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cagon-like peptide 1 (GLP-1), glucose-dependent insuli-
notropic polypeptide (GIP), and pancreatic polypeptide. 
Also, the monophasic group showed lower in vivo he-
patic and peripheral insulin sensitivity, lack of compen-
satory insulin secretion, and impaired β-cell function 
related to insulin sensitivity that may let them at a high 
risk of developing T2DM [5]. Additionally, another study 
[8] used the same method to investigate the dynamic 
response of β cells, independently of the insulin sen-
sitivity [9]. Also, the volunteers who kept monophasic 
shape only or switched to monophasic from biphasic 
shape over time had a higher risk of impaired glucose 
metabolism while biphasic shape had a lower risk [8]. 
Similarly, the risk of T2DM was double in monophasic 
shape compared to the group with biphasic shape [3]. 
However, the peripheral insulin sensitivity was simi-
lar between two groups although monophasic shape 
showed a higher insulin output but a less β-cell glucose 
sensitivity [8]. Therefore, OGTT has also been develo-
ped to investigate the pathophysiology of diabetes. 
However, the peak and decay in plasma glucose levels 
during the OGTT reflect the interplay between several 
factors, including the glucose intestinal absorption rate, 
insulin sensitivity, β-cell function and components, such 
as β-cell glucose sensitivity, β-cell insulin sensitivity rate 
and enhanced factor, in addition to the secretion of gut 
hormones. Thus, application of OGTT in the diagnosis 
of impaired glucose tolerance is useful but it seems li-
mited in the study of pathogenesis of T2DM without 
another indicator(s).

In diabetic patients, blood glucose levels often ele-
vate markedly after a meal, mainly associated with the 
progress of diabetic complications [1]. They belong to a 
category of hyperglycemia which is abnormal but is still 
not reach the criteria of diabetes mellitus (DM). Gene-
rally, they are classified as the impaired glucose tole-
rance [2]. In clinics, oral glucose tolerance test (OGTT) 
is widely used to diagnostic for the impaired glucose 
tolerance (IGT) and/or type-2 DM (T2DM) while IGT is 
obtained from a 2-hour post-challenge plasma glucose 
level about 140-200 mg/dl during OGTT [2]. In recent, 
the shape of glucose curve during OGTT has been poin-
ted out to reveal the risk of developing IGT [3,4], which 
is also associated with variations in insulin sensitivity 
and secretion in youth [4,5]. Moreover, the patterns of 
insulin concentration during an OGTT have been used 
to predict the development of T2DM from a Japanese 
Americans study for 10-11 years [6]. Recently, using a 
multiple sample in 2-hour OGTT, the variation in time 
showing glucose peak has also been suggested as an 
indicator of prediabetes and/or β-cell function better 
than glucose curve shape [7].

Moreover, using the robust methodology, a study 
in obese adolescents found that the shape of glucose 
response curve during OGTT, monophasic versus bi-
phasic, identifies the variations in insulin secretion and 
sensitivity [4]. The monophasic group had a marked hi-
gher glucose, insulin, c-peptide and free fatty acid OGTT 
areas under the curve (AUC) than the biphasic group, 
but no differences in the levels of glucagon, total glu-
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Recently, along with the recent pandemics of obe-
sity worldwide, the prevalence of not only T2DM but 
also nonalcoholic fatty liver disease (NAFLD) is rapidly 
increasing worldwide. Therefore, recently, the associa-
tion and/or relevance of T2DM, NAFLD, and glucose and 
insulin metabolism have been widely linked using OGTT 
in clinics. The postprandial insulin secretion pattern is 
associated with histological severity in non-alcoholic 
fatty liver disease (NAFLD) patients without prior known 
T2DM [10]. Recently, the risk of transient postprandial 
hypoglycemia in NAFLD has been identified using OGTT 
[11]. Also, the value of a 1-hour OGTT glucose ≥ 155 mg/
dL has been suggested as helpful to identify a subset of 
non-glucose tolerant individuals at risk for NAFLD [12]. 
Moreover, Non-Alcoholic Steatohepatitis (NASH) has 
also been linked with T2DM, particularly a high preva-
lence of NASH (56.49%) in patients with T2DM with du-
ration of more than 5 Years [13]. Therefore, a new appli-
cation of OGTT for diagnosis of NAFLD or NASH without 
overt T2DM is suggested in clinical practice.

In basic research, OGTT is mainly used to investigate 
the glucose homeostasis in animals. Insulin resistance 
(IR) or insulin sensitivity has ever been characterized in 
animals using the data from glucose-insulin index that 
was also calculated from OGTT [14]. But it was recently 
replaced by a simple method named HOME-IR [15], al-
though it’s application has ever been challenged [16]. 
Additionally, OGTT has also been used as a model to 
mimic the postprandial state of hyperglycemia as well 
as provides information on the glucose-lowering effect 
as a consequence of changes in glucose utilization [17]. 
Basically, OGTT or meal tolerance test mimics the gluco-
se and insulin dynamics under physiological conditions 
more closely than conditions of the glucose clamp or 
insulin sensitivity test. The postprandial rise in plasma 
insulin enables appropriate disposal of blood glucose 
in the absorptive state, while the fall in plasma insulin 
contributes to maintaining glucose homeostasis in the 
post-absorptive state and during the starvation. There-
fore, it is not suitable to ignore the blood insulin levels 
that are dependent on the ability of pancreatic beta-cel-
ls in response to the challenges from plasma glucose le-
vels. Moreover, determinations are easily influenced by 
a number of physiological and environmental factors in 
addition to pathological situations. Therefore, adequate 
experience of the tests is important to reduce the bias 
in animals both before and during the assays.

Impaired glucose tolerance is mostly reflected in a 
larger incremental area under the curve (AUC) of the 
plasma glucose disappearance curve during OGTT. Re-
sults in OGTT showed a marked increase in AUC0-120 min 
from the diabetic group indicating the success of dia-
betic model. Similarly, glucose tolerance is also signifi-
cantly changed in the mutant mice compared with their 
wild-type littermates [18]. After the treatment with te-
sting substance, either herbal extract or nutrient, the 
slope of the glucose disposal phase is markedly incre-

ased and AUC is significantly decreased comparing to 
the vehicle-treated group as control. It means that the 
testing substance has an ability to alleviate the impaired 
glucose tolerance. However, OGTT mimics the glucose 
and insulin dynamics; it is still not enough to conclude 
that the testing substance enhanced glucose utilization 
as the mechanistic results because the α-glucosidase 
inhibitor-like action may result in same changes [19]. 
Therefore, more studies are usually required such as 
insulin-tolerance test, glucose uptake, glycolysis and 
others [18]. It means that data showing a marked re-
duction in AUC only from OGTT are not enough to sup-
port the conclusion regarding an increase in glucose uti-
lization as the action mechanism for testing substance. 
However, it has been applied in some basic studies re-
gardless the glucose and insulin integrations.

In the integrated model [9], glucose is introduced 
as a two-compartment disposition model under both 
insulin dependent and insulin-independent elimination 
from one central compartment. Insulin is mentioned as 
a one-compartment model with linear elimination while 
insulin secretion is separated into first and second-pha-
se secretion [20]. The first-phase secretion is shown as 
a bolus dose which enters into the plasma compart-
ment. The second-phase secretion is parameterized to 
be equal to elimination at the baseline and to raise with 
the increased glucose concentrations, similar to glucose 
production. However, the main limitation of this model 
is that it has been developed based on the data cove-
ring only a short time that may prohibit the use in analy-
sis of drug with slowly developing effects, particularly 
the drugs acting on gene transcription. Therefore, this 
model is not widely applied although it seems useful to 
analyze the drug effects [21].

In conclusion, glucose tolerance test used in clinic is 
extremely varied in basic research. Diagnosis of diseases 
including diabetes and/or hepatic disorders is the main 
aim in clinical practice while the impaired glucose to-
lerance in animals is mainly targeted in basic studies. 
However, reduction in AUC only from animals received 
OGTT is still not enough to conclude the action mecha-
nism via increase in glucose utilization.
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