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Objective: To use magnetic resonance imaging (MRI) to quantify the follicle number per ovary (FNPO) using biplanar measurements
and determine the ovarian volume (OV) using three-dimensional measurements in adolescents and young adults with polycystic ovary
syndrome (PCOS) and controls and compare the differences between these groups; to examine the relationships between FNPO and OV
andmetabolic markers associated with PCOS; to compare OV obtained by use of MRI and ultrasound between young patients with PCOS
and controls.
Design: Cross-sectional study.
Setting: Outpatient within a major medical center in New York City.
Patients: Adolescent girls and young women aged 13–25 years with PCOS (n ¼ 16) and body mass index–, age-, and ethnicity-
comparable control subjects (n ¼ 15).
Interventions: None.
Main OutcomeMeasures: The OV and FNPO by use of MRI, OV by use of transabdominal pelvic ultrasound, anthropometric measure-
ments, and biochemical and hormonal evaluation.
Results: The FNPO was higher in participants with PCOS (23.7 � 4.6 follicles) than in controls (15.2 � 4 follicles) when adjusted for
menstrual age. The OV by use of ultrasound was higher in participants with PCOS (11.7� 5.6 mL) than in controls (8.1� 3.4 mL); how-
ever, OV by use of MRI did not differ between the groups. The OV by use of MRI and ultrasound correlated in participants with PCOS (r¼
0.62) but not in controls.
Conclusions: Our results are in line with prior studies showing that FNPO may be a more sensitive measure of polycystic ovary
morphology than OV. The results of this study support the use of ovarian k, a promising diagnostic tool for PCOS, in young patients.
(Fertil Steril Rep� 2022;3:102–9. �2022 by American Society for Reproductive Medicine.)
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he polycystic ovary syndrome (PCOS) affects 5%–15%
T of women of reproductive age and frequently manifests
in adolescence (1–3). The diagnosis of PCOS in this

young population can be challenging because its
presentation frequently overlaps with the physiologic
changes that occur during puberty (2).

The polycystic ovary syndrome is associated with multi-
ple chronic comorbidities that significantly affect patients’
lives and have major public health implications. These co-
morbidities affect both obese and nonobese patients with
PCOS and include insulin resistance (65%–70%) (4, 5), type
2 diabetes (6), cardiovascular disease, dyslipidemia, hyper-
tension (7), nonalcoholic fatty liver disease, infertility, endo-
metrial cancer (8, 9), depression, anxiety, and eating
disorders (10). Overall, PCOS is associated with a reduced
health-related quality of life, with infertility and weight
concerns having the most impact (11).

The diagnostic criteria for PCOS use different combina-
tions of oligo/amenorrhea, clinical and/or biochemical hyper-
androgenism, and polycystic ovary morphology (PCOM). The
identification of PCOM has not been a useful diagnostic tool
for PCOS in younger patients as its criteria were developed in
adults using transvaginal ultrasound (12), a procedure that is
considered invasive for adolescents and some young adults.
The transabdominal pelvic ultrasound, although less invasive,
is inferior in resolution, especially in obese patients. Accord-
ing to the Rotterdam criteria, PCOM is identified when the
ovarian volume (OV) is>10 mL and follicle number per ovary
(FNPO) is R12 small antral follicles of 2–9 mm in diameter
(12). The Androgen Excess and Polycystic Ovary Syndrome
Society (AEPCOS) Task Force increased the FNPO cutoff to
25 follicles for the identification of PCOM in adults when us-
ing newer ultrasound technology (e.g., transducer frequency
of R8 MHz) to improve diagnostic specificity for PCOS
(13). Most recently, international guidelines have recommen-
ded the cutoff of 20 FNPO when using an endovaginal ultra-
sound transducer with a frequency of 8 MHz and/or OV of
R10 mL (14).

Ovarian morphology varies with age, which adds to the
difficulty in using adult criteria in adolescents and young
adults for the diagnosis of PCOS. The ovaries reach their
maximum volume 1.2–3.8 years after menarche and slowly
decrease in size through later adolescence and adulthood
(15). The FNPO, specifically the number of small follicles,
and OV increase during adolescence and young adulthood
and decrease thereafter (16). Another limitation of using
the presence of PCOM for the diagnosis of PCOS is that pa-
tients who have no other features of PCOS may have
PCOM (17, 18). The prevalence of PCOM identified by
FNPO in adults in the general population is 32% (17). A
similar prevalence has been observed in adolescents. In
two studies, PCOM was observed in 33% of adolescents in
whom it had been at least two years after menarche and
was not associated with an ovulatory dysfunction (18, 19).
Current guidelines recommend the use of PCOM as a part
of the diagnosis of PCOS only in women in whom it had
been R8 years after menarche (14). These observations
highlight the necessity of having an adolescent-specific
definition of PCOM (2).
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Magnetic resonance imaging (MRI) is a readily available
modality that provides clear ovarian images (16); however,
studies using MRI to evaluate ovarian morphology in PCOS,
especially in adolescents and young adults, are scarce.
Although a few available studies (20–23) show differences
in mean FNPO and mean OV when individuals with PCOS
and controls are compared, the paucity of available studies,
the use of an approximate ellipsoid formula for the OV
evaluation in most of the studies, the small sample sizes
studied, and the nonuniform use of diagnostic criteria for
PCOS all contribute to our lack of understanding of ovarian
morphology in adolescents.

Magnetic resonance imaging is a promising modality that
has the potential to better define adolescent ovarian
morphology, to establish norms in adolescents, and as a diag-
nostic tool for PCOS; however, to date, its use is restricted to
research. Whereas its main limitation is its cost, if it proves to
improve the diagnostic accuracy for PCOS, the cost-benefit
ratio may favor its use, especially for adolescents with atyp-
ical presentations of PCOS. Accurate and early diagnosis of
PCOS in adolescents will most likely decrease anxiety associ-
ated with the diagnostic process, improve guidance and edu-
cation, and hasten the initiation of treatment for truly
affected young patients, potentially preventing or mitigating
the long-term complications of PCOS (16).

This study aimed to contribute to the currently available
knowledge regarding ovarian morphology in adolescents
with PCOS by use of biplanar MRI as an imaging modality.
Our primary aims were to quantify FNPO and measure OV
by use of MRI. Our secondary aims were to examine the rela-
tionships between FNPO and OV with metabolic markers
associated with PCOS and compare OV obtained by use of
MRI and transabdominal ovarian ultrasound in individuals
with PCOS and controls.

MATERIALS AND METHODS
Adolescent girls and young women aged 13–25 years with
PCOS (n ¼ 16) and age-, body mass index (BMI)–, and
ethnicity-comparable controls (n ¼ 15) were recruited from
general pediatric, adolescent, gynecology, and pediatric
endocrinology clinics and faculty practices at Columbia Uni-
versity Irving Medical Center (CUIMC) in New York City from
2015 to 2019. The patients were those in whom it had been at
least two years after menarche and were nonobese (BMI of
<95th percentile for participants aged <20 years and <30
kg/m2 for participants agedR20 years). The polycystic ovary
syndrome was diagnosed using the National Institutes of
Health criteria, which require the presence of hyperandroge-
nemia (hirsutism and/or acne vulgaris) and oligo/amenorrhea
(4). Hirsutism was determined by a modified Ferriman-
Gallwey hirsutism score ofR8 (17), and hyperandrogenemia
was determined according to the laboratory norms (Esoterix,
Inc., Calabasas, CA). Using the phenotypic approach of AEP-
COS, patients with PCOS in this study were characterized as
phenotypes A (hyperandrogenism, ovarian dysfunction, and
PCOM) and B (hyperandrogenism and ovarian dysfunction)
(18). Control subjects were eumenorrheic without clinical or
biochemical hyperandrogenism. The exclusion criteria for
103



TABLE 1

Demographic and clinical characteristics of 16 patients with PCOS versus 15 controls.

Characteristics

PCOS Control

P valueN [ 16 N [15

Age (y)
Mean (SD) 18.8 (3.4) 21.8 (2.5) .03a

Median (IQR) 17.8 (13–25.9) 20.5 (15.4–25.8)
Menstrual age (y)

Mean (SD) 6.7 (2.7) 9.3 (2.5) < .01a

Median (IQR) 5.8 (3.2–12) 9.1 (4.5–13.9)
Race, n (%) — — NS

African American 2 (12%) 2 (14%)
Caucasian 7 (44%) 5 (33%)
Hispanic 6 (38%) 5 (33%)
Other 1 (6%) 3 (20%)

BMI (kg/m2), mean (SD) 23.3 (3.2) 22.8 (3) .63
Weight, n (%) — — —

Normal weight 13 (81%) 13 (87%) —

Overweight 3 (19%) 2 (13%) —

Body fat (%), mean (SD) 35.1 (6.8) 32.1 (6.3) .22
Note: BMI ¼ body mass index; IQR ¼ interquartile range; NS ¼ not significant; PCOS ¼ polycystic ovary syndrome; SD ¼ standard deviation.
a P< .05. P values were generated using Student's t test or c2 test/Fisher's exact test.
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both groups included thyroid disease, diabetes mellitus,
congenital adrenal hyperplasia, current or past pregnancy,
and the use of metformin or hormonal contraception within
three months before enrollment. The subjects were recruited
by posted flyers, listserv announcements, and referrals from
the pediatrics, adolescent, gynecology, and pediatric endocri-
nology services at CUIMC. A sample size of 16 subjects per
group was calculated to achieve approximately 80% power
to detect a minimum difference of 10 in FNPO, with an equal
standard deviation as large as 10, on the basis of a 2-sided
Student's t test with a significance level of .05. The same sam-
ple size was calculated to achieve 80% power to detect a min-
imum difference of five in the mean OV between the two
groups, with a standard deviation of five.

This study was approved by the institutional review board
at CUIMC. Informed consent was obtained from all partici-
pants aged R18 years. Parental consent and participant
assent were obtained from all participants aged <18 years.
Clinical Studies

Control subjects were evaluated during the early follicular
phase of the menstrual cycle (day of cycle, one through
seven); oligo/amenorrheic subjects were evaluated on any
day. The clinical evaluation comprised medical history, phys-
ical examination, and anthropometric measurements,
including the height measured using a calibrated stadiometer
to the nearest 0.1 cm and weight measured using a digital
readout scale to the nearest 0.1 kg. The body mass index
was calculated.
Laboratory Studies

Blood was drawn after an overnight fasting between 8 AM
and 9 AM and included the following: thyroid function tests,
prolactin; 17-hydroxyprogesterone, estradiol, androstenedi-
104
one (high-pressure liquid chromatography/tandem mass
spectrometry by Esoterix, 11.8–18.6 years: 50–224 ng/dL,
18–40 years: 28–230 ng/dL) and dehydroepiandrosterone sul-
fate (DHEA-S) (high-pressure liquid chromatography/tandem
mass spectrometry by Esoterix, 11.8–18.6 years: 44–248 mg/
dL, 21–30 years: 22–372 mg/dL); antim€ullerian hormone
(AMH) (eletrochemiluminescence; 7–19 years: 0.53–7.78 ng/
mL, 20–25 years: 1.05–12.86 ng/mL, by Esoterix), luteinizing
hormone (LH) and follicle-stimulating hormone (chemilumi-
nescent assay); sex hormone binding globulin (eletrochemilu-
minescence immunoassay by Esoterix, pubertal females aged
<20 years: 36–125 nmol/L, 20–49 years: 24.6–122 nmol/L),
testosterone (liquid chromatography/mass spectrometry by
Esoterix, 11.8–18.6 years: 20–38 ng/dL, >18 years: 10–55
ng/dL); free testosterone (equilibrium dialysis by Esoterix,
0.8%–1.4% free, 1.1–6.3 pg/mL); and two-hour oral glucose
tolerance test after a 75-g Glucola (Fisher Scientific, Hamp-
ton, NH) challenge with measurement of glucose and insulin
at 0, 30, 60, 90, and 120 minutes. The level of insulin was
measured using immunochemiluminescence assay, and the
glucose level was analyzed using the glucose hexokinase
method (Biomarkers Core Laboratory at CUIMC). The insulin
area under the curve (iAUC) (24) and homeostatic model
assessment for insulin resistance (HOMA-IR) were calculated
(25).
Biplanar MRI and Three-Dimensional Volumetric
Study

The T2-weighted images of the pelvis were obtained to eval-
uate the presence of PCOM in axial, coronal, and sagittal
planes on a 1.5T whole-body Signa ‘LX’MRI system (General
Electric,Milwaukee,WI). The in-plane pixel sizewas 0.7mm�
0.7 mm, and the slice thickness was 6mm. The follicle number
per ovary was obtained in two planes (i.e., cross-sectional and
VOL. 3 NO. 2 / JUNE 2022



TABLE 2

Endocrine evaluation and ovarian morphology by ultra-sound and magnetic resonance imaging in 16 patients with PCOS versus 15 controls.

Characteristics

PCOS Control

P valueN [ 16 N [ 15

Testosterone (ng/dL) 48.9 (17.2) 26.1 (7.6) < .0001
Free testosterone (pg/mL) 6.1 (2.2) 2.4 (1.1) < .0001
SHBG (ng/dL) 52.6 (63.8) 64.3 (27.8) .02
LH (mIU/mL) 14.2 (10.8) 6.7 (3.7) .007
FSH (mIU/mL) 5.6 (1.9) 6.7 (2.1) .15
Estradiol (pg/mL) 96.2 (109.5) 40.9 (24) .07
Androstenedione (ng/dL) 219.3 (75.8) 116 (41) < .001
DHEA-S (mg/dL) 301.5 (89.9) 205.7 (70.3) .003
AMH (ng/mL) 11.8 (5.5) 4.8 (2.3) .0001
HOMA-IR 5.5 (6.9) 1.5 (0.9) .08
iAUC 116.4 (53.4) 95.5 (52) .18
OV by use of MRI (mL) 11.5 (3.3) 10.8 (3.7) .59
OV by use of US (mL) 11.7 (5.6) 8.1 (3.4) .04
FNPO 23.7 (4.6) 15.2 (4) < .0001
Note: Values are reported as means � standard deviation. P values were generated using Student's t test or Wilcoxon's rank sum test. AMH ¼ antim€ullerian hormone; DHEA-S ¼ dehydroepian-
drosterone sulfate; FNPO ¼ follicle number per ovary; FSH ¼ follicle-stimulating hormone; HOMA-IR ¼ homeostatic model assessment for insulin resistance; iAUC ¼ insulin area under the curve;
LH ¼ luteinizing hormone; MRI ¼ magnetic resonance imaging; OV ¼ ovarian volume; PCOS ¼ polycystic ovary syndrome; SHBG ¼ sex hormone binding globulin; US ¼ ultrasound.
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coronal planes) (16) and grouped by size (2–6mm, 6–9mm, 9–
12 mm, and >12 mm). The follicles that measured 2–9 mm
were counted to determine FNPO. The ovarian volume was
calculated by summarizing the manually traced ovarian area
on each axial slice and slice thickness. The MRI analyses
were performed by a trained and experienced analyst (W.S.)
in the Image Analysis Core Laboratory of New York Obesity
Nutrition Research Center using image analysis software sli-
ceOmatic 5.0 (Tomovision Inc, Montreal, Canada). The MRI
analyst was blinded to the clinical information.

A total body dual-energy roentgenogram absorptiometry
(Hologic, Marlborough, MA) for lean and fat mass and
TABLE 3

Correlation coefficients between androgens, LH, AMH andmarkers of insul
participants.

Endocrine parameters Mean FNPO

Free testosteronea 0.55
P¼ .0013

Androstenedionea 0.51
P¼ .0036

DHEA-Sa 0.32
P¼ .085

LHb 0.46
P¼ .0085

AMHb 0.86
P< .0001

HOMA-IRb 0.123
P¼ .511

iAUCb 0.25
P¼ .17

Note: AMH ¼ antim€ullerian hormone; DHEA-S ¼ dehydroepiandrosterone sulfate; FNPO ¼ follicle
insulin area under the curve; LH ¼ luteinizing hormone; MRI ¼ magnetic resonance imaging; OV ¼
a Values reported are Pearson's correlation coefficient and P values.
b Values reported are Spearman's correlation coefficient and P values.
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percentage body fat were obtained and interpreted by a certi-
fied clinical densitometrist (A.B.S.).

Transabdominal pelvic ultrasoundwas used tomeasure OV
and performed using Voluson E8machine (GE Healthcare, Chi-
cago, IL) with a 1–5-MHz curved array transducer and analyzed
by an expert in gynecologic ultrasonography (J.P.L.). Both the
sonographer and analyzer were blinded to the diagnosis of the
study subject. The ovarian volume was estimated by the simpli-
fied prolate ellipsoid formula: (length�width� height)/2 (26).
The follicle number per ovary was not measured by use of ul-
trasound because the transabdominal route is not appropriate
for a precise follicle count assessment (13).
in resistance and ovarianmorphology byMRI and by US in all 31 study

Mean OV by
use of MRI

Mean OV by
use of US

0.05
P¼ .8

0.39
P¼ .03

0.33
P¼ .07

0.27
P¼ .14

0.07
P¼ .72

0.28
P¼ .12

0.12
P¼ .52

0.49
P¼ .0051

0.32
P¼ .09

0.32
P¼ .1

0.07
P¼ .72

�0.02
P¼ .93

0.21
P¼ .25

0.07
P¼ .68

number per ovary; HOMA-IR ¼ homeostatic model assessment for insulin resistance; iAUC ¼
ovarian volume; US ¼ ultrasound.

105



FIGURE 1

Receiver operating characteristic curve for different cutoff values of
mean follicle number per ovary. ROC ¼ receiver operating
characteristic.
Pereira-Eshraghi. Ovarian morphology by MRI in adolescents with PCOS. Fertil Steril Rep
2022.
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Data Analysis

Descriptive statistics were used to summarize all variables of
interest. Continuous variables were described using means
and standard deviations and/or medians and interquartile
ranges. Comparisons between the two groups (PCOS vs. con-
trol) were assessed using two-sample independent Student's
t tests or equivalent nonparametric tests for nonnormal data.
The linear regression models were fitted to assess the
associations betweenmean FNPO and PCOS vs. control groups,
with adjustment for menstrual age. Categorical variables were
summarized using frequencies (percentages). Additionally,
Pearson's or Spearman's correlation coefficients were calcu-
lated to quantify the strength of association between morpho-
logical features (mean FNPO and mean OV by use of MRI and
ultrasound) with hormonal levels and between the volumes as
read by MRI and ultrasound. The discriminatory ability of
different cutoff values for FNPO in classifying participants
with PCOS vs. controls was evaluated using specificity, sensi-
tivity, and the area under the receiver operating characteristic
curve (area under the curve [AUC] and 95% confidence interval
[CI]). Data analysis was performed using SAS v 9.4 (Cary, NC)
with a level of significance of .05.
RESULTS
Descriptive statistics are shown in Table 1. Patients with PCOS
were younger than controls (P¼ .03) and menstrual age, time
106
in years from menarche to age at the time of the study, was
shorter in those with PCOS than in controls (P¼ .01). Twelve
participants (39%) were Caucasian, 11 (36%) were Hispanic,
4 (13%) were African American, and 4 (13%) were classified
as ‘‘other.’’ The ‘‘other’’ category comprised mostly multiracial
participants.

Participants from both groups were nonobese and had
similar BMIs and percentage body fat (Table 1). Laboratory
evaluation showed that participants with PCOS had higher
levels of androgens (testosterone, free testosterone,
DHEA-S, and androstenedione), AMH, and LH and lower
levels of sex hormone binding globulin than controls
(P< .05 for all). Estradiol and follicle-stimulating hormone
levels did not differ between the groups (Table 2).

Analysis of ovarian morphology showed a higher FNPO
in participants with PCOS (23.7 � 4.6 follicles) than in con-
trols (15.2 � 4 follicles) (P< .0001). Patients with PCOS had,
on average, eight more follicles per ovary than controls
when adjusting for menstrual age (P¼ .0001). The participants
with PCOS had higher OV (11.7 � 5.6 mL) by use of transab-
dominal ultrasound than controls (8.1� 3.4 mL) (P¼ .04). The
ovarian volume by use of MRI did not differ between the
groups (participants with PCOS: 11.5 � 3.3 mL; controls:
10.8 � 3.7 mL; P¼ .11) (Table 2). The ovarian volume by
use of MRI and ultrasound correlated in the PCOS group
(r ¼ 0.62, P¼ .01) but not in controls (r ¼ 0.13, P¼ .64). The
follicle number per ovary positively correlated with the levels
of testosterone, androstenedione, LH, and AMH (P< .01 for
all) but did not correlate with HOMA-IR or iAUC. Neither
OV by use of MRI nor ultrasound correlated with the levels
of androgens, reproductive hormones, AMH, or markers of in-
sulin resistance in either group (Table 3).

The receiver operating characteristic curves with different
FNPO cutoff values were constructed and AUC was calculated
for the diagnosis of PCOS (Fig. 1). The follicle number per
ovary threshold of 20.5 for the mean FNPO showed the high-
est AUC of 0.87 (95% CI, 0.75–0.99) (Fig. 1).

The linear regression models were fitted to adjust for
menstrual age, a potential confounder of the association be-
tween PCOS status and mean FNPO. The PCOS status, men-
strual age, and AMH levels were considered potential
predictors of FNPO. When analyzed separately in univariable
models, all three variables were associated significantly with
FNPO. Because of the high collinearity between the AMH
levels and PCOS, the AMH levels were removed from the
model. In the multivariable model, including both PCOS sta-
tus and menstrual age, PCOS status remained a significant
predictor of FNPO, whereas menstrual age did not. Regression
results showed that having PCOS increased mean FNPO by
approximately eight follicles (P< .0001) after adjusting for
menstrual age (Supplemental Table 1, available online).
DISCUSSION
In the present study, FNPO by use of biplanar MRI was higher
in participants with PCOS (23.7 � 4.6 follicles) than in con-
trols (15.2 � 4 follicles) (P< .0001) when adjusted for men-
strual age. The values in both groups are higher than the
value for FNPO of 12 suggested by the Rotterdam criteria
VOL. 3 NO. 2 / JUNE 2022
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(12) and the most recent international guidelines of 2020 (14)
but lower than that suggested by AEPCOS criteria of 25 (13).
We found that a cutoff value of 20.5 follicles differentiates be-
tween the participants with PCOS and controls in our young
population and that the participants with PCOS had a mean
FNPO of eight follicles greater than controls. The follicle num-
ber per ovary had moderate-to-strong positive correlations
with free testosterone, androstenedione, DHEA-S, LH, and
AMH levels but did not correlate with HOMA-IR or iAUC, sug-
gesting that FNPO by use of biplanar MRI is a strong marker
for the hormonal changes typical of PCOS but not for the in-
sulin resistance. Overall, FNPO by use of biplanarMRI appears
to be an excellent marker for PCOS in young patients.

The ovarian volume by use of MRI was obtained using real
three-dimensional volume, and it did not appear to be as strong
amarker for PCOS as FNPO in our population. The ovarian vol-
ume by use of ultrasound was higher in participants with PCOS
(11.7� 5.6 mL) than in controls (8.1� 3.4 mL) (P¼ .04); how-
ever, OV by use ofMRI did not differ between the groups. Addi-
tionally, OV by use of MRI did not correlate with the hormonal
levels and metabolic markers studied.

Our results confirmed the findings of prior studies that
have examined the use of FNPO in adolescents (20, 23) and
adults (20, 25). The PCOS ovaries have a greater number of
growing follicles than non-PCOS ovaries without a consistent
effect on primordial follicle number. The preantral follicles
accumulation is believed to be a result of slowed follicle
development through the primary stage along with a pro-
longed survival pattern (27). The age-related decline in antral
follicles has been shown by use of transvaginal ultrasound
(15) and ovarian MRI (16). Notably, the mean FNPO of 23.7
� 4.6 observed in this study in participants with PCOS and
15.2 � 4 in controls was similar to those reported in the pre-
vious studies in adolescents by use of MRI (20, 23). In addi-
tion, interestingly, the cutoff value of 20.5 for the mean
FNPO showed the highest AUC of 0.87 (95% CI, 0.75–0.99)
and is similar to the cutoff of 20 recommended by the recent
guidelines when detecting FNPO in women in whom it had
beenR8 years after menarche and by use of transvaginal ul-
trasound with newer technologies. In this study, OV by use of
MRI correlated with OV by use of ultrasound, as has been re-
ported (20). The mean OV by use of ultrasound was higher in
patients than in controls but was not different between the
groups with MRI. It is important to highlight that OV by use
of MRI captured the real three-dimensional volume of the
ovaries. This is in contrast to most studies that have analyzed
ovarian morphology by use of MRI, which used the ellipsoid
formula to estimate OV (20, 23, 28), the same method used
when calculating OV by use of ultrasound. The OV by use
of ultrasound is known to have less diagnostic potential for
PCOM than FNPO in adults (13). Based on our experience, a
possible explanation for the lack of difference in OV between
participants with PCOS and controls using MRI is that PCOS
ovarian follicles are smaller and more numerous than ovarian
follicles in controls. Although numerous, small follicles
potentially would not significantly affect OV. Patients with
PCOS tend to have more ovarian hilum and stroma than con-
trols; however, this may not contribute significantly to an OV
difference in younger patients.
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In the present study, participants with PCOS presented
typical hormonal profiles for the syndrome. The levels of
AMH were also higher in participants with PCOS than con-
trols, as expected, and correlated with FNPO by use of bipla-
nar MRI. Several studies have suggested that the AMH level is
a useful marker for PCOM (28–32); however, its use is limited
because of issues with assay accuracy and reproducibility and
the lack of an established threshold (13). We also found that
the mean FNPO positively correlated with the androgen
levels. Similar findings have been reported, for example,
free testosterone levels were found to have a strong positive
correlation with FNPO by use of MRI in adults with PCOS
and controls (33).

Strengths of this study are that it is prospective, use of the
National Institutes of Health criteria for the diagnosis of
PCOS, use of the biplanar method for FNPO by use of MRI,
and the three-dimensional approach for the calculation of
OV by use of MRI, which is a more realistic method of mea-
surement to quantify OV than the ellipsoid method. Limita-
tions of this study are the small number of participants,
which potentially limits the ability to detect differences be-
tween participants with PCOS and controls and the generaliz-
ability of the results; the small age difference between
participants with PCOS and controls, which was accounted
for in the statistical analysis; the absence of obese subjects
who potentially have a different metabolic profile compared
with the nonobese subjects. However, it is plausible to specu-
late that ovarian MRI would have shown to be useful in this
specific population because the transabdominal ultrasound
is more technically difficult in assessing ovarian morphology
in obese patients, and MRI images are enhanced by the pres-
ence of adipose tissue.

Polycystic ovary syndrome is often unrecognized and
underdiagnosed, especially in younger patients, despite its
relatively high prevalence in the general population (3).
One large population-based study in the United States re-
ported that approximately 50% of adolescents with symp-
toms indicative of PCOS remained undiagnosed (3).
Diagnostic evaluation of PCOS has been estimated to ac-
count for only 2% of the total mean annual cost of PCOS
in women of reproductive age in the United States, which
is>4 billion dollars per year (11). This small percentage sug-
gests that widespread screening for PCOS is potentially a
cost-effective strategy that could lead to earlier diagnosis,
intervention, and possibly amelioration and prevention of
serious sequelae (34). Better diagnostic tools are needed for
the diagnosis of PCOS in this young population because
the PCOS phenotype is believed to be established in early
adolescence regardless of BMI (35). The current criteria for
diagnosis overlap with normal physiological features of pu-
berty and the fact that there are no available PCOM criteria
in this age group and the ultrasound should not be used as
part of the diagnosis of PCOS in adolescents and young
women in whom it has been <8 years after menarche (14).
Ovarian images using MRI have shown excellent reproduc-
ibility, interobserver agreement, and clarity (16). Moreover,
MRI is noninvasive and can produce three-dimensional im-
ages, allowing for true volumetric determination of OV. The
analysis of the cost of the two imaging modalities (MRI and
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ultrasound) is out of the scope of this study. However, it is
important to note that although ovarian MRI is more costly
than ovarian ultrasound, ovarian MRI is potentially cost-
effective if it leads to an earlier diagnosis in atypical cases,
as it has been found to be in other pathologies (36, 37).
Currently, there is no standard protocol for FNPO assessment
using ovarian MRI; however, if this modality is found to be
cost-effective, radiologists could learn how to interpret such
images.
CONCLUSION
In summary, these results support the use of biplanar ovarian
MRI as a promising diagnostic tool for PCOS in young pa-
tients with the goal of providing these young patients with
a more definitive diagnosis, treatment, and prevention of
chronic disease. Further studies with a larger sample size
and participants with different BMIs, including obese patients
who were not included in this study, are needed to better char-
acterize PCOM criteria relevant to adolescents and young
adults and ultimately define thresholds of FNPO and OV to
be used in the diagnosis of PCOS in this population. If ovarian
MRI is proven to be useful in a larger sample of participants,
cost-effective studies would be important to assess whether
this imaging modality is feasible for the clinical investigation
of patients with PCOS.
REFERENCES
1. Norman RJ, Dewailly D, Legro RS, Hickey TE. Polycystic ovary syndrome. Lan-

cet 2007;370:685–97.
2. Witchel SF, Oberfield SE, Pe~na AS. Polycystic ovary syndrome: pathophysi-

ology, presentation, and treatment with emphasis on adolescent girls. J En-
docr Soc 2019;3:1545–73.

3. March WA, Moore VM, Willson KJ, Phillips DI, Norman RJ, Davies MJ. The
prevalence of polycystic ovary syndrome in a community sample assessed
under contrasting diagnostic criteria. Hum Reprod 2010;25:544–51.

4. DeUgarte CM, Bartolucci AA, Azziz R. Prevalence of insulin resistance in the
polycystic ovary syndrome using the homeostasis model assessment. Fertil
Steril 2005;83:1454–60.

5. Ovalle F, Azziz R. Insulin resistance, polycystic ovary syndrome, and type 2
diabetes mellitus. Fertil Steril 2002;77:1095–105.

6. Legro RS, Kunselman AR, Dodson WC, Dunaif A. Prevalence and predictors
of risk for type 2 diabetes mellitus and impaired glucose tolerance in polycy-
stic ovary syndrome: a prospective, controlled study in 254 affected women.
J Clin Endocrinol Metab 1999;84:165–9.

7. Heida KY, Bots ML, de Groot CJ, van Dunn�e FM, Hammoud NM, Hoek A,
et al. Cardiovascular risk management after reproductive and pregnancy-
related disorders: a Dutch multidisciplinary evidence-based guideline. Eur J
Prev Cardiol 2016;23:1863–79.

8. Haoula Z, SalmanM, AtiomoW. Evaluating the association between endome-
trial cancer and polycystic ovary syndrome. Hum Reprod 2012;27:1327–31.

9. Barry JA, Azizia MM, Hardiman PJ. Risk of endometrial, ovarian and breast
cancer in women with polycystic ovary syndrome: a systematic review and
meta-analysis. Hum Reprod Update 2014;20:748–58.

10. Dokras A, Stener-Victorin E, Yildiz BO, Li R, Ottey S, Shah D, et al. Androgen
Excess-Polycystic Ovary Syndrome Society: position statement on depres-
sion, anxiety, quality of life, and eating disorders in polycystic ovary syn-
drome. Fertil Steril 2018;109:888–99.

11. Gibson-Helm M, Teede H, Dunaif A, Dokras A. Delayed diagnosis and a lack
of information associated with dissatisfaction in women with polycystic
ovary syndrome. J Clin Endocrinol Metab 2017;102:604–12.
108
12. Rotterdam ESHRE/ASRM-Sponsored PCOS consensus workshop group.
Revised 2003 consensus on diagnostic criteria and long-term health risks
related to polycystic ovary syndrome (PCOS). Hum Reprod 2004;19:41–7.

13. Dewailly D, Lujan ME, Carmina E, Cedars MI, Laven J, Norman RJ, et al. Defi-
nition and significance of polycystic ovarian morphology: a task force report
from the Androgen Excess and Polycystic Ovary Syndrome Society. Hum Re-
prod Update 2014;20:334–52.

14. Teede HJ, MissoML, Costello MF, Docras A, Laaven J, Moran L, et al. Recom-
mendations from the international evidence-based guideline for the assess-
ment and management of polycystic ovary syndrome. Fertil Steril 2018;110:
364–79.

15. Welt CK, Carmina E. Clinical review: lifecycle of polycystic ovary syndrome
(PCOS): from in utero to menopause. J Clin Endocrinol Metab 2013;98:
4629–38.

16. Aiyappan SK, Karpagam B, Vadanika V, Chidambaram PK, Vinayagam S,
Saravanan KC. Age-related normogram for ovarian antral follicle count in
women with polycystic ovary syndrome and comparison with age matched
controls using magnetic resonance imaging. J Clin Diagn Res 2016;10:
TC11–3.

17. Johnstone EB, Rosen MP, Neril R, Trevithick D, Sternfeld B, Murphy R, et al.
The polycystic ovary post-Rotterdam: a common, age-dependent finding in
ovulatory women without metabolic significance. J Clin Endocrinol Metab
2010;95:4965–72.

18. Mortensen M, Ehrmann DA, Littlejohn E, Rosenfield RL. Asymptomatic vol-
unteers with a polycystic ovary are a functionally distinct but heterogeneous
population. J Clin Endocrinol Metab 2009;94:1579–86.

19. Codner E, Villarroel C, Eyzaguirre FC, L�opez P, Merino PM, P�erez-Bravo F,
et al. Polycystic ovarian morphology in postmenarchal adolescents. Fertil
Steril 2011;95:702–6.e1–2.

20. Yoo RY, Sirlin CB, Gottschalk M, Chang RJ. Ovarian imaging by magnetic
resonance in obese adolescent girls with polycystic ovary syndrome: a pilot
study. Fertil Steril 2005;84:985–95.

21. Barber TM, Alvey C, Greenslade T, Gooding M, Barber D, Smith R, et al. Pat-
terns of ovarian morphology in polycystic ovary syndrome: a study utilising
magnetic resonance imaging. Eur Radiol 2010;20:1207–13.

22. Kenigsberg LE, Agarwal C, Sin S, Shifteh K, Isasi CR, Crespi R, et al. Clinical
utility of magnetic resonance imaging and ultrasonography for diagnosis of
polycystic ovary syndrome in adolescent girls. Fertil Steril 2015;104:1302–9.

23. Brown M, Park AS, Shayya RF, Wolfson T, Su HI, Chang RJ. Ovarian imaging
by magnetic resonance in adolescent girls with polycystic ovary syndrome
and age-matched controls. J Magn Reson Imaging 2013;38:689–93.

24. Yeckel CW,Weiss R, Dziura J, Taksali SE, Dufour S, Burgert TS, et al. Validation
of insulin sensitivity indices from oral glucose tolerance test parameters in
obese children and adolescents. J Clin Endocrinol Metab 2004;89:1096–101.

25. Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner RC.
Homeostasis model assessment: insulin resistance and beta-cell function
from fasting plasma glucose and insulin concentrations in man. Diabetolo-
gia 1985;28:412–9.

26. Sample WF, Lippe BM, Gyepes MT. Gray-scale ultrasonography of the
normal female pelvis. Radiology 1977;125:477–83.

27. Chang RJ, Cook-Andersen H. Disordered follicle development. Mol Cell En-
docrinol 2013;373:51–60.

28. FondinM, Rachas A, Huynh V, Franchi-Abella S, Teglas JP, Duranteau L, et al.
Polycystic ovary syndrome in adolescents: which MR imaging-based diag-
nostic criteria? Radiology 2017;285:961–70.

29. Sopher AB, Grigoriev G, Laura D, Cameo T, Lerner JP, Chang RJ, et al. Anti-
mullerian hormone may be a useful adjunct in the diagnosis of polycystic
ovary syndrome in nonobese adolescents. J Pediatr Endocrinol Metab
2014;27:1175–9.

30. Hart R, Doherty DA, Norman RJ, Franks S, Dickinson JE, Hickey M, et al.
Serum antimullerian hormone (AMH) levels are elevated in adolescent girls
with polycystic ovaries and the polycystic ovarian syndrome (PCOS). Fertil
Steril 2010;94:1118–21.

31. Park AS, Lawson MA, Chuan SS, Oberfield SE, Hoeger KM, Witchel SF, et al.
Serum anti-mullerian hormone concentrations are elevated in oligomenor-
rheic girls without evidence of hyperandrogenism. J Clin Endocrinol Metab
2010;95:1786–92.
VOL. 3 NO. 2 / JUNE 2022

http://refhub.elsevier.com/S2666-3341(22)00009-5/sref1
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref1
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref2
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref2
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref2
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref2
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref3
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref3
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref3
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref4
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref4
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref4
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref5
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref5
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref6
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref6
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref6
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref6
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref7
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref7
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref7
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref7
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref7
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref8
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref8
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref9
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref9
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref9
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref10
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref10
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref10
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref10
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref11
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref11
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref11
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref12
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref12
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref12
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref13
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref13
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref13
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref13
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref14
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref14
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref14
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref14
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref15
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref15
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref15
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref16
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref16
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref16
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref16
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref16
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref17
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref17
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref17
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref17
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref18
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref18
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref18
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref19
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref19
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref19
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref19
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref19
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref20
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref20
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref20
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref21
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref21
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref21
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref22
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref22
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref22
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref23
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref23
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref23
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref24
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref24
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref24
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref25
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref25
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref25
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref25
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref26
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref26
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref27
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref27
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref28
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref28
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref28
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref29
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref29
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref29
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref29
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref30
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref30
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref30
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref30
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref31
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref31
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref31
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref31


Fertil Steril Rep®
32. Laven JS, Mulders AG, Visser JA, Themmen AP, De Jong FH, Fauser BC. Anti-
m€ullerian hormone serum concentrations in normoovulatory and anovulatory
women of reproductive age. J Clin Endocrinol Metab 2004;89:318–23.

33. Leonhardt H, Hellstr€om M, Gull B, Lind AK, Nilsson L, Janson PO, et al.
Ovarian morphology assessed by magnetic resonance imaging in women
with and without polycystic ovary syndrome and associations with anti-
m€ullerian hormone, free testosterone, and glucose disposal rate. Fertil Steril
2014;101:1747–56.

34. Azziz R, Marin C, Hoq L, Badamgarav E, Song P. Health care-related eco-
nomic burden of the polycystic ovary syndrome during the reproductive
life span. J Clin Endocrinol Metab 2005;90:4650–8.
VOL. 3 NO. 2 / JUNE 2022
35. Zore T, Lizneva D, Brakta S, Walker W, Suturina L, Azziz R. Minimal differ-
ence in phenotype between adolescents and young adults with polycystic
ovary syndrome. Fertil Steril 2019;111:389–96.

36. Hagedorn KN, Hayatghaibi SE, Levine MH, Orth RC. Cost comparison of ul-
trasound versusMRI to diagnose adolescent female patients presenting with
acute abdominal/pelvic pain using time-driven activity-based costing. Acad
Radiol 2019;26:1618–24.

37. Gyftopoulos S, Guja KE, Subhas N, Virk MS, Gold HT. Cost-effectiveness of
magnetic resonance imaging versus ultrasound for the detection of symp-
tomatic full-thickness supraspinatus tendon tears. J Shoulder Elbow Surg
2017;26:2067–77.
109

http://refhub.elsevier.com/S2666-3341(22)00009-5/sref33
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref33
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref33
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref33
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref32
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref32
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref32
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref32
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref32
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref32
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref32
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref34
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref34
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref34
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref35
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref35
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref35
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref36
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref36
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref36
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref36
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref37
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref37
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref37
http://refhub.elsevier.com/S2666-3341(22)00009-5/sref37

	Ovarian follicle count by magnetic resonance imaging is greater in adolescents and young adults with polycystic ovary syndr ...
	Materials and methods
	Clinical Studies
	Laboratory Studies
	Biplanar MRI and Three-Dimensional Volumetric Study
	Data Analysis

	Results
	Discussion
	Conclusion
	References


