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Abstract
Aims/hypothesis  The IDF has proposed 1 h plasma glucose (1 h PG) as a diagnostic test for type 2 diabetes. This study evalu-
ated the utility of 1 h PG in diagnosing type 2 diabetes, compared with fasting plasma glucose (FPG), 2 h plasma glucose 
(2 h PG), HbA1c and the combination of HbA1c plus FPG.
Methods  Analyses were conducted using data from five independent cohorts: KoGES, CATAMERI, GENFIEV, PLIS 
(follow-up) and TULIP (follow-up). Type 2 diabetes was defined according to ADA criteria (FPG ≥7.0 mmol/l [≥126 mg/
dl], 2 h PG ≥11.1 mmol/l [≥200 mg/dl] or HbA1c ≥48 mmol/mol [≥6.5%]) or IDF criteria (1 h PG ≥11.6 mmol/l [≥209 
mg/dl]). Area under of the receiver operating characteristic curves (AUC-ROCs) were used to assess the performance of 1 
h PG relative to FPG and HbA1c, individually and in combination, for diagnosing diabetes. Random-effects meta-analyses 
were applied to pooled data to summarise the overall diagnostic accuracy across studies.
Results  Cohort-specific analyses demonstrated consistently higher AUCs for 1 h PG in KoGES (AUC 0.96 vs 0.88; Δ 0.08; 
sensitivity 84.2 vs 77.0; specificity 98.6 vs 87.0), CATAMERI (AUC 0.98 vs 0.86; Δ 0.12; sensitivity 75.0 vs 69.4; specific-
ity: 98.4 vs 78.9), GENFIEV (AUC 0.97 vs 0.89; Δ 0.08; sensitivity 89.5 vs 69.4; specificity 100.0 vs 88.3), PLIS follow-up 
(AUC 0.98 vs 0.76; Δ 0.22; sensitivity 94.9 vs 46.8; specificity 100.0 vs 92.3) and TULIP follow-up (AUC 0.98 vs 0.83; 
Δ 0.15; sensitivity 90.2 vs 90.2; specificity 100.0 vs 65.0) compared with FPG plus HbA1c (all p<0.001). Meta-analysis of 
five cohorts (N=11,968) revealed superior diagnostic performance of 1 h PG compared with FPG plus HbA1c, with pooled 
AUCs (95% CI) of 0.97 (0.96, 0.98) vs 0.85 (0.82, 0.88).
Conclusions/interpretation  These findings support the superior utility of the IDF-recommended 1 h PG vs FPG, 2 h PG, 
HbA1c and FPG plus HbA1c for diagnosing type 2 diabetes.
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Introduction

Current diagnostic measurements for type 2 diabetes have 
relied on fasting plasma glucose (FPG), 2 h plasma glu-
cose (2 h PG) during an OGTT, or HbA1c [1], but these 
often identify high-risk individuals late, when beta cell 
function is already impaired [2]. A combined use of FPG 
and HbA1c has been endorsed by the ADA as a strategy to 
enhance diagnostic efficacy [3], supported by the ARIC 
study, a large prospective investigation of 13,346 partici-
pants followed for 25 years, showing that individuals with 
concurrent elevations in FPG (≥7.0 mmol/l [≥126 mg/
dl]) and HbA1c (≥48 mmol/mol [≥6.5%]) faced a 16-fold 
higher risk of developing diabetes [4, 5].

Notably, a 1 h PG cut-off of 11.6 mmol/l (209 mg/
dl), identified by a meta-analysis of 15 studies involv-
ing 35,551 participants, demonstrated high sensitivity 
and specificity for detecting type 2 diabetes [6]. Further-
more, this threshold enabled diagnosis of type 2 diabetes 
approximately 1.4–1.6 years earlier than the traditional 2 
h PG threshold of 11.1 mmol/l (200 mg/dl) [7, 8], which 
positions 1 h PG as a sensitive and practical tool for diag-
nosing type 2 diabetes.

In a Position Statement, the IDF endorsed the 1 h PG 
for diagnosing impaired glucose tolerance and type 2 dia-
betes [9]. Therefore, this study evaluated the utility of 1 h 

PG for diagnosing type 2 diabetes compared with 2 h PG 
or FPG and HbA1c alone or in combination, in five studies 
involving Western European and East Asian populations 
in community-based settings and individuals at high risk.

Methods

Study population  This study analysed cross-sectional data 
from five independent cohorts. The Korean Genome and Epi-
demiology Study (KoGES) is a community-based cohort study 
investigating the incidence of and risk factors for non-com-
municable chronic diseases. It included a 2001–2002 baseline 
survey and follow-up every 2 years for 10 years, and enrolled 
individuals aged 40–69 years residing in the study area for 
≥6 months; a 2 h OGTT was performed biennially [10]. The 
CATAMERI study is an observational investigation of White 
individuals with at least one cardiometabolic risk factor. Those 
without known diabetes underwent a 75 g OGTT [11]. The 
GENFIEV study is a multicentre Italian study recruiting at-risk 
individuals (e.g. diabetes family history, dyslipidaemia) via 
opportunistic screening to identify high-risk phenotypic/geno-
typic features, with a 75 g OGTT for non-diabetic individuals 
[12]. The Prediabetes Lifestyle Intervention Study (PLIS) is a 
randomised controlled multicentre trial across eight German 
university hospitals that evaluated the effect of an intensified vs 
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regular lifestyle intervention in people with high- or low-risk 
prediabetes [13]. In this analysis, only participants from Tübin-
gen University Hospital were included. The Tübingen Life-
style Intervention Program (TULIP) is a German prospective 
intervention study of people at high risk for type 2 diabetes. 
It included participants identified by family history, BMI >27 
kg/m2, impaired glucose tolerance, or history of gestational 
diabetes [14]. Only longitudinal follow-up data from PLIS and 
TULIP were assessed in this analysis.

Definitions of type 2 diabetes  Type 2 diabetes was defined 
by meeting any ADA or IDF threshold: FPG ≥7.0 mmol/l 
(≥126 mg/dl); 2 h PG ≥11.1 mmol/l (≥200 mg/dl); HbA1c 
≥48 mmol/mol (≥6.5%); or 1 h PG ≥11.6 mmol/l (≥209 
mg/dl) [1, 6, 9].

Statistical analyses  The performance of 1 h PG in identify-
ing diabetes was assessed relative to FPG, 2 h PG, HbA1c, 
and the combination of FPG and HbA1c using the AUC for 

Table 1   ROC analysis of ADA diabetes criteria and 1 h post-load glucose for diagnosing type 2 diabetes

a Values derived from the follow-up cross-sectional dataset

Diagnostic criterion Participants Age, years 
(mean ± SD)

Female (%) AUC (95% CI) △AUC​ p value Sensitivity Specificity

KoGES 8518 51.6 ± 8 50.8
  FPG + HbA1c 0.88 (0.87, 0.89) Ref. Ref. 77.0 87.0
  FPG 0.84 (0.82, 0.85) −0.05 <0.001 70.4 84.3
  1 h PG 0.96 (0.95, 0.97) 0.08 <0.001 84.2 98.6
  2 h PG 0.87 (0.86, 0.88) −0.01 0.171 71.1 90.4
  HbA1c 0.83 (0.81, 0.84) −0.06 <0.001 68.4 83.3
CATAMERI 1858 49.0 ± 14 49.8
  FPG + HbA1c 0.86 (0.84, 0.88) Ref. Ref. 69.4 78.9
  FPG 0.83 (0.80, 0.85) −0.03 0.010 57.4 76.1
  1 h PG 0.98 (0.96, 0.99) 0.12 <0.001 75.0 98.4
  2 h PG 0.91 (0.89, 0.93) 0.05 <0.001 59.1 90.2
  HbA1c 0.80 (0.77, 0.83) −0.06 <0.001 53.3 100.0
GENFIEV 1011 49.5 ± 11 26.5
  FPG + HbA1c 0.89 (0.86, 0.91) Ref. Ref. 69.4 88.3
  FPG 0.86 (0.83–0.88) −0.02 0.003 85.8 72.0
  1 h PG 0.97 (0.96, 0.98) 0.08 <0.001 89.5 100.0
  2 h PG 0.88 (0.85, 0.90) −0.01 0.717 70.6 89.4
  HbA1c 0.80 (0.77, 0.83) −0.09 <0.001 69.4 88.3
PLIS (Tübingen)a 314 58.5 ± 10 60.5
  FPG + HbA1c 0.76 (0.70, 0.82) Ref. Ref. 46.8 92.3
  FPG 0.75 (0.69, 0.82) −0.01 0.707 57.0 81.7
  1 h PG 0.98 (0.97, 1.00) 0.22 <0.001 94.9 100.0
  2 h PG 0.79 (0.73, 0.85) 0.03 0.516 73.4 73.2
  HbA1c 0.60 (0.60, 0.74) −0.09 0.005 64.6 58.7
TULIPa 267 47.4 ± 11 61.8
  FPG + HbA1c 0.83 (0.77, 0.90) Ref. Ref. 90.2 65.0
  FPG 0.83 (0.77, 0.89) 0.00 0.996 87.8 63.7
  1 h PG 0.98 (0.96, 1.00) 0.15 <0.001 90.2 100.0
  2 h PG 0.85 (0.78, 0.89) 0.03 0.573 82.9 71.7
  HbA1c 0.68 (0.59, 0.78) −0.15 <0.001 65.9 61.5
Meta five cohorts 11,968 51.1 ± 10 49.5
  FPG + HbA1c 0.85 (0.82, 0.88) Ref. Ref. 72.4 81.8
  FPG 0.82 (0.79, 0.85) −0.03 <0.001 72.1 81.3
  1 h PG 0.97 (0.96, 0.98) 0.12 <0.001 88.9 98.5
  2 h PG 0.86 (0.83, 0.89) 0.01 0.656 71.4 86.3
  HbA1c 0.77 (0.70, 0.81) −0.08 <0.001 64.4 75.4
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the receiver operating characteristic (ROC) curve and the 
sensitivity and specificity. ΔAUC was calculated as AUC​
(single marker) − AUC​(FPG+ HbA1c). A meta-analysis of five 
cohorts was performed using random-effects models, with 
DerSimonian–Laird methods for AUC values and a bivariate 
random-effects model for sensitivity and specificity.

To assess the clinical impact, we calculated the number 
of diabetes cases that would have been missed by each indi-
vidual diagnostic marker compared with 1 h PG, and further 
assessed whether adding HbA1c or FPG to 1 h PG could 
improve diagnostic performance. In a sensitivity analysis, 
ROC analyses were repeated with diabetes being defined 
according to ADA criteria.

Results

The characteristics of the study populations varied (Table 1), 
with mean ± SD ages ranging from 47.4 ± 11 to 58.5 ± 
10 years, and the proportion of female participants ranging 
from 26.5% to 61.8%.

The reference approach combining FPG and HbA1c 
yielded AUCs (95% CIs) of 0.88 (0.87, 0.89) in KoGES, 
0.86 (0.84, 0.88) in CATAMERI, 0.89 (0.86, 0.91) in GEN-
FIEV, 0.76 (0.70, 0.82) in PLIS follow-up and 0.83 (0.77, 
0.90) in TULIP follow-up, with a meta-analysed AUC of 
0.85 (0.82, 0.88). Sensitivity and specificity of this reference 
approach ranged from 46.8% to 90.2% and 65.0% to 92.3%, 
respectively, across cohorts.

When the diagnostic criteria were evaluated individu-
ally, FPG exhibited reduced discriminative ability com-
pared with the reference, with a meta-analysed AUC 
of 0.82 (0.79, 0.85). The ΔAUC relative to the refer-
ence ranged from −0.05 to 0, while sensitivities ranged 
between 57.0% and 87.8% and specificities between 63.7% 
and 84.3%. The 2 h PG measurement also demonstrated 
comparable performance, with a meta-analysed AUC of 
0.86 (95% CI 0.83, 0.89). The ΔAUC relative to the refer-
ence varied across studies (−0.01 to 0.05), with p values 
only indicating significant differences in the CATAMERI 
cohort (p<0.001). HbA1c alone had the lowest AUCs 
among all markers across cohorts, ranging from 0.60 
(95% CI 0.60,0.74) in PLIS to 0.83 (95% CI 0.81, 0.84) 
in KoGES. Compared with the reference, ΔAUCs ranged 
from −0.15 to −0.06, all statistically significant (p<0.01).

In contrast, the 1 h PG criterion consistently showed 
superior performance across all cohorts. The AUC for 1 
h PG ranged from 0.96 (95% CI 0.95, 0.97) in KoGES to 
0.98 (95% CI 0.97, 1.00) in PLIS, with a meta-analysed 
AUC of 0.97 (95% CI 0.96, 0.98), reflecting significant 
improvements over the reference (ΔAUC ranging from 
0.08 to 0.22, p<0.001 in all cohorts).

Across cohorts, 1 h PG consistently identified more dia-
betes cases than FPG, HbA1c or 2 h PG (electronic sup-
plementary material [ESM] Table 1). Combining 1 h PG 
with HbA1c or FPG yielded no significant clinically relevant 
improvement in AUC compared with 1 h PG alone (ESM 
Table 2). The optimal cut-off values derived from ROC anal-
ysis are presented in ESM Table 3. Using the ADA definition 
excluding 1 h PG, the 1 h PG maintained high diagnostic 
performance, with AUC values consistently superior to those 
for FPG and HbA1c (ESM Table 4).

Discussion

This analysis of five independent cohorts provides novel 
evidence that 1 h PG is superior to FPG, 2 h PG, HbA1c or 
the combination of FPG and HbA1c for diagnosing type 2 
diabetes. The 1 h PG consistently demonstrated discrimina-
tive ability across all cohorts (AUCs 0.96–0.98) and signifi-
cant improvements over the combination of FPG and HbA1c 
(ΔAUC 0.08–0.22, p<0.001). Sensitivity and specificity of 
1 h PG were high, reaching >90% sensitivity and speci-
ficity, whereas FPG, 2 h PG and HbA1c exhibited moder-
ate to lower AUCs (0.75–0.86, 0.79–0.91 and 0.60–0.83, 
respectively), with variable sensitivities (53.3–87.8%) and 
specificities (58.7–100%). These findings indicate that the 1 
h PG outperforms both individual and combined traditional 
markers, providing significantly enhanced diagnostic perfor-
mance and better-balanced sensitivity and specificity across 
diverse populations.

Selvin et al investigated the prognostic performance of 
combined FPG and HbA1c measurements to confirm undi-
agnosed diabetes at an early stage [4]. While this approach 
showed high specificity (98.1%), it had moderate sensitivity 
(54.9%) at 5 years of follow-up. Importantly, as their study 
did not compare this strategy with OGTT-derived variables, 
the question of whether alternative markers, such as the 1 h 
PG, might provide superior diagnostic performance remained 
unresolved. Our findings address this gap by demonstrating 
that 1 h PG consistently outperforms FPG plus HbA1c, show-
ing substantially higher sensitivities and specificities.

It is worth noting that the 2 h PG was found not to differ 
from the combination of FPG and HbA1c (p for meta=0.656), 
strongly implying that a post-load glucose marker is important 
for improving the capacity to diagnose type 2 diabetes. The 1 
h PG, as well as the FPG and 2 h PG, was found to be highly 
reproducible [15]. The 1 h PG offers a shorter, reproducible 
and more sensitive alternative to 2 h PG, can improve compli-
ance with testing, and facilitates earlier intervention strategies 
[15]. Nevertheless, the 2 h PG remains valuable, particularly 
for prognostic assessment in individuals with impaired glucose 
tolerance or impaired fasting glucose at high risk of progres-
sion and adverse outcomes.
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To the best of our knowledge, this is the first AUC-ROC 
analysis to elucidate the diagnostic performance of single and 
combined biomarkers for diagnosing type 2 diabetes. The key 
strength of this study lies in its analysis of large, heterogeneous 
cohorts from Western Europe and East Asia, enhancing the gen-
eralisability of findings. Furthermore, the consistent methodol-
ogy across cohorts with varying study designs, combined with 
robust statistical comparisons, further strengthens the validity 
of our findings. Limitations of this analysis include the under-
representation of certain populations, including Latin American, 
African, Pacific Islander, Southeast Asian and Middle Eastern 
cohorts and the enrichment of high-risk individuals defined by 
ADA criteria in PLIS/TULIP and GENFIEV. Nevertheless, evi-
dence from South Korean [7] and Native American cohorts [8] 
supports the broader applicability of 1 h PG. Future research 
should assess the utility of 1 h PG in gestational diabetes and 
validate its performance in diverse youth populations.

In summary, this study reinforces the use of the 1 h PG as a 
criterion for diagnosing type 2 diabetes. Its superior diagnos-
tic power and practical advantages over traditional markers 
positions the 1 h PG as a pivotal tool for the early diagnosis 
of type 2 diabetes.
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