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Abstract

Objectives: The significance of polycystic ovarian morphology (PCOM) in adolescence remains uncertain. This study aimed to de-
termine the prevalence of PCOM in adolescent girls and to explore the relationship between PCOM and Hyperandrogenism, using

clinical diagnostic criteria and testosterone levels as laboratory diagnostic markers in this population.

Methods: One hundred adolescent girls, aged 9 to 19 years, were referred for ultrasonography in this study. Transabdominal ultra-

sound and blood samples were collected during the follicular phase.

Results: PCOM was observed in 86% of the subjects. Subjects with PCOM showed a higher prevalence of hirsutism with 62.8% versus
14.3% (P-Value = 0.01). Girls with PCOM had a higher prevalence of abnormal total testosterone levels than girls without PCOM (24%
versus 4%; P = 0.04). Subjects with PCOM also revealed higher ovarian volume (Right ovary: 14.43 + 5.8 versus 8.57 + 1.98 P-Value =
0.01 Left Ovary: 14.66 + 5.8 versus 8.14 + 2.26 P-Value = 0.006) and follicle numbers per ovary (Right ovary: 15.6 + 4.2 versus 9.14 +
2.85 P-Value = 0.001 Left Ovary: 16.02 + 4.27 versus 10.86 + 3.97 P-Value = 0.004) as expected.

Conclusions: The prevalence of polycystic ovary morphology (PCOM) among Iranian adolescent girls is reported to be 86%. Those
with PCOM exhibit increased ovarian volumes and higher follicle counts per ovary. Additionally, there is a higher occurrence of hirsut-
ism and elevated total testosterone levels in participants with PCOM.
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Background and girls globally [1,2]. This condition is a multifaceted disorder of

An endocrine disorder known as polycystic ovarian syndrome  elevated androgen production with recognizable symptoms and a
(PCOS) is characterized by specific hormonal and metabolic ab- ~ spectrum of difficulties with fertility and reproduction. Additional-
normalities. This condition involves between 5-18% of women of ly, conditions like metabolic syndrome and insulin resistance may
reproductive age and 6-18% of adolescent girls worldwide, mak-  coexist with this condition [1-3].

ing it one of the most widespread medical issues affecting women
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Although PCOS is one of the most common endocrine disorders
among women of reproductive age [1], the diagnosis of this syn-
drome during adolescence, which is known based on the World
Health Organization definition of age 10 to 19 years, can be chal-
lenging due to the overlapping of clinical symptoms and morpho-
logical changes of the ovaries in the sonographic view with the
physiological changes of puberty (irregular periodic cycles, acne,
and polycystic morphological changes of the ovaries in the ultra-
sound evaluation) [3,4]. The diagnostic guidelines for polycystic
ovary syndrome so far include the National Institute of Health
(NIH) guideline in 1990 and the Rotterdam guideline in 2003 [5],
as well as the Androgen Excess and Polycystic Ovary Syndrome
Society (AE-PCOS) guideline [6] and the latest International evi-
dence-based guideline for the assessment and management of

polycystic ovary syndrome [7].

The clinical and laboratory Hyperandrogenism and irregular
menstruation at least two years after menarche should be used to
diagnose PCOS in adolescents [3,8], and the morphological appear-
ance of PCOM in sonographic evaluation is currently not a diagnos-
tic criterion for PCOS in adolescents [3]. In recent years, upgraded
diagnostic criteria for PCOS in adolescent females have been intro-
duced [9]. These new criteria include the specification of irregular
menstrual cycles and Hyperandrogenism but exclude polycystic
ovarian morphology [9,10].

Studies indicate that one-third of hyperandrogenic or PCOS
girls exhibit polycystic ovary morphology (PCOM) [11-13].

According to some studies, PCOM is associated with high anti-
Miillerian hormone levels (AMH) in young girls with regular men-
struation, as well as greater severity of primary dysmenorrhea in
this population [13,14].

Due to the absence of established guidelines for diagnosing
polycystic ovarian syndrome in adolescents, we initiated this re-
search. The occurrence of polycystic ovarian morphology among
Iranian teenage girls and its correlation with various clinical and
laboratory markers has not been previously explored. Recognizing
the significance of early identification of polycystic ovarian syn-
drome and its impact on patients, we investigated the prevalence
of PCOM using ultrasound observations in adolescent girls at Fir-

ouzabadi Hospital in Tehran.
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Materials and Methods
Subjects

In a cross-sectional study, we studied 100 post-menarchal girls
between 9 and 19 years old (mean + SD 15.66 * 2.32 years old).
Participants were carefully recruited from Firouzabadi Hospital in
the heart of Rey City, Tehran, an area characterized by middle to
low-income residents. This strategic selection aimed to ensure di-
verse representation and address this community’s unique health
challenges [13]. Inclusion criteria for the study included clinical
signs of hyperandrogenism, such as moderate to severe acne or
hirsutism, as indicated by a Ferriman-Gallwey (FG) score of 7 or
higher. Additionally, an absence of regular menstrual cycles was
considered, where regular cycles are defined as those occurring
every 21 to 45 days, based on the consensus guidelines from the
American College of Obstetrics and Gynecology (ACOG) and the
American Association of Pediatrics (AAP) for adolescents [13,15].
The exclusion criteria included the use of oral contraceptives, ste-
roids, or any other medications; the presence of concurrent chronic
conditions such as genetic syndromes, coeliac disease, renal dis-
ease, liver disease, cardiac disease, or malnutrition; and premature
pubertal development, which is defined as the appearance of pubic
hair in girls under the age of 8. All participants had normal levels
of fasting blood glucose, thyroid hormones, and prolactin. The pro-
tocol was approved by the institutional review board (Iran Uni-
versity of Medical Sciences) under the approval ID IRIUMS.FMD.
REC.1401.670. Upon entering the study, parents gave informed
consent, and volunteers signed a written consent form. Adolescent

girls over the age of 18 signed the consent form.

Study protocol

Girls were evaluated during the follicular phase of their men-
strual cycle, specifically from Days 1 to 7 [13]. A thorough clinical
and physical examination was performed. The age at menarche
was determined retrospectively. Menstrual cycle duration was cal-
culated by averaging the lengths of the previous three cycles. Gyne-
cological age was defined as the number of years since menarche
at the time of the participant’s entry into the study. Body Mass In-
dex (BMI) and Ferriman-Gallwey (FG) scores were assessed. Over-
weight was categorized as a BMI in the 85th to 94th percentile,
whereas obesity was defined as a BMI exceeding the 95th to 97th
percentile, depending on the growth chart utilized. An early-morn-
ing blood sample was obtained during the follicular phase (Days 1

to 7 of the cycle) to measure total and free testosterone levels [13].
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Ultra sonographic study

PCOM, as defined by the Rotterdam consensus, is characterized
by either the presence of 12 or more follicles measuring 2 to 9 mm
in diameter or an ovarian volume (OV) of 10 ml or more in one
or both ovaries. These criteria reflect changes in ovarian structure
often linked to hormone imbalances [5,7,13]. On the same day as
the blood sample was collected, a single observer (C.V.) underwent
transabdominal ultrasonography (TAUS). The examination was
conducted using a 5-MHz transabdominal probe with a Medison
SonoAce 6000C (Medison, Seoul, Korea). Measurements were
obtained in real-time using the highest magnification to examine
the ovaries. To accurately calculate the OV, we measured the lon-
gest medial axis (length) along with its thickness and width. OV is
precisely calculated using the following formula designed specifi-
cally for a prolate ellipsoid: OV % p/6 x length x width x thickness
[13,16]. The follicular number (FN) was evaluated through a de-
tailed examination of each ovary, meticulously scanning from the
inner edges to the outer borders in a longitudinal cross-section.
To accurately determine the size of each follicle, the mean of the
largest diameter and the corresponding perpendicular diameter
were calculated. This approach allowed for a precise measure-
ment, enhancing the understanding of follicular development and
distribution within the ovarian structure. All follicles between 2.0
and 9.0 mm were counted. The ultrasound showed intra-observer
variation coefficients of 3.2% for ovarian volume (OV) and 4.1%
for follicular number (FN) [13,17]. When a significant cyst or fol-
licle measuring greater than 10 mm is identified, a follow-up ul-
trasonography examination is conducted during the subsequent

menstrual cycle.

Laboratory assays

Serum testosterone levels, both total and free, were measured
using a competitive specific binding radioimmunoassay, which
had a coefficient of variation (CV) of 8.1% between tests and 5.3%
within tests [13].

Free testosterone was calculated based on total testosterone

and Sex Hormone Binding Globulin (SHBG) levels.

A total testosterone level exceeding 0.9 ng/dL is considered
elevated and abnormal. Levels of Thyroid Stimulating Hormone
(TSH) and prolactin are measured to exclude other conditions that
mimic PCOS.
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Statistical analysis

Normal distributions were assessed through the Kolmogorov-
Smirnov test. To analyze continuous variables in girls who met and
did not meet the PCOM criteria, the Student’s t-test was employed
[13]. The effects of chronological age, age at menarche, gynecologi-
cal age, and BMI on the presence of PCOM were examinedusing
logistic regression analysis. Pearson’s correlation analysis was con-
ducted to evaluate the relationship between continuous variables.
A significance threshold of 5% was established. Statistical analyses

were performed using SPSS for Windows version 18.0 [13].

Results

Participants included 86 patients with PCOM (adolescent girls)
with a mean (SD) age of 15.26 (2.13) years and 14 participants
without PCOM with a mean (SD) age of 15.9 (2.44) years. Table 1
displays the clinical characteristics of all participants categorized
by the presence of PCOM. Polycystic ovarian morphology (PCOM)
was detected in 86% of the adolescent girls included in the study
(Figure 1). Generally, subjects with PCOM had higher BMI, and sub-
jects without PCOM had higher age and distance from menarche
age but these differences were not statistically significant. More-
over, among participants with PCOM, those with hirsutism gener-
ally had a higher frequency but irregular menstruation and severe
acne didn’t show significant differences among those with and
without PCOM.

Table 2 shows the association between ultrasonographic char-
acteristics of girls without PCOM and with PCOM. Subjects with
PCOM showed higher uterus size (length, depth, and thickness)
and endometrial thickness but these differences were not statis-
tically significant. Among participants with PCOM, ovary size, and
FNO measures were significantly associated with a higher value;
the corresponding measures and p-values were right ovary volume
14.43 + 5.8 (0.01), left ovary volume 14.66 + 5.8 (0.006), right-sid-
ed FNO 15.6 + 4.2 (0.001), and left-sided FNO 16.02 + 4.27 (0.004)
respectively. However, among participants without PCOM, all of
these measures were lower and they showed lower ovarian size

and lower FNO in each ovary.

Table 3 shows the hormonal profiles among those with and
without PCOM. There is no significant association among levels
of total, free testosterone, TSH, and prolactin compared between

subjects with and without PCOM. However, there is a significant
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association between the frequency of people with abnormal total There was no correlation between different groups of BMI (un-

testosterone test levels among groups with PCOM and those with- derweight, normal, overweight, and obese) among subjects with

out PCOM. The frequency of abnormal testosterone is higherinpa-  3nd without PCOM.
tients with PCOM (24% vs. 4%) and this difference is statistically
significant (P = 0.04) (Figure 2).

_ reom e Feom

N(%6) 14(14) B6(86)

Age (years) 15.9+ 2.44 15.26+2.13 0.35
Distance from Age of 3.71+1.49 3.26+1.51 0.46
menarche (years)

BMI (kg/m2) 21.82+4.1 22.78+3.71 0.53
Hirsusism:Yes n(%6) 1(14.3) 27(62.8) 0.01
Hirsusism:No n(%) 6(32.7) 16(85.7)

Irregular menstruation 2(28.6) 37(86) 0.33
n(%6)

Regular menstruation n(%) 5(71.4) 6(14)

Severe Acne: Yes n(%) 2(28.6) 20(46.5) 0.22
Severe Acne: No n(%) 5(71.4) 23(53.5) -

Table I: Clinical characteristics defined by ovarian morphology.

Data are shown as means # Standard deviation. N = Number BMI = Body mass index. PCOM = Polycystic ovarian morphology.

Right ovary volume (m3) 8.57+1.98 14.43+5.8 0.01
Left ovary volume (m3)  8.14%2.26 14.6615.8 0.006
FNO right side (n) 9.14 +2.85 15.614.2 0.001
FNO left side (n) 10.8613.97 16.0214.27 0.004
Endometrial thickness 5.92+2.1 7.03+2.21 0.22
(mm)

Uterus length(mm) 63.29 +9.63 66.72+9.97 0.40
Uterus depth (mm) 40.14 £7.19 41.74% 744 0.59
Uterus thickness (mm)  28.43+ 5.88 29.6026.54 0.65

Table 2: Ultrasound characteristics of ovaries and uterus based on ovarian morphology.

Data are shown as means * Standard deviation. FNO = Follicle number per ovary. PCOM = Polycystic ovarian morphology.

_ e e

Testosterone total 0.88+0.67 1.18+0.67 0.27
(ng/dL)
Testosterone-free 0.9620.73 1.1110.54 0.52
(ng/dL)
TSH (pU/mL) 1.86+0.69 1.66+1 0.61
Prolactin (ng/mL) 16.22+6.41 16.61+5.47 0.47

Table III: Hormonal profiles defined by ovarian morphology.

Data are shown as means * Standard deviation. TSH = Thyroid stimulating hormone. PCOM = Polycystic ovarian morphology.
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Figure 1: Prevalence of PCOM in adolescent girls. PCOM= polycystic ovarian morphology.
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Figure 2: Evaluating the variance in total testosterone levels' frequency between two groups of adolescent girls, those with PCOM and

those without. PCOM= polycystic ovarian morphology.

Discussion

We define the prevalence of polycystic ovarian morphology in
fifty 9 to 19-year-old adolescent girls presented by gynecologists
to the Firouzabadi Hospital between 2022 and 2023. Consider-
ing PCOM is a common condition in these girls that is unrelated
to Hyperandrogenism or insulin resistance, this ultrasonography

pattern may represent a physiological finding in these girls [13].

The prevalence of PCOM among adolescent girls has not been
investigated in Iran, and to the best of our knowledge, this study
is the first to evaluate this prevalence among Iranian adolescent
girls. There is still controversy among various guidelines regarding
the diagnostic criteria of PCOM [18]. According to the Rotterdam
criteria, polycystic ovaries are characterized by the presence of 12
or more follicles measuring 2 to 9 mm in diameter, or by an ovarian

volume exceeding 10 cm® [19,20]. Polycystic ovarian morphology

is common in adolescent girls, with a prevalence of 30% to 40%
[17], often due to hormonal changes associated with puberty [21].
Therefore, ultrasonography should not be used to diagnose PCOS
in individuals less than eight years’ post-menarche [21]. In our
study, we used Rotterdam criteria for diagnosis of the PCOM, and
the mean * SD right and left ovary volume were 13.61 + 5.81 and
13.75 £ 5.93 respectively. The mean * SD follicle numbers per ovary
of right-sided and left-sided were 14.70 + 4.63 and 15.30 * 4.57 re-
spectively. A study by Villarreal et al. showed that girls with PCOM
had more follicles with a diameter of 2-5 mm (P = 0.0001) than
those without. However, there was no difference in the number of
follicles with a diameter of 6-9 mm (P = 0.295) [13].

Elevated testosterone levels, typically two standard devia-

tions above the mean, are commonly used as a hormonal marker
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to diagnose Polycystic Ovary Syndrome (PCOS) based on the as-
say method employed [22]. Most diagnostic criteria for Hyperan-
drogenism include hirsutism, acne, and androgenic alopecia as
indicators [8,20]. Determining biochemical Hyperandrogenism in
adolescents is challenging as testosterone levels rise following pu-
berty [23]. The question of whether mild hyperandrogenemia is a
typical peri-menstrual condition or if adolescent hyperandrogen-
emia persists into adulthood remains uncertain [23]. In our cur-
rent study, we employed a combination of clinical and hormonal
profiles for identifying Hyperandrogenism among adolescent girls
involving hirsutism, severe acne, and increased total testosterone.
According to one study, the raised AMH and reduced FSH levels
reported in healthy girls with regular menstrual cycles and PCOM
indicate that this ovarian pattern is caused by a greater number of
2-5 mm follicles. Elevated AMH levels can indicate PCOM during
adolescence [13]. Adolescents may struggle with ovarian dysfunc-
tion, as many experience irregular menstrual cycles at first. True
ovarian dysfunction is marked by irregular menstrual cycles that
are either shorter than 21 days or longer than 35 days. Menstrual
cycles in adolescents are comparable to those in adults, with 75%
of cycles ranging from 21 to 45 days in the first year, and 95% sta-
bilizing within that range within 5 years [24,25]. In our study, ir-
regular menstruation was frequent in participants with PCOM, al-
though the differences were not statistically significant. This could
be attributed to our research groups’ shorter than average 5-year

gap from menarche.

Chen et al. conducted a study on the role of ovarian volume
in diagnosing polycystic ovary syndrome among Chinese adoles-
cents. The study assessed 69 adolescents with PCOS and 26 control
group adolescents using transvaginal ultrasound. It was observed
that both the average and maximum ovarian volumes were higher
in the PCOS group compared to the control group [26]. Our find-
ings are consistent with the previous study, since the volume of
both right and left ovaries in the PCOM group was greater than in

the non-affected group.

Tehrani et al. did a review study on the treatment and diagnos-
tic problems of PCOS in adolescent girls, addressing symptoms

such as Hyperandrogenism, moderate to severe acne, and hir-
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sutism. The study found that the increase in ovarian volume be-
tween the commencement of menarche and the age of 16 had not
been addressed. It proposed a 12cm? criteria for measuring ovar-
ian volume in adolescents [27]. Other studies have demonstrated
that adolescents with PCOS exhibit a positive correlation between
androgen levels and ovarian characteristics such as area, volume,
and follicle count per cross-section [28]. Our findings revealed that
PCOM participants had a higher prevalence of hirsutism and abnor-

mal testosterone levels than non-PCOM subjects.

Strengths and limitations

The current study has notable strengths that merit recognition.
The foremost strength is our examination of 50 adolescent girls
to determine the prevalence of PCOM, as no prior studies have re-
ported on the prevalence of PCOM among Iranian adolescent girls.
Secondly, we assess the clinical and hormonal profiles for Hyperan-
drogenism within our study populations and evaluate the relation-

ship between PCOM and Hyperandrogenism in adolescent girls.

On the other hand, several limitations should be mentioned.
We could not perform vaginal ultrasonography on our population
study groups since this is against the rule in these adolescent girls
before their marriage so the sensitivity and specificity of diagnos-
tic criteria of PCOM had been significantly reduced. The AE-PCOS
Society revised the PCOM criteria to include a minimum of 25 fol-
licles in adults [29]. However, the implications of this change for
adolescents, who frequently undergo transabdominal ultrasounds
and typically exhibit a larger median ovarian size and higher folli-
cle count per section, remain unclear [25]. The results of our study,
which observed increased ovarian volume and a higher number of
follicles in participants with PCOM, may be attributed to normal
physiological changes during puberty. Therefore, it is essential to
conduct future research to assess the diagnostic criteria for PCOM

in adults compared to adolescents.

Conclusion

In summary, our findings indicate that an increased ovarian
volume (210 cm?) and a higher number of follicles (>12) are ob-
served in Iranian adolescents with PCOM; however, these expected

impacts were not observed in non-PCOM Iranian individuals. Re-
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garding Hyperandrogenism criteria, our data showed that partici-
pants with PCOM had higher hirsutism scores and abnormal total

testosterone levels compared to non-PCOM subjects.
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