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Objective: This study aims to investigate the efficacy of an extended oral glucose tolerance test (OGTT) incorporating 1- and
3-h time points in detecting early, heterogeneous glycemic phenotypes in polycystic ovary syndrome (PCOS).

Methods: In this cross-sectional study, 103 treatment-naive patients with PCOS underwent a 75-g OGTT with measurements of
glucose and insulin taken at 0, 1, 2, and 3 h. Participants were stratified into four groups: normal control, isolated 1-h glucose elevation
(1-h plasma glucose [PG] > 8.6 mmol/L), isolated 3-h glucose elevation (3-h PG > 6.1 mmol/L), and dysglycemia defined by
conventional criteria. Comprehensive metabolic and endocrine profiles were evaluated and compared.

Results: Two distinct early glycemic phenotypes were identified: isolated 1-h glucose elevation (13.6%, 14/103) and isolated
3-h glucose elevation (20.4%, 21/103). The isolated 3-h elevation group exhibited an intermediate phenotype characterized by
significant central adiposity, hyperandrogenism, and menstrual irregularities, despite systemic insulin resistance (IR) levels comparable
to those of the normoglycemic group. Conversely, the isolated 1-h elevation group exhibited transient hyperinsulinemic hyperglycemia
and elevated low-density lipoprotein cholesterol (LDL-C) levels. Both phenotypes were undetected by standard glycemic criteria.
Conclusion: An extended OGTT reveals two prevalent yet distinct early glycemic phenotypes in PCOS, suggesting heterogeneous
pathophysiological pathways that may inform dynamic, phenotype-stratified assessment for risk stratification and targeted intervention.
However, clinical implementation requires validation through prospective studies.

Keywords: Polycystic ovary syndrome, PCOS, Oral glucose tolerance test, OGTT, 1-h postprandial glucose, 3-h postprandial glucose,
Insulin resistance, IR, metabolic phenotype heterogeneity

Introduction
Polycystic ovary syndrome (PCOS) represents one of the most prevalent endocrine disorders affecting women of
reproductive age."? It is strongly associated with significant metabolic risks, including insulin resistance (IR) and type
2 diabetes mellitus (T2DM).? The clinical presentation of PCOS frequently encompasses features of metabolic syndrome,
such as obesity, dyslipidemia, and notably, IR, which collectively elevate the risk of cardiovascular disease.”
Consequently, prompt assessment and intervention regarding glucose metabolism are critical in PCOS management.
IR is highly prevalent in women with PCOS (affecting 50%—75%) and serves as a fundamental contributor to progressive
glycemic decline.”® Robust evidence confirms that patients with PCOS exhibit significantly higher incidence and greater
risks of progression from prediabetes to T2DM compared to non-PCOS individuals without PCOS.” Notably, individuals
with initially normal glucose tolerance still encounter a substantially elevated lifetime risk of developing T2DM.*
Consequently, international and national guidelines explicitly recognize PCOS as a high-risk factor for diabetes and

advocate for regular screening.”'”
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However, current screening methods primarily rely on fasting plasma glucose (FPG) and 2-h postprandial glucose
(2-h PG) measurements obtained during an oral glucose tolerance test (OGTT), as recommended by major clinical
guidelines. While FPG exhibits high specificity, its sensitivity remains limited, leading to significant underdiagnosis of
PCOS; studies report that relying solely on FPG may miss up to 40% of patients with dysglycemia detected by
OGTT.""'? Furthermore, hemoglobin Alc has insufficient sensitivity for detecting prediabetes in this population and

1."* Despite the recognized superiority of OGTT over FPG, standard practice

is not recommended as a sole screening too
guidelines, even when recommending OGTT, frequently emphasize only FPG and 2-h PG values. Emerging evidence
suggests that in some individuals with IR or early B-cell dysfunction, glycemic dysregulation may encompass alterations
in the late postprandial phase.'* Critically, it is established that in individuals with normal glucose metabolism, PG levels
typically return to the fasting range within 3 h after a glucose load.'® This well-established physiological norm raises
a pivotal yet inadequately explored question regarding PCOS: Does a delayed return to normoglycemia at 3 h represent
an early, specific marker of dysglycemia risk within this high-risk population? Therefore, investigating complementary
markers that enable earlier, more sensitive risk detection is of considerable value for enhancing the metabolic risk
assessment framework in PCOS.

Based on the aforementioned limitations of current screening practices and our clinical observation of frequent glucose
dysregulation at non-standard time points during OGTT in women with PCOS, this study aims to systematically identify and
characterize distinct early glycemic phenotypes, with a focus on subgroups defined by isolated glucose elevations at the
1-h (P1PG) or 3-h (P3PG) time point. By analyzing complete OGTT data (0, 1, 2, and 3 h) from newly diagnosed, treatment-
naive PCOS patients, we evaluated the prevalence of these phenotypes, their association with conventional glycemic
categories, and their related clinical-metabolic profiles. This work seeks to provide an empirical foundation for refining the
metabolic risk assessment framework in PCOS by uncovering heterogeneous early pathways in the dysglycemia spectrum.

Material and Methods
Study Design and Ethics

This cross-sectional, observational study was conducted at the Reproductive Medicine Department of Hunan University
of Medicine General Hospital. Participants were recruited from women with PCOS who visited the clinic between
May 2021 and December 2023. The study protocol adhered to the principles of the Declaration of Helsinki and was
reviewed and approved by the Ethics Committee of Hunan University of Medicine General Hospital (Approval No. Kuai-
KY-2020070101). Each participant provided written informed consent after being fully informed of the study details.

Study Participants
Between May 2021 and December 2023, 217 consecutive adult women with suspected PCOS were initially examined at
our center. PCOS diagnosis was confirmed according to the Rotterdam criteria, as illustrated in Figure 1. Briefly,
participants were required to meet at least two of the three key features (oligoanovulation, hyperandrogenism, or
polycystic ovarian morphology) after exclusion of other related endocrine disorders. A final cohort of 103 women
with confirmed, newly diagnosed PCOS was included in the present cross-sectional analysis after applying the exclusion
criteria, which included not meeting the full diagnostic criteria (n = 9), incomplete 3-h OGTT (n = 75), missing critical
anthropometric data (n = 25), and pregnancy (n = 5). Every participant in the study was treatment-naive regarding
medications that affect glucose or insulin metabolism.

The final sample size of 103 was determined by the availability of eligible, treatment-naive patients with complete
3-h OGTT data during the study period, which was deemed sufficient for preliminary phenotypic characterization and
cross-sectional comparisons.

Data Collection, Measurements, and Laboratory Assays

Clinical and Anthropometric Data

Basic information (age, sex, and history of hypertension) and menstrual history were obtained from electronic medical
records. Clinical hyperandrogenism (hirsutism and acne) was assessed via standardized questionnaires and medical
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Cohort of adult patients with initial clinical diagnosis of PCOS (n = 217)

Diagnosis of Adult PCOS (Rotterdam Criteria):
Required >2 of the following:

(1) Menstrual irregularity (oligo-ovulation or anovulation).
(2) Clinical and/or biochemical hyperandrogenism.
Exclusion Criteria for Analysis: (3) Polycystic ovary morphology (PCOM).
(1) Did not meet the Rotterdam diagnostic criteria (n = 9). Required exclusion of competing etiologies:

(1) Ovulatory Disorders: Thyroid dysfunction, POI, hypothalamic-pituitary amenorrhea,
hyperprolactinemia.
(3) Missing critical anthropometric data (e.g., height, weight, waist, or

hip circumference) (n = 25). (2) Androgen Excess Disorders: Cushing's syndrome, non-classical CAH, androgen-secreting tumors.

|
|
|
|
(2) Did not undergo the complete 3-hour OGTT (n = 75). |
|
|
|
|
|

(4) Pregnancy (n = 5).

Final Study Cohort with Confirmed PCOS (n =103)

! ' ! '

Isolated elevated 1-h PG Conventional Abnormal Isolated elevated 3-h PG
(n=14) (n=27) (n=21)

Normal Control (n=41)

Figure | Flowchart illustrating the patient recruitment process and the study cohort’s inclusion and exclusion criteria.

records. Anthropometric measurements were performed by trained staff using calibrated equipment, including height to
the nearest 0.1 cm, weight to the nearest 0.1 kg, waist circumference (the distance between the lower rib margin and the
iliac crest), and hip circumference (at the widest part of the hips). Body mass index, waist-to-hip ratio, and waist-to-
height ratio were computed.

Blood Sampling and Laboratory Tests
All blood samples were collected after an overnight fast of at least 8 h, between days 2—5 of a natural or induced
menstrual cycle.

Complete Blood Count and D-dimer: Data for the complete blood count (white blood cell count, neutrophil
percentage, and mean platelet volume) were obtained using a Sysmex XN-9000 automated hematology analyzer.
D-dimer levels were determined on a Sysmex automated coagulation analyzer. These data were retrieved directly from
the Laboratory Information System (LIS).

Biochemical and Metabolic Parameters: Data about alanine aminotransferase, aspartate aminotransferase, total
cholesterol, triglycerides, high-density lipoprotein cholesterol, LDL-C, and homocysteine—all standard clinical tests—
were retrieved from the LIS. These assays were performed on a Beckman AU5800 automated biochemical analyzer.

Hormonal Profiles: Serum levels of luteinizing hormone, follicle-stimulating hormone, total testosterone, estradiol,
progesterone, prolactin, and thyroid-stimulating hormone were measured using electrochemiluminescence immunoassays
performed on a Roche Cobas €601 automated analyzer.

OGTT and Insulin Release Test

Following a 10—12 h overnight fast, participants consumed a 75-g anhydrous glucose load. Venous blood samples were
drawn at fasting (0 h) and 1, 2, and 3 h post-load. PG levels were measured using the glucose oxidase assay method
(Beckman AUS5800). Corresponding serum insulin levels were determined by electrochemiluminescence immunoassay
(Roche Cobas e601).
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Definitions and Calculations

PCOS Phenotype Classification

Based on the Rotterdam criteria and utilizing the collected clinical and biochemical data, participants were classified into
four phenotypes for subgroup analysis:'® Phenotype A (Classic): Oligo-/anovulation + hyperandrogenism + polycystic
ovarian morphology. Phenotype B (Ovulatory): Hyperandrogenism + polycystic ovarian morphology. Phenotype C (Non-
hyperandrogenic): Oligo-/anovulation + polycystic ovarian morphology. Phenotype D (Mild): Oligo-/anovulation +
polycystic ovarian morphology (in the absence of hyperandrogenism by current criteria).

Glycemic Status and Study Subgroup Definitions

Glycemic status was first classified according to conventional criteria based on FPG and 2-h postprandial glucose
(2-h PG), with reference to the Chinese guidelines for T2DM prevention and treatment (2020 edition).”'® Specifically,
DM was defined as FPG > 7.0 mmol/L and/or 2-h PG > 11.1 mmol/L; impaired glucose tolerance (IGT) as 2-h PG
between 7.8 and 11.0 mmol/L; impaired fasting glucose (IFG) as FPG between 6.1 and 6.9 mmol/L. Participants meeting
the criteria for IFG, IGT, or DM were collectively categorized as having conventional abnormal glucose metabolism.

For reference,'’

emerging research suggests potential clinical utility of 1-h glucose levels during OGTT, with
proposed cut-offs such as 1-h PG > 8.6 mmol/L for identifying intermediate hyperglycemia risk and > 11.6 mmol/L
for indicating probable diabetes.

For the specific purpose of this study, participants were further stratified into four mutually exclusive subgroups based
on their complete OGTT (0, 1, 2, and 3 h) profiles: (1) Normal control: normal glucose tolerance at all four time points
(FPG, 1-h PG, 2-h PG, and 3h-PG); (2) isolated elevated 1-h PG: 1-h PG > 8.6 mmol/L with normal FPG, 2-h PG, and
3-h PG;'” (3) isolated elevated 3-h PG: 3-h PG > 6.1 mmol/L with normal FPG, 1-h PG, and 2-h PG. This threshold was
chosen based on the physiological principle that plasma glucose typically returns to fasting levels within 3 h after
a glucose load.'> However, it is important to note that this cutoff is hypothesis-generating and, unlike the 1-h PG
threshold (> 8.6 mmol/L), has not been validated by consensus guidelines or prospective outcome data. We therefore
refer to this group as an “elevated 3-h PG phenotype” rather than an “abnormality” to reflect its exploratory nature.

Homeostatic Model Assessment of IR (HOMA-IR)
IR was estimated using the formula: HOMA-IR = [Fasting Insulin (u[U/mL) X Fasting Glucose (mmol/L)]/22.5.

Statistical Analysis

Continuous variables are presented as mean + standard deviation when normally distributed, or as median (interquartile
range) when not. Categorical variables are expressed by numerical values (percentages). Normality was assessed using
the Shapiro—Wilk test. The primary statistical comparisons were conducted among the four main subgroups: standard
control, isolated elevated 1-h PG, isolated elevated 3-h PG, and conventional abnormal. Group differences in continuous
variables were analyzed using one-way analysis of variance or the Kruskal-Wallis H-test, as applicable. For categorical
variables, either the Chi-square test or Fisher’s exact test was employed. When a significant overall difference was
detected (P < 0.05), post-hoc pairwise comparisons were performed. For parametric data, the Bonferroni correction was
applied. For non-parametric data, pairwise comparisons were conducted using Dunn’s procedure with a Bonferroni-
adjusted significance level. A two-sided P-value < 0.05 was considered statistically significant. All analyses were
conducted using Statistical Package for the Social Sciences software (version 25.0; IBM Corp., Armonk, NY, USA).

Results

Baseline Characteristics of the Study Cohort

A total of 103 adult women diagnosed with PCOS were incorporated in this study (Table 1). The cohort presented
characteristic metabolic and endocrine features of PCOS, characterized by a high prevalence of overweight or obesity
and central adiposity. The median age was 27.0 years, with a median body mass index of 24.56 kg/m” and a median
waist-to-height ratio of 0.53. Endocrinological disturbances were prevalent, as evidenced by irregular menstruation in
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Table | Baseline Clinical Characteristics of the 103 Patients with Polycystic Ovary

Syndrome

Parameter

Patient characteristics

Age [years, M (Ql, Q3)]

27.0 (23.5, 29.0)

Sex (Female, n, %)

103 (100%)

Height [em, M (QI, Q3)]

157 (155, 160)

Weight [kg, M (QI, Q3)]

60.00 (55.00, 68.25)

Body Mass Index (kg/m?)

24.56 (21.72, 27.72)

Waist Circumference [cm, M (QI, Q3)]

83.0 (76.5, 90.0)

Hip Circumference [cm, M (QI, Q3)]

94.0 (90.0, 99.0)

Waist-to-Height Ratio, M (Ql, Q3)

0.53 (0.48, 0.58)

Waist-to-Hip Ratio, M (QI, Q3)

0.88 (0.83, 0.94)

Underlying Diseases (n, %)

Hypertension

17 (16.5%)

Irregular Menstruation

86 (83.5%)

Clinical Hyperandrogenism 31 (30.1%)
Phenotype (n, %)

A (Classic) 28 (27.1%)

B (Ovulatory) 2 (1.9%)

C (Non-hyperandrogenic) 14 (13.5%)

D (Mild)

59 (57.2%)

Reproductive Hormone Levels [M (QI, Q3)]

Prolactin (PRL), ng/mL

18.38 (13.18, 23.28)

Follicle-Stimulating Hormone (FSH), IU/L

6.25 (5.33, 72.0)

Luteinizing Hormone (LH), IU/L

9.81 (5.67, 13.13)

Testosterone (T), ng/mL

0.34 (0.23, 0.45)

Estradiol (E2), pg/mL

25.61 (16.95, 32.77)

Progesterone (P), ng/mL

0.21 (0.09, 0.33)

Thyroid-Stimulating Hormone (TSH), [mIU/mL, M (QI, Q3)]

2.82 (1.88, 4.05)

75-g OGTT

Plasma Glucose [mmol/L, M (Ql, Q3)]

Fasting (0 h)

4.65 (4.45, 4.96)

I'h 8.59 (6.66, 10.23)
2h 6.98 (6.00, 7.84)
3h 5.53 (4.83, 6.71)

(Continued)
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Table | (Continued).

Parameter

Serum Insulin [plU/mL, M (QI, Q3)]

Fasting (0 h)

15.68 (11.28, 23.20)

I h 127.50 (87.88, 185.35)
2h 116.90 (69.33, 172.75)
3h 58.50 (31.62, 95.25)

HOMA-IR [M (Ql, Q3)]

332 (2.18,522)

Comprehensive Laboratory Parameters [M (Ql, Q3)]

White Blood Cell Count (WBC), x10%/L 6.20 (5.50, 6.80)

Neutrophil Count (NEUT), % 58.70 (54.80, 63.25)

Mean Platelet Volume (MPV), fL 11.20 (10.35, 11.90)

D-dimer, mg/L 0.36 (0.19, 0.38)
Alanine Aminotransferase (ALT), U/L 23 (14, 40)
Aspartate Aminotransferase (AST), U/L 24 (19,29)

Total Cholesterol (TC), mmol/L 4.47 (4.09, 4.84)

Triglycerides (TG), mmol/L 140 (0.94, 1.72)

High-Density Lipoprotein (HDL), mmol/L 1.24 (1.07, 1.37)

Low-Density Lipoprotein (LDL-C), mmol/L 2.39 (2.04, 2.65)

Homocysteine (HCY), umol/L 10.00 (8.15, 11.05)

Note: The degree of insulin resistance was evaluated by the homeostasis model assessment of insulin resistance
(HOMA-IR) using the formula: HOMA-IR = [fasting insulin (ulU/mL) x fasting glucose (mmol/L)] / 22.5.

83.5% of patients and a median total testosterone level of 0.34 ng/mL. Significant IR (median HOMA-IR: 3.32) and
dyslipidemia (median triglycerides: 1.40 mmol/L) were also identified.

Glucose Metabolism Status Based on 75-g OGTT

The comprehensive categorization of glucose metabolism status at each time point of the 75-g OGTT is presented in
Table 2. According to standard criteria, most patients (97.2%) exhibited normal FPG. However, challenges in glucose
homeostasis became evident post-glucose load. At 1 h, a considerable proportion of patients fell into the intermediate
hyperglycemia (36.9%) or diabetic range (12.6%). By the 2-h time point, the prevalence in the diabetic range decreased
to 5.8%. Notably, 37.8% of patients exhibited hyperglycemia (3-h PG > 6.1 mmol/L) at the 3-h time point, while a small
subgroup (4.9%) experienced hypoglycemia (3-h PG < 3.89 mmol/L).

Stratification Based on Comprehensive OGTT and Associated Clinical Features
Based on their complete OGTT profiles, 103 patients were categorized into four mutually exclusive subgroups (see
Methods for detailed criteria): Normal control (n = 41, 39.8%), isolated elevated 1-h PG (n = 14, 13.6%), isolated
elevated 3-h PG (n = 21, 20.4%), and conventional abnormal (n = 27, 26.2%).

The conventional abnormal group exhibited the most pronounced metabolic disturbances. Compared with the control
group, they were significantly older and exhibited elevated adiposity, IR, liver enzymes, and atherogenic lipids (Table 3).
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Table 2 Blood Glucose Levels During 75-g Oral Glucose Tolerance Test in 103 Patients with Polycystic
Ovary Syndrome

Parameter Category (Based on Glucose Levels) n (%)
Fasting Plasma Glucose (FPG) Normal (3.89-6.1 mmol/L) 100 (97.2%)
Impaired Fasting Glucose (6.1-6.9 mmol/L) I (0.9%)
Diabetic Range (> 7.0 mmol/L) 2 (1.9%)
I-h Postprandial Glucose (PIPG) Normal (< 8.6 mmol/L) 52 (50.5%)
Intermediate Hyperglycemia (8.6—11.6 mmol/L) 38 (36.9%)
Diabetic Range (> 11.6 mmol/L) 13 (12.6%)
2-h Postprandial Glucose (P2PG) Normal (< 7.8 mmol/L) 76 (73.8%)
Impaired Glucose Tolerance (7.8—11.1 mmol/L) 21 (20.4%)
Diabetic Range (> |1.I mmol/L) 6 (5.8%)
3-h Postprandial Glucose (P3PG) Hypoglycemia (< 3.89 mmol/L) 5 (4.9%)
Normal (3.89—6.1 mmol/L) 59 (57.3%)
Hyperglycemia (> 6.1 mmol/L) 39 (37.8%)

Note: All six patients in the diabetic range based on P2PG also belonged to the diabetic range based on PIPG.

Conversely, the isolated elevated 3-h PG group displayed an intermediate phenotype. Although sharing comparable
overall adiposity and systemic IR to the normal control group, this subgroup had already developed significantly greater
central adiposity (waist-to-height ratio), a higher prevalence of irregular menstruation, and elevated testosterone levels
(Table 3). Notably, the extent of central adiposity was comparable between the isolated elevated 3-h PG and conventional
abnormal groups, and both were significantly greater than in the standard control and isolated elevated 1-h PG groups.

The isolated elevated 1-h PG group, defined by an elevated 1-h glucose alone, exhibited a more limited metabolic
perturbation. Its primary distinguishing feature compared to the normal control group was elevated LDL-C. However, it
demonstrated significantly less severe central adiposity (waist-to-height ratio) and lower triglyceride levels as compared
to the conventional abnormal group, and less severe central adiposity compared to the isolated elevated 3-h PG group
(Table 3).

The glycemic and insulin profiles across the four subgroups are delineated in Figure 2. For glucose (Figure 2A), the
isolated elevated 3-h PG group exhibited an intermediate trajectory, characterized by a significantly elevated 3-h level
comparable to that of the conventional abnormal group. The isolated elevated 1-h PG group demonstrated early
elevations (0-2 h) that normalized by 3 h. Insulin dynamics (Figure 2B) were predominantly concordant. The isolated
elevated 3-h PG group displayed a specific 3-h elevation, whereas the isolated elevated 1-h PG group exhibited transient
hyperinsulinemia at 1-2 h. The conventional abnormal group demonstrated sustained hyperinsulinemia across all time
points. Notably, the isolated elevated 3-h PG group exhibited significantly lower fasting and 2-h insulin levels than the
conventional abnormal group. The continuous dynamic curves of glucose and insulin secretion throughout the OGTT are
depicted in Figure 3.

Discussion

This study demonstrates that extending the OGTT to 3 h reveals two distinct, early glycemic phenotypes in treatment-
naive women with PCOS. The first phenotype, termed “isolated 3-h PG elevation” was present in 20.4% of the cohort
and is characterized by normal fasting HOMA-IR despite pre-existing central adiposity and reproductive endocrine
dysfunction, suggesting the possibility of tissue-specific or temporal insulin dysregulation that is not captured by fasting
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Table 3 Clinical Characteristics of PCOS Patients Stratified by Distinct OGTT Patterns

Characteristic

Normal Control

Isolated Elevated
I-h PG

Conventional Abnormal (By FPG/P2PG)

Isolated Elevated 3-h PG

n (%)

41 (39.8%)

14 (13.6%)

27 (26.2%)

21 (20.4%)

Patient characteristics

Age [years, M (QI, Q3)]

26.0 (23.0, 27.0)

27.0 (23.5, 30.0)

28.0 (27.0, 30.0) ®

26.0 (23.0, 28.0) ©

Height [cm, M (QI, Q3)]

158 (155, 161)

155.5 (155, 158)

156 (150.5, 158) *

158 (156, 159) ©

Weight [kg, M (QI, Q3)]

60.00 (51.50, 69.50)

59.00 (48.50, 61.00)

64.00 (58.50, 75.00) > ©

61.00 (57.00, 65.00)

Body Mass Index (kg/m?)

22.90 (20.62, 26.67)

23.68 (20.43, 24.99)

27.89 (24.09, 29.73) > ©

24.03 (2248, 25.71)

Waist Circumference [cm, M (Ql, Q3)]

82.0 (72.0, 86.5)

82.0 (75.5, 87.0)

88.0 (82.5,96.0) * ©

84.0 (79.0,88.0)

Hip Circumference [cm, M (QI, Q3)]

94.0 (88.0, 99.0)

92.0 (89.0, 94.0)

96.0 (91.0, 100.5)

95.0 (91.0, 98.0)

Waist-to-Height Ratio, M (Ql, Q3)

0.51 (0.46, 0.56)

0.52 (0.48, 0.55)

0.58 (0.53, 0.60) > °

0.61 (0.57,0.63) *°

Waist-to-Hip Ratio, M (QI, Q3)

0.86 (0.82, 0.92)

0.88 (0.84, 0.91)

0.92 (0.87, 0.96) > ®

0.87 (0.84, 0.94)

Underlying Diseases (n, %)

Hypertension 9 (22.0%) 0 (0.0%) 7 (25.9%) | (4.8%)
Irregular Menstruation 30 (73.2%) 12 (85.7%) 23 (85.2%) 21 (100.0%) *
Clinical Hyperandrogenism 11 (26.8%) 6 (42.9%) 6 (22.2%) 8 (38.1%)
Phenotype (n, %)

A (Classic) 7 (17.1%) 5 (35.7%) 8 (29.6%) 8 (38.1%)
B (Ovulatory) 0 (0.0%) 0 (0.0%) I 3.7%) | (4.8%)

C (Non-hyperandrogenic) 9 (22.0%) 2 (14.2%) 3 (11.1%) 0 (0.0%)
D (Mild) 25 (60.9%) 7 (50.0%) 15 (55.6%) 12 (57.1%)

Reproductive Hormone Levels [M (Ql, Q3)]

Prolactin (PRL), ng/mL

18.68 (13.25, 24.51)

13.65 (9.82, 40.20)

16.13 (13.36, 21.53)

19.72 (17.00, 23.43)

Follicle-Stimulating Hormone (FSH), IU/L

6.32 (5.26, 7.62)

6.32 (541, 6.72)

6.25 (5.29, 7.19)

6.07 (5.39, 7.56)

Luteinizing Hormone (LH), IU/L

7.53 (5.10, 12.52)

10.87 (7.21, 12.06)

10.16 (5.75, 13.41)

9.90 (7.73, 15.39)

|e 39 Suepp
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Testosterone (T), ng/mL

0.30 (021, 0.44)

0.31 (0.19, 0.44)

0.37 (0.25, 0.45)

0.40 (0.33, 0.53) °

Estradiol (E2), pg/mL

26.14 (16.13, 31.29)

24.58 (13.85, 31.00)

23.84 (16.98, 29.68)

27.45 (20.13, 37.93)

Progesterone (P), ng/mL

0.29 (0.22, 0.45)

0.11 (0.05, 0.39)

0.22 (0.09, 0.30)

0.29 (0.11, 0.37)

Thyroid-Stimulating Hormone (TSH), [mIU/mL, M (QI, Q3)]

249 (173, 4.18)

2.94 (1.87, 3.46)

3.04 (232, 4.77)

2.81 (2.05, 441)

HOMA-IR [M (QI, Q3)]

2.92 (1.72, 3.83)

3.19 (2.12, 6.07)

536 (3.22, 8.61) *

3.04 (2.30, 4.04) ©

Comprehensive Laboratory Parameters [M (Ql, Q3)]

White Blood Cell Count (WBC), x10%/L

6.00 (5.45, 6.55)

6.40 (5.60, 7.13)

6.30 (5.45, 7.15)

6.30 (5.70, 6.80)

Neutrophil Count (NEUT), %

59.30 (54.60, 63.85)

60.70 (52.30, 65.23)

58.70 (54.90, 61.90)

58.70 (57.70, 63.60)

Mean Platelet Volume (MPV), fL

11.20 (10.25, 12.35)

10.75 (10.20, 11.78)

11.20 (10.35, 11.60)

11.20 (10.60, 12.10)

D-dimer, mg/L 0.36 (0.20, 0.36) 0.36 (0.06, 0.53) 0.35 (0.16, 0.36) 0.36 (0.25, 0.38)
Alanine Aminotransferase (ALT), U/L 16 (12, 35) 25 (15, 38) 35 (19, 62.5) ® 18 (14, 42)
Aspartate Aminotransferase (AST), U/L 22 (18, 29) 24 (19, 29) 29 (19.5, 41) ® 24 (20, 29)

Total Cholesterol (TC), mmol/L

4.15 (3.70, 4.56)

436 (427, 5.31)

481 (4.37,5.14)°

447 (427, 4.64)

Triglycerides (TG), mmol/L 1.10 (0.84, 1.51) 1.39 (0.88, 1.89) 1.62 (1.48,2.92) > ° 1.43 (1.00, 1.61) ©
High-Density Lipoprotein (HDL), mmol/L 1.23 (1.11, 1.43) 1.27 (1.01, 1.40) 1.17 (0.92, 1.31) 1.26 (1.14, 1.37)
Low-Density Lipoprotein (LDL-C), mmol/L 2.10 (1.80, 2.43) 2.53 (2.18,3.09) * 2.59 (2.32,2.71)* 2.39 (2.33, 2.60) *

Homocysteine (HCY), umol/L

10.00 (7.60, 11.35)

10.10 (8.00, 13.00)

9.80 (8.20, 10.80)

10.00 (8.70, 10.60)

Note: The degree of insulin resistance was evaluated by the homeostasis model assessment of insulin resistance (HOMA-IR) using the formula: HOMA-IR = [fasting insulin (ulU/mL) x fasting glucose (mmol/L)] / 22.5. Different
superscript letters indicate significant differences between groups (P < 0.05): * Significantly different from the Normal Control group. ® Significantly different from the Isolated elevated I-h PG group. © Significantly different from the

Conventional Abnormal group.
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*P < 0.01; ¥¥*P < 0.001.

Abbreviation: ns, no statistically significant difference.
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Figure 3 Dynamic curves of glucose (A) and insulin (B) secretion throughout the 75-g OGTT across the four glycemic subgroups.

indices. In contrast, a second subgroup with “isolated 1-h PG elevation” (13.6%) presented with transient early
hyperglycemia and hyperinsulinemia, accompanied by elevated LDL-C, yet with less pronounced adiposity. Both
phenotypes evade diagnosis by standard glycemic criteria. Critically, the 3-h PG elevation subgroup represents
a unique intermediate metabolic-endocrine phenotype that is younger and metabolically milder than those with conven-
tional dysglycemia, while sharing a comparable degree of central adiposity. These findings reveal heterogeneous early
pathways in PCOS-related dysglycemia, with isolated 3-h hyperglycemia specifically marking a divergence in body fat
distribution and endocrine regulation preceding overt glucose intolerance.

It is important to note that HOMA-IR reflects primarily hepatic insulin resistance under fasting conditions and does
not capture peripheral insulin resistance, impaired insulin clearance, or dynamic B-cell function. Therefore, the finding of
normal HOMA-IR in the isolated 3-h PG elevation group should not be interpreted as evidence of preserved systemic
insulin sensitivity, but rather as an indication that any insulin dysregulation in this phenotype is likely tissue-specific or
temporal in nature, manifesting only under postprandial conditions.

The two distinct early glycemic phenotypes—isolated 1-h and 3-h PG elevations—probably arise from divergent
initial pathophysiological triggers. The isolated 3-h PG elevation, characterized by delayed glucose normalization, points
to impairments in the late phase of glucose homeostasis, which may stem from tissue-specific insulin sensitivity
impairment (for instance, in skeletal muscle glucose uptake or hepatic glucose output regulation), that are not captured
by HOMA-IR,'®!' altered p-cell secretory kinetics with insufficient late-phase insulin secretion,® or a diminished
incretin effect impacting postprandial glucose clearance.”’** The concomitant manifestation of significant central
adiposity and hyperandrogenism within this subgroup is pivotal. Visceral fat contributes to inflammation and dysregu-
lated adipokine secretion, thereby impairing local insulin signaling.*** Furthermore, hyperandrogenism can exacerbate
IR within critical metabolic tissues.>>*® We postulate that, in this phenotype, central obesity and hyperandrogenism
synergistically contribute to a selective dysfunction in late-phase insulin action or secretion, subtle enough to preserve
fasting and early postprandial glucose levels but manifesting as delayed recovery.

Conversely, the isolated 1-h PG elevation, marked by transient early hyperglycemia and hyperinsulinemia, suggests
a distinct paradigm.'” This pattern is traditionally indicative of more pronounced systemic IR, eliciting a robust but
potentially delayed compensatory hyperinsulinemia that restores glycemia by 3 h. The isolated LDL-C elevation in this
group may represent an initial manifestation of IR-associated dyslipidemia. Accordingly, while the 3-h PG elevation may
reflect a disruption in the timing or tissue specificity of insulin response, the 1-h PG elevation may primarily reflect an
exaggerated but compensable state of IR. This dichotomy underscores the heterogeneous metabolic entry points in
PCOS.

Positioning our findings within the framework of existing literature helps delineate their contribution and novelty.
First, although the clinical relevance of the 3-h OGTT glucose level has been scarcely investigated in PCOS, our study
systematically demonstrates that “isolated 3-h PG elevation” is a relatively prevalent (20.4%) and well-characterized
phenotype, providing direct evidence to support extended metabolic assessment in this high-risk group. More
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importantly, by concurrently evaluating the 1-h time point with an improved threshold (> 8.6 mmol/L), we identified
a distinct “isolated 1-h PG elevation” subgroup (13.6%). The existence of these two phenotypes, both of which do not
meet standard criteria, underscores the heterogeneity of early dysglycemia in PCOS.

The contrasting features of these subgroups enhance comprehension of the underlying pathophysiology. The 1-h PG
elevation, marked by transient early hyperglycemia and hyperinsulinemia, aligns with the established paradigm of
compensated IR associated with increased diabetes risk, as supported by studies on 1-h glucose levels in other
cohorts.'” Conversely, the 3-h PG elevation presents a novel trajectory. Its hallmark is significant central adiposity and
hyperandrogenism despite normal HOMA-IR, challenging the direct obesity-IR link and suggesting an alternative
sequence. Here, the visceral fat accumulation and its associated endocrine disturbances (for instance, hyperandrogenism)

2728 potentially instigating tissue-specific IR?? that primarily impairs late-phase

may serve as earlier causative factors,
glucose clearance without elevating fasting insulin levels. This subtle defect accounts for the observed disconnect
between adiposity and HOMA-IR.

Consequently, our study advances beyond identifying isolated metrics. It reveals that early dysglycemia in PCOS can
manifest via at least two divergent pathways: one related to generalized IR (partially reflected in 1-h glucose levels) and
another influenced by body composition and endocrine factors that impair late-phase glycemic kinetics (captured only by
3-h glucose levels), that necessitates a transition from single-threshold screening towards integrated, dynamic phenotyp-
ing to assess individual metabolic risk accurately.

This study offers a phenotype-stratified framework for early metabolic management of PCOS. By extending the
OGTT, two high-risk subgroups otherwise overlooked by conventional screening can be identified: the 3-h PG elevation
subtype, characterized by delayed late glucose clearance, prominent central adiposity, and hyperandrogenism despite
normal HOMA-IR; the 1-h PG elevation subtype, distinguished by transient early hyperglycemia, hyperinsulinemia, and
elevated LDL-C. These findings may have clinical implications: for patients exhibiting phenotypic risk features (for
instance, central obesity, hyperandrogenism), supplementing standard glucose tests with a 3-h OGTT to assess late-phase
glucose kinetics could be considered, though further studies in non-PCOS populations are needed to determine the
specificity of these observations. We acknowledge that widespread implementation of a routine 3-h OGTT would require
careful consideration of cost, patient burden, and healthcare infrastructure, as discussed in the preceding paragraph. Early
intervention should consequently be stratified, emphasizing improving body fat distribution and hyperandrogenism in the
3-h PG elevation subgroup, and prioritizing enhancing insulin sensitivity and cardiovascular risk management in the
1-h PG elevation subgroup. Collectively, our findings advocate a transition from reliance on individual glycemic
thresholds toward an integrated, dynamic phenotypic assessment to enable personalized prevention strategies in PCOS,
providing an evidence-based rationale for revising clinical guidelines.

It is also important to acknowledge that, while this study identifies isolated 1-h or 3-h glucose elevations in a subset of
women with PCOS, and these phenotypes may indeed signify distinct metabolic risk pathways, their integration into
routine clinical screening warrants caution. Currently, extending the OGTT has not led to fundamental shifts in PCOS
treatment paradigms. On the contrary, it may increase testing complexity and associated costs, posing challenges to
healthcare resource allocation and potentially impacting patient compliance. Therefore, future research must prioritize
establishing the prognostic value of these phenotypes and demonstrating that phenotype-guided interventions translate to
improved clinical outcomes before widespread adoption can be recommended.

This study possesses several limitations. First, as a single-center cross-sectional study, the generalizability of our
findings is inherently limited. Additionally, the relatively small sample size (n = 103) may have reduced our statistical
power to detect subtle differences among subgroups and precluded more detailed stratified analyses. Second, the
exclusion of 75 patients (34.6% of the initially screened cohort) due to incomplete 3-h OGTT data raises the potential
for selection bias. Patients who are able and willing to complete a prolonged 3-h OGTT may differ systematically from
those who do not—for example, in terms of symptom burden, metabolic health, or socioeconomic factors—which
could influence the estimated prevalence of the isolated 1-h and 3-h PG elevations. While we were unable to compare
baseline characteristics between included and excluded patients due to data limitations, we acknowledge that this may
affect the generalizability of our findings and should be considered when interpreting the prevalence estimates. Third,
the design precludes the ability to draw causal inferences concerning the observed metabolic-endocrine associations
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and longitudinal assessment of diabetes risk. Fourth, although HOMA-IR was employed, it does not capture tissue-
specific insulin sensitivity or dynamic B-cell function, which may be particularly relevant to the distinct phenotypes
identified. Furthermore, the lack of both healthy control women and non-PCOS individuals with IR restricts our
capacity to determine the specificity of the isolated 1-h and 3-h PG elevations to PCOS. Finally, the glycemic
thresholds applied in this study require further validation. While the 1-h PG threshold (> 8.6 mmol/L) is supported
by the International Diabetes Federation and other consensus statements, the 3-h PG threshold (> 6.1 mmol/L) is
hypothesis-generating and derived from physiological principles rather than empirical outcome data. Although this
threshold is grounded in the well-established observation that glucose normally returns to fasting levels by 3 h post-
load, its clinical significance as a predictor of incident diabetes or cardiovascular risk remains to be established. We
have therefore deliberately used the term “elevated 3-h PG phenotype” throughout the manuscript to emphasize its
exploratory nature. Establishing a definitive, prognostically validated cutoff for 3-h PG will require large-scale,
prospective, multi-ethnic cohort studies.

To address these limitations, future research should: First, multicenter, prospective cohort studies should be conducted
to validate the prognostic value of elevated 1-h and 3-h PG phenotypes for incident diabetes and to establish robust
diagnostic cut-offs. Such studies are essential to determine whether these phenotypes predict long-term metabolic
outcomes independent of conventional risk factors. Second, gold-standard methods (for instance, hyperinsulinemic-
euglycemic clamps, intravenous GTT) should be employed to elucidate the tissue-specific mechanisms underlying each
phenotype. Third, appropriately matched control groups (healthy and insulin-resistant non-PCOS individuals) should be
incorporated to ascertain the PCOS-specificity of these early dysglycemic patterns. Fourth, genetic, epigenetic, or
metabolomic biomarkers associated with each phenotype should be explored to facilitate early detection. Fifth, it should
be evaluated through randomized controlled trials whether phenotype-targeted early interventions (for instance, focusing
on visceral adiposity reduction for the elevated 3-h PG phenotype versus insulin sensitization for the elevated 1-h PG
phenotype) can improve metabolic and reproductive outcomes.

Conclusion

In conclusion, this study reveals that extending the OGTT to 3 h uncovers two distinct early glycemic phenotypes in
PCOS missed by conventional criteria: an isolated 3-h elevation (=20%) linked to central adiposity and hyperandrogen-
ism, and an isolated 1-h elevation (=14%) reflecting compensated insulin resistance. Both phenotypes signify elevated
metabolic risk and support a shift toward dynamic, phenotype-stratified assessment for earlier detection and targeted
intervention. However, clinical implementation requires caution and validation through prospective studies, including
comparisons with non-PCOS populations to determine whether these phenotypes are specific to PCOS or reflect broader
metabolic disturbances.
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