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ABSTRACT 

BACKGROUND: Polycystic ovary morphology (PCOM) on ultrasonography is considered as a cardinal feature of polycystic ovarian 
syndrome (PCOS). Its relevance as a diagnostic criterion for PCOS was reaffirmed in the most recent International Evidence-Based 
Guideline for the Assessment and Management of PCOS. However, there remains a lack of clarity regarding the best practices and 
specific ultrasonographic markers to define PCOM.

OBJECTIVE AND RATIONALE: The aim of this systematic review and diagnostic meta-analysis was to assess the diagnostic accuracy 
of various ultrasonographic features of ovarian morphology in the diagnosis of PCOS.

SEARCH METHODS: Relevant studies published from 1 January 1990 to 12 June 2023 were identified by a systematic search in 
PubMed, Web of Science, Scopus, CINAHL, and CENTRAL. Studies that generated diagnostic accuracy measures (e.g. proposed thresh
olds, sensitivity, specificity) for PCOS using the following ultrasonographic markers met criteria for inclusion: follicle number per 
ovary (FNPO) or per single cross-section (FNPS), ovarian volume (OV), and stromal features. Studies on pregnant or post-menopausal 
women were excluded. Risk of bias and applicability assessment for diagnostic test accuracy studies were determined using the 
QUADAS-2 and QUADAS-C tool for a single index test or between multiple index tests, respectively. Diagnostic meta-analysis was 
conducted using a bivariate model of pooled sensitivity and specificity, and visualized using forest plots and summary receiver- 
operating characteristic (SROC) curves.

OUTCOMES: From a total of 2197 records initially identified, 31 studies were included. Data from five and two studies were excluded 
from the meta-analysis due to duplicate study populations or limited data for the index test, leaving 24 studies. Pooled results of 20 
adult studies consisted of 3883 control participants and 3859 individuals with PCOS. FNPO was the most accurate diagnostic marker 
(sensitivity: 84%, CI: 81–87%; specificity: 91%, CI: 86–94%; AUC: 0.905) in adult women. OV and FNPS had similar pooled sensitivities 
(OV: 81%, CI: 76–86%; FNPS: 81%, CI: 70–89%) but inferior pooled specificities (OV: 81%, CI: 75–86%; FNPS: 83%, CI: 75–88%) and AUCs 
(OV: 0.856; FNPS: 0.870) compared to FNPO. Pooled results from four adolescent studies consisting of 210 control participants and 268 
girls with PCOS suggested that OV may be a robust ultrasonographic marker for PCOS diagnosis albeit the current evidence remains 
limited. The majority of the studies had high risk of bias for the patient selection (e.g. lack of randomized/consecutive patient 
selection) and index test (e.g. lack of pre-proposed thresholds for comparison) domains across all ultrasonographic markers. As such, 
diagnostic meta-analysis was unable to determine the most accurate cutoff for ultrasonographic markers to diagnose PCOS. Subgroup 
analysis suggested that stratification based on previously proposed diagnostic thresholds, age, BMI, or technology did not account for 
the heterogeneity in diagnostic accuracy observed across the studies. Studies that diagnosed PCOS using the Rotterdam criteria had 
improved sensitivity for FNPO. Studies from North America had lower diagnostic accuracy when compared to Asian studies (FNPO: 
sensitivity) and European studies (OV: specificity, diagnostic odds ratio and positive likelihood ratio). Geographic differences in diag
nostic accuracy may potentially be due to differences in age, BMI, and diagnostic criteria of the PCOS group across regions.

WIDER IMPLICATIONS: This diagnostic meta-analysis supports the use of FNPO as the gold standard in the ultrasonographic diagno
sis of PCOS in adult women. OV and FNPS provide alternatives if total antral follicle counts cannot be accurately obtained. Our 
findings support the potential for ultrasonographic evidence of PCOM in adolescents as more data becomes available. Subgroup 
analysis suggests the need to investigate any relative contributions of geographical differences on PCOS phenotypes. These findings 
may provide the basis for the development of strategies and best practices toward a standardized definition of PCOM and a more 
accurate ultrasonographic evaluation of PCOS.
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GRAPHICAL ABSTRACT 

Systematic review and diagnostic meta-analysis supports follicle number per ovary (FNPO) as the most accurate ovarian ultrasound marker in the 
diagnosis of PCOS.
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Introduction
Polycystic ovary syndrome (PCOS) is a complex endocrine disor
der that impacts up to 13% of women of reproductive age, as a 
leading cause of anovulatory infertility (Azziz et al., 2016). 
Symptoms and signs of PCOS include a combination of biochemi
cal, clinical, and morphological indicators of androgen excess 
and ovulatory dysfunction (Teede et al., 2018a). In particular, 
polycystic ovary morphology (PCOM) was established as a key 
feature of PCOS since the earliest descriptions of the condition 
(Stein and Leventhal, 1935). PCOM is commonly evaluated using 
pelvic ultrasonography and described as an ovarian enlargement 
(i.e. increased ovarian volume (OV)) and/or an excess of small an
tral follicles, either within the entire ovary (FNPO) or within a sin
gle cross-sectional image (FNPS) (Dewailly et al., 2014b). Other 
morphological features, including the peripheral organization of 
follicles within the ovary and the echogenicity and relative abun
dance of the ovarian stroma, have been investigated in the con
text of PCOS but their utility to define PCOM is less defined 
(Christ et al., 2014; Dewailly et al., 2014b). Despite its namesake, 
controversy has persisted surrounding the relevance of PCOM to 
serve as a diagnostic criterion for PCOS due to factors such as its 
prevalence in regular cycling women (Johnstone et al., 2010; 
Kristensen et al., 2010), the emphasis on biochemical or clinical 
assessments of PCOS by previous consensus diagnostic criteria 
(Zawadski and Dunaif, 1992; Azziz et al., 2006), as well as a lack of 
standardization across methodology and technology used to as
sess and define PCOM (Dewailly et al., 2014b).

In 2018, the International Evidence-based Guideline for the 
Assessment and Management of PCOS reaffirmed the inclusion 
of PCOM in its recommended diagnostic criteria for PCOS (Teede 
et al., 2018a). However, the authors noted that evidence-based 
recommendations to define PCOM were not available and further 
research to comprehensively assess its diagnostic performance 
in detecting PCOS was needed (Teede et al., 2018b).

Therefore, the primary purpose of this systematic review and 
meta-analysis was to evaluate the diagnostic accuracy of ultraso
nographic ovarian markers in the diagnosis of PCOS. In addition, 
a secondary aim was to identify potential strategies and best 
practices that would work toward a standardized definition 
of PCOM.

Methods
The systematic review was conducted in accordance to the 
Preferred Reporting Items for Systematic Reviews and Meta- 
Analyses (PRISMA) guidelines for Diagnostic Test Accuracy 
(McInnes et al., 2018). The PICO criteria were defined before the 
literature search and detailed in Supplementary Table S1. 
Concisely, our study question was, in comparing women with or 
without PCOS (P), what is the most accurate ultrasonographic cri
teria (I) to diagnose PCOS (O)?

The study protocol was registered and is available at the 
International Prospective Register of Systematic Reviews 
(PROSPERO) (Registration ID: CRD42021259118).

Search strategy
A systematic search of published literature was initially con
ducted in the electronic databases of MEDLINE, Institute for 
Scientific Information (ISI) Web of Science, Scopus, Cochrane 
Central Register of Controlled Trials (CENTRAL), and Cumulative 
Index to Nursing and Allied Health Literature (CINAHL) from 31 
December 2020 through 8 January 2021 using a search strategy 
based on the PICO framework (Supplementary Table S1). The 

search was continuously updated to identify the newest relevant 
studies until 12 June 2023. Details of the search strategy are 
available (Supplementary Table S2). Further, manual searches of 
the reference list of included studies supplemented the elec
tronic database searches. Non-English studies, animal studies, or 
studies published before 1990 were excluded. The last adjust
ment was chosen to allow the inclusion of studies where the 
PCOS diagnosis was compiled by the 1990 NIH (Zawadski and 
Dunaif, 1992), 2003 Rotterdam (The Rotterdam ESHRE/ASRM- 
Sponsored PCOS Consensus Workshop Group, 2004), 2006 
Androgen Excess and PCOS Society (AE-PCOS) (Azziz et al., 2006), 
or 2018 International Guideline (Teede et al., 2018a) criteria.

Study selection
Studies were included if they met the PICO criteria described in 
Supplementary Table S1. Briefly, observational (cross-sectional, 
case–control, cohort) studies or cross-sectional analysis of base
line measures from non-randomized or randomized control trials 
on women of reproductive age with and without PCOS were in
cluded wherein transvaginal (adult) or transabdominal/transrec
tal (adolescent) ultrasonographic markers were used in the 
diagnosis of PCOS. Adult women were defined as individuals be
tween 18 and 50 years old. Adolescent girls were defined as 
individuals <20 years old and at least 1-year post-menarche in 
line with the recommendations from the 2018 International 
Guideline (Teede et al., 2018a; Pe~na et al., 2020).

Systematic reviews, evidence-based guidelines, non-peer- 
reviewed studies, case series, and animal studies were excluded. 
In addition, studies fulfilling the following criteria were excluded: 
studies limited to pregnant and post-menopausal (>50 years old) 
women; studies wherein the diagnosis of PCOS did not comply 
with the NIH, Rotterdam, AE-PCOS, or International Guideline 
criteria; studies that exclusively used other imaging methods, 
such as MRI or computerized tomography (CT); and studies 
where data were irretrievable after contacting their correspond
ing authors. Our primary outcome was diagnostic test accuracy 
measures (i.e. proposed thresholds, sensitivity, specificity, AUC) 
of the following ultrasound ovarian markers: follicle number per 
whole ovary (FNPO) or within a single cross-section/slice (FNPS), 
OV, and stromal features. Proposed thresholds were defined as 
those recommended by authors based on their chosen methodol
ogy (e.g. Youden’s index in ROC analysis, 95th percentile of a 
healthy population, previously recommended thresholds). The 
screening process was completed by four investigators (J.P., J.B., 
C.W., and K.G.) independently using the double-blind coding as
signment function of the online Covidence systematic review 
platform (Covidence.org, Alfred Health, Melbourne, Australia) 
and Excel. Review of all citations identified by the search strategy 
was conducted first by title and abstract followed by full text to 
determine eligibility. All discrepancies were resolved by consen
sus with an additional investigator (M.E.L.).

Risk of bias and applicability assessment
Methodological quality items and types of bias were evaluated 
using the Quality Assessment of Diagnostic Accuracy Studies 
(QUADAS-2) tool and the QUADAS-C. QUADAS-2 is a validated 
tool developed specifically for primary diagnostic accuracy stud
ies that addresses four domains: patient selection, index test, ref
erence standard, and flow and timing (Whiting et al., 2011). The 
first three domains are also assessed for applicability concerns. 
Risk of bias and applicability concerns are scored as ‘low’, ‘high’, 
or ‘unclear’. QUADAS-C is an extension tool used to assess risk of 
bias between multiple index tests that are compared within diag
nostic accuracy studies (Yang et al., 2021). Three investigators 
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(J.P., A.L.O., and C.W.) independently evaluated the included 
studies, with any discrepancies being resolved through consen
sus or discussion with an additional investigator (M.E.L.).

Data extraction
The following data were extracted using a standardized protocol, 
including: (i) first author’s name; (ii) study publication year; 
(iii) study design and setting; (iv) country of origin; (v) PCOS diag
nostic criteria used; (vi) ultrasound machine and ultrasound 
transducer frequency range; (vii) participants’ characteristics, in
cluding total sample size and sample size of cases and controls; 
(viii) participants’ age; (ix) participants’ BMI; (x) sonographic 
ovarian measures assessed; and (xi) diagnostic test accuracy 
measures, including proposed diagnostic thresholds, sensitivity, 
specificity and AUC values with their corresponding 95% confi
dence intervals, in the diagnosis of PCOS (per patient). Mean dif
ferences and SD of sonographic measures, age, and BMI were 
collected for both control women and women with PCOS. Where 
SEM were only reported, SD were calculated using a formula SD 
¼ SEM � square root (n), where n is the number of participants 
(Higgins et al., 2019). When medians and percentile ranges were 
reported instead of means and SD, we used the median in place 
of mean and appropriate formulas were used to calculate SD 
from percentile ranges (Wan et al., 2014; Higgins et al., 2019). In 
the case of any missing or unclear data, two attempts were made 
to contact the corresponding author by email to request data or 
clarify methods. Data extraction was completed by five investiga
tors (J.P., J.B., F.E.C., C.W., and K.G.) independently and was 
reviewed by all authors (A.L.O., L.M.J., and M.E.L.) for any poten
tial extraction error.

Statistical analysis
Summary statistics for diagnostic accuracy, namely the proposed 
diagnostic threshold, sensitivity, and specificity values, were gen
erated from included studies. If multiple studies included the 
same study population, the study with the greatest sample size 
was included for meta-analysis. A bivariate generalized linear 
mixed model was used to determine pooled sensitivity and spe
cificity and their 95% confidence intervals. This approach models 
between-study heterogeneity in the sensitivity and specificity 
and the correlation between them directly using random effects 
(Reitsma et al., 2005). When bivariate models did not converge, 
the correlation between the sensitivity and specificity was set to 
zero or one of the random effects was removed from the model. 
The bivariate generalized linear mixed model also determined 
additional diagnostic measures such as diagnostic odds ratio 
(DOR) and likelihood ratio (LR). DOR is a single indicator of test 
performance, similar to accuracy, but is independent of disease 
prevalence. Similarly, LR is independent of disease prevalence 
and based on the ratio of sensitivity and specificity. The positive 
LR (LRþ) determines the likelihood of an individual having the 
disease upon testing whereas a negative LR (LR−) determines the 
likelihood of an individual not having the disease upon testing.

To describe inter-study heterogeneity, we constructed forest 
plots and summary receiver-operating characteristic (SROC) 
curves with 95% prediction regions estimated using bivariate 
model meta-analysis. Given that meta-analysis of diagnostic test 
accuracy requires the knowledge of bivariate data in the form of 
sensitivity and specificity, statistical approaches for systematic 
reviews of interventions, such as Cochran’s Q and I2 statistic, 
were avoided. Subgroup analyses were performed to investigate 
potential sources of heterogeneity determined a priori and as ap
propriate based on the availability of data. Bivariate models were 
fitted with the following covariates to explore the influence of: 

(i) participants’ mean age, (ii) participants’ mean BMI, (iii) ultra
sound transducer frequency, (iv) PCOS diagnostic criteria, 
(v) country of origin, (vi) ovarian measurement methodology, and 
(vii) risk of bias. Given that conventional funnel plot asymmetry 
uses DORs and even sample sizes of diseased and non-diseased 
groups to determine publication bias, they may be misleading in 
diagnostic test accuracy studies which have expectedly high 
DORs and often uneven sample sizes due to case–control study 
designs or prevalence of disease. Therefore, a modified funnel 
plot asymmetry method for diagnostic accuracy studies was con
structed using the association between log DOR (lnDOR) and 
‘effective sample size’ (ESS), which is a simple function of the 
number of diseased and non-diseased individuals (Deeks et al., 
2005). All analyses were performed (J.P. and L.M.J) using Review 
Manager (RevMan) 5 (The Nordic Cochrane Center, Copenhagen, 
Norway), R (R Core Team, 2020), RStudio Version 1.3.959 (Rstudio 
Team, 2020), and the Hmisc (Harrell, 2021), the ggplot2 
(Wickham, 2016), the mada (Doebler, 2020), the metafor 
(Viechtbauer, 2010), and the msm (Jackson, 2011) packages. 
Results were considered significant at P� 0.05.

Results
Search results and characteristics of 
included studies
Overall, 2197 records were identified through the systematic 
database searches. In total, 1353 records were excluded during ti
tle and abstract screening and 130 records were excluded after 
full text review (Fig. 1). Finally, 31 studies (Fulghesu et al., 2001; 
Jonard et al., 2005; Allemand et al., 2006; Chen et al., 2008a,b; 
Alsamarai et al., 2009; Dewailly et al., 2011, 2014a; Diamanti- 
Kandarakis et al., 2011; K€oş€uş et al., 2011a,b; Lujan et al., 2013; 
Villa et al., 2013; Bili et al., 2014; Christ et al., 2014; K€oninger et al., 
2014; Çiraci et al., 2015; Villarroel et al., 2015; Carmina et al., 2016; 
Kim et al., 2017; Lie Fong et al., 2017; Kar and Swoyam, 2018; 
Wongwananuruk et al., 2018; Ahmad et al., 2019; Ertekin et al., 
2019; Jarrett et al., 2019; Khashchenko et al., 2020; Le et al., 2021; 
Gim�enez-Peralta et al., 2022; €Ozay et al., 2022; Vanden Brink et al., 
2023) that proposed diagnostic thresholds for sonographic ovar
ian markers to diagnose PCOS were deemed eligible for inclusion.

General characteristics of the included studies are presented 
in Table 1. The selected studies included 9144 participants, with 
4464 control women and 4680 women with PCOS. Among the 
adult studies, 18 proposed diagnostic thresholds for FNPO, 21 
studies, for OV, and seven studies, for FNPS. In addition, two 
studies proposed diagnostic thresholds for ovarian area (OA) 
(Jonard et al., 2005; Christ et al., 2014) and one for ovarian contour 
(Bili et al., 2014). Five studies proposed diagnostic thresholds us
ing stromal features, including stromal area (SA) (Christ et al., 
2014), stromal volume (Kar and Swoyam, 2018), stromal area 
over total ovarian area (S/A) (Fulghesu et al., 2001), stromal thick
ness (€Ozay et al., 2022), and stromal strain ratio (Çiraci et al., 
2015). Several studies proposed multiple diagnostic thresholds, 
including phenotype-specific thresholds (K€oninger et al., 2014), 
left and right ovary thresholds (Jarrett et al., 2019; €Ozay et al., 
2022), three-dimensional (3D) thresholds (Allemand et al., 2006; 
Kar and Swoyam, 2018), and age-specific thresholds (Kim et al., 
2017; Lie Fong et al., 2017; Ahmad et al., 2019). A range of diagnos
tic thresholds were proposed across each ultrasonographic 
marker. For FNPO, the included studies proposed a range of cut
offs from 8 to 28 follicles per ovary. For OV, the included studies 
proposed a range of cutoffs from 6 to 13 cm3. For FNPS, the in
cluded studies proposed a range of cutoffs from 7 to 13 follicles 
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per cross-sectional image. The included studies primarily pre
sented ovarian morphology measurements using the average 
value between the two ovaries (83% for FNPO, 71% for OV, 57% 
for FNPS) whereas the remainder presented the maximum mea
surement across both ovaries. Diagnosis of PCOS was mostly con
ducted using the NIH criteria (18/31 studies) followed by the 
Rotterdam (12/31 studies) and AE-PCOS criteria (1/31 studies). 
Four adolescent studies were identified, of which all proposed di
agnostic thresholds for OV (Chen et al., 2008b; Villa et al., 2013; 
Villarroel et al., 2015; Khashchenko et al., 2020) as well as one, for 
FNPO (Villarroel et al., 2015) and one, for ovarian to uterine index 
(OUI) (Khashchenko et al., 2020).

Risk of bias and applicability assessments
The proportions of risk of bias and applicability assessments 
based upon the QUADAS-2 and QUADAS-C tools are presented in  
Fig. 2. Only one study (Dewailly et al., 2011) met a low risk of bias 
for the Patient Selection domain. The remaining studies were 
graded as high risk of bias due to lack of randomized patient se
lection or consecutive sampling when evaluating individual in
dex tests or comparing diagnostic test accuracy across multiple 
tests. All studies were also graded for high risk of bias in the 

Index Test domain primarily due to the methodology for 
proposed thresholds. None of the proposed thresholds were pre- 
specified and were instead determined using either Youden’s in
dex (which balances sensitivity and specificity) or using the 95th 
percentile of the control group. Both approaches have been used 
to define cutoffs for PCOM (Dewailly et al., 2014b) but generate a 
‘threshold effect’ that introduces additional bias when compar
ing diagnostic accuracy. In addition, the 95th percentile cutoff is 
arbitrary and may not accurately reflect meaningful long-term 
health outcomes for PCOS patients. A low risk of bias was deter
mined across index tests for most studies for the Reference 
Standard (FNPO: 58%; OV: 60%; FNPS: 71%; Stroma: 60%) and for 
Flow and Timing (FNPO: 79%; OV: 80%; FNPS: 71%; Stroma: 80%) 
domains. Given that the QUADAS-C tool incorporates QUADAS-2 
scoring in its assessment of bias between index tests within a 
study, all studies were graded as high risk of bias in the Index 
Test domain. However, low risk of bias when comparing index 
tests within a study was determined for the majority of other 
three domains (Patient Selection: 16/17 (94%); Reference 
Standard: 12/17 (71%); Flow and Timing: 16/17 (94%)). For most 
index tests, concerns for applicability were primarily graded as 
low in the Patient Selection (FNPO: 79%; OV: 80%; FNPS: 100%) 

Figure 1. Preferred Reporting Items for Systematic Review and Meta-Analyses (PRISMA) flow diagram of the systematic search and study 
selection process.
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and Reference Standard (FNPO: 100%; OV: 92%; FNPS: 100%; 
Stroma: 100%) domains. The only exception was Stroma in which 
majority had high concerns regarding applicability for Patient 
Selection (40%). For the Index Test domain, most studies were 
also given low concerns regarding applicability for FNPO (63%), 
OV (80%), and Stroma (100%). However, there were high concerns 
regarding applicability for FNPS (29%). Full details of QUADAS-2 
and QUADAS-C scores for each study and index test are pre
sented in Supplementary Table S3 for adults and Supplementary 
Table S4 for adolescents.

Diagnostic meta-analysis
Five studies (Alsamarai et al., 2009; K€oş€uş et al., 2011a; Christ 
et al., 2014; Jarrett et al., 2019; Vanden Brink et al., 2023) used the 
same study population when evaluating diagnostic accuracy of 
ultrasonographic ovarian markers and were omitted from the 
meta-analysis. One study included in the meta-analysis used the 
same control group when proposing diagnostic thresholds for 
two PCOS phenotypes (Severe, Mild) based upon the Rotterdam 
criteria (K€oninger et al., 2014). Given the limited number of stud
ies and the variation in features measured, meta-analysis was 
not conducted on certain ovarian (OA, ovarian contour) and all 
stromal features. This process excluded two studies (Fulghesu 
et al., 2001; €Ozay et al., 2022) that evaluated stromal features ex
clusively from the meta-analysis. In the end, 8338 unique study 
participants (4156 control participants and 4182 women with 
PCOS), including 7442 adult women (3883 control and 3859 PCOS) 
and 478 adolescent girls (210 control and 268 PCOS), were in
cluded as part of the diagnostic meta-analysis.

Diagnostic accuracy of ultrasonographic markers
The sensitivity and specificity forest plots for the ultrasono
graphic ovarian markers are presented in Fig. 3 and a summary 
of the pooled diagnostic measures is presented in Table 2. Pooled 
sensitivity was similar across all ultrasonographic markers 
whereas pooled specificity was greater for FNPO compared to OV. 
The improved pooled specificity for FNPO contributed to its 
higher diagnostic accuracy compared to OV as defined by its AUC 
value when visualizing all markers on SROC curves (Fig. 4). 
Although FNPO also had elevated specificity compared to FNPS, 
the two markers overlapped in their 95% confidence region, con
tributing to an intermediate AUC value for FNPS (0.870) that was 
lower than FNPO (0.905) but higher than OV (0.856). Similarly, 
FNPO had a higher DOR compared to OV and FNPS but exhibited 
overlap in their 95% confidence regions. FNPO had an elevated 
LRþ compared to OV and FNPS whereas the LR− was similar 
across all markers. As judged by the forest plots and SROC 
curves, FNPO had less within-study and between-study variabil
ity in its diagnostic accuracy, respectively, compared to OV and 
FNPS (Figs 3 and 4). Diagnostic meta-analysis was only possible 
for OV in adolescent studies due to the limited number of studies 
available. However, pooled diagnostic measures for OV in adoles
cents suggest that they may offer similar accuracy as OV in 
adults (Table 2). Statistical tests evaluating the association be
tween lnDOR and ESS showed no evidence of funnel plot asym
metry for FNPO (P¼0.37), FNPS (P¼0.10), and OV in adolescents 
(P¼0.71). In contrast, there was significant funnel plot asymme
try for OV in adults (P¼ 0.01) (Supplementary Fig. S1). Given that 
heterogeneity in test accuracy is expected in diagnostic test accu
racy reviews, it is unclear whether the observed funnel plot 
asymmetry for OV is due to publication bias alone (Macaskill 
et al., 2010).

Subgroup analysis
Stratified meta-analyses using pre-determined subgroups were 
conducted to explore potential sources of heterogeneity across 
studies and are presented in Table 3. For FNPO, studies were 
stratified based on whether their proposed thresholds were 
above or below previously recommended diagnostic thresholds, 
such as the �12 follicles threshold (The Rotterdam ESHRE/ASRM- 
Sponsored PCOS Consensus Workshop Group, 2004) and the �20 
follicles threshold (Teede et al., 2018a). The proposed threshold of 
�25 follicles previously recommended by the AE-PCOS society 
(Dewailly et al., 2014b) was not evaluated since only one study 
(Lujan et al., 2013) met that cutoff. There was no significant 
threshold effect for FNPO. Similarly, stratification based upon 
the previously proposed �10 cm3 threshold did not improve diag
nostic measures for OV.

Age-specific stratifications separating adult studies with 
mean PCOS age of �30 years old and those with mean age 
<30 years old did not improve diagnostic measures for both 
FNPO and OV. Similar results were observed when stratifying age 
for the control population (data not shown). There was an im
provement in sensitivity when stratifying for study populations 
�30 years old for FNPS. However, there was considerable overlap 
in the 95% confidence region and a limited number of studies be
tween age groups for FNPS (Table 3; Supplementary Fig. S2). 
From studies that reported the mean age of their PCOS popula
tion, the weighted mean age for FNPO, OV, and FNPS were 26.28 ± 
1.63, 26.91 ± 3.42, and 27.90 ± 4.69 years old, respectively. Similar 
weighted means were observed for the age of the control popula
tion across markers.

BMI-specific stratifications separating studies with mean 
PCOS BMI of �30 kg/m2 (‘obese’) and <30 kg/m2 (‘non-obese’) did 
not improve diagnostic measures in both FNPO, OV, or FNPS. 
Similar findings were also observed when stratifying for BMI in 
the control population (data not shown).

Geographic stratifications separated adult studies into three 
general regions: North America, Europe and Asia. Studies from 
North America had lower diagnostic accuracy compared to stud
ies from Europe and Asia for both FNPO and OV. Specifically, 
Asian studies had improved sensitivity for FNPO and European 
studies had improved specificity, DOR and LRþ for OV compared 
to North American studies (Table 3; Supplementary Fig. S2). 
Comparison of the PCOS populations across geographic regions 
showed that the weighted mean for FNPO was highest in North 
American studies (27.10 ± 7.28 follicles), intermediate in 
European studies (22.69 ± 7.49 follicles), and lowest in Asian stud
ies (13.22 ± 4.13 follicles) (Supplementary Fig. S3). In contrast, the 
weighted mean for OV was similar across all geographic regions 
(North America: 10.82 ± 1.38 cm3; Europe: 11.19 ± 2.36 cm3; Asia: 
10.39 ± 2.01 cm3) (Supplementary Fig. S3). For the control popula
tions, North American studies also had a slightly higher weighted 
mean FNPO (10.24 ± 1.89 follicles) and OV (6.48 ± 0.61 cm3) com
pared to European (FNPO: 7.78 ± 1.98 follicles; OV: 5.71 ± 1.10 cm3) 
and Asian (FNPO: 6.94 ± 1.69 follicles; OV: 5.58 ± 0.91 cm3) studies 
(Supplementary Fig. S3).

Although age and BMI did not directly account for heterogene
ity observed across adult studies, they may also underlie the ob
served geographic differences in diagnostic accuracy. The 
weighted mean age in the PCOS population was younger in Asian 
(25.74 ± 0.61 years old) studies compared to North American stud
ies (28.30 ± 0.93 years old) and European (26.80 ± 2.32 years old) 
studies for FNPO (Supplementary Fig. S4). In addition, weighted 
mean age for the control population in European studies was 
older (31.53 ± 2.38 years old) compared to North American (28.14 
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± 1.78 years old) and Asian (27.65 ± 1.04 years old) studies for 
FNPO (Supplementary Fig. S4). For FNPO and OV, the weighted 
mean BMI categorized the PCOS populations for North America 
studies as obese (FNPO: 30.29 ± 0.61 kg/m2; OV: 30.76 ± 1.33 kg/m2) 
whereas PCOS populations for studies from Europe (FNPO: 27.62 
± 0.73 kg/m2; OV: 27.62 ± 1.10 kg/m2) and Asia (FNPO: 26.54 ± 
0.75 kg/m2; OV: 25.27 ± 2.24 kg/m2) were categorized as 

overweight (Supplementary Fig. S5). For the control population, 
the weighted mean BMI for North American studies (FNPO: 23.93 
± 0.05 kg/m2; OV: 24.17 ± 0.71 kg/m2) was also higher than Asian 
studies (FNPO: 22.36 ± 1.23 kg/m2; OV: 21.56 ± 1.29 kg/m2) 
(Supplementary Fig. S5).

Stratifications based on PCOS diagnostic criteria separated 
adult studies into either those diagnosed using the 1990 NIH 

Figure 2. Graphical display of QUADAS-2 and QUADAS-C judgments for risk of bias as percentages across included studies. FNPO: follicle number 
per ovary; OV: ovarian volume; FNPS: follicle number per cross-section.
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criteria or those diagnosed using the Rotterdam criteria. One 
study diagnosed PCOS using the AE-PCOS criteria (K€oş€uş et al., 
2011b) and was added to the Rotterdam group. Sensitivity was 
improved for the Rotterdam group versus the 1990 NIH group in 
FNPO (Table 3; Supplementary Fig. S2) whereas there was no sig
nificant difference in diagnostic accuracy measures between 

groups for OV. Stratification of PCOS diagnostic criteria was par
tially aligned by geographic regions. North American studies di
agnosed the condition using only the 1990 NIH criteria (100% 
(5/5)) whereas it was infrequently used in Asian studies (29% (2/ 
7)) in preference for the Rotterdam criteria. Notably, the in
creased pooled sensitivity observed in the Rotterdam group 

Figure 3. Sensitivity and specificity forest plots for ultrasonographic ovarian markers in the diagnosis of polycystic ovary syndrome (PCOS). 
(A) Follicle number per ovary (FNPO), (B) ovarian volume (OV), (C) follicle number per cross-section (FNPS), and (D) OV (adolescents). TP: true positives; 
FP: false positives; FN: false negatives; TN: true negatives; CI: confidence interval.
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versus 1990 NIH group was similar to results comparing Asian 
versus North American studies. European studies applied both 
PCOS diagnostic criteria equally (44% (4/9)).

Ultrasound transducer frequency was stratified based on 
adult studies that used either �8 MHz or <8 MHz, as �8 MHz is 
the recommended transducer frequency to maximal resolution 

Table 2. Summary diagnostic accuracy measures of ultrasonographic markers to detect PCOS.

Index Test N Sensitivity % Specificity % AUC DOR Positive LR Negative LR
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI)

FNPO 16 84.32 (81.27–86.95) 91.06 (86.44–94.21)� 0.905 54.76 (29.69–101.02) 9.43 (7.40–12.03)� 0.17 (0.11–0.26)
OV (adult) 16 81.48 (76.05–85.90) 81.04 (74.66–86.11)� 0.856 18.80 (11.62–30.41) 4.30 (3.28–5.63)� 0.23 (0.17–0.31)
OV (adolescent) 4 81.84 (75.74–86.68) 83.54 (77.06–88.46) 0.892 22.87 (13.16–39.74) 4.97 (3.62–6.82)� 0.22 (0.15–0.31)
FNPS 4 81.07 (70.10–88.67) 82.70 (75.15–88.31) 0.870 20.47 (12.69–33.02) 4.69 (2.99–7.35)� 0.23 (0.17–0.31)

FNPO: follicle number per ovary; OV: ovarian volume; FNPS: follicle number per cross-section; DOR: diagnostic odds ratio; LR: likelihood ratio.
� Significant difference between markers (bolded).

Figure 4. Summary receiver-operating characteristic (SROC) curve for ultrasonographic ovarian markers in the diagnosis of polycystic ovary 
syndrome (PCOS) in adult women. (A) Follicle number per ovary (FNPO), (B) ovarian volume (OV), (C) follicle number per cross-section (FNPS), and 
(D) all ovarian markers. Each symbol represents a single study. The black dot represents the summary point and the dotted region represents the 95% 
confidence region. The diagonal dotted line represents AUC¼0.50 (random chance).
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of antral follicles (Dewailly et al., 2014b; Teede et al., 2018a). 
However, there were no differences in diagnostic accuracy due to 
transducer frequency for both FNPO and OV. Test methodology 
separated studies that used conventional real time approaches 
versus offline analysis. Offline analysis for FNPO improved the 
LRþ compared to real time approaches, however, there are only a 
limited number of studies using offline methods (Table 3). In ad
dition, stratification by methodology also did not improve diag
nostic accuracy for OV. For adolescent studies, one study (Chen 
et al., 2008b) used both transabdominal and transrectal ultraso
nography to evaluate ovarian morphology. Subgroup analysis for 
studies that exclusively used transabdominal ultrasonography 
did not change the diagnostic accuracy of OV.

Given that almost all studies had high risk of bias for the 
Patient Selection and Index Test domains of QUADAS-2, risk of 
bias was stratified with studies at ‘High Risk’ if they also had a 
high risk of bias grade for the Reference Standard and/or Flow 
and Timing domains. Exclusion of ‘High Risk’ studies did not im
prove diagnostic accuracy for FNPO, OV, or FNPS.

Discussion
Main findings
The present systematic review and diagnostic meta-analysis of 
20 studies in adult women, comprising of 3883 control partici
pants and 3859 women with PCOS, indicate that FNPO is the 
most accurate marker for the diagnosis of PCOS on ultrasonogra
phy. OV and FNPS have comparable diagnostic accuracy for 
PCOS yet show poorer performance compared to FNPO. As such, 
OV and FNPS should be used as alternative diagnostic markers 
when accurate measurement of FNPO is not possible. In addition, 
the systematic review identified four adolescent studies consist
ing of 210 control participants and 268 girls with PCOS. Pooled di
agnostic measures suggest that OV in adolescents may offer 
comparable accuracy to OV in adults. However, the currently 
available data are limited and lack the ability to conduct diagnos
tic meta-analysis on other ovarian markers, such as follicle 
counts. Subgroup analysis suggests that stratification based on 
previously proposed diagnostic thresholds, age, BMI, and trans
ducer frequency did not improve diagnostic accuracy for FNPO 
and OV. However, diagnostic accuracy for FNPO improved when 
stratified for studies diagnosing PCOS using the Rotterdam crite
ria versus the 1990 NIH criteria or when stratified for studies us
ing offline follicle counting versus real time methods. There were 
substantial differences in diagnostic accuracy between geo
graphic regions, with North American studies having poorer diag
nostic accuracy compared to Asian and European studies for 
FNPO and OV, respectively. Comparisons of study characteristics 
across geographic regions suggest that differences in age, BMI, 
and diagnostic criteria may indirectly underlie the observed dif
ferences in diagnostic accuracy. Overall, these observations high
light the utility of various ultrasonographic markers of PCOM in 
the diagnosis of PCOS. Nevertheless, it should be noted that most 
included studies were at high risk of bias owing primarily to the 
non-randomized, observational study design, and lack of com
parisons of diagnostic accuracy with previously proposed thresh
olds. Standardization and refinement in the conduct, assessment 
and comparison of PCOM is critical in facilitating a more accurate 
evaluation of PCOS and investigating phenotypic variations in 
the pathogenesis of the condition.

Strengths and limitations
Strengths of this study included a comprehensive database 
search and the use of recommended statistical approaches for 

evaluating diagnostic test accuracy studies. In addition, we 
employed analyses on various study-level variables known to in
fluence ovarian ultrasound markers and their diagnostic accu
racy to identify potential sources of heterogeneity that could be 
leveraged for future research or guide improvement in current 
practice. Risk of bias and concerns regarding applicability were 
evaluated using a quality assessment tool specifically designed 
for diagnostic test accuracy studies. A primary limitation of this 
diagnostic meta-analysis was the lack of proposed summary 
thresholds for any ultrasonographic marker. The inability to de
termine a common threshold to define PCOM was primarily due 
to the heterogeneity across studies and limited data comparing 
previously recommended thresholds and those proposed within 
studies. In addition, we were unable to conduct a diagnostic 
meta-analysis for stromal features given the limited number of 
studies and variety of features proposed. Our subgroup meta- 
analysis integrated aggregated data made available publicly or 
upon request by investigators but remained limited in its inabil
ity to comprehensively evaluate the impact of confounders on di
agnostic accuracy. Our search strategy included English-only 
studies and did not include any grey literature databases. 
Therefore, relevant diagnostic test accuracy studies written in 
other languages or non-peer reviewed data may have been omit
ted from the list of included studies.

Comparison with existing literature
Our observations affirm the recommendations set by the 2018 
International Guideline (Teede et al., 2018a) and the 2014 AE- 
PCOS Task Force Report (Dewailly et al., 2014b) for ultrasono
graphic ovarian features in the context of PCOS diagnosis in adult 
women. Our findings support the use of FNPO as the gold stan
dard ovarian marker for the diagnosis of PCOS. Furthermore, we 
corroborated previous recommendations of OV as a robust alter
native to FNPO. Current evidence attributes PCOM to an excess of 
antral follicles, driven primarily by the accumulation of small 2– 
5 mm follicles (Jonard et al., 2003; Webber et al., 2003; Maciel et al., 
2004; Christ et al., 2015). Although enlarged OV has been widely 
observed in women with PCOS (Balen et al., 2003; Carmina et al., 
2005; de Guevara et al., 2013), OV has not been shown to consis
tently reflect the severity of reproductive dysfunction in PCOS 
(Christ et al., 2015) which aligns with its reduced discriminatory 
power. However, OV still offers strong diagnostic potential in the 
context of varying technology across routine practice and in sit
uations when poor ultrasound image quality prevents accurate 
follicle counting (Dewailly et al., 2014b). In addition, we found 
that FNPS offers similar diagnostic accuracy compared to OV. 
FNPS was not previous recommended in the PCOM diagnostic cri
terion (Dewailly et al., 2014b; Teede et al., 2018a) but our findings 
show promise of using FNPS as an alternative to detect follicle 
excess when counting across the entire ovary is unavailable. 
Both OV and FNPS offer similar or better inter-rater reliability 
compared to FNPO, highlighting their value as alternative 
markers (Lujan et al., 2008). That said, the limited number of 
studies evaluating the diagnostic utility of FNPS indicate a need 
for further research. Our findings also suggest that OV may po
tentially be a robust ovarian marker for PCOS diagnosis in adoles
cent girls. However, current evidence remains limited owing to 
variations in diagnostic criteria (1990 NIH, Rotterdam) and ultra
sonography methods (transabdominal, transrectal) used across 
the studies. In addition, the 2018 International Guideline does 
not recommend the use of ovarian ultrasonography in individu
als <8 years post-menarche owing to the high incidence of PCOM 
and increasing ovarian size during this life stage (Teede et al., 
2018a; Pe~na et al., 2020). With the absence of large longitudinal 
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studies to validate normative ranges of ovarian development 
during the adolescent transition, it may be premature to propose 
the use of ultrasonography in evaluation of adolescents with sus
picion for PCOS.

The use of a transducer frequency �8 MHz has been previ
ously recommended to ensure maximal detection of 2–9 mm an
tral follicles (Dewailly et al., 2014b; Teede et al., 2018a). We had 
anticipated that studies whose transducer frequency included 
�8 MHz would have improved diagnostic accuracy for FNPO. 
However, our data found that diagnostic accuracy for FNPO was 
unaffected after stratification for presumably older (<8 MHz) ver
sus newer (�8 MHz) imaging technology. This discrepancy may 
be due to the lack of reliability of conventional real-time count
ing methods between observers. Previous studies have shown 
that counting the high number of follicles in polycystic ovaries in 
real time has moderate to poor reliability between raters (Lujan 
et al., 2008, 2009) and can significantly misclassify ovaries as hav
ing PCOM (Vanden Brink et al., 2021) even when higher resolution 
transducers are used. As such, detection of more follicles with 
newer imaging technology may not necessarily yield a more ac
curate analysis of PCOS and standardized methodology in follicle 
counting is required for greater reliability across clinicians and 
researchers.

Modeling from cross-sectional and longitudinal follow up 
studies has shown that the prevalence of PCOM and measure
ments of follicle counts and ovarian size decline with age in 
women with PCOS (Hudecova et al., 2009; Glintborg et al., 2012; 
Wiser et al., 2013; Ahmad et al., 2018; Jacewicz-�SwieRcka et al., 
2021; van Keizerswaard et al., 2022). As such, development of age- 
specific diagnostic thresholds for PCOM in women of reproduc
tive age have been recommended by the 2018 International 
Guideline (Teede et al., 2018a) with several having been proposed 
to date (Kim et al., 2017; Lie Fong et al., 2017; Ahmad et al., 2019). 
However, our diagnostic meta-analysis found that age did not 
play a substantial role in the heterogeneity of diagnostic accu
racy across studies for FNPO and OV when studies were stratified 
into age groups of �30 or <30 years old. It should be noted that 
the weighted mean age for the PCOS and control populations 
across all studies for FNPO (PCOS: 26.30 ± 1.68 years old; Control: 
30.43 ± 2.82 years old), OV (PCOS: 27.06 ± 3.44 years old; Control: 
28.86 ± 4.47 years old), and FNPS (PCOS: 27.90 ± 4.69 years old; 
Control: 27.20 ± 4.80 years old) were relatively young, and few 
studies were available to capture individuals �30 years old. 
Consequently, this limited range of age across studies likely 
accounted for the failure to detect an impact of chronological age 
on diagnostic accuracy.

Similarly, we also found that stratification based on BMI did 
not directly account for any heterogeneity in diagnostic accuracy 
across ultrasonographic markers. Previous studies on healthy 
women with obesity indicate that FNPO did not differ when com
pared to their leaner counterparts (Roth et al., 2014; Moslehi et al., 
2018) despite evidence of a negative association between BMI and 
ovarian morphology markers (Moslehi et al., 2018; Peign�e et al., 
2018; Kazemi et al., 2020; Neubronner et al., 2021). The relation
ship between adiposity and FNPO in the context of PCOS is more 
controversial, with studies indicating a significant association 
but uncertainty as to its directionality and specificity in follicle 
subpopulations (Jonard et al., 2003; Christ et al., 2015; Moslehi 
et al., 2018; Peign�e et al., 2018; Neubronner et al., 2021). However, 
our observations support previous evidence that OV is not influ
enced by BMI in either healthy women (Malhotra et al., 2013; 
Neubronner et al., 2021) or women with PCOS (Christ et al., 2015; 
Neubronner et al., 2021).

We found that geographic differences may underlie some of 
the heterogeneity in diagnostic accuracy of ultrasonographic 
markers observed across studies. We noted variation in the man
ifestation of PCOM across regions that could potentially impact 
discriminatory power. In the case of FNPO, we noted higher FNPO 
in North American studies relative to European and Asian studies 
suggestive of greater potential for follicle excess in this geo
graphic region. Our findings of higher follicle count in North 
American PCOS populations versus European populations aligns 
with previously reported differences in FNPS between Caucasian 
women with PCOS from Boston compared with those from 
Iceland (Welt et al., 2006). Likewise, our finding of lower FNPO in 
Asian PCOS populations corroborate other reports from East Asia 
(Lee et al., 2015; Han et al., 2017) as well as comparisons of FNPS 
between North American-based Asian populations and other eth
nicities (Welt et al., 2006). In contrast, our data showed no differ
ences in OV across geographic regions and differs from 
previously reported findings (Welt et al., 2006; Lee et al., 2015; Han 
et al., 2017). It should be noted that the observed geographic dif
ferences in diagnostic accuracy may be partially due to differen
ces in the PCOS diagnostic criteria. North American studies 
exclusively used the 1990 NIH criteria whereas the Asian studies 
preferably used the Rotterdam criteria. We found that the in
creased sensitivity in Asian versus North American studies 
aligned with similar results observed when comparing 
Rotterdam versus 1990 NIH subgroups for FNPO. However, the in
creased diagnostic accuracy measures in European versus North 
American studies for OV did not share the same pattern.

Age and BMI may have also contributed to the observed differ
ences in diagnostic accuracy between geographic groups. We 
noted that the PCOS population in Asian studies was younger 
and leaner than those in North American studies when compar
ing FNPO. This observation aligns with previous comparisons be
tween Caucasian and Asian women with PCOS (Welt et al., 2006; 
Chan et al., 2017). Furthermore, one study that matched for age 
and BMI to compare ethnicity alone between North American 
Caucasian and Asian women reported no differences in preva
lence of PCOM (Wang et al., 2013). These findings suggest that 
geographic variation, which may include a variety of potential 
factors, contributes to differences in ovarian morphology and, by 
extension, diagnostic accuracy in PCOM.

Implications for clinical practice
Our findings reinforce the use of FNPO as the superior ultrasono
graphic marker in the diagnosis of PCOS (Teede et al., 2018b). 
However, there remains room for improvement regarding stan
dardization of best practices in obtaining FNPO to ensure that ac
curacy is maintained across clinicians and researchers, settings 
and technology. We also found OV and FNPS to be alternatives 
with good diagnostic performance if total follicle counts cannot 
be accurately evaluated (e.g. in the case of poor image quality or 
low transducer frequency). In particular, FNPS offers promising 
utility as a proxy for FNPO that can be obtained quickly using a 
single slice of the ovary; however, further evidence is required to 
validate these findings. Likewise, there may be potential to estab
lish a PCOM criteria for adolescents as more data becomes avail
able. Despite the clinical heterogeneity and limited quality across 
studies, the sensitivity and specificity of the observed ovarian ul
trasound markers remained generally consistent and highlights 
their utility for accurately capturing PCOS.

Implications for future research
Given the heterogeneity across studies, standardization in the 
evaluation of ultrasonographic ovarian features is required to 

Diagnostic meta-analysis of ultrasound criteria for PCOS | 125  



ensure a more accurate diagnosis of PCOS. Although real time 
follicle counting remains the conventional method, it has been 
shown to exhibit moderate to poor inter-rater reliability across 
clinicians when evaluating polycystic ovaries (Lujan et al., 2008, 
2009). Indeed, our subgroup analysis suggests that alternative 
approaches, such as offline analysis, may have a greater likeli
hood of detecting PCOS although there remains a limited number 
of studies. Several approaches in follicle counting have been ex
plored toward improving standardization and reproducibility, in
cluding formal training workshops across clinicians (Lujan et al., 
2008) or the use of a grid overlay in either offline (Lujan et al., 
2010) or real time follicle counting (Vanden Brink et al., 2021). 
With the advent of new ultrasound technology, 3D follicle count
ing has also been strongly considered, albeit few data are avail
able in the context of PCOS diagnosis (Allemand et al., 2006; 
Battaglia et al., 2012; Kar and Swoyam, 2018). Compared to 2D 
approaches, inter-observer reliability is improved when using 3D 
follicle counting methods such as multiplanar view (MPV) allow
ing for simultaneous visualization of follicles across three per
pendicular axes (Merc�e et al., 2005; Jayaprakasan et al., 2007, 
2008; Deb et al., 2009) or automated 3D volume reconstruction 
software (e.g. SonoAVCTM) (Jayaprakasan et al., 2008; Deb et al., 
2009). Real time and offline MPV may offer a clinically feasible 
method as they provide similar FNPO for both PCOM and non- 
PCOM ovaries compared to gold standard approaches (Vanden 
Brink et al., 2021). In contrast, semi-automated follicle count soft
ware, such as SonoAVCTM, remains a challenge given its require
ment of post-automation processing and systematic 
undercounting of follicles (Deb et al., 2009; Vanden Brink et al., 
2021). Future studies should determine standardized approaches 
in 3D follicle counting of polycystic ovaries to evaluate their 
inter-observer reliability and subsequent diagnostic accuracy 
compared with conventional 2D methods.

Although we found that stratification based on age and BMI 
did not account for heterogeneity in diagnostic accuracy across 
markers, future research should identify opportunities to investi
gate diagnostic test accuracy of ovarian ultrasound markers in a 
large population of women with PCOS across the age and adipos
ity spectrum. Thus far, studies that propose age-specific diagnos
tic thresholds for PCOM are based on a small number of women 
older than 35 years in their study population (Alsamarai et al., 
2009; Kim et al., 2017; Lie Fong et al., 2017; Ahmad et al., 2019). In 
addition, future research should evaluate how ultrasonographic 
ovarian markers differ across the BMI spectrum and their impli
cations on the diagnosis of PCOS via BMI-stratified thresholds. 
Thus far, adjustment for BMI in the detection in PCOS has only 
been evaluated with anti-M€ullerian hormone (AMH) (Palomaki 
et al., 2020) and has not been assessed with ultrasonographic 
markers of PCOM. Although several studies have compared prev
alence of PCOM across different ethnicities and geographic 
regions (Glintborg et al., 2010; Wang et al., 2013; Chan et al., 2017), 
only one study has directly compared ultrasonographic ovarian 
markers (Welt et al., 2006). Further research should prospectively 
conduct comparisons of age- and BMI-matched PCOS popula
tions across different geographical regions to evaluate differen
ces in ovarian morphology. Specifically, integration of raw data 
across multiple clinical and research sites around the world 
would allow for individual patient data meta-analysis that can 
directly inform the impact of underlying confounders and their 
independent associations to diagnostic accuracy.

Ultrasonographic ovarian measurements were presented ei
ther as the maximum value or average value between the two 
ovaries. It has been shown that there is little variation in left- 

right differences in FNPO (Jarrett et al., 2019) and either would be 
a concordant marker if only one ovary is visible. However, there 
are significant left-right differences in OV and FNPS leading to 
ovary-specific diagnostic thresholds (Jarrett et al., 2019). 
Consensus is therefore required across researchers and clinical 
settings on ways to present ovarian ultrasound data to improve 
standardization and reliability. In addition, nomenclature of ul
trasonographic markers should be addressed. Although FNPO is 
broadly accepted to denote follicle counts across the entire ovary, 
antral follicle count (AFC) has been used as an equivalent term. 
However, AFC can also indicate the total sum of follicles in both 
ovaries and is commonly used in the context of reproductive 
medicine, including for measurement of the ovarian reserve 
(Rosen et al., 2012), in vitro fertilization outcomes (Jayaprakasan 
et al., 2012) and predicted response to ovarian stimulation (Nastri 
et al., 2015). Consensus is required as to which term should be 
used in the context of PCOS diagnosis and evaluation.

Most of the included studies were graded high risk of bias due 
in their patient selection and index test methodology. In particu
lar, all studies were observational in design and only one used 
consecutive sampling (Dewailly et al., 2011). Further evaluations 
in diagnostic test accuracy should utilize random sampling from 
a larger study population or consecutive sampling across clinical 
or research settings. Raters interpreting ultrasound ovarian 
markers should be blinded of the participant’s phenotype. Our 
findings indicated that including PCOM as part of the Rotterdam 
criteria could exaggerate the diagnostic accuracy of FNPO. 
However, using the 1990 NIH criteria to diagnose PCOS only cap
tures those with the most severe manifestation of PCOS in terms 
of reproductive and metabolic dysfunction (Diamanti- 
Kandarakis and Panidis, 2007; Kauffman et al., 2008; Clark et al., 
2014). Therefore, ultrasound image analysis blinded and con
ducted prior to phenotyping is critical in reducing bias associated 
with the inclusion of PCOM in the PCOS diagnosis of the study 
population. Lastly, the presence of varying thresholds across all 
studies provided additional heterogeneity in determining diag
nostic accuracy (threshold effect) and subsequently prevented a 
determination of the most accurate cutoff to diagnose PCOS. 
Future studies should report diagnostic accuracy measures 
across multiple thresholds, including previously recommended 
cutoffs, and pool individual patient data across large datasets to 
facilitate more robust diagnostic meta-analysis.

Conclusion
This systematic review and diagnostic meta-analysis confirms 
that FNPO is the most accurate ultrasonographic marker in the 
diagnosis of PCOS in adults, with OV and FNPS as alternatives 
when accurate total follicle counts are not possible. 
Standardization of best practices in follicle counting is required 
to ensure accurate measurements across users, settings, and 
technology. Although stratification based on age and BMI did not 
substantially account for the heterogeneity observed in diagnos
tic accuracy across markers, geographic variation across studies 
may influence differences in diagnostic accuracy in FNPO and 
OV. Weaknesses in study designs, such as patient selection and 
index test methodology, limit the strength of the evidence, and 
conclusions. In addition, more data are needed to support any ul
trasonographic criterion for PCOS in adolescents. However, our 
findings serve as a foundation for well-designed studies toward a 
standard definition of PCOM and will inform future guideline rec
ommendations. These efforts are essential for a more accurate 
evaluation of PCOS and for future investigations of the variable 
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pathogenic mechanisms that underlie phenotypic differences in 
this condition.
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