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A B S T R A C T   

Aims: To inform international guidelines, a systematic review and meta-analysis was conducted to assess the 
performance of diagnostic methods for type 2 diabetes in women with polycystic ovary syndrome (PCOS). 
Methods: An updated systematic search was conducted on five databases from 2017 until October 2023 and 
combined with prior searches (from inception). Meta-analyses of diagnostic accuracy tests were conducted. 
Results: Nine studies comprising 2628 women with PCOS were included. Against the oral glucose tolerance test, a 
haemoglobin A1C (HbA1c) ≥ 6.5% had a pooled sensitivity of 50.00% (95% confidence interval (CI): 
35.53–64.47), specificity of 99.86% (95%CI: 99.49–99.98), and positive and negative predictive values of 
92.59% (95%CI: 75.27–98.09) and 98.27% (95%CI: 97.73–98.68), respectively, with an accuracy of 98.17% 
(95%CI: 97.34–98.79). Fasting plasma glucose values ≥ 7.0 mmol/L had a pooled sensitivity of 58.14% (95%CI: 
42.13–72.99), specificity of 92.59% (95%CI: 75.35–98.08), positive and negative predictive values of 92.59% 
(95%CI: 75.35–98.08) and 99.09% (95%CI: 98.71–99.36), respectively, and an accuracy of 99.00% (95%CI: 
98.46–99.39) against the oral glucose tolerance test. 
Conclusions: To our knowledge, this is the first systematic review assessing the performance of diagnostic 
methods for type 2 diabetes in women with PCOS. We demonstrate that using a cut-off for HbA1c of ≥6.5% in 
this population may result in misdiagnosis of half of the women with type 2 diabetes. Our results directly 
informed the recommendations of the 2023 International PCOS Guideline, suggesting that the oral glucose 
tolerance test is the optimal method for screening and diagnosing type 2 diabetes in women with PCOS and is 
superior to fasting plasma glucose and HbA1c.   

1. Introduction 

Polycystic ovary syndrome (PCOS) is a common endocrine disorder, 
with prevalence varying from 8 to 13% in different population groups 
[1–4]. Irregular menstrual cycles, hirsutism, polycystic ovaries, infer-
tility, and psychological and metabolic features are common in PCOS, 
with varying genetic and environmental risk factors. PCOS is diagnosed 
using the 2018 International PCOS Guideline updated Rotterdam 

criteria, which require two of the following: oligo/anovulation, clin-
ical/biochemical hyperandrogenism and/or polycystic ovaries by ul-
trasound [5]. 

Although there are variations by body mass index (BMI), approxi-
mately 75%–95% of women with PCOS have underlying insulin resis-
tance, which is a key risk factor underpinning the development of 
impaired glucose tolerance and type 2 diabetes (T2D) [6,7]. The prev-
alence of T2D ranges from 1.5% to 12.4% among women with PCOS, 

* Corresponding author. Monash University, 43-51 Kanooka Grove, VIC, 3168, Melbourne, Australia. 
E-mail address: aya.mousa@monash.edu (A. Mousa).   

1 equal contribution. 

Contents lists available at ScienceDirect 

Diabetes & Metabolic Syndrome:  
Clinical Research & Reviews 

journal homepage: www.elsevier.com/locate/dsx 

https://doi.org/10.1016/j.dsx.2024.102970 
Received 31 October 2023; Received in revised form 15 February 2024; Accepted 19 February 2024   

mailto:aya.mousa@monash.edu
www.sciencedirect.com/science/journal/18714021
https://www.elsevier.com/locate/dsx
https://doi.org/10.1016/j.dsx.2024.102970
https://doi.org/10.1016/j.dsx.2024.102970
https://doi.org/10.1016/j.dsx.2024.102970
http://crossmark.crossref.org/dialog/?doi=10.1016/j.dsx.2024.102970&domain=pdf
http://creativecommons.org/licenses/by/4.0/


Diabetes & Metabolic Syndrome: Clinical Research & Reviews 18 (2024) 102970

2

depending on age [8], BMI [9,10] and ethnic variation [11–13]. A recent 
ten-year retrospective study showed that the incidence of T2D was 
approximately 6.25 per 1000-person years in PCOS compared with 1.49 
in non-PCOS populations [14]. Both PCOS itself and concomitant risk 
factors such as family history of T2D or gestational diabetes mellitus 
(GDM), age >40 years and/or obesity [15,16] contribute to T2D risk in 
PCOS. Timely screening and diagnosis among this population can 
therefore facilitate and maximise prevention and treatment efforts. 

However, the optimal tool/method for screening and diagnosing T2D 
in PCOS remains controversial, and the reported performance of existing 
tests has not previously been synthesised in PCOS. The 2018 Interna-
tional Evidence-based PCOS Guideline [5] recommended assessing 
glycaemic status at the time of PCOS diagnosis and every 1–3 years 
thereafter, with the frequency informed by the presence of other dia-
betes risk factors. Here, the use of either oral glucose tolerance tests 
(OGTT) or levels of fasting plasma glucose (FPG) or glycated haemo-
globin A1C (HbA1c) was recommended to assess glycaemic status [5]. 
As no eligible studies were identified in the 2018 guideline literature 
search, these recommendations were based on expert consensus, high-
lighting the need for updated evidence-based recommendations derived 
from newly published evidence. Further, an OGTT was recommended at 
pre-conception in women with PCOS seeking fertility treatment or 
planning pregnancy and in high-risk women with PCOS. High-risk 
groups include those with a BMI >25 kg/m2 (or >23 kg/m2 for Asian 
ethnic groups), hypertension, high-risk ethnicity, history of impaired 
fasting glucose, impaired glucose tolerance or GDM or a family history of 
T2D [5]. 

Whilst the OGTT is arguably the most accurate method for detecting 
T2D, it is also an inconvenient, time-consuming and expensive method, 
with variability in collection processes and diagnostic cut-offs [17–19]. 
The American Diabetes Association (ADA) suggests that either FPG or 
HbA1c could be used instead of the OGTT to screen for T2D [20]. 
However, FPG has been classified as an insufficient screening tool in 
women with PCOS [21]. Similarly, HbA1c has been recommended as a 
diagnostic marker for T2D due to its many advantages. These include its 
ability to indicate average blood glucose levels over the preceding two to 
three months, its relative simplicity requiring only a single blood sam-
ple, and its stability and resistance to alterations caused by fasting or 
postprandial states or biological variability. However, its measurement 
accuracy is affected by genetic variants, some diseases including 
anaemia, as well as recent blood transfusions or the use of some medi-
cations [22–25]. Agreement among experts on whether FPG, OGTT or 
HbA1c is the best method for diagnosing T2D among women with PCOS 
is yet to be reached [26,27]. To date, there have been no published 
systematic reviews assessing or comparing the performance of these 
diagnostic tests for T2D in women with PCOS. 

Given the current uncertainties around the most optimal tool for T2D 
diagnosis in PCOS and the absence of prior evidence synthesis 
addressing this question, we aimed to conduct a systematic review and 
meta-analysis evaluating and comparing the diagnostic accuracy metrics 
of different tests for detecting T2D in individuals with PCOS. We 
hypothesised that the diagnostic accuracy of FPG and HbA1c will be 
comparable to the OGTT for detecting T2D in PCOS. This study was 
performed in conjunction with the 2023 International Evidence-based 
Guideline for the Assessment and Management of PCOS [28] and 
directly informed the evidence-based recommendations therein, guiding 
clinicians, researchers, and policy-makers in this field. 

2. Methods 

We conducted a systematic review and meta-analysis of all available 
diagnostic studies, comparing the diagnostic accuracy of HbA1c and 
FPG against the standard OGTT for T2D diagnosis in PCOS. The review is 
reported in accordance with the Preferred Reporting Items for System-
atic reviews and Meta-Analyses of Diagnostic Test Accuracy studies 
(PRISMA-DTA) guidelines [29]. The protocol was developed by the 

expert evidence team in consultation with the guideline development 
group, using gold-standard methodology endorsed by the Australian 
National Health and Medical Research Council [30]. This followed the 
same methodological protocol as the 2018 guideline [31], which is 
publicly available in the online technical report (https://www.monash. 
edu/__data/assets/pdf_file/0020/1412282/PCOS-Guideline_Techn 
ical-report.pdf). Additional detailed methodology for this specific re-
view, including a priori eligibility criteria, is publicly available in the 
2023 guideline technical report published online (https://doi.org/1 
0.26180/23625288.v1). 

2.1. Search strategy 

This is an update of a systematic search conducted in 2017 (and 
previously in 2010 as part of the PCOS Guideline literature reviews), 
which found no suitable articles based on prior guideline eligibility 
criteria. 

To identify relevant studies for this review using updated eligibility 
criteria (described below), we followed a two-step process. First, search 
results from the prior searches covering literature from inception to 
2017 were re-screened against current criteria. Second, we conducted a 
new updated search from 2017 until October 3, 2023 using five elec-
tronic databases: Medical Literature Analysis and Retrieval System On-
line (MEDLINE) (Ovid), Psychological Information (PsycINFO) (Ovid), 
Excerpta Medica Database (EMBASE) (Ovid), All Evidence-Based Med-
icine (EBM) (Ovid), and the Cumulative Index to Nursing and Allied 
Health Literature (CINAHL). Using both the prior and current searches, 
we captured all literature from inception to October 2023, and these 
studies were assessed for eligibility against the criteria for this review. 

Manual searching was also conducted, using reference lists of rele-
vant articles and reviews to identify additional eligible studies. The full 
details of the search strategy are included in the Supplementary 
Material. 

2.2. Eligibility criteria 

The inclusion and exclusion criteria were based on the PICOS (pop-
ulation, intervention, comparison, outcome, and study type) framework, 
developed by international content experts within the guideline devel-
opment group. Studies reporting any measurement relating to the 
diagnostic accuracy of tests for T2D, including FPG, OGTT (2-h glucose) 
and HbA1c among women with PCOS of any age, weight and ethnicity 
were included. All available retrospective, cross-sectional and cohort 
studies, as well as clinical trials, evidence-based guidelines, systematic 
reviews and health technology assessments were included, provided 
they reported relevant data for extraction and evaluation of the diag-
nostic performance of FPG and/or HbA1c against the OGTT. The refer-
ence test for all analyses was the OGTT, and the index test was either 
FPG or HbA1c. 

Exclusion criteria were as follows: studies conducted in participants 
who did not have diagnosed PCOS or who had pre-existing T2D, as well 
as studies written in languages other than English. Additionally, narra-
tive reviews, non-evidence-based guidelines, case series, editorials, let-
ters and commentaries were excluded. 

2.3. Screening 

Studies were imported into EndNote 20 for deduplication. After 
deduplication, the remaining articles were imported into Covidence 
web-based software for screening. Two independent reviewers (YB and 
RA) performed screening by title and abstract, followed by full-text 
screening based on the above eligibility criteria determined a priori. 
Disagreements were resolved by discussion, with arbitration by the 
guideline evidence team (AM and CTT) where required. 
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2.4. Assessment of methodological quality 

Methodological quality at the study level was assessed using the 
Quality Assessment of Diagnostic Accuracy Studies (QUADAS-2) 
appraisal tool [32]. Using QUADAS-2 [32], risk of bias was assessed 
across four categories with a total of 10 questions (patient selection [3 
questions], index test [2 questions], reference standard [2 questions], 
flow and timing signalling questions [3 questions]); while applicability 
assessment was undertaken using three categories and three questions 
(whether the patients, index tests and condition [reference standard] 
matched the review question). The Grading of Recommendations, 
Assessment, Development and Evaluation (GRADE) approach was 
employed in evidence interpretation, with consideration of factors such 
as implementability, acceptability, and cost [33]. 

2.5. Data extraction and management 

Study details and diagnostic accuracy data were extracted using a 
structured template, which includes the following details: first author, 
year, country, population/setting, study design, a summary of findings, 
PCOS diagnosis method and criteria, T2D diagnosis method and criteria, 
sample size, reference standard used for OGTT, HbA1c and FPG, and 
true positive (TP), false positive (FP), true negative (TN), false negative 
(FN), sensitivity and specificity values. In the case of missing data, the 

MedCalc diagnostic test evaluation calculator and Review Manager 
V.5.3 software were used to calculate diagnostic accuracy measure-
ments where possible using the available data. 

2.6. Data synthesis and statistical analysis 

A two by two table was constructed for TP, FP, TN and FN for all 
studies where the sensitivity and specificity estimates were reported. 
These data were then entered into Review Manager V.5.3 software, and 
forest plots and summary receiver operating characteristic curves 
(sROC) were created by assuming the reference test was 100% specific 
and sensitive. Studies that utilised the diagnostic criteria for T2D as 
outlined by the World Health Organization (WHO), the ADA, or a 
combination of both were included in the analysis. The diagnostic ac-
curacy of FPG with a cut-off point of ≥7.0 mmol/l (≥126 mg/dl) and 
HbA1c with a cut-off point of ≥6.5% (≥48 mmol/mol) for diagnosis of 
T2D were compared against the current gold-standard OGTT cut-off 
point of ≥11.1 mmol/l (≥200 mg/dl) [34,35]. For all included studies 
and corresponding diagnostic tests cut-off points, we presented indi-
vidual TP, FP, TN, FN, sensitivity, specificity, positive and negative 
predictive values, accuracy, positive likelihood ratio, negative likeli-
hood ratio, and kappa (k). For all studies, paired forest plots were 
created to present study-level measures of sensitivity and specificity for 
HbA1c ≥ 6.5% and FPG ≥7.0 mmol/l. We also presented the sROC for 

Fig. 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow chart describing the review process (updated database search was 
conducted on October 3, 2023). Abbreviations: CVD, cardiovascular disease; IGT, impaired glucose tolerance. 
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each analysis against the OGTT. Data synthesis was performed narra-
tively to summarise studies or outcomes that could not be pooled in the 
meta-analysis. 

3. Results 

3.1. Characteristics of included studies 

The systematic review process is presented in Fig. 1. Electronic and 
manual searches yielded 1319 unique articles, of which 1284 articles 
were excluded based on title and abstract screening, leaving 35 studies 

to be assessed by full-text. Following full-text review, a further 26 arti-
cles were excluded (Fig. 1). Finally, nine studies reporting diagnostic 
accuracy tests of T2D in women with PCOS were eligible for inclusion in 
this review. 

The included studies were conducted between 2011 and 2021 in 
eight countries; one each from Iraq [36], Austria [37], Denmark [27], 
Spain [38], USA [39], Turkey [26], and the Netherlands [40], and two 
from China [41,42] (Table 1). Three studies assessed the diagnostic 
accuracy of FPG alone against the OGTT [38,40,41], while three 
assessed HbA1c alone against the OGTT [26,27,42], and the remaining 
three studies assessed both HbA1c and FPG against the OGTT [36,37, 

Table 1 
Characteristics of studies included in a systematic review of glycaemic tests for type 2 diabetes in women with polycystic ovary syndrome.  

Authors Population/Setting Study design n Age (years) 
mean ±
SDor 
median 
(IQR) 

BMI (kg/ 
m2) mean 
± SDor 
median 
(IQR) 

Methods/ 
tools used 

Outcomes Summary of findings 

Altemimi 
et al. [36] 

Premenopausal women with 
PCOS in Faiha Specialized 
Diabetes, Endocrine, and 
Metabolism Center, University 
of Basrah, Iraq 

Cross- 
sectional 

129 26.30 ±
6.85 

31.37 ±
7.69 

2-h OGTT, 
HbA1c, 
FPG 

Glycaemic 
disorders (IGT, 
prediabetes, T2D, 
FPG) 

Screening of glycaemic disorders 
using 2-h OGTT is crucial for PCOS 
regardless of risk factors, and 
HbA1c seems to be an 
unsatisfactory screening tool to 
predict glycaemic disorders in 
women with PCOS 

Lerchbaum 
et al. [37] 

Women with PCOS in the 
Medical University of Graz, 
Austria 

Cross- 
sectional 

671 27 (23, 31) 24.2 
(21.30, 
30.10) 

2-h OGTT, 
HbA1c, 
FPG 

Glucose 
metabolism 
(prediabetes, 
T2D) 

Findings do not support the 
recommendation that FPG or 
HbA1c can be used to screen 
prediabetes in women with PCOS. 
Instead, OGTT should be 
performed for screening of 
prediabetes 

Li, 2015 et al. 
[41] 

Women with PCOS, at the 
Family Planning Association 
of Hong Kong and the 
Department of Obstetrics and 
Gynaecology, Queen Mary 
Hospital, Hong Kong 

Cross- 
sectional 

467 30 (27, 33) 22.1 (19.9, 
25.6) 

OGTT, 
FPG 

Dysglycaemia A full OGTT should be 
recommended as the screening 
method for dysglycaemia in 
women with PCOS, regardless of 
BMI or family history of T2D 

Magnussen 
et al. [27] 

Premenopausal women with 
PCOS, at Odense University 
Hospital, Odense, Denmark 

Retrospective 208 NR NR 2-h OGTT, 
HbA1c 

IGT, T2D HbA1c is a relatively poor 
diagnostic marker in PCOS 

Ortiz-Flores 
et al. [38] 

Women with PCOS in Hospital 
Universitario Ramón y Cajal, 
Spain 

Retrospective 400 26 (20, 30) 28.6 
(22.90, 
34.20) 

OGTT, 
FPG 

Dysglycaemia 
(IFG), T2D 

An OGTT is the most accurate 
method for the diagnosis of 
disorders of glucose tolerance in 
women with PCOS in the clinical 
setting. FPG, on the contrary, is 
less accurate in predicting IGT and 
T2D in these women 

Zhen et al. 
[42] 

Women with PCOS in the Fifth 
Affiliated Hospital of 
Zhengzhou, China 

Cross- 
sectional 

161 23.68 ±
4.23 

27.40 ±
2.20 

OGTT, 
HbA1c 

Prediabetes (IGT), 
T2D 

FPG or HbA1c are not optimal 
indicators for screening abnormal 
glucose metabolism. However, 
their combination may reduce the 
misdiagnosis rate of glucose 
metabolic disorders to some 
extent. High-risk groups may still 
need to undertake OGTT to 
confirm diagnosis 

Hurd et al. 
[39] 

Women with PCOS in 
University Hospitals Case 
Medical Center reproductive 
endocrinology outpatient unit 
at Case Western Reserve 
University, USA 

Prospective 111 28.00 ±
7.00 

35.00 ±
8.00 

2-h OGTT, 
HbA1c, 
FPG 

Prediabetes, T2D Women with PCOS should be 
screened for Prediabetes and T2D 
using OGTT or HbA1c 

Celik et al. 
[26] 

Women with PCOS at 
Gynaecological outpatient 
department of Namik Kemal 
University Hospital, Turkey 

Case Control 252 24.80 ±
5.50 

26.10 ±
5.70 

2-h OGTT, 
HbA1c 

Prediabetes, T2D The only way to reliably detect 
abnormal glucose metabolism in 
Turkish women with PCOS appears 
to be using the OGTT 

Veltman- 
Verhulst 
et al. [40] 

Women with PCOS at a 
tertiary outpatient clinic for 
reproductive medicine, 
University Medical Centre 
Utrecht, the Netherlands 

Cross- 
sectional 

226 29.60 ±
4.30 

27.30 ±
6.70 

2-h OGTT, 
FPG 

IFG,T2D Compared with the OGTT, HbA1c 
has some potential weaknesses for 
IGT and T2D screening in women 
with PCOS 

Abbreviations: BMI, body mass index; FPG, fasting plasma glucose; HbA1c, haemoglobin A1c; IFG, impaired fasting glycaemia; IGT, impaired glucose tolerance; NR, 
not reported; OGTT, oral glucose tolerance test; PCOS, polycystic ovary syndrome; SD, standard deviation; T2D, type 2 diabetes. 
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39]. Diagnostic test calculators were used to retrieve relevant unre-
ported diagnostic accuracy metrics from the available information. The 
number of participants with PCOS ranged from 111 [39] to 671 [37]. All 
studies were conducted in University hospitals, where hospital services 
were combined with education and medical research (Table 1). 

3.2. Methodological quality and publication bias 

A summary of risk of bias and applicability concerns is presented in 
Fig. 2. In the risk of bias assessment, the patient selection category was 
deemed low risk of bias for only two of the nine studies, while the rest 
had high risk of bias [37,40]. The main issue underlying the high risk of 
bias pertained to the question of whether a consecutive or random 
sample of patients was enrolled, which was only satisfied by two studies 
[37,40]. The index test category was scored as high risk of bias for all 
studies. This is because most studies did not indicate whether index test 
results were interpreted without knowledge of the results of the refer-
ence standard (i.e. there was no explicit mention of blinding), despite all 
studies using prespecified standard cut-offs. For the reference standard 
category, the standard test used was the OGTT for all studies. Thus, for 
the question of whether the reference standard was likely to correctly 
classify the target condition, all studies satisfied this criterion. However, 
lack of blinding was again a factor influencing this category; hence, it 
was ultimately scored as unclear risk of bias across the included studies. 

Finally, for the flow and timing category, the interval between index 

test(s) and the reference standard was appropriate in five cross-sectional 
studies, but not in the remaining four studies. Within all studies, all 
patients received the same reference standard. Similarly, all patients 
were included in the analysis within all studies. Overall, studies that 
satisfied all three criteria were deemed low risk of bias, while those not 
satisfying one of the criteria were high risk of bias, or unclear if the 
necessary information was not provided. 

In the applicability assessment, there were no concerns regarding the 
included patients not matching the review question in all studies, except 
for the study by Celik et al. [26]. Across all studies, there were no 
concerns that the index test, its application or interpretation deviated 
from the review question or that the target condition as defined by the 
reference standard did not match the review question. 

3.3. Quantitative synthesis and meta-analysis 

Using OGTT performance as the reference standard, the forest plots 
in Fig. 3 show the sensitivity, and specificity of included studies in 
comparing OGTT vs. HbA1c and OGTT vs. FPG for diagnosing T2D. Six 
studies were included for each comparison. Although three studies 
included both HbA1c and FPG, combined analysis of HbA1c plus FPG 
against the OGTT was precluded due to the absence of information 
regarding whether testing was sequential or parallel, the order of 
testing, the number and definition of positive cases (requiring one or 
both tests to be positive) and the degree of overlap between tests. 

Fig. 2. Methodological quality summary table and graph using the Quality Assessment of Diagnostic Accuracy Studies (QUADAS-2), illustrating the risk of bias 
assessment on the left and applicability concerns on the right. 
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Overall, sensitivity varied widely across studies, whereas there was less 
variation in specificity, with similar ranges for the latter, as shown in 
Table 2. The sROC plots for HbA1c and FPG are presented in Fig. 4. 

3.3.1. Diagnostic accuracy of HbA1c against standard OGTT 
Six studies comprising 1473 women with PCOS assessed the diag-

nostic accuracy of HbA1c against the OGTT with an average T2D 
prevalence of 3.33%. For diagnostic accuracy metrics, sensitivity ranged 
from 0 to 77.78%, specificity from 99.21% to 100%, and accuracy from 
93.27% to 99.51%. Against the OGTT, a HbA1c ≥ 6.5% had a pooled 
sensitivity of 50.00% (95% confidence interval [CI] 35.53–64.47), 
specificity of 99.86% (95%CI: 99.49–99.98), positive and negative 
predictive values of 92.59% (95%CI: 75.27–98.09) and 98.27% (95%CI: 
97.73–98.68), respectively, accuracy of 98.17% (95%CI: 97.34–98.79), 
kappa(k) of 0.64 (95%CI: 0.51–0.77), positive likelihood ratio of 355.50 
(95%CI: 86.58–1459.64) and negative likelihood ratio of 0.50 (95%CI: 
0.38–0.66) (Table 2). 

3.3.2. Diagnostic accuracy metrics of FPG against standard OGTT 
A total of six studies with 2007 women with PCOS assessed the 

diagnostic accuracy of FPG against the OGTT, with an average T2D 
prevalence of 2.34%. For diagnostic accuracy metrics of FPG against 
OGTT, sensitivity ranged from 0 to 87.50%, specificity from 99.21% to 
100%, and accuracy from 97.50% to 99.78%. Against the OGTT, a FPG 
≥7.0 mmol/l had a pooled sensitivity of 58.14% (95% CI: 42.13–72.99), 
specificity of 92.59% (95%CI: 75.35–98.08), positive and negative 
predictive values of 92.59% (95%CI: 75.35–98.08) and 99.09% (95%CI: 
98.71–99.36), respectively, accuracy of 99.00% (95%CI: 98.46–99.39), 
kappa (k) of 0.71 (95%CI: 0.59–0.83) and positive and negative likeli-
hood ratios of 570.06 (95%CI: 139.42–2330.85) and 0.42 (95%CI: 
0.29–0.60), respectively (Table 2). 

3.4. Qualitative findings 

All retrieved articles in this systematic review recommend the use of 
OGTT for diagnosing T2D in women with PCOS [26,27,36–42], with 
none supporting the use of FPG or HbA1c for screening of T2D in this 
population. For instance, a recent study with premenopausal women 
with PCOS based in Iraq by Altemimi et al. 2021 [36] recommended that 
glycaemic disorders in PCOS, including T2D, be screened by 2-h OGTT, 
irrespective of risk factors such as increased BMI or family history of 
T2D. The remaining studies reported that HbA1c was an ineffective 
diagnostic marker [27,36,37] and that FPG was not sufficiently accurate 
in predicting T2D in women with PCOS [37,38]. 

3.5. The Grading of Recommendations assessment, development, and 
evaluation (GRADE) assessment 

The GRADE principal domains of risk of bias, inconsistency, indi-
rectness, and imprecision were adopted to assess the strength of the 
body of evidence for the diagnostic test comparisons included in this 
systematic review (HbA1c vs OGTT and FPG vs OGTT; Table 3) 43,44. 

Risk of bias scoring was incorporated into GRADE from the QUADAS- 
2 assessment. Here, the evidence was downgraded once for serious risk 
of bias, due to most of the included studies having a high risk of bias, as 
outlined above (see section 3.2.). There were no serious inconsistencies, 
given that findings were largely in congruence, with no statistical het-
erogeneity or unexplained variability. Considering the similarity of the 
populations, intervention tests (index tests), comparison tests (alterna-
tive index tests), and outcomes in the body of evidence for the question 
at hand (diagnosis of T2D), there was no serious indirectness in the 
evidence. However, the evidence was downgraded once for imprecision 
due to the wide confidence intervals for sensitivity, despite narrow 
confidence intervals for the other test performance metrics. Overall, the 
GRADE certainty of evidence across all outcomes was deemed very low 
(Table 3). 

4. Discussion 

In women with PCOS, as with general populations, the optimal tool 
for screening and diagnosis of T2D remains contested. To our knowl-
edge, this is the first systematic review and meta-analysis of diagnostic 
test accuracy for T2D in PCOS. By synthesising the available data from 
primary studies, we examined the pooled diagnostic performance and 
accuracy of index tests for T2D (HbA1c and FPG) against the reference 
gold-standard (OGTT) in women with PCOS. We found that the OGTT 
remains the most optimal screening method for detecting T2D in women 
with PCOS, compared with both FPG and HbA1c. Although FPG was 
marginally more sensitive than HbA1c for diagnosing T2D (58.1% vs 
50.0%) at the standard cut-off point, our pooled estimate and qualitative 
evidence found that single use of either HbA1c or FPG performed poorly 
for diagnosing T2D compared to the OGTT in PCOS. 

According to our findings, using FPG levels ≥7.0 mmol/l in women 
with PCOS had a pooled sensitivity of 58.14% for diagnosing T2D, 
suggesting that FPG is a relatively poor method for accurately identi-
fying T2D in PCOS. This finding is supported by another study indicating 
that the odds of diagnosing T2D in PCOS using OGTT are three times 
higher than when relying solely on fasting values [45]. Similarly, it has 
been reported that FPG underestimates the prevalence of T2D in women 

Fig. 3. Forest plot of sensitivity, specificity, and heterogeneity of diagnosis of type 2 diabetes using haemoglobin A1C versus oral glucose tolerance test. Abbre-
viations: FPG, fasting plasma glucose; HbA1c, haemoglobin A1c; OGTT, oral glucose tolerance test; TP, True positive, FP, false positive; FN, false negative; TN, true 
negative; CI, confidence interval. 
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Table 2 
Individual and pooled summary of diagnostic accuracy metrics.  

Authors Measurement 
method 

N (sample 
size) 

N (outcome: 
T2D) 

Threshold 
cut-off 

TP FN FP TN Sensitivity 
(95% CI) 

Specificity (95% 
CI) 

PPV (%) NPV (%) Accuracy (%) kappa (k) 

Altemimi et al. 
[36] 

2-h OGTT 129 3 ≥11.1 
mmol/l           

HbA1c 129 1 ≥6.5% 0 3 1 125 0.00 
(0.00,70.76) 

99.21 
(95.66,99.98) 

0 97.62 
(97.62,97.69) 

96.90 
(92.25,99.15) 

− 0.01 (− 0.03, 
0.01) 

FPG 129 2 ≥7.0 mmol/l 1 2 1 125 33.33 
(0.84,90.57) 

99.21 
(95.66,99.98) 

50.00 
(7.42,92.58) 

98.43 
(96.56,99.29) 

97.67 
(93.35,99.52) 

0.39 
(− 0.16,0.94) 

Lerchbaum et al. 
[37] 

2-h OGTT 671 9 ≥11.1 
mmol/l           

HbA1c 612 6 ≥6.5% 6 3 0 603 66.67 
(29.93,92.51) 

100.00 
(99.39,100.00) 

100 99.50 
(98.76,99.80) 

99.51 
(98.57,99.90) 

0.80 
(0.57,1.00) 

FPG 671 7 ≥7.0 mmol/l 7 2 0 662 77.78 
(39.99,97.19) 

100.00 
(99.44,100.00) 

100 99.70 
(98.98,99.91) 

99.70 
(98.93,99.96) 

0.87 
(0.70,1.00) 

Li et al. [41] OGTT 467 12 ≥11.1 
mmol/l           

FPG 467 11 ≥7 mmol/l 7 1 0 455 87.50 
(47.35,99.68) 

100.00 
(99.19,100.00) 

100 99.78 
(98.64,99.96) 

99.78 
(98.80,99.99) 

0.93 
(0.80,1.00) 

Mognussen et al. 
[27] 

OGTT 208 20 >11.1 
mmol/l           

HbA1c 208 8 >6.5% 7 13 1 187 35.00 
(15.39,59.22) 

99.47 
(97.07,99.99) 

87.50 
(47.55,98.18) 

93.50 
(91.25,95.20) 

93.27 
(88.96,96.27) 

0.47 
(0.24,0.70) 

Ortiz-Flores et al. 
[38] 

OGTT 400 10 ≥11.1 
mmol/l           

FPG 400 0 ≥7.0 mmol/l 0 10 0 390 0.00 
(0.00,30.85) 

100.00 
(99.06,100.00) 

– 97.50 
(97.50,97.50) 

97.50 
(95.45,98.79) 

0 

Zhen et al. [42] OGTT 161 9 ≥11.1 
mmol/l           

HbA1c 161 7 ≥6.5%. 7 2 0 152 77.78 
(39.99,97.19) 

100.00 
(97.60,100.00) 

100 98.70 
(95.72,99.61) 

98.76 
(95.58,99.85) 

0.87 
(0.69,1.00) 

Hurd et al. [39] OGTT 111 5 ≥11.1 
mmol/l           

HbA1c 111 3 ≥6.5% 3 2 0 106 60.00 
(14.66,94.73) 

100.00 
(96.58,100.00) 

100 98.15 
(94.77,99.36) 

98.20 
(93.64,99.78) 

0.74 
(0.40,1.00) 

FPG 111 4 ≥7.0 mmol/ 4 1 0 106 80.00 
(28.36,99.49) 

100.00 
(96.58,100.00) 

100 99.07 
(94.84,99.84) 

99.10 
(95.08,99.98) 

0.88 
(0.66,1.00) 

Celik et al. [26] OGTT 252 5 ≥11.1 
mmol/l           

HbA1c 252 2 ≥6.5% 2 3 0 247 40.00 
(5.27,85.34) 

100.00 
(98.52,100.00) 

100 98.80 
(97.58,99.41) 

98.81 
(96.56,99.75) 

0.57 
(0.13,1.00) 

Veltman-Verhulst 
et al. [40] 

OGTT 229 8 ≥11.1 
mmol/l           

FPG 229 6 ≥7.0 mmol/l 6 2 0 221 75.00 
(34.91,96.81) 

100 
(98.34,100.00) 

100 99.10 
(97.08,99.73) 

99.13 
(96.88,99.89) 

0.85 
(0.65,1.00) 

Overall (Pooled) 
FPG (6 studies) OGTT 2007 47 ≥11.1 

mmol/l           
FPG 2007 30 ≥7.0 mmol/l 25 18 2 1959 58.14 

(42.13,72.99) 
99.90 
(99.63,99.99) 

92.59 
(75.35,98.08) 

99.09 
(98.71,99.36) 

99.00 
(98.46,99.39) 

0.71 
(0.59,0.83) 

HbA1c (6 studies) OGTT 1532 51 ≥11.1 
mmol/l           

HbA1c 1473 27 ≥6.5% 25 26 2 1420 50.00 
(35.53,64.47) 

99.86 
(99.49,99.98) 

92.59 
(75.27,98.09) 

98.27 
(97.73,98.68) 

98.17 
(97.34,98.79) 

0.64 
(0.51,0.77) 

Abbreviations: FPG, fasting plasma glucose; HbA1c, haemoglobin A1c; IFG, impaired fasting glycaemia; IGT, impaired glucose tolerance; OGTT, oral glucose tolerance test; PCOS, polycystic ovary syndrome; T2D, type 2 
diabetes; TP, True positive, FP, false positive; FN, false negative; TN, true negative; PPV, positive predictive value; NPV, negative predictive value. 
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with PCOS by >50% [24]. Hence, the use of FPG alone is not adequately 
discriminative for the diagnosis of T2D in women with PCOS. 

Despite being inferior to the OGTT, our meta-analysis revealed that 
FPG ≥7.0 mmol/l is a more sensitive diagnostic tool for detecting T2D in 
women with PCOS, compared with a HbA1c ≥ 6.5%. This is consistent 
with the results of a previous meta-analysis conducted on the diagnostic 
accuracy tests of T2D in the general population, which concluded that 
FPG is more strongly correlated with current and future diabetes than 
HbA1c [46]. 

In comparing HbA1c with the OGTT, a pooled sensitivity of 50.0% 
was observed for HbA1c ≥ 6.5%, suggesting that this test would fail to 
detect T2D in 50% of individuals with the condition. Despite the ADA 
recommendation of HbA1c evaluation in low-risk patients [25], the 
clinical benefit of HbA1c for diagnosing T2D in PCOS is consistently 
reported to be relatively low, as highlighted here and elsewhere [26,27]. 
Nevertheless, HbA1c testing, requiring a single, non-fasting blood 
collection with less day-to-day variability might offer advantages that 
could improve adherence, particularly in high-risk or 
resource-constrained settings characterised by low health literacy or 
poor response rates. 

Overall, both FPG and HbA1c currently appear to be ineffective 
screening or diagnostic tools for detecting T2D in PCOS. Mechanisti-
cally, it is likely that defective insulin secretion is present in PCOS [47], 
which may explain why postprandial glucose levels rather than fasting 
concentrations are more indicative of impaired glucose metabolism and 
T2D risk in this population. Indeed, several studies (as reviewed in 
Tomlinson et al. [21]) have demonstrated that women with PCOS have 

normal FPG, but elevated postprandial glucose. Moreover, HbA1c has 
poor sensitivity for detecting T2D risk in women both with PCOS [26] 
and in general populations [48], as well as in women with previous GDM 
[49], suggesting that HbA1c likely reflects different facets of glucose 
metabolism and that the respective contributions of glucose alterations 
to HbA1c remain unclear [50]. 

It should be noted that high variability in the sensitivity of FPG and 
HbA1c was observed across the included studies. Beyond the role of 
chance, factors such as study design and bias, as well as the varied 
prevalence of the target condition, may cause variations in test accuracy 
measures. Although some literature challenges the impact of disease 
prevalence on the sensitivity and specificity of diagnostic tests [51], 
others suggest that prevalence differences due to clinical heterogeneity 
and/or artefactual differences, can contribute to variations in test ac-
curacy [52–54]. Clinical heterogeneity refers to factors such as spectrum 
effects (differences in symptoms and severity), referral filters (differ-
ences in populations, settings or prior testing), or reader expectation 
(altered clinical thresholds due to prevalence expectations). For 
instance, populations with a high disease prevalence may include in-
dividuals with greater disease severity and, as a result, the test will 
perform better when applied to these populations [55,56]. Artefactual 
variability refers to prevalence differences which arise from study design 
and conduct, including via biased sampling methods and/or misclassi-
fication of the reference standard [52–54]. The range of T2D prevalence 
across the included studies (e.g. ranging from 1.9% to 10% prevalence 
by OGTT), whether caused by clinical heterogeneity, artefactual dif-
ferences, or both, could therefore underpin the observed variability in 

Fig. 4. Summary receiver operative characteristics (sROC) curves for haemoglobin A1C and fasting plasma glucose. Abbreviations: FPG, fasting plasma glucose; 
HbA1c, haemoglobin A1c. 

Table 3 
Evidence quality based on the Grading of Recommendations Assessment, Development and Evaluation (GRADE) framework.  

Number of 
studies 

Design Risk of 
bias 

Consistency Directness Imprecision GRADE Certainty of the 
evidence 

FPG against OGTT 
6 Cross-sectional and retrospective 

observational studies 
Seriousa No serious 

inconsistency 
No serious 
indirectness 

Seriousb ⨁◯◯◯ VERY LOW 

HbA1c against OGTT 
6 Cross-sectional and retrospective 

observational studies 
Seriousa No serious 

inconsistency 
No serious 
indirectness 

Seriousb ⨁◯◯◯ VERY LOW 

Abbreviations: FPG, fasting plasma glucose; HbA1c, haemoglobin A1c; OGTT, oral glucose tolerance test. 
a Downgraded once for serious risk of bias due to most included studies having a high risk of bias. 
b Downgraded once for serious imprecision due to wide confidence intervals for sensitivity. 
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sensitivity. Similarly, variations in T2D risk factors including the 
mean/median BMI and age of study participants may also contribute to 
the wide sensitivity range observed and should be considered in the 
interpretation of these results. 

As there are no previous systematic reviews examining the accuracy 
of T2D diagnostic tests among the PCOS population, our findings bear 
direct clinical relevance in that they provide much needed guidance for 
clinical decision-making in this context. Indeed, these findings have 
been used by the expert guideline development group, including con-
sumers, to directly formulate clinical practice recommendations in the 
2023 International PCOS Guideline [28]. Our results were considered 
alongside factors such as acceptability, cost, implementation and con-
venience of the available diagnostic tests, while recognising the inher-
ently higher risk of T2D in PCOS, particularly during reproductive years 
when the risk of undiagnosed T2D in pregnancy is high. Based on our 
findings of the potential for misdiagnosis using HbA1c, and to a lesser 
extent using FPG, the current 2023 guideline now recommends that the 
OGTT is the most accurate and appropriate test for screening and 
diagnosis of T2D in PCOS, with the frequency of tests decided based on 
the presence of other risk factors [28]. These findings enable both re-
searchers and clinicians to better understand the limitations around 
available testing methods, and to make informed, evidence-based de-
cisions regarding their use in clinical practice. 

4.1. Limitations 

Some limitations should be noted. First, the review is limited by the 
number and quality of the existing literature. We incorporated nine 
studies from eight countries, of which almost all presented concerns 
regarding external validity. Nearly all the studies included were at either 
a high or unclear risk of bias in at least one domain, underscoring the 
importance of further, high-quality research in this field, including in 
large populations with diverse risk profiles. Subgroup analysis was not 
possible due to limited data and the lack of stratification by risk factors 
such as BMI and age. This is an important consideration for future 
studies in order to establish differences in diagnostic test accuracy 
among population subgroups. We also could not assess the combination 
of HbA1c and FPG against the OGTT due to missing data, and this is a 
key question warranting further study. Notwithstanding these limita-
tions, this is the first published review to assess and compare T2D 
diagnostic tests in PCOS. We used a comprehensive search strategy with 
multiple databases and an internationally endorsed methodology that 
was developed in consultation with global leaders in the field and ex-
perts in evidence synthesis methods. Further, we used validated tools for 
the assessment of methodological quality, including the GRADE 
assessment tool, and our findings directly informed the current update of 
the International Evidence-based Guideline for the Assessment and 
Management of PCOS [28]. 

5. Conclusions 

The OGTT is the most optimal screening method for detecting T2D in 
women with PCOS, compared with both FPG and HbA1c. If other tests 
are to be used, FPG is more sensitive than HbA1c for this purpose at the 
standard cut-off point. Concerns with the quality of the available liter-
ature are acknowledged and we highlight the need for further explora-
tion of the potential utility of these tests, particularly in large cohorts 
with stratification by risk profiles to identify potential subgroups of in-
terest. Collectively, based on current evidence and considerations of 
costs, implementation, convenience and the major implications of dys-
glycaemia, the International PCOS Guideline [28] recommends that the 
OGTT is the most accurate and appropriate test for T2D screening and 
diagnosis in PCOS, with frequency of tests based on the presence of other 
risk factors. Further studies to assess the differential diagnostic perfor-
mance of T2D tests across different BMI and age groups, and to assess the 
combined accuracy of HbA1c and FPG against the OGTT are warranted. 
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