



10

SAGE Open Medicine

Acknowledgements

During the preparation of this work, the authors used Google
Gemini to proofread the text. After using this tool, the authors
reviewed and edited the content as needed and took full responsibil-
ity for the content of the publication. The authors acknowledge Dr
Rihene Melki for providing a complementary manuscript revision.

Authors contributions

HE Mrabet: Conceptualization, Data curation, Investigation,
Formal analysis, Methodology, Supervision, Validation, Writing —
original draft, Writing — review and editing. H Ben Salem: Data
curation, Formal analysis, Investigation, Methodology, Supervision,
Validation, Writing — original draft. T Ach: Conceptualization,
Supervision Validation. A Ben Abdelkarim: Supervision,
Validation. W Alaya: Writing — review and editing, Supervision.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with respect
to the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

Ethics approval
Not applicable.

Informed consent

Not applicable.

ORCID iD

Houcem Elomma Mrabet (2} https://orcid.org/0000-0002-5475-9093

References

1. Fahs D, Salloum D, Nasrallah M, et al. Polycystic ovary
syndrome: pathophysiology and controversies in diagnosis.
Diagnostics 2023; 13: 1559.

2. Pruett JE, Romero DG and Yanes Cardozo LL. Obesity-
associated cardiometabolic complications in polycystic ovary
syndrome: the potential role of sodium-glucose cotrans-
porter-2 inhibitors. Front Endocrinol 2023; 14: 951099.

3. Teede HJ, Tay CT, Laven JJE, et al. Recommendations from
the 2023 International Evidence-based Guideline for the
assessment and management of polycystic ovary syndrome. J
Clin Endocrinol Metab 2023; 108: 2447-2469.

4. Sinha B and Ghosal S. A meta-analysis of the effect of sodium
glucose cotransporter-2 inhibitors on metabolic parameters in
patients with polycystic ovary syndrome. Front Endocrinol
2022; 13: 830401.

5. Mukherjee S and Maitra A. Molecular and genetic factors con-
tributing to insulin resistance in polycystic ovary syndrome.
Indian J Med Res 2010; 131: 743-760.

6. Zhao H, Zhang J, Cheng X, et al. Insulin resistance in polycys-
tic ovary syndrome across various tissues: an updated review

10.

11.

12.

13.

14.

15.

16.

18.

20.

21.

22.

of pathogenesis, evaluation, and treatment. J Ovarian Res
2023; 16: 9.

PRISMA Statement. PRISMA statement, https://www.prisma-
statement.org (2020, accessed 19 July 2024).

Chang S and Dunaif A. Diagnosis of polycystic ovary syn-
drome: which criteria to use when? Endocrinol Metab Clin
North Am 2021; 50: 11-23.

Sterne JAC, Savovi¢ J, Page MJ, et al. RoB 2: a revised tool
for assessing risk of bias in randomized trials. BMJ 2019; 366:
14898.

Javed Z, Papageorgiou M, Deshmukh H, et al. Effects of
empagliflozin on metabolic parameters in polycystic ovary
syndrome: a randomized controlled study. Clin Endocrinol
(Oxf) 2019; 90: 805-813.

Elkind-Hirsch KE, Chappell N, Seidemann E, et al. Exenatide,
dapagliflozin, or phentermine/topiramate differentially affect
metabolic profiles in polycystic ovary syndrome. J Clin
Endocrinol Metab 2021; 106: 3019-3033.

Zhang J, Xing C, Cheng X, et al. Canagliflozin combined with
metformin versus metformin monotherapy for endocrine and
metabolic profiles in overweight and obese women with poly-
cystic ovary syndrome: a single-center, open-labeled prospec-
tive randomized controlled trial. Front Endocrinol 2022; 13:
1003238.

Cai M, Shao X, Xing F, et al. Efficacy of canagliflozin versus
metformin in women with polycystic ovary syndrome: a rand-
omized, open-label, noninferiority trial. Diabetes Obes Metab
2022; 24: 312-320.

Tan S, Ignatenko S, Wagner F, et al. Licogliflozin versus
placebo in women with polycystic ovary syndrome: a rand-
omized, double-blind, phase 2 trial. Diabetes Obes Metab
2021; 23: 2595-2599.

Wawrzkiewicz-Jatowiecka A, Kowalczyk K, Trybek P, et al.
In search of new therapeutics—molecular aspects of the
PCOS pathophysiology: genetics, hormones, metabolism and
beyond. Int J Mol Sci 2020; 21: 7054.

Armanini D, Boscaro M, Bordin L, et al. Controversies in
the pathogenesis, diagnosis and treatment of PCOS: focus on
insulin resistance, inflammation, and hyperandrogenism. Int J
Mol Sci 2022; 23: 4110.

Kalyanaraman R and Pal L. A narrative review of current
understanding of the pathophysiology of polycystic ovary syn-
drome: focus on plausible relevance of vitamin D. Int J Mol
Sci 2021; 22: 4905.

Sadeghi HM, Adeli I, Calina D, et al. Polycystic ovary syn-
drome: a comprehensive review of pathogenesis, manage-
ment, and drug repurposing. Int J Mol Sci 2022; 23: 583.
Mancini A, Bruno C, Vergani E, et al. Oxidative stress and
low-grade inflammation in polycystic ovary syndrome: con-
troversies and new insights. Int J Mol Sci 2021; 22: 1667.
Ganie MA, Vasudevan V, Wani IA, et al. Epidemiology,
pathogenesis, genetics and management of polycystic ovary
syndrome in India. /ndian J Med Res 2019; 150: 333.

Nestler JE. Insulin regulation of human ovarian androgens.
Hum Reprod 1997; 12: 53-62.

Swerdloff RS, Dudley RE, Page ST, et al. Dihydrotestosterone:
biochemistry, physiology, and clinical implications of elevated
blood levels. Endocr Rev 2017; 38: 220-254.


https://orcid.org/0000-0002-5475-9093
https://www.prisma-statement.org
https://www.prisma-statement.org

Mrabet et al.

23.

24.

25.

26.

Diamond MP. Effects of methyltestosterone on insulin secre-
tion and sensitivity in women. J Clin Endocrinol Metab 1998;
83:4420-4425.

Manneras L, Cajander S, Holmédng A, et al. A new rat
model exhibiting both ovarian and metabolic characteristics
of polycystic ovary syndrome. Endocrinology 2007; 148:
3781-3791.

Yanes LL, Romero DG, Moulana M, et al. Cardiovascular-
renal and metabolic characterization of a rat model of polycys-
tic ovary syndrome. Gend Med 2011; 8: 103-115.

Yaribeygi H, Sathyapalan T, Maleki M, et al. Molecular
mechanisms by which SGLT2 inhibitors can induce insulin
sensitivity in diabetic milieu: a mechanistic review. Life Sci
2020; 240: 117090.

27.

28.

29.

30.

Cui L, Tan C, Huang L, et al. Dapagliflozin partially restores
reproductive function in MC4R KO obese female mice. J
Endocrinol 2022; 254: 65-76.

Chen X, Huang L, Cui L, et al. Sodium—glucose cotransporter 2
inhibitor ameliorates high fat diet-induced hypothalamic—pitu-
itary—ovarian axis disorders. J Physiol 2022; 600: 4549—4568.

Chen X, Xiao Z, Liu Q, et al. Dapagliflozin ameliorates
ovulation disorders via attenuating activated microglia-
mediated hypothalamic inflammation in HFD-fed mice.
Neuroendocrinology 2024; 114: 331-347.

Fruzzetti F, Perini D, Russo M, et al. Comparison of two insu-
lin sensitizers, metformin and myo-inositol, in women with
polycystic ovary syndrome (PCOS). Gynecol Endocrinol
2017; 33: 39-42.



