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Thirty-Minute Post-load Glucose Could Be a Useful
Screening Measure for Abnormal Oral Glucose
Tolerance Test Response in Adolescents with Obesity
Sarah Wing-yiu Poon1, Joanna Yuet-ling Tung2,*
Department of Pediatrics and Adolescent Medicine, Queen Mary Hospital, LKS Faculty of Medicine, The University of Hong Kong, Hong Kong; 2Department of
Pediatrics and Adolescent Medicine, Hong Kong Children’s Hospital, Hong Kong
1

Background: With the growing obesity epidemic, subjecting every child with obesity to a 2-hour oral glucose
tolerance test (OGTT) is impractical. Instead, 30-minute plasma glucose (PG), which reflects the acute phase of
insulin secretion, might be a useful measure in the initial assessment of such individuals. Our study aimed to evaluate the optimal cutoff of 30-minute PG in predicting abnormal OGTT response and to compare the predictive
value of this cutoff with that of the previously reported values from a combination of non-fasting parameters.
Methods: For this study, 332 overweight or obese pediatric individuals who had undergone the OGTT under
the Department of Pediatrics and Adolescent Medicine, Queen Mary Hospital, Hong Kong, from 2012 to 2018
were included. The optimal cutoff of 30-minute PG for prediction of abnormal OGTT response was determined
using a receiver operating characteristics curve, and the positive predictive value (PPV) was evaluated.
Results: There were 180 males (54.2%) and the mean age of the included individuals was 15.4±2.3 years. A
30-minute PG ≥9.2 mmol/L predicts abnormal OGTT response with the best combination of sensitivity and
specificity. The PPV for abnormal OGTT response at this cutoff was 45%. Addition of this 30-minute PG cutoff to
non-fasting parameters, including glycated hemoglobin, abnormal alanine transaminase, and family history of
diabetes, resulted in an improved PPV of 70% for abnormal OGTT response.
Conclusion: Addition of 30-minute PG to non-fasting parameters improved the clinical utility in identifying
high-risk individuals for abnormal OGTT response.
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INTRODUCTION

comes earlier than FPG or 2-hour PG.1-3 On the other hand, the
utility of 30-minute PG has received less attention, especially among

While the diagnosis of type 2 diabetes mellitus (T2DM) in chil-

the pediatric age group. Abnormal 30-minute PG reflects inadequate

dren is traditionally based on fasting plasma glucose (FPG) or

first-phase insulin response, and hyperglycemia at this period is the

2-hour plasma glucose (PG) in an oral glucose tolerance test (OGTT),

earliest detectable point of defect of pancreatic β-cell function.4,5 As

the role of intermediary glucose measurements at other time points

opposed to 2-hour PG in OGTT, the 30-minute PG in OGTT can

in a standard OGTT is increasingly being investigated. Large-scale

be performed with a much shorter clinic visit and might help iden-

population studies in adults have consistently shown that 1-hour

tify those with high risk of abnormal OGTT response. With the in-

PG during OGTT is a sensitive biomarker for diagnosing dysglyce-

creasing prevalence of obesity, the use of 30-minute PG in identify-

mia and detects incident T2DM and adverse cardiovascular out-

ing high-risk individuals may save time and resources compared to
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performing standard OGTT in all overweight or obese children.

diagnosis of abnormal OGTT was determined using a receiver op-

Our group has previously reported the utility of combining clini-

erating characteristics (ROC) curve, where sensitivity and specific-

cal and non-fasting parameters in stratifying low- and high-risk

ity were calculated for various cutoffs. The optimal cutoff was noted

groups among a cohort of overweight or obese pediatric individu-

at maximum sensitivity and specificity. The PPV of this cutoff was

als. The positive predictive value (PPV) from combination of gly-

compared to that derived from a combination of non-fasting pa-

cated hemoglobin (HbA1c), serum alanine aminotransferase (ALT)

rameters reported in our previous study. This cutoff was also com-

level, and family history of T2DM was 61.6% in the prediction of

bined with various non-fasting parameters to evaluate the PPVs for

abnormal OGTT response. The combination of these parameters

abnormal OGTT response.

6

was a promising measure in identifying high-risk individuals who

The IBM SPSS version 22.2 (IBM Corp., Armonk, NY, USA)

should be offered further testing with OGTT.6 The current study

was used for statistical analyses. Area under the curve (AUC) was

aimed to explore the optimal cutoff of 30-minute PG in predicting

calculated using the SPSS ROC curve function for continuous

abnormal OGTT response. This cutoff was compared and com-

variables. Unpaired t-test or chi-square tests were used to compare

bined with the predictive value of that derived from combinations

the clinical and biochemical characteristics of two groups. All data

of non-fasting parameters.

were expressed as mean ± SD. unless otherwise indicated. Degree
of correlation between 30-minute PG with clinical or biochemical

METHODS

parameters was presented as Pearson correlation coefficient. Statistical significance was inferred at a two-tailed P-value < 0.05.

Data of 332 pediatric individuals with OGTT from the Depart-

All clinical investigations were conducted in accordance with the

ment of Pediatrics and Adolescent Medicine, Queen Mary Hospi-

guidelines of the Declaration of Helsinki and were approved by the

tal, The University of Hong Kong, Hong Kong, a tertiary, universi-

Institutional Review Board of the Hospital Authority Hong Kong

ty-affiliated pediatric unit, from January 2012 to December 2018,

West Cluster (No. UW19-646). In view of the retrospective nature

were reviewed. These individuals were referred to the clinic for

of the study, and that all data were collected on clinical grounds, in-

evaluation of overweight and obesity, which were defined as body

formed consent from individuals was waived.

mass index (BMI) > +1 standard deviation (SD) and > +2SD

RESULTS

above the age and sex reference mean on the World Health Organization growth chart, respectively. Individuals who had an underlying syndromal cause of obesity and those on medications that can
potentially impact glucose response in an OGTT were excluded.

This study comprised 332 patients, of whom 323 (97.3%) were
Chinese and 180 (54.2%) were males. The nine non-Chinese pa-

Anthropometric measurements of height, weight, and BMI

tients were two Caucasians and seven South East Asians. The mean

(kg/m ) were obtained on the same day as OGTT. Standard OGTT

age of our cohort was 15.4± 2.3 years. Mean body weight was 88.8±

was carried out after an 8-hour fast, and blood for PG was collected

17.4 kg, and mean body height was 165.2 ± 9.7 cm, with a mean

at three time points (0 minute, 30 minutes, and 120 minutes). Pre-

BMI z-score of 2.7 ± 0.6. Sixty individuals (18.1%) had abnormal

diabetes (either impaired fasting glucose with FG ≥ 5.6 mmol/L or

OGTT –47 (14.2%) with prediabetes and 13 (3.9%) with diabe-

impaired glucose tolerance with 2-hour PG ≥ 7.8 mmol/L) and di-

tes. Table 1 shows a comparison of the baseline characteristics and

abetes (FG ≥ 7.0 mmol/L or 2-hour PG ≥ 11.1 mmol/L) glycemic

OGTT findings between the two groups. There was no statistically

response were defined according to the American Diabetes Associ-

significant difference in age, sex, or BMI SD score between the two

ation. Individuals with prediabetes and diabetes were considered

groups. The 30-minute PG was statistically higher in the abnormal

together as a group (abnormal OGTT group) for statistical analysis.

OGTT group compared to the normal OGTT group (9.6 vs. 7.9,

The values of 30-minute PG were compared between the abnormal

P= 0.001).

2

and normal OGTT groups. The optimal 30-minute PG cutoff for
J Obes Metab Syndr 2022;31:272-276
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Table 1. Comparison of characteristics of individual with normal vs. abnormal
OGTT
Variable

All
Normal OGTT Abnormal OGTT
individuals (n= 272, 81.9%) (n= 60, 18.1%)

Age (yr)
Sex (boy)
BMI SDS
Fasting glucose (mmol/L)
Fasting insulin (mIU/L)
30-min glucose (mmol/L)
120-min glucose (mmol/L)

15.4± 2.3
180 (54.2)
2.7± 0.6
4.7± 2.3
26.9± 24.2
8.2± 1.6
6.6± 1.9

15.3± 2.2
150 (55.1)
2.69± 0.58
4.7± 2.5
26.3± 25.0
7.9± 1.3
5.9± 1.0

15.8± 2.1
30 (50.0)
2.68± 0.57
4.9± 0.7
30.3± 19.5
9.6± 1.9
9.5± 2.0

P
0.11
0.48
0.90
0.54
0.25
0.001
< 0.001

Values are presented as mean± standard deviation or number (%).
OGTT, oral glucose tolerance test; BMI, body mass index; SDS, standard deviation
score.
ROC curve

1.0

Table 2. Comparison of PPV for abnormal OGTT response from combinations of
30-minute PG with various non-fasting biochemical and clinical parameters
PPV (%) for abnormal
OGTT response (95% CI)

Biochemical and clinical parameter
30-min PG ≥ 9.2 mmol/L
30-min PG ≥ 9.2 mmol/L+abnormal ALT
30-min PG ≥ 9.2 mmol/L+FH of T2DM
30-min PG ≥ 9.2 mmol/L+abnormal ALT+FH of T2DM
30-min PG ≥ 9.2 mmol/L+HbA1c ≥ 5.5%
30-min PG ≥ 9.2 mmol/L+HbA1c ≥ 5.5%+abnormal
ALT+FH of T2DM

45.0 (44.6–45.3)
48.4 (47.8–48.9)
55.1 (54.7–55.5)
56.8 (56.4–57.3)
64.5 (64.2–65.0)
70.0 (69.1–70.9)

PPV, positive predictive value; OGTT, oral glucose tolerance test; PG, plasma glucose;
CI, confidence interval; ALT, alanine aminotransferase; FH, family history; T2DM, type 2
diabetes mellitus; HbA1c, glycated hemoglobin.

60.7%–62.4%) of the combination of abnormal ALT, family history
of diabetes, and HbA1c ≥ 5.5% without addition of 30-minute PG.
There was positive correlation of 30-minute PG with 2-hour PG

0.8

Sensitivity

(r = 0.48, P < 0.05) and HbA1c (r = 0.22, P < 0.05). No correlation
was found for 30-minute PG with FPG, ALT level, or BMI.

0.6

DISCUSSION

0.4

Our study showed that 30-minute PG ≥ 9.2 mmol/L is the opti-

0.2

0

mal cutoff for predicting abnormal OGTT response in a cohort of
overweight or obese pediatric individuals. Measurement of 30-min0.2

0.4

0.6

0.8

1.0

1-Specificity

Figure 1. Receiver operating characteristics (ROC) curve showing sensitivity and
specificity by 30-minute plasma glucose cutoff.

ute PG, which is more time-efficient and convenient in the outpatient setting, could serve as a valuable tool in stratifying individuals
referred to the obesity clinic. While the predictive power when
used alone was fair, combination with other non-fasting parameters
resulted in better clinical utility.

PG. The optimal cutoff for prediction of abnormal OGTT was PG

A handful of studies have demonstrated association between in-

≥ 9.2 mmol/L (AUC, 0.77; sensitivity, 62.1%; specificity, 83.7%).

creased 30-minute PG and higher risk of progression to T2DM in

The PPV for abnormal OGTT response at this cutoff was 45%.

adults.7-11 However, few of them were conducted in Asian popula-

The PPVs when this 30-minute PG cutoff was combined with vari-

tions, which exhibit different trajectories of glycemia and insulin

ous non-fasting and clinical parameters and their respective 95%

sensitivity compared to the White population.12 Of these, one study

confidence interval (CI) are shown in Table 2. The PPV differenc-

was performed in a Japanese adult population involving more than

es between combinations of parameters were statistically signifi-

2,000 participants with follow-up of seven years. This study demon-

cant. The combination of 30-minute PG ≥ 9.2 mmol/L, abnormal

strated that 30-minute PG was positively associated with future dia-

ALT, family history of diabetes, and HbA1c ≥ 5.5%, as derived

betes not only in those with pre-diabetes, but also in those with nor-

from our previous study, achieved the highest PPV of 70.0% (95%

mal glucose tolerance. In addition, incorporation of 30-minute PG

CI, 69.1%–70.9%) for abnormal OGTT response among our co-

into the model including traditional diabetic risk factors plus FPG

hort. This PPV was significantly higher than the 61.6% (95% CI,

and 2-hour PG significantly improved the prediction of diabetes.10
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No similar studies on the utility of 30-minute PG in children or

the early phase, resulting in reduced insulinogenic index in a glu-

adolescents have been performed, and none has evaluated its ability

cose tolerance test.18 Hence, further evaluation to assess the validity

in discriminating abnormal OGTT response in the clinical setting.

of this 30-minute PG cutoff in individuals of other ethnic groups is

As peak glucose absorption occurs 30 to 60 minutes after ingesting

necessary. Second, local prevalence of disease, e.g., non-alcoholic

a mixed meal, this period represents an optimal time-point to de-

fatty liver disease, may also affect the PPV of non-fasting parame-

tect inadequate insulin response; hyperglycemia at this time-point

ters used in our previous study. Finally, OGTT was performed once

could potentially be the earliest sign of metabolic dysfunction. Kim

only without measurement of PG level at other time point. This

et al.13 conducted a clinical study comparing adolescents with a

may compromise the reproducibility of the findings, and compari-

monophasic versus biphasic glucose response curve during an

son cannot be made with 1-hour PG in terms of the predictive val-

OGTT, where monophasic was defined by a gradual decrease after

ue for abnormal OGTT response.

the peak of intermediate PG level without reascending at 2 hours.

In conclusion, a 30-minute PG ≥ 9.2 mmol/L was the optimal

Adolescents with a monophasic glucose response curve had lower

cutoff in predicting abnormal OGTT response in a cohort of over-

in vivo insulin sensitivity and inadequate compensation in first- and

weight or obese pediatric individuals in our study. When combined

second-phase insulin secretion, despite having similar fasting dura-

with non-fasting metabolic parameters, it has robust predictive val-

tion and 2-hour glucose and insulin concentrations. As impaired

ue for abnormal OGTT response. Hence, shortening the standard

insulin sensitivity and b-cell function are two major pathophysio-

OGTT to 30 minutes may improve clinical usability while provid-

logical mechanisms of young-onset T2DM, this study demonstrat-

ing effective initial stratification for high-risk individuals. Routine

ed the role of intermediate PG measurement as a strong metabolic

measurement of 30-minute PG should be encouraged in the clini-

marker for T2DM. In addition, individuals with high 30-minute PG

cal setting to allow future longitudinal studies to evaluate the out-

in an OGTT represent those with greater glycemic variability after

come.

a meal, which has been demonstrated to promote free radical production and trigger oxidative stress to result in increased insulin re-
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