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Abstract

Background: Polyendocrine metabolic ovarian syndrome (PMOS) represents a significant but understudied cause of anovulatory infertility
in sub-Saharan Africa (SSA). Regionally, specific data on its prevalence and phenotypic distribution in SSA are scarce, despite its
recognized impact on fertility.

Objective: To determine the prevalence and phenotypic distribution of polycystic ovary syndrome (PMOS) among women seeking
infertility care in Kumasi, Ghana, and to evaluate dominant follicle selection following ovulation induction.

Methods: In a multi-centre observational study with a cross-sectional component and nested longitudinal follow-up, women aged 2040
years presenting for infertility evaluation at three fertility centres in Kumasi were consecutively screened using the Rotterdam criteria.
Women diagnosed with PMOS underwent ovulation induction with clomiphene citrate or letrozole. Dominant follicle selection was
monitored via transvaginal ultrasonography. Firth’s penalized logistic regression was used to identify independent predictors of dominant
follicle selection, accounting for complete separation and sparse data in BMI and phenotype categories.

Results: Among 1,537 women seeking infertility care, 251 met Rotterdam criteria for PMOS, giving a clinic-based prevalence of 16.3%
(95% CI: 14.5-18.2) with Phenotype D being most prevalent (51.8%). Dominant follicle selection occurred in 82.9% (199/240; 95% CI:
78.2-87.7) of women undergoing ovulation induction. Clomiphene citrate and letrozole showed similar follicular response rates in this
non-randomized cohort although letrozole use was limited. Firth’s penalized logistic regression identified Obesity class III (BMI >40 kg/m?)
as the only BMI category independently associated with dominant follicle selection (aOR = 0.01; 95% CI: 0.00-0.21; p = 0.005). A linear
ordinal BMI analysis confirmed that BMI variation significantly reduced the odds of dominant follicle selection (aOR = 0.26; 95% CI:
0.15-0.46; p < 0.001).

Conclusion: PMOS was common among women seeking infertility care in three specialist fertility facilities in Kumasi, Ghana, and
phenotype D predominated. Ovulation induction with clomiphene citrate or letrozole was frequently associated with dominant follicle
selection, but pregnancy and live-birth outcomes were not assessed, hence, findings should be interpreted as reflecting an intermediate
ovulatory endpoint rather than definitive fertility success. Severe obesity (BMI >40 kg/m2) was independently associated with a
significantly reduced likelihood of dominant follicle selection, highlighting the clinical importance of weight management in this population

and the need for phenotype-informed, weight-sensitive fertility care in the region.
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INTRODUCTION

P

olyendocrine metabolic ovarian syndrome (PMOS) is
recognized as the most prevalent endocrine disorder
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affecting women of reproductive age worldwide, with
estimated prevalence rates ranging from 6% to 15%
depending on diagnostic  criteria and  population
characteristics [1,2]. It is the leading cause of anovulatory
infertility and is a highly heterogeneous endocrine disorder
associated with a spectrum of metabolic, reproductive, and
psychological comorbidities, including insulin resistance
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[3,4]. PMOS heterogeneous clinical presentation has
necessitated the development of various diagnostic
frameworks, with the Rotterdam criteria being the most
widely adopted. The Rotterdam criteria classify PMOS into
four distinct phenotypes based on combinations of
hyperandrogenism (HA), ovulatory dysfunction (OD), and
polycystic ovarian morphology (PCOM) [5,6]. PMOS
phenotypes include Phenotype A (HA+ OD + PCOM),
Phenotype B (HA + OD), Phenotype C (HA + PCOM), and
Phenotype D (OD + PCOM). Understanding these
phenotypes is crucial for clinical practice, as they may
influence treatment responses and long-term health risks, with
varying prevalence reported across different regions of the
world. For instance, Phenotype A is often associated with
more severe metabolic and reproductive complications, while
Phenotype D may present with milder symptoms [5,6].

Although PMOS is well characterised in high-resource
settings, there is a marked scarcity of population-based and
clinical data from sub-Saharan Africa (SSA) [7]. Historically,
infertility in West Africa has been predominantly attributed to
tubal factors, accounting for over 40% of cases, largely due to
infections and post-inflammatory sequelae [7,8]. However,
evolving demographic and lifestyle transitions characterized
by urbanization, sedentary behaviour, dietary shifts towards
processed foods, and escalating obesity rates are reshaping
the infertility landscape, with increasing recognition of
ovulatory disorders, particularly PMOS resulting in a double
burden of infertility in SSA driven by both tubal factors and
ovulatory disorders [9,10].

In Ghana, comprehensive data on PMOS prevalence,
phenotypic distribution, and treatment outcomes are virtually
non-existent, creating a critical knowledge gap that hampers
evidence-based clinical practice and public health policy
formulation. Emerging evidence suggests that PMOS
phenotypic expression may exhibit ethnic and geographic
variations. While Phenotype A predominates in Caucasian
and many Asian populations [11,12], preliminary studies
from Nigeria and Sudan indicate a higher prevalence of
Phenotype D in SSA [13,14]. These variations may stem from
genetic polymorphisms, differences in androgen metabolism,
environmental factors, or diagnostic practices, underscoring
the importance for region-specific research.

First-line pharmacological management of PMOS-related
infertility typically involves ovulation induction with
clomiphene citrate (CC) or letrozole (LTZ) [15]. Although
both agents have demonstrated efficacy in improving
ovulation and pregnancy rates, their effectiveness across
different PMOS phenotypes, particularly in African
populations, remains poorly characterized. Most existing
studies focus primarily on pregnancy or live birth outcomes,
with limited attention to intermediate endpoints such as
dominant follicle selection, which is a crucial predictor of
treatment success [16,17]. Furthermore, the influence of
metabolic factors, particularly obesity, on phenotype-specific
treatment responses warrants investigation given the high
prevalence of overweight and obesity among women in SSA
[18]. This study aimed to assess the prevalence of PMOS
among women seeking infertility treatment, classify
diagnosed cases into phenotypic subtypes using the
Rotterdam criteria, and examine ovulation induction

outcomes, specifically dominant follicle development across
PMOS phenotypes following treatment with CC or LTZ in
Kumasi, Ghana. The findings from this study are expected to
provide foundational data for developing context-appropriate
diagnostic and management guidelines for PMOS in Ghana
and similar SSA settings. The study population was drawn
from specialist fertility clinics thus, the resulting prevalence
estimates reflect a clinic-based infertility population. It may
not represent all reproductive-age women in the community.

MATERIALS AND METHODS

Study Design and Setting

This was a multi-centre observational study comprising a
cross-sectional component with a nested longitudinal
follow-up, conducted from February 2024 to January 2025
in three fertility centres within the Kumasi Metropolitan
Assembly, Ghana. The cross-sectional component
evaluated prevalence and phenotypic distribution of
PMOS at a single time point, while the nested longitudinal
component enabled prospective evaluation of ovulation
induction  outcomes  following CC and LTZ
administration.

The study sites included one public tertiary referral
hospital Komfo Anokye Teaching Hospital and two
private  fertility  centres  (Trustcare  Specialist
Hospital/Fertility Centre and Ruma Fertility/Specialist
Hospital). These centres were selected based on their
representativeness, accessibility, expertise, and logistical
feasibility. As high-volume referral facilities, they serve
patients from both urban and rural areas, as well as from
public and private healthcare settings, ensuring a diverse
study population. This broad patient base captures women
with  varying socioeconomic backgrounds, clinical
profiles, and access to fertility care, making the study
findings more applicable to the wider population.

Komfo Anokye Teaching Hospital: A 1,200-bed tertiary
referral hospital and teaching facility primarily serving the
Ashanti Region and surrounding communities. The
Reproductive Endocrinology and Infertility (REI) clinic
attends to approximately 60—70 new infertility patients
monthly.

Trustcare Specialist Hospital and Fertility Centre: A
premier private healthcare facility with a dedicated
fertility unit that receives approximately 80-100 new
infertility clients monthly.

Ruma Fertility and Specialist Hospital: A specialized
fertility hospital providing advanced ART services and
attends to approximately 100-120 new infertility clients
monthly.

Study Population and Eligibility Criteria

During the screening stage, we enrolled women aged 20 to
40 years who visited the study centres for infertility
evaluation and gave written consent to partake in the
study. Infertility was defined as failure to achieve a
clinical pregnancy after at least 12 months of regular
unprotected heterosexual intercourse [17]. This age group
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was to eliminate confounding effect from hormonal
changes present in teenagers or women approaching
menopause. In the second stage, we focused on women
diagnosed with PMOS according to the Rotterdam
classification and receiving ovulation induction with either
CC or LTZ. We excluded participants using donor eggs,
undergoing IVF, who had previous ovarian surgery, and
those with confirmed bilateral tubal blockage. Participants
whose male partners had abnormal semen results, based
on WHO 2021 criteria [19] were also excluded, as well as
those with severe medical conditions prohibiting
pregnancy or ovulation induction.

Sample Size Determination and Sampling Strategy
The sample size was calculated to meet all three study
objectives: estimating PMOS prevalence, comparing
phenotypic subgroups, and evaluating fertility treatment
outcomes. For the primary objective (prevalence
estimation), using Cochran's formula for a single
population proportion, with an anticipated PMOS
prevalence (p) of 25% (based on SSA literature) [13,14], a
95% confidence level (Z .2 = 1.96, for a 95% confidence
interval), and a desired precision (d) of 3%, a minimum
sample of 800 participants was required.

Zay *xpxil-p)

n= d®

Recognizing the significant heterogeneity of PMOS, the
sample size was inflated to ensure adequate statistical
power for comparisons across the four phenotypic
subgroups (A, B, C, D). Assuming a near-equal
distribution of phenotypes, an inflation factor of 1.5-1.6
was applied. This increased the required sample size from
800 to an average of 1,250 participants (range: 1,200—
1,300), ensuring sufficient power to detect clinically
meaningful differences in metabolic and clinical profiles
between subgroups. For the secondary analysis comparing
dominant follicle selection rates following ovulation
induction, a two-sample proportion power calculation was
used:

zZa; 25
n=2x( P'__F'::] X.ﬁ(l_ﬁj

where Piand Pz are the expected proportions in

comparison groups, and P is their average. Preliminary
data suggested even modest differences in dominant
follicle selection rates (e.g. 5-15%) would require several
hundred participants per group. Given the need to compare
treatment outcomes across four PMOS phenotypes, the
required sample size exceeded the cross-sectional
estimate, further justifying the inflated sample of ~1,250.

A conservative attrition rate of 20% was anticipated for
the longitudinal fertility component, accounting for loss to
follow-up, treatment discontinuation, and incomplete data.
The adjusted sample size was calculated as:

1250
0.2

Realculated
l—attrition rate =

”’:m_;l'usrsd = ~1563

participants

Hence, after integrating all objectives and adjustments the
final target sample size was 1,563 participants. A non-
probability consecutive sampling technique was used for
both parts of the study. The sample size of 1,563 was
calculated with a 20% attrition adjustment. Recruitment
was consecutive: all eligible women presenting at the three
centres during the nine-month study period were enrolled.
At the end of the recruitment period, 1,537 of the 1,563
allocated slots had been filled; the 26-participant shortfall
reflects the difference between the inflated target and
actual enrolment and not study participation refusals. All
eligible women who attended were enrolled. Among these,
women diagnosed with PMOS who underwent ovulation
induction with CC or LTZ formed the longitudinal
treatment cohort.

Participants were recruited proportionally across the three
centres based on each site’s average monthly new
infertility case received as follows: Komfo Anokye
Teaching Hospital (KATH): 386 of 390 allocated (25.1%);
Trustcare Specialist Hospital and Fertility Centre: 509 of
520 allocated (33.1%); Ruma Fertility and Specialist
Hospital: 642 of 653 allocated (41.8%). Site-level
clustering was accounted for in all regression analyses
using robust sandwich standard errors with study site as
the cluster unit.

Data Collection Instruments and Procedures

Data were collected using a structured, pretested
questionnaire adapted from instruments used in previous
Nigerian PMOS studies [13] and modified to align with
local context and study objectives. Hyperandrogenism was
assessed clinically (based on hirsutism) rather than clinical
laboratory findings. Biochemical hyperandrogenism (e.g.,
serum testosterone) was not routinely assessed because
assays were inconsistently available and not standardized
across sites. Therefore, for phenotypic classification,
hyperandrogenism was defined primarily on the basis of
clinical hirsutism using the modified Ferriman—Gallwey
(mFG) score. This approach may have missed women
with biochemical but not clinical hyperandrogenism.

The questionnaire was administered electronically using
the KoboCollect mobile application, which allowed for
real-time data entry, validation checks, and secure cloud
storage. The instrument comprised five sections: Section
A: Sociodemographic data (age, marital status), Section
B: Anthropometric (height, weight for body mass index
[BMI], clinical assessment for hirsutism), Section
C:Clinical and diagnostic criteria  (transvaginal
ultrasound [TVUS] findings for PCOM, and results of
hormonal assays for prolactin), Section D: Primary reason
for clinic visit and Section E: Ovulation induction details

(agent used, dose, start day) and TVUS monitoring results
(dominant follicle presence, number, size). Section E was
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assessed for participants diagnosed with PMOS and were
due for ovulation induction with oral ovulogens.

Three research assistants (registered nurses/midwives) and
the principal investigator underwent a two-day
standardized training program covering study protocol,
ethical conduct, accurate administration of the
questionnaire, and clinical measurement techniques (e.g.
mFG scoring, BMI calculation). To ensure comprehension
among participants with varying literacy levels, interviews
were conducted in either English or Twi (the predominant
local language), based on participant preference. The
Interviews were conducted in private rooms to ensure
confidentiality without personal identifiers. Clinical data
(TVUS reports, lab results) were extracted from patient
records and cross-verified with participant interviews.
Electronic datasets were encrypted, access-restricted, and

de-identified before analysis, ensuring participants’
autonomy, privacy and confidentiality. PMOS was
diagnosed according to the 2003 Rotterdam consensus
criteria [5], requiring the presence of at least two of
ovulatory  dysfunction (OD), polycystic ovarian
morphology (PCOM), and hyperandrogenism (HA) after
exclusion of other causes of HA such as thyroid disorders
and hyperprolactinemia. OD is defined clinically as
menstrual cycle intervals of less than 21 days or more than
35 days, or fewer than eight menstrual cycles in the
preceding year. For women with amenorrhea, a progestin
challenge test was performed to confirm oestrogenised
endometrium and anovulation. HA was assessed clinically
using the mFG scoring system [20]. Nine body areas
(upper lip, chin, chest, upper abdomen, lower abdomen,
arm, thigh, upper back, lower back) were evaluated, with
each area scored from 0 (no terminal hair) to 4 (frank
virile growth). A total score of >8 was considered
diagnostic of clinical hirsutism, consistent with thresholds
validated in African populations [21]. Biochemical
hyperandrogenism (e.g., elevated serum total or free
testosterone) was not routinely assessed because hormone
assays were inconsistently available and not uniformly
standardized across study sites. To enhance diagnostic
specificity, thyroid dysfunction and hyperprolactinemia
were excluded by reviewing thyroid-stimulating hormone
(TSH) and prolactin levels when available. Non-classical
congenital adrenal hyperplasia was considered unlikely in
the absence of a suggestive history and was not routinely
screened for.

PCOM was defined as the presence of >12 follicles
measuring 2-9 mm in diameter in at least one ovary,
and/or an ovarian volume exceeding 10 ml on TVUS
according to the 2003 original Rotterdam criteria. This
definition was chosen to ensure consistency in results

across study sites and comparability with earlier studies
from SSA, given variations in the quality of ultrasound
equipment for counting the follicles. Newer guidelines
may require high-frequency ultrasound transducers, which
were not available in some centres. All ultrasound
examinations  were  performed by  experienced
sonographers using a standardized scanning protocol and
reporting format to reduce interobserver variation and
measurement error.

Specific transducer frequencies varied across sites
depending on locally available equipment; the original
Rotterdam PCOM threshold (>12 follicles, 2-9 mm) was
deliberately chosen over newer criteria to ensure
comparability across sites with differing equipment
capability. [15]. Based on the combination of these
features, participants diagnosed with PMOS were
classified into one of four phenotypes: Phenotype A,
Phenotype B, Phenotype C, and Phenotype D.

Participants diagnosed with PMOS who desired pregnancy
and met the eligibility criteria for the longitudinal
component were prescribed ovulation induction.
Treatment choice (CC versus LTZ) and starting dose were
decided by the attending consultant, based on clinical
judgement and patient characteristics, rather than by
random allocation. Only the first  monitored
ovulation-induction cycle per woman was included in the
analysis, hence there was no within-patient clustering by
cycle. For participants undergoing ovulation induction,
standard protocols were followed. CC was administered
orally at doses of 50 mg, 100 mg, or 150 mg daily for five
consecutive days, starting on day 2 or 3 of the menstrual
cycle. LTZ was administered orally at doses of 2.5 mg, 5
mg, or 7.5 mg daily for five consecutive days, also
beginning on day 2 or 3 of the menstrual cycle. For
women with amenorrhea or prolonged oligomenorrhea
(>35 days), withdrawal bleeding was first induced with
oral medroxyprogesterone acetate or norethisterone (5-10
mg/day). A baseline TVUS was performed on day 2 or 3
of the induced cycle once withdrawal bleeding occurred,
followed by initiation of ovulation induction therapy.

Starting doses were selected by the clinician based on
patient age, BMI, and any prior ovulation-induction
history. In women who did not develop a dominant follicle
(>16 mm) by cycle day 21, the dose was escalated
stepwise in the subsequent cycle (CC 50 — 100 — 150
mg; LTZ 2.5 - 5 — 7.5 mg), up to the maximum
permitted dose. Women who failed to respond at the
maximum dose were considered for second-line
management at clinician discretion. Only the first
monitored cycle per woman was included in the present
analysis, so the reported estimates reflect first-cycle
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response and do not capture within-patient effects of dose
escalation.

Monitoring and Outcome Assessment: Follicular response
was monitored via serial TVUS beginning on cycle day 10
and continuing alternate days until at least one dominant
follicle (>16 mm in mean diameter) was identified, or
until cycle day 21 if no follicular growth occurred. The
primary outcome measure was dominant follicle selection,
defined dichotomously as the presence of at least one
follicle >16 mm. Secondary outcomes included the
number of dominant follicles (categorized as 0, 1, 2, or
>3) and the association between specific drug doses and
ovulation success. Endometrial thickness was recorded but
not analysed as a primary outcome. Participants who did
not develop a dominant follicle by day 21 were classified
as non-responders for that cycle.

Data Management and Statistical Analysis

Collected data were downloaded from KoboCollect into
Microsoft Excel 365 for initial cleaning, which involved
checking for missing values, inconsistencies, and outliers.
The cleaned dataset was then imported into Stata version
17 and IBM SPSS Statistics version 27 for analysis.

Descriptive Statistics: Continuous variables with normal
distribution were summarized as means * standard
deviations (SD), while skewed variables were reported as
medians with interquartile ranges (IQR). Categorical
variables were presented as frequencies and percentages
(n, %). Normality was assessed using the Shapiro-Wilk
test and visual inspection of histograms. Inferential
Statistics: For Objective 1 (Prevalence): The prevalence of
PMOS was calculated as the proportion of women meeting
Rotterdam criteria among the total study population, with
a 95% confidence interval (Cl). For Objective 2
(Phenotype Distribution): The distribution of phenotypes
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among PMOS cases was described using proportions. A
chi-square goodness-of-fit test was employed to test the
null hypothesis that phenotypes were equally distributed
and specifically to determine if Phenotype D constituted a
significantly larger proportion than expected by chance.
For Objective 3 (Owvulation Induction Outcomes): The
proportion of women achieving dominant follicle selection
was calculated. Differences in ovulation success rates (a)
between CC and LTZ, and (b) across the four PMOS
phenotypes were analysed using Pearson's chi-square test.
Post-hoc pairwise comparisons between phenotype groups
were conducted using Fisher’s exact test, with Bonferroni
correction for multiple testing.

To identify independent predictors of dominant follicle
selection, a multivariable logistic regression model was
constructed. The model initially included variables with
p<0.20 in univariable analysis or deemed clinically
relevant: age (continuous), BMI category
(underweight/normal, overweight, obesity class 1, Il, I1I),
ovulation induction agent (CC vs. LTZ), and PMOS
phenotype (with Phenotype D as the reference category
(the largest subgroup, n = 130)). Results were reported as
Firth adjusted odds ratios (aOR) with 95% confidence
intervals. Variance inflation factors (VIF) were checked to
rule out multicollinearity. To handle complete separation
and sparse data in the multivariable model, Firth’s
penalized logistic regression (penalized maximum
likelihood with Jeffreys prior) was implemented as the
primary analytical approach. This method produces finite,
stable estimates in the presence of zero-event cells and
small subgroups.

The BMI reference category was defined as BMI
<25 kg/m2 (combining Underweight [n =3] and Normal
weight [n = 25]), as the Normal weight group alone had
zero non-responders (complete separation). Phenotypes B
(n=9) and C (n=19) were excluded from the adjusted
model owing to sparse cells (<50 participants); crude Firth
odds ratios for these phenotypes are reported. Two pre-
specified sensitivity analyses were performed: (i)
collapsing Phenotypes B and C into a single non-A/non-D
category; and (ii) modelling BMI as an ordinal linear trend
(0-4 scale) to test the overall direction of the BMI-
outcome association. For all statistical tests, a two-tailed
p-value of <0.05 was considered statistically significant.
All analyses accounted for the clustered nature of the data
by study site using appropriate techniques (e.g., robust
standard errors).

RESULTS

Of the target 1,563 sample, 1,537 women were recruited
and screened, yielding a response rate of 98.3%. The
overall prevalence of PMOS among women seeking
infertility care based on the Rotterdam criteria in Kumasi
was 16.3% (251/1537; 95% Cl: 14.5-18.2). Of the PMOS

cohort, 240 women proceeded to ovulation induction and
were included in the treatment outcome analysis (11 were
excluded- 5 converted to IVF, 4 lost to follow-up, 2
converted to intrauterine insemination).

The study flowchart is presented in Figure 1

Table 1 presents the sociodemographic and menstrual
characteristics of the total study population (N = 1,537)
and the PMOS subgroup (n = 251). The mean age of all
participants was 36.4 + 2.1 years, while the PMOS
subgroup was significantly younger (31.4 + 3.1 years,
p<0.001). The majority of participants were married
(82.5% overall, 87.6% PMOS) and nulliparous (87.1%
overall, 96.4% PMOS). Educational level was relatively
high, with 65.6% of all participants and 69.3% of the
PMOS group having tertiary education. Regarding
menstrual history, a stark contrast was observed: 78.8% of
all participants reported regular cycles (21-35 days),
whereas 92.4% of the PMOS group reported irregular
cycles. Similarly, 92.4% of PMOS women had cycle
lengths >35 days compared to 18.4% in the general cohort.

The prevalence of overweight and obesity was high in
both groups but more pronounced in the PMOS cohort as
seen in Table 1. Among all participants, 34.9% were
overweight and 52.4% obese. In the PMOS group, 31.9%
were overweight and 57.0% obese, with 34.7% classified
as Obesity Class | (BMI 30.0-34.9 kg/m?). Clinical
hyperandrogenism (mFG score >8) was present in 10.7%
of all participants and also present in 48.2% of the PMOS
group. PCOM was identified in 30.6% of all participants
via TVUS, but in 96.4% of the PMOS cohort, with
bilateral involvement in 69.7%. The overall prevalence of
PMOS among women seeking infertility care in Kumasi
was 16.3% (251/1537). The 95% confidence interval was
14.5% to 18.2%. (Table 2). Among the 251 women
diagnosed with PMOS, phenotypic classification revealed
a distinct distribution pattern: Phenotype D was the most
prevalent, accounting for 51.8% of cases (n = 130; 95%
Cl: 45.6-58.0), whereas

Phenotype A comprised 37.1% (n = 93; 95% CI: 31.1-
43.0). The less frequently observed subtypes were
Phenotype C (7.6%, n = 19; 95% CI: 4.6-11.6) and
Phenotype B (3.5%, n = 9; 95% CI: 1.7-6.7) as seen in
Table 2. A chi-square goodness-of-fit test was performed
to test the null hypothesis of an equal distribution across
the four phenotypes (expected count = 62.75 per
phenotype and found to be statistically significant (x? =
163.199, df = 3, p < 0.001). The standardized residuals
were +30.3 for Phenotype A, -53.8 for Phenotype B, -43.8
for Phenotype C, and +67.3 for Phenotype D. The largest
positive residual was observed in Phenotype D (Table 2).
Table 3 summarizes the ovulation induction protocols and
outcomes for the 240 PMOS women who underwent
treatment.
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Table 1. Sociodemographic and clinical characteristics of the
participants

. Total cohort PMOS subgroup
Characteristic (N = 1,537) (n = 251)
Frequency (%) Frequency (%)
Age (years), mean + SD 36.4+2.1 31.4+3.1
Marital status
Married 1,268 (82.5%) 220 (87.6%)
Single 189 (12.3%) 27 (10.8%)
Other 80 (5.2%) 4 (1.6%)
Parity
Nulliparous 1,339 (87.1%) 242 (96.4%)
Parous 198 (12.9%) 9 (3.6%)
Education
Primary 91 (5.9%) 5 (2.0%)
Junior high school 66 (4.3%) 4 (1.6%)
Senior high school 349 (22.7%) 62 (24.7%)
Tertiary 1,008 (65.6%) 174 (69.3%)
Postgraduate 23 (1.5%) 6 (2.4%)
Menstrual cycle length
<21 days 43 (2.8%) 0 (0.0%)
At Total cohort  PMOS subgroup
Characteristic (N = 1,537) (n = 251)
Frequency (%) Frequency (%)
21-35 days 1,211 (78.8%) 19 (7.6%)
> 35 days 283 (18.4%) 232 (92.4%)
BMI category
Underweight (<18.5
kgim) gt ( 28 (1.8%) 3 (L.2%)
Normal (18.5-24.9
kg/m?) ( 168 (10.9%) 25 (10.0%)
Overweight (25.0-29.9 o o
kg/m?) 536 (34.9%) 80 (31.9%)
Obesity class I (30.0- @ B
34.9 kg/m?) 539 (35.1%) 87 (34.7%)
Obesity class 11 (35.0—
39.9 kg/m?) 195 (12.7%) 37 (14.7%)
Obesity class III (>40.0 ® o
kg/m?) 71 (4.6%) 19 (7.6%)
Clinical
hyperandrogenism 165 (10.7%) 121 (48.2%)
(mFG >8)

PCOM on TVUS, n (%)
Bilateral PCOM 303 (19.7%) 175 (69.7%)
Unilateral PCOM 167 (10.9%) 67 (26.7%)

* BMI = body mass index; mFG = modified Ferriman—Gallwey
score; PCOM = polycystic ovarian morphology; TVUS =
transvaginal ultrasonography. Percentages are column
percentages. Denominators: total cohort N = 1,537; PMOS
subgroup n = 251 unless otherwise stated. Missing data: BMI =
0; mFG = 0 in this table (one value missing in the clomiphene
arm, noted in Table 6); TVUS = complete for all participants
who underwent ultrasound.

470 (30.6%) 242 (96.4%)

Among the 240 women with PMOS who underwent
ovulation induction and completed follicular monitoring,
dominant follicle selection occurred in 82.9% (199/240;
95% CI: 78.2-87.7). Among responders, 84.9% (169/199)
developed a single dominant follicle, 14.6% (29/199)
developed two, and 0.5% (1/199) developed three
follicles. No cases of ovarian hyperstimulation syndrome
were reported. CC was the most commonly prescribed

agent (87.1%, n = 209), with the 100 mg dose being the
most frequent (90.4% of CC users). LTZ was used in
12.9% (n = 31) of cases, predominantly at the 5 mg dose
(69.7%). The ovulation success rate in terms of dominant
follicle selection was 83.7% (175/209; 95% Cl: 78.7-88.7)
in the CC group and 77.4% (24/31; 95% CI. 62.7-92.1) in
the LTZ group. This difference was not statistically
significant (y> = 0.759, p = 0.383). Similarly, no
significant differences in success rates were found
between different dose levels within each drug category
(CC 50 mg vs. 100 mg: p=1.000; LTZ 2.5 mg vs. 5mg: p
= 0.254) although interpretation is limited by small
subgroup sizes, particularly for LTZ dose categories.

Post-hoc pairwise comparisons (Table 4) revealed that
Phenotype A had significantly lower success rates
compared to Phenotype C (p < 0.001) and Phenotype D (p
< 0.001). No other pairwise comparisons reached
significance; notably, Phenotype C and Phenotype D did
not differ significantly (p = 0.596), consistent with their
similarly high success rates of 100.0% and 94.6%,
respectively. Table 5 presents the results of the univariable
and multivariable logistic regression analyses. Although
age was significantly associated with ovulation success in
univariable analysis, this association was not statistically
significant after adjustment for BMI category, ovulation
induction agent, and PMOS phenotype.

In the unadjusted (crude) analysis, Phenotype A was
strongly associated with a lower likelihood of ovulation
success compared to Phenotype D. Phenotypes B and C
were excluded from the multivariable regression analysis
because each subgroup contained fewer than 50
participants, which resulted in sparse cell counts and
unstable model estimates. In an exploratory sensitivity
analysis that collapsed Phenotypes B and C into a single
non- A / non- D category (n = 28; 27 events; observed
dominant-follicle selection rate 96.4%) and refitted the
adjusted model, the association between Phenotype A and
reduced dominant follicle selection was preserved and
remained substantial in magnitude (aOR = 0.51; 95% CI
0.14-1.82; p = 0.299 versus Phenotype D as reference).
The combined B/C category did not differ significantly
from Phenotype D (aOR = 1.05; 95% CI 0.17-6.72; p =
0.956), with a wide confidence interval reflecting the
limited number of women in this stratum. These findings
support the robustness of the primary inference that
Phenotype A is associated with poorer follicular response,
and they do not alter the substantive conclusions of the
study.
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Table 2. Prevalence and phenotypic distribution of polycystic
ovary syndrome among study participants

Category Frequency (%) Additional statistics
Overall PMOS
Status (N = 1,537)
Diagnosed with 95% Cl:14.5%-
PMOS 251/1537(16.3%) 18.0%
Not diagnosed with -
PMOS 1286/1537(83.7%)
PMOS Phenotypes
(n=251)
Phenotype A 93/251(37.1%) 95% ClI: 31.1-43.0
Phenotype B 9/251(3.5%) 95% Cl: 1.7-6.7
Phenotype C 19/251(7.6%) 95% Cl: 4.6-11.6
Phenotype D 130/251(51.8%) 95% CI: 45.6-58.0

Chi-square
goodness-of-fit

x> =163.199, df=3,

0<0.001* Phenotypes not

equally distributed

*p < 0.05 considered statistically significant; df = degrees of
freedom ; 2 = chisquare : Cl= confidence interval.
Phenotype percentages are based on all women diagnosed with
PMOS (n = 251). Confidence intervals for Phenotypes A and D
were calculated using the Wald method; exact Clopper—Pearson
confidence intervals were used for Phenotypes B and C owing

Age was a significant predictor in unadjusted analysis
(Firth OR per SD = 0.50; 95% CI: 0.37-0.70; p < 0.001),
attenuated after adjustment (aOR = 0.78; 95% CI: 0.51-
1.19; p = 0.247). In the adjusted Firth model, the
association between Phenotype A and dominant follicle
selection was similarly attenuated and non-significant
(@OR =0.51; 95% ClI: 0.14-1.82; p = 0.299).

BMI was categorized according to WHO standards. The
reference category was BMI <25 kg/m2 (Underweight and
Normal weight combined, n = 28), as the Normal weight
group alone had zero non-responders (complete
separation). BMI was retained in categorical form to
facilitate direct clinical comparisons. Compared to women
with BMI <25 kg/m?, only Obesity Class Il (BMI
>40 kg/m?) reached statistical significance in the adjusted
model (aOR = 0.01; 95% CI: 0.00-0.21; p = 0.005),
representing a 99% reduction in the odds of dominant
follicle selection. Other BMI categories did not reach
significance individually in the adjusted model. A linear
ordinal BMI sensitivity analysis confirmed the directional
trend: each step increase in BMI category was associated
with lower odds of dominant follicle selection (aOR =
0.26; 95% CI: 0.15-0.46; p < 0.001).

The BMI <25 reference group was small (n=28),
contributing to wide confidence intervals for intermediate
BMI category estimates.

All BMI category estimates from the Firth adjusted model
are presented in Table 5. Baseline characteristics of
women receiving CC and LTZ are summarized in Table 6.
Women treated with CC comprised the majority of the
ovulation-induction cohort, whereas a smaller subgroup
received LTZ. Overall, the two groups were broadly
similar in key clinical characteristics, although the limited
size of the LTZ group reduces the precision of between
group comparisons. Dominant follicle selection occurred
in 83.7% of cycles in the CC group and 77.4% in the LTZ
group, consistent with the crude and adjusted estimates
reported in the regression models. The type of ovulation
induction agent (CC vs. LTZ) was not a significant
predictor in either model (crude Firth OR: 1.77; 95% CI:
0.74-4.22; p = 0.196; aOR: 3.40; 95% CI: 0.99-11.72; p =
0.052). Full model estimates are presented in Table 5.

DISCUSSION

This multi-centre study is, to the best of our knowledge,
among the few to present detailed epidemiological and
clinical treatment data on polycystic ovary syndrome
(PMOS) among infertile women in Ghana. Considering
that the study was conducted in clinic settings among
women seeking infertility care, the reported prevalence of
16.3% should be interpreted as a clinic-based estimate
rather than a reflection of the general population of
reproductive-age women.

Our findings, particularly the 16.3% prevalence of PMOS,
the predominance of Phenotype D, and the strong
influence of BMI on owvulation success, provide
meaningful insights for reproductive healthcare in SSA.
Notably, the observed prevalence places Ghana at the
higher end of global estimates (typically 6-15%) and is
consistent with reports from neighbouring West African
countries. Studies from Nigeria have reported prevalence
rates of 16.7% in Port Harcourt [22], and 18.1% in Enugu
[13]. These findings suggest that PMOS prevalence in
Kumasi closely resembles that of other SSA populations,
reinforcing its significant burden in the region. This
prevalence is substantially higher than rates reported in
some Asian populations (e.g.,, 5.6% in Chinese
women[23], underscoring the influence of ethnic and
regional factors. The high prevalence underscores PMOS
as a major contributor to the infertility burden in SSA,
though previously under-recognized. This finding
therefore challenges the historical primacy of tubal factors
and hence, necessitates a shift in diagnostic and resource
allocation priorities.

The lack of statistical significance for age after
multivariable adjustment suggests that its apparent effect
was largely confounded by BMI and phenotypic
characteristics rather than representing an independent
predictor of ovulation response. This finding is consistent
with existing literature suggesting that chronological age
is not an independent determinant of ovulatory response in
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Table 3. Ovulation Induction Protocols and Outcomes

Parameter Category Frequency Dominant Follicle p-value
Ovulation Agent 0.383
cC 209 (87.1%) 175/209 (83.7%) (95% Cl: 78.7—
88.7)
LTZ 31 (12.9%) 24/31 (77.4%) (95% ClI: 62.7-92.1)
CC Dose 1.000
50 mg 21 (10.0%) 18/21 (85.7%)
100 mg 188 (90.0%b) 157/188 (83.5%)
LTZ Dose 0.254
2.5mg 10 (32.3%) 6/10 (60.0%0)
5mg 21 (67.7%) 18/21 (85.7%)
Overall Outcome n =240
Dominant Follicle 199 (82.9%)
Present (95%Cl:78.2-87.7)
1 169 (84.9%)
2 29 (14.6%)
>3 1 (0.5%)

No Dominant Follicle 41/240(17.1%)

* CC = clomiphene citrate; LTZ = letrozole; CI = confidence interval. Outcomes are based on the monitored ovulation cohort (n = 240):
CCn=209, LTZn = 31. A dominant follicle was defined as a follicle >16 mm in mean diameter on transvaginal ultrasound. The p-values
compare CC vs LTZ (Pearson y? or Fisher’s exact test as appropriate). Dose percentages are calculated as the proportion of users of that
agent. Percentages for number of dominant follicles (1, 2, >3) are among responders (n = 199).

Table 4. Post — Hoc Pairwise Comparisons of PMOS Phenotypes

Comparison Fisher’s exact (p) p-value Significance
(p<0.05)

Phenotype A vs. B Fisher's 0.154 Not Significant
Phenotype A vs. C Fisher's <0.001* Significant
Phenotype A vs. D Fisher's <0.001* Significant
Phenotype B vs. C Fisher's 0.321 Not Significant
Phenotype B vs. D Fisher's 0.423 Not Significant
Phenotype C vs. D Fisher's 0.596 Not Significant

* p < 0.05 considered statistically significant. Post-hoc pairwise comparisons of dominant follicle selection success rates between PMOS
phenotypes, computed from raw participant-level data. Fisher’s exact test was used for all six pairwise comparisons (appropriate given
sparse cell counts in Phenotypes B and C). All p-values are two-sided and unadjusted; Bonferroni-corrected threshold for six comparisons
is p < 0.0083. Note: Phenotype C had zero non-responders (19/19 = 100% success rate), representing complete separation; the Fisher’s
exact estimate for the C vs D comparison (p = 0.596) reflects this and indicates no statistically significant difference in success rates
between these two phenotypes. Success rates: Phenotype A = 62.4% (58/93), B = 88.9% (8/9), C = 100% (19/19), D = 94.6% (123/130). *
p <0.05.
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Table 5 Logistic Regression Analysis of Predictors for Dominant Follicle Selection

Variable Crude
OR (95% CI)
Age (per 1 SD increase) 0.50 (0.37-0.70)
BMI Category

BMI <25 kg/m? (Underweight + Normal,
ref.)

1.00

Overweight (25.0-29.9 kg/m?) 9.74 (2.62-36.31)

Obesity class I (30.0-34.9 kg/m?) 2.91 (1.25-6.73)
Obesity class 11 (35.0-39.9 kg/m?) 0.40 (0.18-0.88)
Obesity class IIT (>40.0 kg/m?) 0.003 (0.000-0.055)
Induction Agent

Letrozole 1.00
Clomiphene Citrate 1.77 (0.74-4.22)
PMOS Phenotype

Phenotype D 1.00
Phenotype A 0.10 (0.04-0.22)
Phenotype B 1.17 (0.18-7.54)
Phenotype C 8.75 (0.48-NET)

Model Fit Statistics

Method Firth penalized logistic
regression

Events/n 199 /240

Sensitivity: BMI ordinal aOR (per step) 0.26 (0.15-0.46,
p<0.001)

Adjusted
p-value OR (95% CI) p-value
<0.001* 0.78 (0.51-1.19) 0.247
- 1.00 —
0.001* 4.80 (0.88-26.24) 0.070
0.013* 1.52 (0.31-7.51) 0.610
0.023* 0.55 (0.09-3.47) 0.528
<0.001* 0.01 (0.000-0.21) 0.005*
- 1.00 -
0.196 3.40 (0.99-11.72) 0.052
- 1.00 -
<0.001* 0.51 (0.14-1.82) 0.299
0.867 — (sparse cells) —
0.143 — (sparse cells) —

Firth  penalized
regression

logistic

199/ 240

0.26 (0.15-0.46, p<0.001)

* All estimates from Firth penalized logistic regression (Jeffreys prior). * p < 0.05. Reference categories: BMI <25 kg/m? (Underweight [n
= 3] and Normal weight [n = 25] combined as the reference owing to complete separation in the Normal weight group); Induction agent =
Letrozole; PMOS Phenotype = Phenotype D. Obesity class 111 (n = 19, zero responders) was included using Jeffreys-prior penalization.
Phenotypes B (n = 9) and C (n = 19) excluded from the adjusted model owing to sparse cells (<50 participants); crude Firth ORs reported:
Phenotype B = 1.17 (0.18-7.54), p = 0.867; Phenotype C = 8.75 (0.48—-NET), p = 0.143. 1Upper CI not estimable owing to zero failures in
Phenotype C. Sensitivity analysis i (Phenotypes B + C collapsed): Phenotype A aOR = 0.51 (0.14-1.82), p = 0.299. Sensitivity analysis ii
(BMI as ordinal linear trend, 0—4): aOR per step = 0.26 (0.15-0.46), p < 0.001 — higher BMI is associated with lower odds of dominant
follicle selection. BMI = body mass index; CI = confidence interval; NE = not estimable; OR = odds ratio; PMOS = polycystic ovary

syndrome; SD = standard deviation.

women with PMOS once metabolic and treatment-related
factors are accounted for. [24,25] The most striking
finding of this study is the predominance of Phenotype D
(non-hyperandrogenic PMOS), which accounted for over
half (51.8%) of all cases.

This predominance should be interpreted cautiously, as
biochemical androgen assays were not performed
routinely. Some women classified as phenotype D may
have had unrecognized biochemical

hyperandrogenism and could have been reclassified as
phenotype A or C if standardized hormonal testing had
been available. Furthermore, the predominance of the non-
hyperandrogenic phenotype suggests that, in SSA,
diagnostic practice should be targeted at ovulatory
dysfunction and PCOM, even when obvious clinical

hyperandrogenism is absent. In contrast, Phenotype A
(classic hyperandrogenic PMOS) is consistently reported
as the most frequent presentation, comprising 60-70% of
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cases in Caucasian, many Asian, and Middle Eastern
populations [11,12, 26]. Our finding aligns with emerging
SSA data: a Nigerian preliminary report identified
Phenotype D in 52.8% of cases [27], and a Sudanese study
reported a 52% prevalence [28]. This convergent evidence
suggests a distinct phenotypic signature of PMOS in SSA,
characterized primarily by owvulatory dysfunction and
PCOM without prominent clinical hyperandrogenism.
Several interrelated factors may explain this pattern.

First, genetic and ethnic variations in androgen sensitivity,
metabolism, and sex hormone-binding globulin (SHBG)
levels may result in a lower clinical expression of
hyperandrogenism (e.g., hirsutism) in women of African
descent despite similar biochemical profiles [21,29].
Second, diagnostic  limitations in  resource-constrained
settings play a role. Our study, like many in SSA, relied
on clinical mFG score rather than biochemical assessment
of hyperandrogenism. The mFG threshold of >8, while
validated in African populations, may still fail to detect
milder or biochemical-only hyperandrogenism.
Furthermore, limited access to standardized androgen
assays means Phenotypes A and B may be under-
ascertained. Also, lifestyle and metabolic context may be
influential. The traditional Ghanaian diet may differ in
glycaemic load and fatty acid composition compared to
Western diets, potentially influencing insulin resistance
and its androgen-driving effects differently [30].

Finally, considering that our sample comprised women
actively seeking fertility treatment, it is possible that
women with hyperandrogenic symptoms (Phenotypes A,
B, C) but regular ovulation may not perceive an urgent
fertility — concern,  whereas those  with  overt
oligo/anovulation (Phenotypes A and D) are more likely to
present to clinic, potentially inflating the proportion of
Phenotype D. The very low prevalence of Phenotype B
(3.5%) is notable. This phenotype, characterized by
hyperandrogenism and anovulation but without PCOM, is
often associated with significant metabolic dysfunction
[31]. Its rarity in our cohort may reflect true
pathophysiological differences, or it may be the phenotype
most susceptible to misclassification when PCOM
assessment is prioritized over biochemical HA.

Our study also demonstrates that standard ovulation
induction is highly effective in this population, with an
overall success rate of 82.9% for dominant follicle
development. While dominant follicle selection is the
primary outcome of this study, it is an intermediate
ovulatory endpoint rather than a patient-centred outcome.
Published data suggest that in PMOS, the per-cycle
clinical pregnancy rate following documented dominant
follicle development is approximately 8-15%, depending
on phenotype severity, BMI, and induction agent, meaning
that many ovulatory cycles do not result in conception
[32,33]. Dominant follicle development is therefore a
necessary but not sufficient condition for fertility success,
and hence, the high owvulation rates observed must be

interpreted in that context. This aligns with reported
ovulation rates of 60-85% for CC and approximately 80%
for LTZ in literature [32, 33]. The comparable efficacy
between CC and LTZ in our setting (83.7% vs. 77.4%, p =
0.383) is an important practical finding. It is noteworthy
that treatment allocation was clinician-directed and not
randomized, and because the LTZ group was relatively
small, the observed similarity in dominant follicle
selection rates between CC and LTZ should be regarded as
exploratory and subject to confounding by indication.
While large RCTs like that of Legro et al. [34] have
shown superior live birth rates with LTZ, our focus on the
intermediate endpoint of follicular development suggests
both drugs are viable first-line options in Ghana, where
drug availability, cost, and clinician familiarity may guide
choice of appropriate treatment.

The significant variation in ovulation success by
phenotype, with Phenotype A performing poorest (62.4%)
and Phenotypes C and D performing best (100% and
94.6%, respectively), initially suggests a phenotype-driven
treatment response. This is consistent with studies from
India and Iran, where Phenotype A showed higher rates of
CC resistance [17,35]. The pathophysiology likely
involves the more severe metabolic and endocrine
disturbances (marked insulin resistance, hyperinsulinemia,
and hyperandrogenism) in Phenotype A, which can impair
follicular sensitivity to gonadotropins [36].

Firth penalized logistic regression identified Obesity Class
II (morbid obesity, BMI >40 kg/m?) as the only BMI
category independently associated with a significantly
reduced likelihood of dominant follicle selection (aOR =
0.01; 95% CI: 0.00-0.21; p = 0.005). A linear ordinal BMI
sensitivity analysis confirmed the overall directional trend:
each step increase in BMI category was associated with a
74% reduction in the odds of dominant follicle selection
(aOR = 0.26; 95% CI: 0.15-0.46; p < 0.001). This inverse
BMl/ovulation success relationship is biologically
plausible and consistent with literature linking obesity to
impaired gonadotropin  signalling, elevated insulin
resistance, and follicular dysfunction. The BMI <25
reference group was small (n = 28), contributing to wide
confidence intervals for intermediate BMI categories.
Residual confounders, the small size of the BMI <25
reference group, possible treatment-selection effects
(including dose adjustments), and unmeasured metabolic
factors may partly explain this association.

The attenuation of the phenotype effect after BMI
adjustment suggests that the poorer response in Phenotype
A may be largely mediated by the higher prevalence and
severity of obesity in that subgroup, rather than by the
phenotypic features. This has profound clinical
implications: it shifts the focus from phenotype
classification alone to aweight-targeted management
approach.
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Table 6. Baseline demographic and clinical characteristics by ovulation-induction agent

clomiphene citrate

letrozole (LTZ,

Characteristic (CC, n=218) n=33) p value
Age, years, mean £ SD 31.3+3.0 319+34 0.392
BMI category, n (%) 0.003

Underweight / normal (<25) 22 (10.1) 6 (18.2)

Overweight (25.0-29.9) 62 (28.4) 18 (54.5)

Obesity I (30.0-34.9) 84 (38.5) 3(9.1)

Obesity 11 (35.0-39.9) 34 (15.6) 3(9.1)

Obesity 111 (>40) 16 (7.3) 3(9.1)
Nulliparous, n (%) 210 (96.3) 32 (97.0) 1
Cycle length >35 days, n (%) 201 (92.2) 31 (93.9) 1
Clinical hyperandrogenism (mFG >8), n
(%)* 108 (49.8) 13 (39.4) 0.35
Bilateral PCOM, n (%) 150 (68.8) 25 (75.8) 0.543
PMOQOS phenotype, n (%) 0.757

Phenotype A 83 (38.1) 10 (30.3)

Phenotype B 8 (3.7) 1(3.0)

Phenotype C 17 (7.8) 2(6.1)

Phenotype D 110 (50.5) 20 (60.6)

* Baseline characteristics of all 251 PMOS-diagnosed women allocated to an induction agent (full PMOS cohort). Of these, 11 (5
converted to IVF, 4 lost to follow-up, 2 converted to 1Ul) were excluded from the dominant-follicle outcome analysis (Tables 3-5, n =
240); their characteristics are retained here to assess confounding by indication. Continuous variables compared by Welch t-test;
categorical variables by Pearson 2 or Fisher’s exact test. * mFG score missing for one woman in the CC arm; hyperandrogenism
percentage uses n = 217 as denominator. mFG = modified Ferriman—Gallwey score; PCOM = polycystic ovarian morphology; CC =
clomiphene citrate; LTZ = letrozole; IVF = in vitro fertilisation; 1UIl = intrauterine insemination.

Our study thus, reinforces the 2023 International PMOS
Guideline [15] which places lifestyle intervention as the
foundational therapy, suggesting that in our setting, weight
optimization might be the most impactful strategy to
improve ovulation induction success, especially for
women with Phenotype A. This study has several notable
strengths: its multi-centre design enhances
representativeness; the large sample size provides robust
estimates; the use of standardized Rotterdam criteria
ensures diagnostic consistency and comparability; and the
integrated evaluation of prevalence, phenotype, and
treatment response offers a comprehensive clinical picture.

Several limitations must be acknowledged. First,
the cross-sectional design for prevalence and phenotype
analysis precludes causal inferences. Second, selection
bias is inherent, as participants were women seeking
infertility treatment at tertiary centres; thus, findings may
not generally be applicable to women with PMOS in the
community, particularly those with mild symptoms or no
fertility desires. Third, thelack of biochemical
hyperandrogenism assessment is a major limitation that
likely led to under-ascertainment of Phenotypes A and B
and misclassification of some cases. The mFG score is a
validated clinical standard in low-resource settings, and
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the large sample size can compensate for the use of the
mFG only. Fourth, the small subgroup treated with
LTZ limits the power to detect true differences between
ovulation induction agents. Fifth, we did not collect data
on long-term endpoints like pregnancy, miscarriage, or
live birth, which are ultimately more clinically significant
than follicular development. Sixth, other potential
confounders such as dietary patterns, physical activity,
insulin levels, and anti-Millerian hormone (AMH) were
not measured.

Variance inflation factors (VIF) were used to assess
multicollinearity; no evidence of multicollinearity was
identified. The Hosmer—Lemeshow goodness-of-fit test is
not routinely applicable to Firth penalized logistic
regression models and is therefore not reported,;
calibration was assessed descriptively through comparison
of observed and model-predicted success rates by
covariate subgroup. Formal calibration plots and out-of-
sample validation were not performed; future studies with
larger samples and pre-specified validation strategies
should report calibration alongside discrimination metrics.
The use of the original Rotterdam follicle threshold rather
than newer ultrasound cut-offs may have influenced
phenotype classification, particularly the proportion of
non-hyperandrogenic Phenotype D. A major limitation is
that we did not collect data on pregnancy, miscarriage, or
live birth. Dominant follicle selection is a useful
intermediate indicator of ovarian response but is not
equivalent to achieving pregnancy or live birth. Our
findings should therefore be interpreted as reflecting
ovulatory response rather than definitive fertility success.

The findings from this study carry several important
implications for healthcare delivery in Ghana and similar
SSA settings. The high prevalence of PMOS at 16.3
percent indicates that it is a common condition among
infertile women. Consequently, providers, especially in
primary and secondary care, should be trained to
recognize its varied presentations, including the non-
hyperandrogenic Phenotype D, which may present with
only irregular menses. Diagnostic protocols should
mandate a combination of menstrual history, clinical
hyperandrogenism assessment with awareness of ethnic
variations in hirsutism, and transvaginal ultrasound, while
efforts to improve access to basic hormonal assays such as
testosterone and sex hormone-binding globulin (SHBG)
are needed to refine phenotype classification.

The central role of BMI in predicting treatment success
supports the systematic integration of structured lifestyle
modification programs involving diet and exercise into
fertility clinics and as such preconception counselling for
women with PMOS should emphasize weight
optimization. Both CC and LTZ are effective for ovulation
induction, and national formularies and treatment
guidelines should ensure the availability and affordability
of both, with early consideration of adjunctive metformin
or gonadotropins for women with Phenotype A or high

BMI who fail first-line oral agents. The significant burden
of PMOS warrants its inclusion in national reproductive
health strategies, supported by public awareness
campaigns to promote early diagnosis and destigmatize
the condition. Further, policypolicy support for research
into the genetic and environmental determinants of PMOS
in African populations should be widely promoted. The
baseline comparison in Table 6 shows that CC was used in
most women (n = 218; 86.9%), with LTZ reserved for a
smaller subset (n = 33; 13.1%), reflecting clinical
preference and local availability. The two arms were
balanced with respect to age, parity, cycle length, clinical
hyperandrogenism, bilateral polycystic ovarian
morphology and PMOS phenotype distribution (all p >
0.30).

However, BMI distribution differed significantly between
the arms (p = 0.003): the LTZ arm contained a higher
proportion of overweight women (54.5% versus 28.4% in
the CC arm) and a lower proportion of women in Obesity
Class 1 (9.1% versus 38.5%). This pattern is consistent
with clinician preference rather than random allocation
and represents a clear example of confounding by
indication. Because the multivariable logistic regression
model adjusts for BMI category, the adjusted estimates
partially account for this imbalance. Nevertheless, residual
confounding from unmeasured factors that may have
driven treatment selection (for example, prior CC non-
response, metabolic comorbidities, or ovulation-induction
history) cannot be excluded.

Formal propensity-score adjustment or inverse probability
of treatment weighting was not undertaken because of the
modest size of the LTZ subgroup and limited covariate
overlap between the two treatment arms. Comparisons
between agents should therefore be interpreted as
exploratory and hypothesis-generating. Larger prospective
or randomized studies with adequate LTZ representation
are needed to define their comparative effectiveness of CC
and LTZ. From a clinical perspective, these findings
support a shift toward phenotype-informed counselling
and individualized care for infertile women with PMOS,
rather than a generic approach. Improved diagnostic
work-up with more standardized hormonal and ultrasound
assessments may refine phenotype classification and guide
treatment choices more precisely.

Given the clear association between severe obesity and
impaired ovulation induction response, structured weight
management and lifestyle interventions should be
integrated into holistic preconception care. The finding
that Obesity Class Il is associated with a 99% reduction
in odds of dominant follicle selection underscores the
clinical importance of weight optimization in this
subgroup. Dominant follicle selection should be viewed as
an intermediate ovulatory outcome, and further
longitudinal studies that incorporate pregnancy and
live-birth endpoints are needed to determine how these
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ovulation-induction responses translate into meaningful
reproductive outcomes.

Conclusion

This study establishes that PMOS is a prevalent condition
(16.3%) among women seeking infertility care in Kumasi,
Ghana. It reveals a unique phenotypic distribution
dominated by Phenotype D. Ovulation induction with CC
or LTZ is effective, with success strongly influenced by
BMI. These findings highlight the necessity for context-
specific,  phenotype-aware, and  weight-sensitive
approaches to diagnosing and managing PMOS. By
integrating these insights into clinical practice and public
health policy, healthcare providers can improve fertility
outcomes and overall quality of life for the substantial
number of women affected by this complex syndrome in
the region.
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