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Hyperglycemia that does not satisfy the diagnostic criteria for diabetes mellitus (DM) is generally called prediabetes (preDM).
The global prevalence of preDM has been increasing progressively in the past few decades, and it has been established that preDM
status is a strong risk factor for DM and cardiovascular disease. Currently, preDM status is classified into two subtypes: impaired
fasting glucose and impaired glucose tolerance. Currently, preDM is not regarded as an independent clinical entity, but only as a
risk factor for others. In this article, we review various clinical aspects of preDM in terms of the working definition, changes in
criteria over the years, epidemiology, and pathophysiological characteristics, and its clinical significance in current medicine.
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INTRODUCTION

Non-diabetic hyperglycemia that does not satisfy the diagnos-
tic criteria for diabetes mellitus (DM) is generally known as
prediabetes (preDM). It is generally agreed that all forms of
diabetes pass through this prediabetic state before escalating
into full-blown diabetes [1]. Similar to DM, fasting plasma
glucose (FPG) and oral glucose tolerance tests are both used
independently as defining criteria for preDM [1,2]. Recently,
hemoglobin Alc (HbAIc) has also been used in the diagnosis
of preDM [1,3].

Because it is well-established that the risks of type 2 DM
(T2DM) and cardiovascular disease are significantly increased
in preDM subjects, life style modifications have been recom-
mended for this population as a method to control preDM
[2,4]. The benefits of this have been confirmed in many pro-
spective, randomized studies where life style modification and
pharmacological intervention have been shown to significant-
ly improve clinical markers related to the risk of T2DM and
cardiovascular disease [5-7]. However, current preDM medi-

cal guidelines treat this condition as a risk factor for diabetes
and cardiovascular disease, rather than a separate clinical enti-
ty. Additionally, the clinical significance of preDM has not been
clearly established [1,2,4]. Studies suggest that preDM has spe-
cific clinical significance separate from type 2 diabetes. Because
of this, it is thought that more active discussions are needed on
the topic. Here, we review various clinical aspects of preDM
with respect to the working definition, changes in criteria over
time, epidemiology, pathophysiological characteristics, and its
clinical significance in current medicine.

DEFINITION OF PREDIABETES AND
DIAGNOSTIC CRITERIA

According to the most recent clinical practice recommenda-
tions published in 2010 by the American Diabetes Association
(ADA), preDM is defined as 1) impaired fasting glucose (IFG)
with fasting plasma glucose levels of 100 to 125 mg/dL (5.6 to
6.9 mmol/L), 2) impaired glucose tolerance (IGT) with plasma
glucose levels of 140 to 199 mg/dL (7.8 to 11.0 mmol/L) 2-hour
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postprandial, or 3) an HbAlc of 5.7 to 6.4% [1]. These criteria
have evolved over the years and discussions on the topic con-
tinue.

Changes in preDM diagnostic criteria

In the 1979 American National Diabetes Data Group (NDDG)
report, the first consensus-based, systematic criteria for DM
were proposed. Specifically, non-diabetic hyperglycemia was
defined as being in the high-risk group for the progression of
DM and the presence of IGT [8]. The diagnostic criteria for
IGT required satisfaction of the following three conditions: 1)
FPG <140 mg/dL (7.8 mmol/L), 2) FPG 2200 mg/dL (11.1
mmol/L) 0.5, 1, and 1.5 hours after a 75-g oral glucose toler-
ance test, 3) and FPG between 140 and 200 mg/dL (7.8 to 11.1
mmol/L) 2 hours after a 75-g oral glucose tolerance test [8].
However, the diagnostic criteria for IGT based on the NDDG
reports are somewhat restricting, and there were difficulties
including some subjects during the screening period [9].

The diagnostic criteria for IGT that were published by the
World Health Organization (WHO) in 1980 were simpler than
the NDDG classification criteria. IGT was defined by a 2-hour
plasma glucose level of 140 to 200 mg/dL (8.0 to 11.0 mmol/L)
after a 75-g oral glucose tolerance test [10]. However, WHO
criteria excluded the fasting criteria in the IGT diagnosis and
only emphasized post-challenge glucose. This is because confir-
mation of fasting during screening is not easily obtained [10].

Eighteen years after the NDDG report, ADA proposed new
diagnosis criteria for DM in 1997 [11]. When considering the
cost, time, and reproducibility of oral glucose tolerance tests, it
was recommended that diabetes screening and diagnostic tests
primarily use the FPG test. Based on macrovascular complica-
tion risks, the threshold for the diagnostic criterion changed
from 140 to 126 mg/dL [11]. Thus, according to these criteria,
a fasting glucose of 110 to 126 mg/dL in preDM (6.1 to 7.0
mmol/L) is classified as IFG, while a 2-hour post-challenge
plasma glucose concentration between 140 and 200 mg/dL
(7.8 to 11.1 mmol/L) is now classified as IGT. The WHO diag-
nostic criteria that were released in 1999 were very similar to
the ADA diagnostic criteria [12,13].

To prevent similarity between IGT and IFG, in the ADA
Expert Committee report, the IFG criteria was changed from
110 mg/dL (6.1 mmol/L) to 100 mg/dL in 2003 (5.6 mmol/L)
[14,15]. Recently, the International Expert Committee recom-
mended that HbAlc be added to the diagnosis of DM; the 2010
ADA clinical practice recommendation defining HbA1c levels
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of over 6.5% as DM, and an HbAlc between 5.7 and 6.4% as
preDM [1,3].

Major issues in diagnostic criteria changes for preDM

The diagnostic criteria for diabetes and preDM have been
changed several times, and the use of Alc and others tests as
diagnostic criteria for DM have been actively discussed. How-
ever, there does not appear to be a complete consensus regard-
ing this matter.

Issues regarding IFG criteria

To determine the cut-off values for preDM, criteria that sharp-
ly delineate increases in the risk of adverse clinical or metabol-
ic outcomes based on changes in blood glucose are needed.
These questions are important for both IFG and IGT. However,
unlike the widely accepted IGT criteria, controversy remains
regarding diagnostic criteria for IFG.

In 2003, the ADA recommended that the criterion for IFG
be lowered from 110 mg/dL (6.1 mmol/L) to 100 mg/dL (5.6
mmol/L) [14]. This change was based on receiver operating
characteristic (ROC) analysis results for fasting blood glucose
levels. Specifically, these criteria were able to maximize sensi-
tivity and specificity in detecting DM over a period of 5 years
from Pima Indian, Mauritius, San Antonio, and Hoorn Study
data [14,16-18]. The cut-off value for maximum sensitivity and
specificity for detecting DM was set at 97 to 99 mg/dL (5.4 to
5.5 mmol/L) [14]. Additionally, by lowering the IFG cut-oft
value, IFG prevalence became similar to IGT prevalence, and
the percentages of people who were screened for FPG and
postprandial blood glucose were similarly matched [14].

However, the WHO advised that the cut-off value for IFG
should be maintained at 110 mg/dL, because IFG prevalence
would be increased significantly by changing the cut-off crite-
rion. Although this could have important personal or social
impacts, there is not a major reduction in adverse outcomes or
the prevention of DM progression as a result of this change [19].

The actual risk of developing DM is known to be associated
with an increase in FPG concentrations from “normal” condi-
tions. In studies conducted in young men, the risk of develop-
ing diabetes gradually increased when fasting blood glucose
levels rose from under 81 mg/dL (4.5 mmol/L) to over 86 mg/
dL (4.8 mmol/L) [20]. This result suggests that there is no ex-
act cut-off value for FPG levels that predicts adverse outcomes.
Additionally, in the Atherosclerosis Risk in Communities
(ARIC) study, when FPG levels were over 106 mg/dL (5.9
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mmol/L), it was predicted with 50% sensitivity that subjects
would develop diabetes, whereas when FPG was over 100 mg/
dL (5.6 mmol/L), it was predicted with 70% sensitivity; thus,
higher-risk groups could be screened for. However, the per-
centage of the population that can be screened as a high-risk
group increases by more than double the normal value with
this kind of increase in sensitivity [21]. Additionally, when the
ADA diagnostic criterion cut-off value was lowered, new IFG
patients had more favorable cardiovascular risk profiles and a
lower risk of developing diabetes compared with patients who
were selected by the WHO criteria [22-25]. For these reasons,
many diabetes experts did not completely agree with the ADAs
IFG diagnostic criteria [19,22,26].

HbAIc criteria issues

Alc had been widely used as a test to estimate the degree of
glycemic control. Because it can be measured regardless of food
intake, Alc is simpler than FPG or oral glucose tolerance tests.
Additionally, because it reflects long-term glucose concentra-
tions, versus frequently changing glucose levels, it is more
closely related to the chronic complications of diabetes [27-29].
Because the current DM diagnostic criteria are based on an
increased risk of developing DM-related chronic complica-
tions, using Alc for the diagnosis of DM is a rational approach.
However, the cost of Alc compared with simple glucose tests
is high. Additionally, because measurement standards have not
been established, its use as a diagnostic criterion for diabetes
has been limited. Measurement methods are continuously im-
proving, and according to the efforts of professionals from the
American National Glycohemoglobin Standardization Pro-
gram, European International Federation of Clinical Chemis-
try, Japanese Diabetes Society/Japanese Society of Clinical
Chemistry, and other organizations for measurement standard-
ization, Alc is now actively being considered as a diagnostic
criterion for diabetes [27,30,31].

In several studies that have examined the diagnostic value
of Alc, compared with FPG, Alc has been shown to have low-
er variability and higher specificity [32]. Based on several pop-
ulation-based studies, the Alc cut-off value has been set at 5.9
to 6.2% for estimated diabetes diagnoses [33-36]. Specifically,
in the National Health and Nutrition Examination Survey
(NHANES) III, where the mean value of the Alc cut-off was
set at over 6.5%, diabetes diagnoses had a 99.6% specificity and
a 43 to 44% sensitivity [37]. Based on the results of these stud-
ies, the International Expert Committee proposed that the
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new standard Alc value for the diagnosis of DM be changed
to above 6.5%. Since this time, the ADA has adopted it as a
new official diagnostic criterion [1,3].

For preDM, the International Expert Committee also de-
cided that Alc values between 6 and 6.5% are considered to be
in the high-risk category for diabetes [3]. In an actual popula-
tion-based study, participants who had Alc levels between 6
and 6.5% had a 10-fold increase in the occurrence of diabetes
compared with participants with Alc levels below 6% [38,39].
However, over 5 years, participants with Alc levels of 5.5 to
6.0% had cumulative occurrence percentages between 12 and
25%, which was 3 to 8 times higher than the control group.
Based on data from NHANES study subjects, the closest Alc
level for current IFG and IGT criteria was 5.5 to 6.0%; howev-
er, in the linear regression analysis, a fasting glucose level of
100 mg/dL corresponded with an Alc of 5.4%, and a fasting
glucose level of 110 mg/dL corresponded with an Alc of 5.6%
[1]. When the Alc cut-off value for preDM was set at 5.7%,
sensitivity was 39 to 45% and specificity was 81 to 91% for IFG
and IGT predictions [1]. Based on large-scale prospective
studies, when the preDM cut-off value was set at 5.7%, the
sensitivity was 66% and specificity was 88% for predicting the
risk of DM risk over the next 6 years [36]. Consistent with
these results, an HbAlc of 5.7 to 6.4% was presented by the
ADA as a preDM criterion [1].

However, based on the current criteria, diagnosis of subjects
screened using the Alc 5.7 to 6.4% criterion are not complete-
ly consistent with IFG and IGT methods. With respect to the
fasting blood glucose cut-off values proposed by the ADA, it is
expected that that it will take some time until the aforemen-
tioned diagnostic criteria are widely accepted.

EPIDEMIOLOGY OF PREDM

According to several epidemiological studies, the worldwide
prevalence of preDM exceeds that of true diabetes. The preva-
lence of preDM is expected to increase, and factors related to
race, age, and various characteristics related to gender are
known to exist.

Prevalence

According to the IDF Diabetes Atlas, currently, the number of
cases of IGT (2010) worldwide is estimated to be approximate-
ly 340 million [40,41]. North America has the highest preva-
lence of IGT in the world, with 10.4%. For Europe and the Mid-
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dle East, the values are 8.9% and 8.2%, respectively, which is
also relatively high versus other parts of the world [41]. In
Southeast Asia and the Western Pacific Region, the prevalenc-
es are 6.2% and 7.7%, respectively [41]. However, according to
the absolute differences in population size, the Western Pacific
Region is estimated to have the largest number of IGT subjects,
approximately 120 million people [41]. When compared with
DM, the prevalence of IGT is generally similar; however, in
North America, the prevalence of IGT is lower than that of
DM. In Africa and the Western Pacific Region, IGT prevalence
is slightly higher than that of diabetes [41]. By 2030, the global
prevalence of IGT is estimated to reach 8.4%, which will be
approximately 462 million people [41].

There are no additional comprehensive global estimates of
IGF prevalence; however, in most parts of the world, it is known
that the prevalence is above 5% [2]. In 2002, an IGT/IFG con-
sensus statement published by the International Diabetes Fed-
eration (IDF) stated that based on surveys conducted in many
parts of the world, IGF prevalence was 2.0 to 17.3% [2]. Gen-
erally, the prevalence of IGT is known to be higher than that of
IFG; however, these data were mostly based on the previous
ADA/WHO criteria. According to the new ADA criteria, when
the IFG cut-off value is adjusted to 100 mg/dL, IFG prevalence
increases dramatically. In this case, the increase in IFG preva-
lence is greater than that of IGT [26,42]. For example, by
changing the IFG diagnostic criteria, the Danish IFG preva-
lence increased from 11.8% to 37.6% [43]. Further, by chang-
ing the diagnostic criteria in DETECT-2 study subjects, IFG
prevalence increased from 12.7% to 28.7% in Chinese subjects,
from 11.0% to 38.6% in Asian Indians, from 16.3% to 45.7% in
French subjects, and from 12.1% to 32.0% in the Unites States
[44]. According to data from a survey on NHANES subjects,
the IFG prevalence of Americans over the age of 20 was report-
ed as 25.7% and IGT was reported as 13.8% [45].

Overlap of IFG and IGT

The issue with the IFG and IGT concept began with whether
screening for diabetic high-risk groups should be performed
using fasting blood glucose or postprandial blood glucose tests.
However, subjects selected through IFG and IGT criteria were
not identical.

Generally, among subjects screened using IGT, only 20 to
25% of individuals have FPG levels >110 mg/dL. In subjects
screened with IFG, <50% have a postprandial 2-hour glucose
level 2140 mg/dL [2]. In the DECODE studies, which exam-
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ined European IFG subjects that were defined exclusively by
FPG levels between 6.1 and 6.9 mmol/L, 64.8% of subjects had
‘isolated’ IFG, 28.6% showed combined IFG with IGT, and
6.6% were diagnosed with diabetes [2,46]. In the DECODA
studies, 45.9% of Asian IFG subjects that were defined exclu-
sively by FPG levels had ‘isolated’ IFG, 35.2% showed IFG val-
ues that were associated with IGT, and 18.9% had diabetes [47].
Even in the analyses of NHANES subjects, only some of the
preDM subjects showed overlap between IGT and IFG. Using
the ADA IFG criteria, 60% of all IGT subjects were screened;
however, among subjects classified as IFG, only 18.5% of IGT
subjects could be screened.

These data suggest that screening for all high-risk diabetes
groups is not possible through the simple methods of either
fasting glucose or postprandial blood glucose. Additionally,
these results show that across physiological conditions, there
can be a significant difference between IFG and IGT.

Characteristics of age and gender

Differences in age and gender between IFG and IGT are known
to exist depending on the populations and region investigated.
Generally, the prevalence of IFG and IGT increases according
to age. Additionally, while IFG prevalence is relatively high in
men, it is lower in women [2]. In the DECODE studies, the
prevalence of isolated IFG in men increased gradually with
age. In the 50 to 59 age group, IFG decreased gradually after
reaching a plateau of 10.1%. Additionally, when the over 70
group was excluded, prevalence in men was significantly high-
er [2,46,48]. The prevalence of isolated IGT increased continu-
ously regardless of gender, and excluding the over 70 group,
the prevalence in women of all ages was significantly higher
[2,46]. In the DECODA studies in Asians, excluding Indian
cohorts, isolated IFG and isolated IGT prevalence both tended
to increase with age, but not gender [2,47]. Differences by gen-
der were not significant when compared with Europeans. Fur-
ther, the isolated IFG prevalence of women in the same age
group was much higher than in men, and women had higher
incidences of isolated IGT [2,47]. Even in NHANES subjects,
the prevalence of IFG and IGT increased proportionally with
age [45]. However, IFG prevalence in men was 32.1%, com-
pared with 19.8% in women. There was no significant differ-
ence in IGT based on gender; IGT prevalence in men was
14.6% and 13.1% in women [45]. There was also no observed
difference in the prevalence of preDM in NHANES subjects
based on ethnic backgrounds [45].
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There are differences between target populations in the above
large-scale epidemiological survey results, and an exact com-
parison between each is very difficult. Estimating incidence is
not possible using a cross-sectional design. Furthermore, with
the rapidly changing lifestyle habits observed in many Asian
countries, there is a problem applying epidemiological charac-
teristics longitudinally.

The clinical course of preDM

The risk for DM in preDM subjects is much higher compared
with those with normal glucose tolerance (NGT). When sev-
eral prospective epidemiological studies were compiled, the
incidence of T2DM in isolated IFG and IGT subjects was esti-
mated at 4 to 6% per year, and this value was significantly high-
er than NGT subjects (<0.5% per year) [5-7,13,16,49]. In the
subjects who were diagnosed with IFG and IGT in combina-
tion, the annual percentage for the risk of developing T2DM
increased by 10%. This suggests that IFG and IGT have addi-
tive roles in predicting the risk of developing T2DM. However,
some preDM subjects also experienced complete recovery to
normal glucose tolerance levels. In an 11-year follow-up study
on Mauritius adults with IGT, 46% progressed into overt DM,
28% retained their condition, 4% changed to IFG, and 24%
showed normalized glucose tolerance [16]. For patients with
IFG, 38% developed overt DM, 7% experienced no change,
17% progressed to IGT, and 38% developed normalized glu-
cose tolerance [16].

The occurrence of cardiovascular disease and associated
mortality in preDM subjects compared with normal glucose
tolerance are known to be significantly elevated [25,50,51]. In
several studies, the risk of cardiovascular disease in preDM
patients compared with NGT increased by over 50%, and this
risk was greater in young adults [25]. However, in each study,
there were differences in the risks of developing cardiovascu-
lar disease between IFG and IGT, and when confounding vari-
ables were compensated for, the risk of developing cardiovas-
cular disease was lowered [25]. As previously mentioned, in
patients screened as having IFG based on the new ADA diag-
nostic criteria, and using the WHO criteria as a comparison,
the cardiovascular risk profile is a little more favorable, and the
risk of developing diabetes is known to be lower. There is much
room for debate regarding IFG diagnostic criteria and the risk
of developing cardiovascular disease [22-25].
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PATHOPHYSIOLOGY OF PREDM

Epidemiological studies examining a large number of subjects
who were independently screened for both IFG and IGT sug-
gest that the pathophysiological characteristics of IFG and IGT
are significantly different [2]. The most important factors that
may explain the pathophysiology of T2DM are increased insu-
lin resistance and decreased insulin secretion. Studies analyz-
ing insulin resistance and insulin secretion in isolated IFG and
IGT subjects suggest that there are distinguishable character-
istics between the subtypes [52-57]. However, differences in
pathophysiology between each preDM subtypes still do not
clarify whether these commonly shared phenomena occur in
various regions or ethnicities around the world. Additionally,
their significance in clinical practice is unknown.

Perspectives on insulin resistance

During glucose stimulation, pancreatic insulin secretion phys-
iologically suppresses hepatic glucose production in the liver;
however, glucose utilization is promoted in the peripheral tis-
sues, including muscle and adipose tissue. Insulin resistance
refers to a dysfunctional physiological response to insulin se-
cretion in vivo. Despite normal or higher insulin levels, hepatic
glucose production is not adequately suppressed, or a reduc-
tion in glucose utilization in peripheral tissue causes increased
plasma glucose concentrations. Compared with NGT subjects,
there is a significantly higher tendency for insulin resistance to
increase in preDM subjects. Additionally, important differenc-
es in the mechanisms underlying insulin resistance are known
to exist between preDM subtypes [42,52-55,57].

Hepatic insulin resistance in IFG subjects is significantly
higher than in NGT subjects. In contrast, peripheral insulin
resistance is known to be significantly higher in IGT subjects
[42,52,53,57]. Fasting blood glucose levels are significantly
higher in basal hepatic glucose production in response to in-
sulin in IFG subjects, despite hyperinsulinemia, compared with
NGT subjects. These results suggest that proper suppression
does not occur; however, hepatic insulin resistance eventually
increases in IFG subjects [42,52,57]. In IGT subjects, hepatic
insulin resistance is significantly lower than in IFG subjects;
however, there is no significant difference compared with NGT
[42,52,57]. In studies that use the euglycemic hyperinsulinemic
clamp, the gold-standard for assessing insulin resistance, total
body glucose disposal in isolated IGT subjects is significantly
reduced compared with NGT, while in isolated IFG, it is simi-
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lar to NGT [58,59]. In isolated IGT subjects, this significantly
increases insulin resistance in peripheral tissues. In contrast,
peripheral insulin resistance is not significantly different be-
tween isolated IFG and NGT. While IFG is associated with
IGT, both hepatic and peripheral insulin resistance are signifi-
cantly higher than NGT [42,52,55,57].

Perspectives on insulin secretion

The progressive failure of beta cells is the major factor under-
lying the development and progression of T2DM. Physiologi-
cal pancreatic insulin secretion occurs biphasically. Generally,
sharply increasing early phase secretion and late phase secre-
tion can be divided by post-continuous glucose stimulation
during initial glucose loading. Even if the same amount of glu-
cose is loaded, differences in in vivo insulin secretion exist
during the course of administration. When glucose is admin-
istered orally, insulin secretion promotion occurs via the addi-
tional effects of incretin; however, when glucose is delivered
intravenously, this effect is not observed [55]. It is well-known
that a reduction in insulin secretion due to beta cell failure is
an early step in NGT and preDM stages. In addition to simple
reduction in insulin secretion, however, differences in beta cell
dysfunction patterns are known to exist between preDM sub-
types [56,57,60].

According to studies based on oral glucose tolerance tests,
early phase insulin secretion in IFG subjects is significantly re-
duced compared with NGT, while late-phase insulin secretion
is normal. Further, supranormal conditions can be observed
[52,57]. On the other hand, early phase insulin secretion was
relatively intact in IGT subjects, while late-phase insulin secre-
tion was severely decreased [52,57]. In other studies, first- and
second-phase insulin secretion in IGT subjects decreased in
response to glucose infusion, while in IFG subjects, first-phase
secretion decreased and second-phase insulin secretion re-
mained relatively intact [54,55]. For both oral and intravenous
glucose loads, symptoms of insulin secretion disorders in
preDM subjects do not appear to be the result of incretin, but,
instead, are caused by direct beta cell dysfunction. When IFG
is accompanied by IGT, both early and late-phase insulin se-
cretion were extremely reduced [52,57].

Racial differences in the pathophysiological characteristics
of preDM

Based on the results discussed above, it seems clear that there
is a difference between insulin resistance and insulin secretion

112

between IFG and IGT subjects; however, most studies have
targeted Caucasians, and there are not many studies that in-
clude physiological characteristics of other races, including
Asians.

Using a 75-g oral glucose tolerance test, differences between
insulin secretion and insulin resistance have recently been
compared according to preDM subtypes in 307 Korean sub-
jects diagnosed with drug-naive preDM [56]. 75-g oral glu-
cose tolerance test results were classified according to ADA di-
agnostic criteria: 87 subjects had isolated IFG, 75 had isolated
IGT, and 145 had both. Within the subjects, homeostasis mod-
el assessment of insulin resistance (HOMA-IR) represents he-
patic insulin resistance, whole body insulin sensitivity index
(WBISI; Matsuda index) represents peripheral insulin resis-
tance, the insulinogenic index (IGI) represents early phase in-
sulin secretion, AUC I/Go.120 represents late-phase insulin se-
cretion, and insulin resistance effects are compensated for. To
assess beta cell function, the disposition index (DI, IGIx
WBISI), was measured [56]. After adjusting for confounding
variables, it was found that HOMA-IR, IGI, AUC I/Go-120, and
DI were high in isolated IFG subjects, while only WBISI was
high in isolated IGT subjects (Fig. 1) [56]. Although the gold-
standard was being used in this study, preDM pathophysiolo-
gy increased insulin resistance in IFG and reduced insulin se-
cretion in IGT. Additionally, there was an apparent difference
among study results, which suggests that something else is
playing a relatively important role [56]. In future, additional
studies are required between each preDM subtype to determine
the physiological characteristics in various regions around the
world to confirm the most common racial characteristics.

Do pathophysiological characteristics between preDM
subtypes have clinical significance?

It remains unclear as to how clinically important heterogeneous
pathophysiological features are between the observed subtypes.
In many of the previous prospective, randomized trials that
used interventions such as lifestyle modification and pharma-
cological agents, the risk of developing T2DM decreased in
preDM subjects and it is known that several cardiovascular
risk factors can be significantly improved upon [5-7]. In previ-
ous studies, however, interventions according to preDM sub-
types have considered distinct pathophysiological characteris-
tics, which could not be tested in subjects. Although it is only
a hypothesis, it is suspected that when medical interventions
are made during preDM and the early phase of T2DM accord-
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Fig. 1. Comparison of insulin resistance and secretory indices between Korean prediabetic subjects after adjusting for age, gen-
der, body mass index, and abdominal circumference [56]. Data are presented as mean+standard error. HOMA-IR, homeostasis
model assessment of insulin resistance; IFG, impaired fasting glucose; IGT, impaired glucose tolerance; WBISI, whole body in-
sulin sensitivity index; IGI, insulinogenic index. *P<0.05, "P<0.01.

ing to hepatic/peripheral insulin resistance-dominant pheno-
type recognition or beta cell dysfunction-dominant phenotype
recognition, more positive clinical outcomes may be obtained.
For example, metformin and TZDs are used as insulin sensi-
tizers for hepatic/peripheral insulin resistance phenotypes. In
contrast, for beta cell dysfunction phenotypes, GLP-1 antago-
nists are thought to be effective. Additional studies will be
necessary to determine whether this hypothesis is accurate.

CONCLUSIONS

PreDM is an obvious risk factor for both T2DM and cardio-
vascular disease. However, there are almost no symptoms of
preDM and the clinical course is variable. Because there is not
a worldwide consensus on diagnostic criteria, there are inade-
quacies in defining it as a single disease. However, we feel that
the prevalence of preDM is higher than that of T2DM, and
there are many epidemiological characteristics involved in dif-
ferent regions and races. Compared with observable symp-
toms, physiologically dynamic changes are occurring. Through
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proper management, recovery of normal glucose tolerance is
possible. Additionally, because complications can be prevent-
ed, the clinical approach is more aggressive and more time is
required to develop a more systematic approach. This suggests
that individual management is required given the observed
significant pathophysiological heterogeneity between preDM
subtypes for the management of preDM subjects. Through fu-
ture research, the pathophysiology of preDM and early stage
T2DM is expected to become much more widely understood.
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