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Abstract

Polycystic ovarian syndrome (PCOS) is a multi-system endocrinopathy that affects women of reproductive
age. Due to features that coincide with puberty, it frequently remains undiagnosed in adolescent females.
The lack of evidence on management alternatives has resulted in significant variation in practice. This
systematic review evaluated the therapeutic advantages and adverse effects of a regularly used therapy
option, combined oral contraceptive pills (COC/OCP) with spironolactone (SP), a newer alternative that may
be used alone or in conjunction with other drugs to treat adolescent PCOS. A literature search was conducted
using PubMed, PubMed Central, Scopus, and Google Scholar. It was restricted to studies published in
English between 2021 and 2011 that discussed the management of adolescent PCOS with COC, SP, or both.
The systematic review followed the Preferred Reporting Items for Systematic Reviews and Meta-

Analyses 2020 guidelines. Two reviewers independently examined the content of the included studies using
appropriate quality assessment tools. Four meta-analyses, four randomized controlled trials (RCTs), and one
traditional review were found to be eligible. After extensive analysis, we concluded that SP, alone or in
combination, is far safer than COC. However, COC treats more PCOS-associated symptoms than SP,
including acne and menstrual irregularities, while also providing contraceptive benefits. However, SP
monotherapy is cardioprotective and therapeutic when combined with other drugs. Long-term COC use has
been linked to an increased risk of venous thromboembolism, hypertension, dyslipidemia, low-density
lipoprotein (LDL) elevation, dysglycemia, and cancer in women.

Categories: Endocrinology/Diabetes/Metabolism, Internal Medicine, Pediatrics
Keywords: oral contraceptive pills, combined oral contraceptive pills, spiomet, spironolactone, coc, ocp, adolescent
pcos, adolescent, pcos, polycystic ovarian syndrome

Introduction And Background

Polycystic ovary syndrome (PCOS) is defined by a combination of signs and symptoms of androgen excess
and ovarian dysfunction in the absence of other specific diagnoses [1]. It is a heterogeneous, multi-system
endocrinopathy that manifests in the ovary and presents with a range of clinical characteristics, the three
most common of which are menstrual abnormalities, elevated androgen levels, and cystic ovaries [2,3]. As a
tribute to the two physicians who first identified it in 1935, the disease is recognized as Stein Leventhal
Syndrome also [2].

The current global prevalence of PCOS, according to National Institutes of Health (NIH) standards, is 6%
(5%-8%); however, it is 10% when Rotterdam or the androgen excess and PCOS society (AE-PCOS Society)
criteria are used [4]. It is one of the most common endocrine disorders among reproductive-age women in
the United States, affecting 5%-10% of the fertile female population, 4%-8% of whom are young adults and
middle-aged women [4]. PCOS is more common in African American women (8.0%) than in white women
(4.8%), with a total prevalence of 6.6% (difference not statistically significant, P > 0.05) [5].

It is a result of strong epigenetic and environmental influences, altering lifestyles, stress, and diets [1]. It's
also becoming increasingly common in adolescent females, presenting shortly after puberty.

Making a clinical diagnosis is especially difficult due to widespread pubertal overlap symptoms, and because
there is no criteria for identifying PCOS in adolescent females, it frequently goes undiagnosed [6].

PCOS also has long-term consequences, including an increased risk of atherosclerotic disease, hypertension
as well as impaired glucose tolerance. Childhood development of type 2 diabetes, which girls with adolescent
PCOS are more vulnerable later in adulthood [7-9].
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The current standard of care for adolescent PCOS is a blend of lifestyle interventions, combined oral
contraceptives (COC) (oestrogen and progesterone preparations), metformin, and anti-androgens such as
flutamide, finasteride, or spironolactone (SP), either alone or in conjunction [6,10-14]. COC is often used but
also despised due to the stringent adherence required and the unpleasant and worrisome side effects such as
breast tenderness, bloating, nausea, weight gain, elevated blood sugars, dyslipidemia, venous
thromboembolism, cardiovascular disease, irregular bleeding, and hypertension [15]. A recent study suggests
that early COC exposure may raise the risk of cancer [9,16].

Spironolactone, alone or in combination, has emerged as a promising therapeutic alternative to COC.
Spironolactone is an anti-androgenic medication with several additional advantages in the treatment of
women with PCOS. Additionally, it has a broad safety profile with lesser side effects that are more acceptable
[17-19].

The objective is to address the PICO question, with the population of interest being adolescent females with
PCOS because it is vital to treat young girls with efficacious and safe medications that will not impair their
future life. The goal of this intervention is to compare COC and Spironolactone, two commonly used drugs.
The outcome will include a determination of the effectiveness and side effects of the two medications
mentioned.

Figure I depicts the pathophysiological events that lead to various clinical features in PCOS.
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FIGURE 1: Pathophysiology of PCOS

FSH: follicular stimulating hormone; LH: luteinising hormone; SHBG: sex hormone-binding globulin; T2DM: type 2
diabetes mellitus; E1: estrone; E2: estradiol; IGF1: insulin-like growth factor 1; PCOS: polycystic ovarian
syndrome.

Created with BioRender.com by the authors.

Review
Methodology

We conducted a systematic review of freely available full-length articles and utilized the Preferred Reporting
Items checklist to document our methodology and conclusions. We have adhered to the PRISMA 2020
recommendations [20-22].

Search Strategy

Using the preferred reporting items for systematic reviews and meta-analyses (PRISMA) statements and
flowcharts, the studies were organized for synthesis [20,22]. This allows for a more systematic search and
identification of research to include in the review. Electronic searches on PubMed, PubMed Central, Scopus,

2022 Rajashekar et al. Cureus 14(5): €25340. DOI 10.7759/cureus.25340 20f12


https://assets.cureus.com/uploads/figure/file/340452/lightbox_d42a7630b1f111ecbce215dfb7878edd-PCOS-Patho-final-3-.png

Cureus

and Google Scholar were undertaken in December 2021. A Boolean search was conducted utilizing MeSH,
regular keywords, and synonyms relating to the topic at hand, including "Polycystic ovarian syndrome,"
"Spironolactone,” and "Combined Oral Contraceptives,” both alone and in combination. The search also used
the built-in search functions of the websites to aid in the selection process. Following this, all articles were
retrieved, and only those articles relevant to the study were included.

Inclusion Criteria

Inclusion criteria were (i) only full-text peer-reviewed articles, as well as (ii) all study designs that were
published between 2021 and 2011. (iii) Articles written in English, (iv) with the availability of an abstract,
and (v) the full, unrestricted text focused on (vi) adolescent females between the ages of 11 and 19 were
chosen. The term "adolescent" refers to the age group established by the World Health Organisation (WHO)
[23]. (vii) Studies with a broader age range of data, including children and adolescents, separately were
deemed eligible.

(viii) Individuals suffering from PCOS as defined by the NIH, Rotterdam, or AE-PCOS Society criteria
[24,25], who received (ix) treatment given with COC alone or in combination; (x) Spironolactone used alone
or in combination with other pharmaceuticals. (xi) Demography incorporated research from all over the
world.

Exclusion Criteria

The review excludes studies of (i) unpublished articles, case reports, grey literature, and research written
before 2011, (ii) Studies without access to the full text, (iii) non-female gender, and (iv) if the study's age
does not include an adolescent population. (v) Other pediatric endocrinopathies causing similar symptoms
are excluded. (vi) Management of PCOS without the use of Spironolactone or/and COC; (vii) Studies that
include fertility induction medication and fertility as an outcome measure (viii) as well as those with a low-
quality appraisal of the eligibility papers [20].

Data Extraction

Two independent reviewers undertook the selection procedure. The first step (i.e., identification) included
developing search queries for PubMed, PubMed Central, Scopus, and Google Scholar and identifying records.
Having followed that, records designated as ineligible were deleted using the database's automated tools.
Later, using the EndNote program, duplicates were deleted. The second step (i.e., screening) included
reading titles and abstracts of articles and selecting those that could be relevant based on the inclusion and
exclusion criteria. Following that, manual search and EndNote were used to locate the full text of the
reports. We examined 1048 records and identified 59 articles for full-text screening, eligibility, and quality
assessment.

Quality Assessment and Analysis of the Studies

We assessed the quality of articles throughout the eligibility phase utilizing quality assessment
measurement tools. (i.e., phase 3). For Systematic Reviews & Meta-Analysis, the assessment of multiple
systematic reviews (AMSTAR 2) checklist was used for Traditional Reviews, and the scale for the assessment
of narrative review articles, SANRA Checklist, was implemented [26,27]. Cochrane risk of bias, version 29,
was utilized for the quality assessment of randomized control trials [28]. After the assessment of eligibility,
the articles where both reviewers had a 95% accord have been included. Disagreements were addressed by
discussion between the other authors and, if required, consultation with our mentor as well as an external
reviewer. This review has a total of nine articles.

Table I summarizes the baseline characteristics of studies that have been included.
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Author

Hall et
al. [29]

Domecq
etal.
(30]

Alpanes
etal.
(31]

Liu et al.
[32]

Diaz et
al. [33]

Alalami
etal.
[34]

Almalki
etal.
[35]

Ibanez
etal.
[36]

Al
Khalifah
etal.
[37]

Year of
publication

2012

2013

2017

2017

2018

2019

2020

2020

2021

Study
design

RCT

Meta-
analysis

RCT

Meta-
analysis

RCT

Literature
review

Meta-
analysis

RCT

Meta-
analysis

Quality
appraisal
tool

Cochrane
risk of bias
assessment
tool

AMSTAR 2
checklist

Cochrane
risk of bias
assessment
tool

AMSTAR 2
checklist

Cochrane
risk of bias
assessment
tool

SANRA
checklist

AMSTAR 2
checklist

Cochrane
risk of bias
assessment
tool

AMSTAR 2
checklist

TABLE 1: Table of data extraction

A summary of the included studies. RCT: randomised control trials; BMI: body mass index; COS: cross-over study; COC: combined oral contraceptives;
SP: spironolactone; SPIOMET: low-dose combination of spironolactone, pioglitazone, and metformin; HMW- adiponectin: high-molecular-weight

adiponectin.

Primary studies

At the start of a six-month COC intervention,
354 young women received standard
psychological assessments and were
questioned about COC side effects and use.
The associations between psychological
circumstances perceived COC side effects, and
continuation rates were examined using logistic
regression.

20 RCTs, one prospective cohort, one case
control, two COS.

A randomised, parallel, open-label clinical
research for 12 months, with 92 patients
comparing COC with SP to metformin in
women with PCOS.

19 cross-sectional, one case control, four
cohort with 270,284 participants

Over 12 months, 35 PCOS females were
randomly assigned to receive COC (n = 18) or
SPIOMET (n = 17). Healthy adolescent girls
were used as controls (n = 25).

Nine literature reviews, one meta analysis,
seven RCTs, one prospective open label study,
one multi-centric study, one prospective cohort
study.

Nine RCT's comprising 613 patients were
included.

Two pilot investigations examined the effects of
randomised therapy with an oral COC or
SPIOMET in non-obese girls with PCOS (n =
62).

37 RCTs comprising 2400 patients were
included.

Outcome measure

Depressed mood, stress and
perceived weight change.

Lactic acidosis, thromboembolic
episodes, liver toxicity, cancer
incidence, pregnancy loss, weight
gain and cardiovascular disease.

Amelioration of hirsutism, androgen
excess, menstrual dysfunction and
cardio-metabolic safety (changes in
the frequencies of disorders of
glucose tolerance, dyslipidemia, and
hypertension).

Hypertension

Fetuin-A and hepatic visceral fat.

Cardiovascular profile evaluations
are connected with the drugs utilised
in PCOS management.

Testosterone levels.

On-and post-treatment, fasting
insulin, androgens, HMW
adiponectin, and microRNA [miR]-
451a were assessed. Body
composition and hepato-visceral fat
were also assessed.

Menstrual regulation and change in
hirsutism scores are the primary
outcome measures. The secondary
outcome variables are acne scores,
the prevalence of dysglycemia, BMI,
lipid profile, total testosterone level,

and any problems that might happen.

A comprehensive PRISMA flow chart is depicted in Figure 2 [22].
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FIGURE 2: PRISMA 2020 flow diagram

PRISMA: Preferred reporting items for systematic reviews and meta-analysis.
The figure was created by the authors.

The keywords utilised in the study are depicted in Table 2.
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S h
eare Keywords
strategy

Regular  Polycystic ovary syndrome; PCOS; stein-leventhal syndrome; oral contraceptives; combined oral contraceptive; COC; OCP;
keywords Spironolactone; SP; Aldactone; Adolescent

(( "Polycystic Ovary Syndrome/drug therapy"[Mesh] OR "Polycystic Ovary Syndrome/therapy"[Mesh] )) OR ( "Polycystic Ovary
Syndrome/drug therapy"[Mesh:NoExp] OR "Polycystic Ovary Syndrome/therapy"[Mesh:NoExp] ) AND ((
"Spironolactone/adverse effects"[Majr] OR "Spironolactone/pharmacokinetics"[Majr] OR "Spironolactone/therapeutic use"[Majr]
OR "Spironolactone/toxicity"[Majr] )) OR ( "Spironolactone/adverse effects"[Mesh:NoExp] OR

MeSH "Spironolactone/pharmacokinetics"[Mesh:NoExp] OR "Spironolactone/therapeutic use"[Mesh:NoExp] OR

keywords "Spironolactone/toxicity"[Mesh:NoExp] ) AND (( "Contraceptives, Oral/adverse effects"[Majr] OR "Contraceptives,
Oral/pharmacokinetics"[Majr] OR "Contraceptives, Oral/therapeutic use"[Majr] OR "Contraceptives, Oral/therapy"[Majr] OR
"Contraceptives, Oral/toxicity"[Majr] )) OR ( "Contraceptives, Oral/adverse effects"[Mesh:NoExp] OR "Contraceptives,
Oral/pharmacokinetics"[Mesh:NoExp] OR "Contraceptives, Oral/therapeutic use"[Mesh:NoExp] OR "Contraceptives,
Oral/therapy"[Mesh:NoExp] OR "Contraceptives, Oral/toxicity"[Mesh:NoExp] ) AND adolescent

TABLE 2: Keywords employed in the study

The search was undertaken in December 2021. MeSH: medical subject headings.

Results

Literature Search

The search yielded 1048 possibly relevant articles, 59 of which had full-text access. The papers were then
scrutinized for eligibility, with 25 being rejected owing to noncompliance with the criteria. During data
extraction and full-text screening, another 15 papers were excluded from the research. Finally, we used
quality assessment methods to examine publications before incorporating them in the systematic review,
and 10 papers were found to be ineligible. In the end, nine papers were approved.

Study Characteristics

The systematic review includes four meta-analyses, four RCTs, and one traditional review. In all of the
articles chosen, combined oral contraceptive pills (COC) or Spironolactone (SP) have been an intervention
for treating adolescent polycystic ovarian syndrome (PCOS). Two studies directly assessed the efficacy of all
treatment methods for adolescent PCOS. One study examined the risks and side effects of all PCOS
medications. One study evaluated the cardiovascular characteristics of medications used to treat adolescent
PCOS. Two trials examined the combination therapy for SP, while one examined the combination therapy for
COC. Two studies studied the long-term effects of COC and compared the outcomes of patients who take
COC vs. those who do not. It is critical to highlight that there is presently no highly effective treatment for
PCOS. Due to the complexity of the syndrome in its entirety, each symptom may be addressed individually
with a tailored specific strategy.

Clinical Efficacy

Menstrual regulation: was observed to be better with COC plus spironolactone (OR: 0.06, 95% CI: 0.02-0.23)
compared to metformin alone, according to an RCT by Alpanes et al. [31]. In addition, Ibanez et al. found
that SPIOMET an abbreviation for a low-dose combination of spironolactone 50 mg/day, pioglitazone 7.5
mg/day, and metformin 850 mg/day, made the menstrual cycle more regular in 90% of adolescents with
PCOS [36]. This was compared to COC (20ug ethinyl estradiol plus 100 mg levonorgestrel), which was seen as
effective only in 42% of the adolescents. There are no statistically significant benefits to using SP in
menstruation regulation [37].

Dysglycemia: Domecq et al. reported that COCs had no net effect on fasting blood glucose (WMD1.18, 95%
CI6.99 to 4.63; P=0.69), and there was no evidence of the incidence of Type 2 Diabetes [30]. According to
Alpanes et al., a combination of COC and Spironolactone had no effect on dysglycemia as determined by
fasting insulin (89 * 97), HOMA-IR (1.6 +1.7), and insulin sensitivity index (6.7 + 5.1) [31]. It was compared to
metformin, a hypoglycaemic drug that improved fasting insulin levels (69 £51), HOMA-IR (1.3 £0.9), and
insulin sensitivity index (7 = 5.5). Ibanez et al. stated that after one year, insulin resistance (IR), as evaluated
by the HOMA-IR level, decreased significantly in the group using SPIOMET(1.2 # 0.1) compared to the group
taking COC (Ethinyl estradiol-Levonorgestrel) (3 +0.3) [36]. This demonstrates that a low-dose
spironolactone combination (SPIOMET) is more effective than COC at reducing dysglycemia. Al Khalifah et
al. reported dysglycemia outcomes were available for seven therapies across 10 RCTs (n = 639) [37]. The
absolute incidence of dysglycemia was observed to be 57 per 100 patients among COC users (95 % [CI], 1-100
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more patients), compared to a baseline risk of 24% among controls. There was no statistically significant
difference in dysglycemia on using Spironolactone [37].

Testosterone: According to an RCT conducted by Alpanes et al., with 46 PCOS women, including an
adolescent population, 24 women were assigned to COC plus spironolactone, a combination of an oral
contraceptive pill containing 30 mcg ethinyl estradiol and 150 mcg desogestrel and 100 mg/day of SP, and 22
women were assigned to metformin, 850 mg twice daily [31]. The total testosterone (1.1 nmol/L,0.4-1.7), free
testosterone (25 pmol/L,12-39), and androstenedione (5.5 nmol/L,1.8-9.2), dehydroepiandrosterone
sulphate (2.7 pmol/L,1.4-4.0) were decreased significantly in this study [31]. In a meta-analysis published in
2020 by Almalki et al., it was discovered that SP (MD-2.90, 95%CI-3.77,-2.02) and spironolactone metformin
combination (MD-2.83, 95%CrI-3.80,-1.87) reduced testosterone levels more than COC alone (MD-2.78,
95%CrI-3.60,-1.97) [35]. In a 12-month RCT conducted by Ibanez et al. (n = 62, mean age = 15.8 years), there
was a substantial drop in free testosterone levels in both SPIOMET (0.8 = 0.1) and COC (0.7 + 0.1)

[36]. Almalki et al. observed that COC (MD-2.78, 95 percent CI -3.60, -1.97), spironolactone with metformin
(MD2.83, 95 percent CI 3.80, 1.87), and spironolactone alone (MD-2.90, 95 percent CI -3.77, -2.02) all
reduced free testosterone levels [35]. COC had a greater reduction in free testosterone levels than
spironolactone alone or in combination. According to the data provided by Al Khalifah et al. on free
testosterone levels, treatments with spironolactone and COC were assessed to lower total testosterone levels
relative to placebo in 34 studies (n = 1811) [37].

Lipid profile: Alpanes et al. showed no difference in dyslipidaemia (OR: 0.6, 95% CI: 0.2-1.8) in an RCT
(n=46) comparing a combination of COC + Spironolactone and Metformin [31].

Table 3 summarises the effects of SP, SIPOMET, and COC on lipid profile. Referenced from Ibanez et al. and
Al Khalifah et al. [36,37].

Lipid L
. Possible impact
profile
Total ) L L
COC mono-therapy resulted in a significant rise in total cholesterol levels.
cholesterol

The rise in triglycerides was seen with COC compared to the control group. It was lower with SPIOMET during 12 months. In
Triglyceride a recent study, it was observed that there were no statistically significant changes in treatment with COC or spironolactone
alone or combination with other medications.

LDL cholesterol increased with COC, and no change was detected with SPIOMET after 12 months, but a reduction was
LDL observed after 24 months with SPIOMET. Patients treated with metformin-flutamide combination therapy had a significant
reduction when compared to COC mono-therapy.

HDL increased with COC after 24 months but was statistically insignificant. No change was detected in the SPIOMET users.
Spironolactone increased in HDL.

HDL

TABLE 3: Summary of lipid profile

HDL: high density lipoprotein; LDL: low density lipoprotein; SPIOMET: low dose spironolactone with pioglitazone and metformin; COC: combined oral
contraceptives.

Hirsutism: In an RCT (n=46), Alpanes et al. assigned 24 patients to COC (30 mcg ethinyl estradiol plus 150
mcg desogestrel) plus spironolactone(100 mg/day) and 22 patients to metformin, which was started at 425
mg and maintained at an 850 mg [31]. It was found that COC plus spironolactone caused a reduction in
hirsutism score than metformin (MD 4.6, 95% CI: 2.6-6.7). According to Ibanez et al., the hirsutism score
dropped significantly in the SPIOMET (11# 1) compared to the COC (14 * 1) after 12 months [36]. In a meta-
analysis by Al Khalifah et al. using the Ferriman-Gallwey scoring system, 13 of 25 trials (n = 1401) reported
hirsutism. Spironolactone or metformin-spironolactone combination treatment is linked with a statistically
significant decrease in hirsutism when compared to placebo. All combination medications, however, resulted
in a 2.5-point reduction in hirsutism score when compared to mono-therapy. Indicating that combination
medicines are superior to mono-therapies [37]. COC exhibited statistically significant reductions in
hirsutism scores as compared to placebo, progesterone (MD, -5.66; 95% [Cr]], -8.97 to -2.46), cyproterone
acetate (MD, -3.06; 95% Crl, -5.05 to -1.02), drospirenone (MD, -3.00; 95% Crl, -5.52 to -0.48) and
desogestrel (MD, -3.16; 95% Crl, -5.29 to -0.9). No statistically significant improvements with norgestimate
or gestodene were seen [37].

Acne: The type of progesterone contained in the COC appears to have an effect on acne. Cyproterone acetate
and chlormadinone acetate are superior to COC containing levonorgestrel [38]. Due to a lack of reliable
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research and the lack of a validated scale for evaluating acne, the outcome is mixed, with slight favor for
COC in terms of acne reduction by MD 0.5 to 2 from baseline [37].

BMI & weight: Domecq et al. reported that COC (Ethinyl-estradiol 30mcg + Chlormadinone acetate 2 mg and
Ethinyl-estradiol 30mcg + Drosperinone 3 mg) had no effect on BMI (COCs: BMI WMD -0.001, 95% CI- 0.16
t0 0.16,P=0.99, I 2= 0) [30]. In one trial, Domecq et al. found that COCs had no effect on weight gain (COCs:
WMD 0.04, 95%CI -0.35 to 0.43,P= 0.84) [30]. Ibanez et al. concluded that after one year, BMI rose with COC
(DO0-12 mth = 0.7% 0.3) compared to those receiving SPIOMET (D0-12 mth = -0.2 % 0.3), these findings,
however, are statistically significant (P < 0.05) [36]. Al Khalifah et al. examined 34 RCTs (n = 1798) and
discovered no significant changes in weight loss or BMI treated with SP and COC [37].

Fetuin-A: Is a glycoprotein that is largely synthesized in the liver and is released in high amounts into the
bloodstream in patients with fatty liver disease [33,39]. In humans, elevated fetuin-A levels have been linked
to an increased risk of T2D and metabolic syndrome characteristics [33,40]. Contrary to expectations,
increasing fetuin-A levels prevent vascular calcification and act as a protective factor during systemic
inflammation [33,41]. Thirty-five PCOS adolescents were evaluated for a year in an RCT by Diaz et al.; they
discovered that a low-dose combination of insulin sensitizers and SP, such as SPIOMET (1.13+0.05), raised
fetuin-A levels as compared to COC users (0.94 + 0.04) [33].

Side Effects

Venous thromboembolism (VTE): COCs were connected to a three- to six-fold increase in the relative risk of
VTE in a WHO-led study [30]. VTE incidence increased from 5/10000 in never-users to 9-10/10000 in COC
users, according to observational research involving 144,575 women-years of follow-up [30,42]. Lidegaard et
al. research followed 1,626,158 non-pregnant women aged 15 to 49 years and discovered an increased risk of
thrombotic stroke and myocardial infarction related to different COCs, with relative risks as high as 2.5 [42].
COCs containing Ethinylestradiol at 20 mcg increased the risk by a factor of 0.9-1.7, and at 30-40 mcg, the
risk increased by a factor of 1.3-2.3 [30]. Third-generation COCs are associated with a higher incidence of
VTE than second-generation COCs [30,43]. Additional risk factors, such as hypertension, obesity, diabetes,
advancing age, smoking, and hypercholesterolemia, may enhance the risk of VTE [30,44].

Overall mortality and cardiovascular disease mortality: In a prospective cohort study with approximately
378,000 women-years that compared COC users to never-users, Domecq et al. reported a lower rate of
mortality from any cause and a lower rate of death from cardiovascular illnesses [30,19]. Although recent
studies have noted that long-term use of oestrogen-containing COCs may increase cardiovascular risk, it is
uncertain if this translates into additional cardiovascular risk in young women with PCOS [34,45].
Spironolactone is useful in patients with documented cardiovascular disease and heart failure, according to
Anand et al., spironolactone was demonstrated to lower triglycerides, elevate HDL, and lower IR in PCOS, as
well as normalize endothelial dysfunction, although there were no cardiovascular risk benefits when
combined with COC [17,34,46-48]. Spironolactone may thus have some cardioprotective advantage, although
there are no medium-to-long-term clinical trials to advise on this in PCOS, even though it may be of clear
benefit in heart failure patients [34].

Hypertension: According to Liu et al., there was a significant association between COC use and the risk of
hypertension in women from Asia (RR, 2.12; 95% CI, 1.15-3.91), North America (RR, 1.32; 95% CI, 1.10-
1.59), developed countries (RR, 1.26; 95% CI, 1.09-1.45), and developing countries (RR, 2.13; 95% CI, 1.06-
4.27) [32).

The overall risk of cancer: The Hannaford et al. study examined the connection between COC consumption
and cancer for 44 months [19]. When all malignancies were analyzed, it was discovered that women who
took COC for more than eight years had a statistically significant higher chance of developing any cancer
(adjusted relative risk 1.22, 1.07 to 1.39). Cervical cancers (adjusted relative risk 2.73, 1.61-4.61) and central
nervous system or pituitary cancers (5.51, 1.38-22.05) were related to statistically significant elevated risks
in long-term (8-year) users [19]. On the other hand, long-term oral contraceptive usage was related to a
statistically significant reduction in the incidence of ovarian cancer (0.38, 0.16 to 0.88) and cancer of the
uterine body [19].

Mood changes and compliance to treatment: Hall et al. observed that participants with a depressed mood at
baseline were more than twice as likely to report expressed depressed mood and bodyweight changes at six
months compared with those without a depressive state (OR 2.30, CI 1.30-4.07, p=0.004 and OR 2.14, CI
1.20-3.80,p=0.01) respectively [29]. Additionally, those who experienced stress were more than twice as
likely to report "significant” mood changes as those who did not experience stress (OR 2.07, CI1.12-3.28,
p=0.02) [29]. Additionally, Hall et al. discovered that adolescents who had perceived weight changes were
40% less likely to maintain COC than those who did not (OR 0.60, CI 0.38-0.94, p=0.03) [29].

Discussions
Efficacy of Spironolactone and COC
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In our review, we observed that combined oral contraceptives (COC) in conjunction with Spironolactone
(SP) or SPIOMET is considerably superior to COC alone in managing menstrual dysregulation in adolescents
with PCOS. There was no high-quality evidence that SP alone could be used to treat menstrual
dysregulation.

The absolute incidence of dysglycemia was observed to be 57% among COC users, compared to a baseline
risk of 24% among controls. There was no evidence of the incidence of T2DM. A low-dose spironolactone
combination (SPIOMET) proved more effective than COC at reducing dysglycemia outcomes.

Earlier studies found that spironolactone alone or in combination with metformin or pioglitazone and
metformin or COC reduced serum testosterone levels more than COC alone.

However, in a research conducted by Almalki et al., COC reduced free testosterone levels more than
spironolactone or spironolactone + metformin [35]. This debate was further explored in 2021 by Al Khalifah
et al. on free testosterone levels, which concluded that spironolactone alone or in combination with other
medicines is equally effective as COC in 34 studies (n = 1811) [37].

The use of COC alone resulted in a statistically significant increase in total cholesterol levels. In an RCT
conducted by Ibanez et al., triglyceride levels were shown to be higher with COC and lower with SPIOMET
[36]. However, in 2021, Al Khalifah et al. discovered no statistically significant changes in triglyceride levels
in any of the two medications, COC or SP, or in their combinations, even when taken simultaneously

[37]. High-quality evidence suggests that LDL levels rise after treatment with COC. This can be significantly
observed after 12 months. Spironolactone had no significant correlation with LDL levels. SPIOMET, on the
other hand, lowered LDL levels after 24 months. Evidence also suggests that HDL levels rise after
spironolactone alone but not following SPIOMET.

Ibanez et al.'s evidence reveal an increase in serum HDL in COC users after 24 months, although it is not
statistically significant [36].

Both COC and SP exhibit a decrease in hirsutism. However, when SPIOMET or COC was combined with
spironolactone, a favorable reduction in hirsutism was noted when compared to COC alone. However, when
contrasted to mono-therapy, all combination drugs resulted in a 2.5-point drop in hirsutism scores. This
demonstrates the superiority of combination medicines over mono-therapies. The type of progesterone in
COC has an effect on the degree of hirsutism. Progesterone, cyproterone acetate, desogestrel, and
drospirenone all result in a favorable reduction. There were no statistically significant improvements in any
comparison group when gestodene or norgestimate were used. The outcome for acne reduction in adolescent
girls is mixed, with slight favor for COC.

The majority of research has shown no link between changes in BMI or weight gain and COC or SP.
Individuals receiving COC had a higher BMI after 12 months of treatment than those on SPIOMET. It is,
however, still controversial. Females with a baseline depressed mood reported perceived weight changes in a
research done by Hall et al. [29].

Side Effects of Spironolactone and COC

In a WHO-Ied study, COC was linked to an increased relative risk of VTE. It was also revealed that high doses
of ethinyl estradiol were associated with a considerably elevated risk of thrombotic stroke and myocardial
infarction. According to a comprehensive review of observational data, third-generation COCs are associated
with a greater incidence of VTE than second-generation COCs. There is a significant association between
COC use and the risk of hypertension.

Spironolactone is useful in patients with documented cardiovascular disease and heart failure, according to
Anand et al. [46]. SP medication was demonstrated to lower triglycerides, elevate HDL, and lower IR, as well
as normalize endothelial dysfunction, although there were no cardiovascular risk benefits when combined
with a COC.

Women who took COC for more than eight years had a statistically significantly higher chance of developing
any cancer (adjusted relative risk 1.22, 1.07 to 1.39). Increased rates of cervical, central nervous system, or
pituitary cancer and decreased chances of the uterine body and ovarian cancer were all associated with
longer durations of oral contraceptive usage.

There are concerns about the COC's compliance and continuance. Participants with depressed moods were
more than twice as likely to report the difference in mood and body weight changes. Young women who had
perceived weight changes were less likely to maintain their COC compliance.

Miscellaneous
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Anand et al.'s study showed that Spironolactone can help persons with heart disease and heart failure [46].

Limitations

Among the limitations of our investigation, we accept the scarcity of clinical studies in the treatment of
adolescent PCOS with Spironolactone. Given the high incidence of PCOS, there is future potential for
clinical studies (i) Adolescent PCOS management can be improved by employing a combination of drugs
rather than a mono-therapy with current standard treatment options. (ii) Similar to previous systematic
reviews of adolescent PCOS, most studies have a limited sample size for adolescent PCOS as it is most
difficult to diagnose in an adolescent population due to its overlap with pubertal features. (iii) Variably
reported menstrual regulation, the use of various acne scores, and the use of varying reporting of adverse
events pose a challenge.

Conclusions

In conclusion, we are one of the first few systematic reviews to indicate that spironolactone (SP), alone or in
combination, has a considerably better safety profile than combined oral contraceptives (COC). COC, on the
other hand, alleviates a broader variety of PCOS symptoms, such as acne and menstrual dysregulation, as
well as giving contraceptive benefits not found with SP alone. No correlation between BMI changes and COC
or SP has been observed. SP mono-therapy, on the other hand, is cardioprotective, with a favorable lipid
profile and a reduction in hirsutism and total testosterone levels without exacerbating dysglycemia. SP in
combination with COC or metformin surpasses COC in treating menstrual dysregulation, lowering free
testosterone levels with a favorable reduction in hirsutism.

SPIOMET is more effective than COC at lowering hirsutism, BMI, insulin resistance, dysglycemia, total
testosterone level, and menstrual regulation without increasing serum HDL. Long-term COC use has been
related to an increased risk of women acquiring venous thromboembolism, hypertension, dyslipidemia, an
increase in LDL, dysglycemia, and a higher risk of cervical, central nervous system, or pituitary cancer. Young
women who experienced perceived weight changes were less likely to sustain their COC compliance. Given
the widespread prevalence of COC usage, the significance of rigorous monitoring of women who use COC
should be emphasized.
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