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Abstract: For over 100 years, the oral glucose tolerance test (OGTT) has been the
cornerstone for detecting prediabetes and type 2 diabetes (T2DM). In recent decades,
controversies have arisen identifying internationally acceptable cut points using fasting
plasma glucose (FPG), 2-h post-load glucose (2-h PG), and/or HbAlc for defining inter-
mediate hyperglycemia (prediabetes). Despite this, there has been a steadfast global con-
sensus of the 2-h PG for defining dysglycemic states during the OGTT. This article reviews
the history of the OGTT and recent advances in its application, including the glucose
challenge test and mathematical modeling for determining the shape of the glucose curve.
Pitfalls of the FPG, 2-h PG during the OGTT, and HbA1c are considered as well. Finally, the
associations between the 30-minute and 1-hour plasma glucose (1-h PG) levels derived from
the OGTT and incidence of diabetes and its complications will be reviewed. The consider-
able evidence base supports modifying current screening and diagnostic recommendations
with the use of the 1-h PG. Measurement of the 1-h PG level could increase the likelihood of
identifying high-risk individuals when the pancreatic B-cell function is substantially more
intact with the added practical advantage of potentially replacing the conventional 2-h OGTT
making it more acceptable in the clinical setting.

Keywords: OGTT history, OGTT, glycated hemoglobin, diabetes, gestational diabetes,
pathophysiology, 1-h post-load glucose, prediction, shape index

Introduction

The global prevalence of type 2 diabetes mellitus (T2DM) is rapidly increasing at an
alarming rate as a result of population aging, urbanization, and associated lifestyle
changes. Emphasis has been placed on intervening in those with “prediabetes,” defined
as levels of fasting plasma glucose (FPG), 2-h post-load glucose (2-h PG), or HbAlc
above their consensus-derived normal ranges but below diagnostic thresholds for
diabetes. While prediabetes is a risk factor for T2DM, given its high prevalence —
affecting 35% of US adults ' intervening in everyone with prediabetes may not be cost-
effective.” Furthermore, longitudinal observational studies have shown that ~40% of
those who progress to T2DM over five years had normal glucose tolerance (NGT) at
baseline, suggesting that prediabetes status is not sufficient in identifying a large
portion of individuals at risk for diabetes.® Therefore, reliance on established predia-
betes criteria may not only miss a large subset of individuals at high risk of developing
T2DM but may identify them later than optimal for lifestyle intervention when earlier
treatment may be more effective. The question, therefore, arises as to the earlier
recognition of individuals at future risk for T2DM. In this review, we will re-explore
intermediate glucose measurements during the OGTT. Clinical application of (“The
OGTT Pendulum” Figure 1), initially considered many years ago, the reinstitution of
which may improve the identification of individuals at risk for developing T2DM.
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Figure | The OGTT Pendulum.

1-hour 75-gram OGTT  2-hour 75-gram OGTT

60 min 0 and 120-min

Yes. 1-h PG>155 Yes

mg/dl

1 2

Practical Intermediate

Early Late

Emerging Evidence established
Yes No

Notes: The OGTT based diagnostic criteria for diagnosing diabetes in the past, present, and future. OGTT, oral glucose tolerance test; T2DM, type 2 diabetes.

OGTT - History

Accurate quantification of glycemia with reliable and fea-
sible tests for screening and early detection has historically
been challenging. Indications for performing the OGTT
are numerous (Table 1). The OGTT has evolved consider-
ably over the last century - the glucose solution concentra-
tion for testing (50, 75, or 100 g), using plasma glucose
instead of whole blood, the timing of sample collection (0,
30, 60, 90, 120 minutes), number of samples required for
diagnosis, and the criteria and terminology for diagnosing
dysglycemia (eg, prediabetes, chemical, borderline, sub-
clinical, latent or overt diabetes). Plasma glucose concen-
trations, measured either after an overnight fast or glucose
loading, have been the mainstay for diagnosing T2DM for
more than a century.* However, there was little consensus

on which cut-points for glucose loading should be consid-
ered to diagnose prediabetes and T2DM requiring further
re-evaluation.”

Table 2 details the key time points in the history of
OGTT standardization and the evolution of diagnosing
prediabetes and diabetes. There has been spirited disagree-
ment on the diagnostic criteria for T2DM and the utility of
the OGTT in clinical practice.® The FPG was not always
utilized for diagnosing T2DM. The index of glucose
excursions, such as the shape of the glucose curve, and
area under the curve (AUC), was suggested early in the
evolution of the OGTT (recent adaptations are described
below). The latter necessitated intermediate glucose mea-
surements, including the 30-minute, 1-hour plasma glu-

cose (threshold of 8.6 mmol/L) was coincident with
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Table | Indications, Factors Affecting, and Interpretation of

Table 2 Overview of the OGTT and the Diagnosis of T2DM

OGTT . . .
Year Standardization/Discovery/Milestone/Important
Indications Study
® HbAlc inaccurate or unreliable (ie, Hgb SS disease, Fe deficiency 1885 The first recognition of glucose could be found in the
anemia, etc.) circulating blood'®°
® Borderline glucose value during screening or non-fasting
. 1911 Blood sugar analysis using micrometry
® Renal glycosuria
® Screening high-risk individuals: Hypertriglyceridemia, Gestational 1913 The influence of carbohydrates on blood sugar
Diabetes Mellitus, PCOS, Obesity, Metabolic syndrome, reported”"
Unexplained neuropathy, retinopathy, PVD, and CAD.
1917 A glucose tolerance with standard glucose load (100 g)
Factors affecting and interpretation of glucose tolerance test was conducted”
® Age 1963 Simplification of OGTT with sampling at |-h alone was
® Physical inactivity recommended'®?
® Obesity
. . 1979-80 Classification of diabetes based on OGTT with 5-time
® Endocrine:  hyperthyroid, acromegaly, pheochromocytoma,
- points (Fasting, 30-, 60-, 90, and 120 min)'®"!
Cushing’s syndrome
® Drugs: Thiazides, glucocorticoids, diphenylhydantoin, oral contra- 1985 Simplification of OGTT with 2-time points (fasting and
ception, salicylates, nicotinic acid 2-h)'é?
® Surgery (Gastrointestinal)
® CVD: Acute coronary syndrome, MI, Stroke 1993-2009 | Publication of seminal DCCT and UKPDS studies, and
® Infection widespread penetration of HbAlc as diabetes
164
® Methodology: Blood versus plasma measurement —blood glucose management marker
15% lower than plasma glucose; Gastric emptying (osmolarity of 2008 I-h plasma glucose cut-point > 155 mg/dl as a predictor
glucose solution: 50 vs 100-g; Intra- and inter-individual variability; of diabetes'*!
Diurnal variation (Eg, OGTT performed in AM); Timing of speci-
mens (eg, 30', 60', 90', 120', 180) 2010 Inclusion of the HbA ¢ test™
Abbreviations: CAD, coronary artery disease; MI, myocardial infarction; PCOS, 2012-2015 | Several epidemiological studies and meta-analysis
polycystic ovarian syndrome; PVD, peripheral vascular diseases. showed the superiority of fasting, and 2-h PG over
HbAlc in predicting diabetes, CVD, and overall
. . . L 14,166
current research findings discussed below], 90-min, and mortality
the 2-hour plasma glucose (2-h PG)). Threshold levels of 2012-2017 | The superiority of 1-h PG over conventional glucose
these intermediate values were relatively lower than those measures for predicting diabetes and its complications
3 ; ere reported'3''65
currently endorsed leading to a higher prevalence of hid pe
detected diabetes. Prediabetes was also not defined in the 2018 Petition to replace current OGTT criteria for
earlier era of the OGTT. diagnosing prediabetes with the I-hour;ost—load
. . plasma glucose2 155 mg/dl is published
By the end of the 1960s, it was widely acknowledged

that the use of the FPG alone for diagnosis identified
individuals too late in the natural history of diabetes.
This resulted in the development of at least six different
recommendations for oral glucose loads varying from 50
to 100 g with the dosage calculation not based on ideal
the
American Diabetes Association (ADA) proposed estima-

body weight or body surface.”* Subsequently,
tion of body surface area to determine the suitable glucose
load for the OGTT.” However, in 1980, the World Health
Organization (WHO) recommended global standardization
of the OGTT with a 75-g glucose load, which is still
currently utilized.'® Concomitantly, data from cross-

sectional studies demonstrated a strong linear association

between FPG and 2-h PG values with diabetic retinopathy,
which led to a commonly agreed-upon protocol, endorsed
by the US National Diabetes Data Group (NDDG)'' and
the WHO'® for the diagnosis of diabetes (FPG > 7.8
mmol/L) and 2-h PG > 11.1 mmol/L). These cut-points
were derived from cross-sectional epidemiological studies
that examined retinopathy across a range of glycemic
levels. Although the cut-point for 2-h PG is justified
based on diabetic retinopathy studies, the optimal value
for the diagnosis of FPG has not been adequately standar-
dized. In 1997, an ADA Expert Committee proposed
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a lower cut-off for the FPG from > 7.8 mmol/L to > 7.0
mmol/L to diagnose diabetes. These thresholds were set to
reflect the discrepancy between the 2-h PG and FPG (as
many individuals may have a 2-h PG > 11.1 mmol/L and/
or an FPG < 7.8 mmol/L as well as to simplify the diag-
nostic process (FPG versus OGTT).'? Subsequently, in
1999, the WHO also amended the cut-off point of FPG
to > 7.0 mmol/L and retained the 2-h PG threshold for
diagnosing T2DM. In 2009, glycated hemoglobin (HbA1c)
was added for diagnosing diabetes by both the ADA'? and
in the following year by the WHO.

Prior to the progression of T2DM, the levels of glucose
generally increase to prediabetic states of isolated impaired
fasting glycemia (i—IFG), isolated impaired glucose tolerance
(i-IGT), or combined glucose intolerance (IFG+IGT).'*!”
A recent systematic review and meta-analysis showed that
the prevalence of prediabetes and its associations with long-
term clinical outcomes differed according to the definition
used.'® Several observational and epidemiological studies
have examined mechanisms and potential etiological factors
leading to the development of the different prediabetic states.
Briefly, the pathophysiology of i—IFG encompasses the fol-
lowing key defects: increased hepatic insulin resistance,'’
stationary pancreatic B-cell dysfunction,'® or chronic low B-
cell mass, deranged glucagon-like peptide-1 secretion, and
glucagon hypersecretion.'® Conversely, the i-IGT is charac-
terized by heightened peripheral insulin resistance,”® normal
hepatic insulin sensitivity, progressive B-cell dysfunction,'®
reduced secretion of the insulinotropic hormones,?' and
deranged glucagon secretion.'” Individuals developing com-
bined IFG/IGT exhibit severe defects in both peripheral and
hepatic insulin sensitivity as well as a progressive loss of -
cell function.'® Finally, it should be recognized that there are
many factors affecting glucose tolerance, and Table 1
describes important considerations for accurately interpret-
ing the OGTT.

Non-Equivalence of FPG and 2-h PG
The diagnosis of T2DM is not established or confirmed
based on a single test but rather by repeated measurements
of FPG, 2-h PG, or HbAlc. Table 3 describes the advan-
tages and disadvantages of the various traditional diabetes
measures such as FPG, OGTT, and HbAlc. The existing
glucose-based diagnostic tests, FPG, and the 2-hr PG
derived from the OGTT have well-known performance
limitations with increased inter-individual variability
(FPG (CV: 5.7%; 95% CI: 5.3, 6.1); 2-h PG (CV: 16.7%;
95% CI: 15.0, 18.3); and HbAlc (CV: 3.6%; 95% CI: 3.2,

4.0)).”* As a result, in 1997, the ADA recommended using
the FPG instead of the 2-h PG and eliminating the
OGTT,” acknowledging that the FPG cut-point was not
equivalent to the 2-h PG value of >11.1 mmol/L.**
Subsequently, the WHO advanced similar criteria but
was less restrictive about the use of the OGTT. The
derived optimal value of FPG of 7.0 mmol/L for diagnos-
ing diabetes was based on a few cross-sectional population
studies examining the relationship between the glycemic
threshold and diabetic retinopathy.”* Later, it was shown
that the association of FPG and 2-h PG was modified by
factors such as age, obesity status, sex, and ethnicity. For
instance, in a study of Pima Indians, the receiver operating
curve (ROC) analysis for diabetic retinopathy identified
the optimal FPG cut-off level as 6.8 mmol/L.*> The US
National Health and Nutrition Examination Survey III
(NHANES III) study also reported that the prevalence of
retinopathy increased dramatically with FPG level of 6.7
mmol/L.?* These findings were confirmed by a similar
study in Egypt®® in which the optimal FPG cut-off level
for detecting diabetic retinopathy was 6.9—7.2 mmol/L.
However, these three populations have higher BMI levels
compared with Asian populations. In a Japanese study,”’
the optimal FPG cut-off values for detecting T2DM (ie,
2-h PG> 11.1 mmol/L or diabetic retinopathy was 6.4
mmol/L. Other Asian population studies have reported
optimal FPG cut-off levels for retinopathy ranging
between 5.6 and 6.0 mmol/L.**>° These findings suggest
that FPG threshold levels are lower in Asian populations.
In essence, the strength of association between FPG and
2-h PG is highly variable and affected by various factors.
Therefore, revising the diagnostic criteria proposed by the
ADA decreasing the need to perform an OGTT not only
changed the prevalence of diabetes, but also increased
personal and economic consequences.

HbAIc Not Reliable for Detecting
Early Dysglycemia

In 2010, the ADA added the HbA 1¢c measurement to screen
and diagnose diabetes in addition to guiding diabetes man-
agement. HbA 1c has several advantages for the diagnosis of
diabetes: a fasting sample collection is not required, per-
formed as a single blood draw, reflects the average glucose
level in the last 2-3 months, smaller preanalytical variability
than the FPG and 2-h PG measurements, higher reproduci-
bility and is less affected by acute factors (eg, exercise, acute
illness) than glucose measurements.*'** Importantly, it
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Table 3 Advantages and Disadvantages of the Current Diabetes Screening Tests

Tolerance Test
(OGTT) .

2-h PG after the oral glucose load.

Allows assessment of the glucose response

after an oral glucose challenge.

® |dentifies more individuals with dysglycemia
than the FPG or HbAlc.

Test Advantages Disadvantages
FPG ® Can be performed as a single blood draw. ® Requires overnight fast (at least 8-12 h).
® Most commonly used test ® |ess sensitive than the OGTT.
® Majority of the global diabetes prevalence epi-
demiology studies were based on the FPG
criteria
Oral Glucose ® |Includes assessment of both FPG and the |® Requires overnight fast.

Administration of glucose causes nausea and vomiting in a subset of the
population (~2-5%)

2-h test duration.

Sensitive to day-to-day variations due to diet or exercise.

The values vary according to the time of day of testing.

Reproducibility is not as good as the FPG or HbAlc.

HbAlc ® Reflects integrated glucose levels over
preceding ~180 days. .

® Convenient.

® Does not require fasting or patient
preparation.
® Can be performed as a single blood draw. .

® High reproducibility (precision).
® |ess day-to-day perturbations during stress |®
and illness.

® Globally standardized and quality assurance in

place

Less sensitive than the FPG and 2-h PG.

The accuracy and interpretation can be affected by the presence of
hemoglobin variants (ie, sickle cell trait), chronic kidney failure, iron
deficiency anemia, differences in red blood cell lifespan, and differences
with age and race.

Weakly associated with the diabetes pathophysiology (eg, insulin sensi-
tivity, and B-cell function)

May be high or low relative to underlying average glucose levels (accu-
racy — HbAlc “mismatches” as a reflection of average glucose levels).

should be noted that HbA 1¢ may not be a sensitive biomarker
to detect early dysglycemia. Although HbAlc has become
the diagnostic test of choice among most primary care pro-
viders to diagnose T2DM and for clinical management in the
past two decades,”® it must be emphasized that HbA 1¢c mea-
surement alone is an insensitive biomarker for assessing
dysglycemia, particularly in the early stages of prediabetes
or T2DM. For instance, analyses of the US NHANES III data
from 2005-2006 indicated that the HbA 1 cut point > 6.5%
identified one-third fewer cases of undiagnosed diabetes than
the FPG> 7.0 mmol/L.>* Similar observations were also
noted in other studies.>*® The concordance between
HbAlc and OGTT for diagnosis of dysglycemia is low.>’®
In the GENFIEV study, the concordance of HbAlc and
OGTT for the determination of prediabetes and diabetes
was only 54% and 44%, respectively.*® Different pathophy-
siological aspects of dysglycemia may be evaluated by the
HbAlc and OGTT, as clinical characteristics differ in parti-
cipants identified by the latter in several studies.’®*
Prediabetes diagnosed with OGTT tends to be associated

3840

with more severe metabolic comorbidities and diabetes-

related complications'® than when diagnosed by the HbA c.

Although the HbAlc range between 5.7%-6.4% is
endorsed by ADA for the diagnosis of prediabetes, its
ability to predict progression to diabetes is poor in compar-
ison with the 2-h PG during the OGTT.>"*!** A meta-
analysis of 14 studies (n=6410) showed that the relative
contribution and strength of association between 2-h PG
and HbAlc (r=0.68) was moderate and much weaker than
with FPG and HbAlc (r=0.61).** Importantly, HbAlc is
a relatively expensive test, not available in many low- and
middle-income countries.** Furthermore, the prediction of
adverse cardiovascular outcomes and all-cause mortality is
improved when 2-h PG is used in models including FPG
and HbAlc.*

An important consideration in assessing HbAlc for the
diagnosis of dysglycemia is the interindividual differences
in the correlation between blood glucose levels and HbAlc.
The glycation gap refers to the discrepancy in the relation-
4647 and the

hemoglobin glycation index refers to the difference

ship of HbAlc with glucose or fructosamine

between the measured HbA1c and the level that would be
predicted from average blood glucose values.*” Several
factors influence the glycation of hemoglobin which may
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explain the low sensitivity and specificity of HbAlc for the
diagnosis of dysglycemia in various settings.*® When the
glycation gap is negative or the hemoglobin glycation index
is low, HbAlc is lower than the corresponding glucose or
fructosamine levels; when the glycation gap is positive or
the hemoglobin glycation index is high, the HbAlc is sys-
tematically higher. A glycation gap or hemoglobin glyca-
tion index corresponding to a difference of 1% of HbAlc or
more is found in up to 40% of individuals with diabetes.*
The glycation gap may be partly genetically determined
contributing to one-third of the heritability of HbAlc.>
Interindividual differences in intracellular glycation inde-
pendent of blood glucose appear to be a central mechanism
explaining the glycation gap and hemoglobin glycation
index.** The enzyme fructosamine-3-kinase is highly
expressed in erythrocytes and promotes deglycation of pro-
teins and is one of the mechanisms contributing to changes
in HbA I¢ not related to glucose levels.”!

Several reports have shown that Black individuals have
HbAlc than  Whites.
Furthermore, HbAlc has been associated with the impre-

systematically higher levels
cise classification of T2DM in the Black population than
in Whites. In an analysis of the US NHANES 2005-2014
study, the false positive rate for prediabetes or diabetes
was 17.6% in the Black population vs 6.3% in Whites.’>
A trend for a higher level of HbAlc has also been identi-
fied among other ethnic groups, including Hispanics and
Asians, even after adjustment for glycemia and other
covariates.>>* In the Mexico City Diabetes Study,
45.5% of participants with a normal OGTT had HbAlc
levels >6.5%.%

The sensitivity and specificity of HbAlc for the diag-
nosis of dysglycemia varies with age. HbAlc increases
with age independent of glucose tolerance’®>’ with both
the sensitivity and specificity for diagnosing T2DM
decreasing.”® HbAlc performs poorly among children
and adolescents in diagnosing prediabetes and T2DM
underestimating their prevalence.’

Finally, HbAlc levels can be influenced by various
factors (Table 4). Conditions with decreased red cell turn-
over (eg, iron deficiency, vitamin B12 deficiency, certain
hemoglobinopathies) tend to increase HbAlc levels and
those with increased turnover of red blood cells (eg,
hemolytic anemia, iron/vitamin B12 replacement, treat-
ment with erythropoietin and hemoglobinopathies with
increased turnover) are associated with lower HbAlc
levels.®®®" Hemoglobinopathies can also interfere with
assays for HbAlc measurement.®” Advanced chronic

Table 4 Main
Measurement

Non-Glycemic Factors Affecting HbAIlc

Elevates HbAIlc Reduces HbAIc

Iron deficiency anemia Pregnancy

Chronic kidney disease Hemolytic anemia
Vitamin B2 deficiency Erythropoietin therapy
Severe hypertriglyceridemia Iron/vitamin B12
Aging replacement
Black race, Asian race, Hispanic Chronic liver disease
ethnicity Antiretrovirals

Hemoglobinopathies Hemoglobinopathies

Genetic factors Genetic factors

kidney disease is also associated with significant changes
in HbAlc. False elevations may be found due to interfer-
ence from carbamylated hemoglobin and decreased
erythropoiesis.®> On the other hand, hemodialysis is typi-
cally associated with falsely decreased HbAlc levels due
to the uremic environment, decreased erythrocyte lifespan,
treatment with erythropoietin or intravenous iron replace-
ment treatment.®>*** Various drugs have also been asso-
ciated with changes in HbAlc levels independent of blood
glucose variations.®>®” HIV patients treated with immu-
nosuppressive agents may have HbAlc discordant with
blood glucose levels which therefore results in an under-
estimation in the prevalence of dysglycemia;®® the HbAlc,
therefore, should not be used to assess glycemia in this
population.®”

To summarize, although HbAlc is a valuable tool for
the diagnosis of dysglycemia, screening for high-risk indi-
viduals using the HbAlc alone may not be sufficient to
substitute for the information derived from OGTT.

OGTT for Detecting Gestational
Diabetes Mellitus

The lack of universal consensus for screening and diag-
nosis of gestational diabetes mellitus (GDM)-a state of
glucose intolerance first diagnosed during pregnancy- has
led to the use of various diagnostic glucose thresholds
internationally.”® Identifying GDM is paramount since
outcomes of GDM

increased likelihood of maternal (C-section, hypertension,

maternal and perinatal include

cardiovascular diseases) and neonatal (macrosomia, neo-

natal hypoglycemia, and perinatal death) risk.”"">
Currently, there are different two-step glucose thresh-

olds that diagnose GDM, such as those defined by the

Carpenter and Coustan (CC),”* National Diabetes Data
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Group (NDDG), and Canadian Diabetes Association
(CDA).”* Alternatively, a one-step GDM screening test is
recommended by the International Association of Diabetes
and Pregnancy Study Groups (IADPSG).”* There has been
much debate on whether the one- or two-step GDM
screening test should be used. A gold-standard for the
screening of GDM is lacking. Screening for undiagnosed
T2DM that occurred before conception is suggested at the
initiation of prenatal care and for women with increased
risk factors such as body mass index (BMI)>25, history of
glucose intolerance, as well as previous pregnancy with
GDM, macrosomia, or stillbirth. The best screening test
for early GDM or T2DM screening remains unclear with
the various testing options and cut-off points the same as
in nonpregnant individuals. As discussed in the previous
section, although the HbA1c has preanalytical advantages,
its clinical utility in the context of GDM has several
inadequacies as HbAlc has poor sensitivity for detecting
glucose abnormalities, which results in failing to identify
many individuals with glucose intolerance.”®’” There have
also been concerns with the HbAlc threshold of 6.5% for
diagnosis in pregnancy. Fong et al’® found that HbAlc
levels 5.7% —6.4% identified individuals at increased risk
of GDM. Another study noted that a lower HbAlc cut-off
of 5.9% identified all cases of diabetes in pregnancy that
was associated with neonatal outcomes such as perinatal

Table 5 Diagnostic Criteria Proposed for Gestational Diabetes

death. This criterion is not widely used, although some
suggest that HbA 1c should be used instead of FPG for the
identification of GDM in early pregnancy.”” More studies
are needed to select the best early screening test for dia-
betes in pregnancy.

In 1964, O’Sullivan and Mahan pioneered the diagnos-
tic glucose criteria for GDM using a 100-g 3-h OGTT with
whole blood measurements.*® Years later, plasma and
serum rather than whole blood glucose levels were
analyzed.*® In 1979, the NDDG and then CC in 1982
recommended adjusted values to compensate for the
change from whole blood to plasma. The CC glucose
thresholds were lower than that of the NDDG (Table 5),
which increased GDM prevalence.®' Currently, a 50-gram
oral glucose challenge test (GCT) is the traditional two-
step screening test for GDM and is initially administered
between 24 and 28 weeks of gestation in a non-fasting
state. Patients who meet or exceed a screening threshold of
7.2 mmol/L or 7.8 mmol/L after 1-h, depending on the
criteria chosen by a clinical site, proceed to a 100-gram
oral glucose load in a fasting state. GDM is diagnosed if
two or more plasma glucose levels meet or exceed the CC
or NDDG values in Table 5. Although the criteria for the
two-step test were created to identify women who were at
high-risk for diabetes after pregnancy, these did not target
perinatal outcomes;* whether the NDDG or CC criterion

Test Criteria Number of Fasting I-Hour 2-Hour 3-Hour
OGTT mmol/L mmol/L mmol/L mmol/L
Values for (mg/dl) (mg/dl) (mg/dl) (mg/dl)
Diagnosis
Two-step | O’Sullivan and - 5.0 (90) 9.2 (165) 8.1 (145) 6.9 (125)
Mahan'®’
NDDG™ ACOG, NIH 22 5.8 (105) 10.6 (190) 9.2 (165) 8.0 (145)
Carpenter ACOG, USPSTF, 22 5.3 (95) 10.0 (180) 8.6 (155) 7.8 (140)
and alternative use by ADA
Coustan’*
CDA%® 22 5.3 (95) 10.6 (191) 8.9 (160) -
One-step | IADPSG®’ ADA, Endocrine 2| 5.1 (92) 10.0 (180) 8.5 (153)
Society, WHO, FIGO
NICE/ 2| 5.6 (101) - 7.8 (140) -
RCOG'*®

Abbreviations: ACOG, American College of Obstetricians and Gynecologists; ADA, American Diabetes Association; CDA, Canadian Diabetes Association; FIGO, The
International Federation of Gynecology and Obstetrics; IADPSG, International Association of Diabetes and Pregnancy Study Groups NIH, National Institute of Health;
NDDG, National Data Diabetes Group; RCOG, Royal College of Obstetricians and Gynecologists USPSTF, United States Preventive Services Task Force; WHO, World

Health Organization.
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should be used to remains controversial. The ADA does
not recognize NDDG guidelines but recognizes the two-
step CC values or one-step approach.® Although both the
American College of Obstetricians and Gynecologists
(ACOG) and the National Institute of Health (NIH) con-
sensus statement endorses the two-step GDM screening,
neither endorses a specific criterion (CC vs NDDG) for
diagnosing GDM.** A recent systematic review and con-
tent analysis identified 14 guidelines from various interna-
for diagnosing GDM.** The
recommendations of GDM were developed in five

tional organizations
domains such as diagnosis of GDM, prenatal care, intra-
partum care, neonatal care and postpartum care. The study
found that although commonality in ~50% of the recom-
mendations existed, there were still some discrepancies
between guidelines. Among all guidelines included, the
National Institute for Health and Care Excellence (NICE)
guidelines showed the best average score of consistency in
each aspect.®

In 2008, the Hyperglycemia and Adverse Pregnancy
Outcome (HAPO) study using a 75 g OGTT discovered
a continuous relationship between maternal fasting, 1-h,
and 2-h PG with primary outcomes that included birth
weight >90th percentile, primary C-section delivery, neo-
natal hypoglycemia, and cord C-peptide >90th percentile.
Maternal glucose levels were also associated with second-
ary outcomes, including preeclampsia, preterm delivery,
shoulder dystocia/birth injury, hyperbilirubinemia, and
intensive neonatal care. The HAPO study had limitations
since there was not a clear glucose threshold that was
associated with maternal and neonatal complications.®
Importantly, the risk of the worse perinatal outcome asso-
ciated with hyperglycemia below the traditional glucose
threshold used for diabetes in pregnancy has been contro-
versial. Some believe that other confounding characteris-
tics such as BMI, medical conditions, and advanced
maternal age contribute to poor outcomes such as large-
for-gestational-age and higher odds of C-section deliver,
rather than glucose levels.®

In 1998, the International Association of Diabetes and
Pregnancy Study Groups (IADPSG) held an International
Workshop-Conference on Gestational Diabetes Diagnosis
and Classification and reviewed the published results of
the HAPO study. The TADPSG Consensus Panel used
findings from the HAPO study to define glucose thresholds
during a 75 g OGTT and recommended screening for
diabetes in all high-risk women during the first prenatal
visit. If a diagnosis of diabetes in pregnancy is made,

clinicians should proceed with management and treatment.
The IADPSG criteria for GDM were based on the average
glucose values observed with FPG, and 1-h or 2-h PG after
a 75 g OGTT that were ~1.75 times the odds (compared to
the HAPO cohort mean) for birth weight, cord C-peptide,
and percentage body fat above the 90th percentile.
Glucose thresholds recommended by the IADPSG
included FPG> 5.1 mmol/L, 1-h PG > 10.0 mmol/L, and
2-h PG> 8.5 mmol/L; lower glucose thresholds than
recommended by the CC criteria. By these criteria, the
incidence of GDM was 17.8%, which is higher than
reported by many countries. Also, there were strong asso-
ciations between maternal glucose with preeclampsia and
shoulder dystocia/birth injury with the IADPG glucose
thresholds. Furthermore, the frequency of preterm delivery
and primary C-section increased with the IADPG criteria.
Thus, it was thought that IADPG criteria were better at
predicting these outcomes.”

The IADPSG criteria have been endorsed by all major
organizations such as WHO, IDF, ADA, and the Endocrine
Society.82 However, the US NIH and ACOG, and societies
from some countries have not endorsed the IADPG criteria
since it would increase the prevalence of GDM, healthcare
costs, and interventions, without clear evidence of
improvement in maternal and neonatal outcomes.®’

Several studies have attempted to address some of
these concerns. A secondary analysis of the HAPO study
found that the IADPSG criteria identified a significantly
higher frequency of birth weight above the 90th percentile,
neonatal hypoglycemia, and maternal C-sections.*® In
another prospective study, the prevalence of GDM by CC
criteria was 10.6% (185 of 1750) and by IADPSG, 35.5%
(542 of 1526). Use of IADPSG criteria resulted in signifi-
cant reductions in rates of prematurity, Cesarean section,
large for gestational age, small for gestational age (SGA),
and admissions to the neonatal intensive care unit. The
one-step IADPSGC was associated with cost-savings com-
pared with the two-step CC criteria because of the reduc-
tion in the rate of C-sections and neonatal intensive care
unit admissions. There was also no difference in the per-
centage of patients needing insulin therapy when IADPSG
criteria were used. This study indicates that although the
new IADPSG criteria were associated with an increased
prevalence of GDM, there was an improvement in preg-
nancy outcomes because of the increased number of
women at risk for pregnancy complications who were
treated.®
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The increase in GDM prevalence and global cost-
effectiveness remains a concern and are some of the rea-
sons why the IADPSG criteria have not been universally
adopted. Also, a gold-standard screening test may be com-
plicated since there are population differences in the fre-
quency of elevated plasma glucose levels in pregnancy.
A more costly examination may not be warranted in cer-
tain regions with low rates of GDM.”® More robust studies
are needed for the establishment of universal screening
criteria for GDM.

The 50g Glucose Challenge Test
(GCT): Screening for Dysglycemia
in the Nonpregnant Population

The evidence for missed opportunities for diabetes

91-94 _ even in individuals who have had contact

screening
with a healthcare system’ — underscores the need for
opportunistic screening approaches performed at the
point of care which are sensitive, specific, and convenient.
Currently, none of the recommended screening tests”>°
fully meet all of these characteristics (see Table 3).
However, GCT, a standard component of the two-step
screening approach for gestational diabetes (GDM)’”-%®
described in detail in the previous section, maybe
a potential candidate as an optimal screening test given
its accuracy and precision in identifying dysglycemia,”®'*
and its convenience as a point of care assessment (ie, can
be conducted at any time of day, without prior fasting).
The 50g GCT as the initial screening test for GDM has
been shown to reduce the required number of confirmatory
OGTTs by over 50%.'%" Despite its long history in the
detection of GDM, the GCT in the nonpregnant population
has not been given much consideration, which may be
related in part to the small number of studies investigating
its clinical utility and to the 1-h test duration. Two studies
have evaluated the GCT as a screening test for prediabetes
or diabetes in distinct nonpregnant populations without
a known diagnosis of diabetes.””'% In both studies,
when compared to the OGTT as the diagnostic standard
for analysis, the 50g GCT 1-h PG performed better than
HbAlc in detecting either dysglycemia or diabetes”'%
and similarly to FPG”® — findings that were not altered by
differences in age, sex, race, BMI, and other risk factors,
including the time of day of testing. A GCT 1-h PG cut-off
of 8.9 mmol/L had a sensitivity of 82% and specificity of
81% for identifying diabetes in the community-based

cohort,'” and a sensitivity of 76% and specificity of

79% in the Veteran cohort.”” A lower cut-off of 7.8
mmol/L provided improved sensitivities of 92% and 87%
for diabetes in the latter studies, respectively, but had
reduced respective specificities of 63% and 61%.%'%
The 7.8 mmol/L threshold identified 40% of the at-risk
population requiring a follow-up OGTT for confirmatory
diagnosis, among whom 45% had either diabetes or pre-
diabetes, which represented 18% of the initial screening
cohort.'” As such, this approach would allow targeted
diagnostic testing in a high-risk subset of the at-risk
population.

Compared to the direct costs for screening, the cost of
this stepwise approach was lower than that of standard
screening recommendations and was deemed cost-
effective.””'”® From a healthcare system perspective,
GCT-based screening was projected to be cost-saving
over three years compared to no testing, particularly in
higher-risk individuals with greater age or BMIL'*
Furthermore, a recent population-level modeling analysis,
using the US NHANES 2013-2014 cohort, demonstrated
support for the use of the GCT as part of a two-step
approach, similar to that used in the diagnosis of
GDM.'? This analysis showed that a GCT followed by
an OGTT or FPG identified diabetes more accurately than
FPG+OGTT and HbA 1c+any standard second test (FPG or
2-h PQG), and that lifetime costs and quality-adjusted life-
years (QALY) were comparable to those associated with
the current recommended screening guidelines (requiring
any two positive test results).

Since the 50g GCT is accurate, cost-effective, and
relatively convenient, its implementation in the clinical
setting as an alternate method for diabetes screening
should be considered. One possible approach for imple-
mentation into clinical practice might include: i) adminis-
tration of the 50g glucose drink by clinic staff shortly after
patient check-in for individuals meeting ADA screening
criteria, ii) glucose sample collection 1-h later, likely after
the provider visit, with minimal, if any, increase in
appointment duration (national average for visits, 84
minutes),'” and iii) follow-up OGTT or FPG only in
individuals with elevated GCT 1-h PG level. However,
reluctance to use the GCT as the initial screening test —
due to the need for ingestion of the glucose load and the
I-h PG test duration in many at-risk individuals — may
pose a barrier despite its accuracy and point of care con-
venience. As such, uptake of the GCT for routine screen-
ing may not be as high as that observed in the pregnant
population who are likely highly motivated by concern for
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maternal/fetal health. Nevertheless, educating primary care
providers and patients on the importance of diabetes
screening at least every three years, and emphasizing
point of care testing, convenience, and accuracy of the
GCT, '™ should help achieve the necessary buy-in to incor-
porate its use in many practices. GCT for screening may
be particularly helpful in identifying a subgroup of patients
with high-risk or with preexisting prediabetes who would
benefit most from additional OGTT testing. Therefore, the
GCT in a two-step screening approach may maximize the
identification of high-risk individuals, while limiting the
number requiring further confirmatory testing.

Alternative OGTT-Derived Markers
to Identify High-Risk Individuals

Given the limitations of current diagnostic procedures for
detecting glucose disorders, it is essential to identify novel
biological markers that are inexpensive, feasible, and
widely adaptable. Recent studies have demonstrated the
shape of the glucose curve as a prognostic marker of
T2DM and heightened sensitivity of intermediary mea-
surements during the OGTT, including the 30-min PG or
1-h PG, for predicting progression to diabetes, associated

complications, and mortality.'%>!1%

Interpretation of OGTT Using Advanced

Mathematical Techniques

A dynamic understanding of OGTT by measuring glucose
levels at various intermediary time points has been an
active area of interest reflecting insulin sensitivity, secre-
tion, and potential for risk stratification.'””''® Even
though the levels of FPG and 2-h PG may be similar
amongst individuals, the shape and area-under- the curve
(AUC) of their glucose curves might differ, and it accu-
rately reflects the glucose dysmetabolism.

The Area Under the Curve

The Area Under the Curve (AUC) is derived from the
OGTT, which is widely used to diagnose dysglycemia
and for calculating insulin sensitivity, insulin secretion,
and B-cell dysfunction. The calculation, use, and abuse of
AUCG1c0s 111,112
Several epidemiological studies have demonstrated the

are described in detail elsewhere.
superiority of the AUCglucose for identifying individuals
at high risk for progression to T2DM.''*"'* Furthermore,
in the Botnia Study and Malmo Prevention Project, total
AUCglucose and 1-h PG emerged as the best predictors
for identifying incident T2DM in the middle (5-years) and

long-term (24- years)."'* Due to variations in FPG, the
incremental AUC (1AUC) was developed, which has been
widely criticized as it provides negative values in ~20% of
the population.''? The application of AUC in clinical
practice is limited, and a more robust understanding of
the integrated OGTT measures is warranted.

The OGTT Shape Index

The shape of the glucose curve during an OGTT was first
described over 70 years ago when Engelhardt et al system-
atically documented the rise and fall of the venous blood
glucose after a fixed glucose load that followed a 3-day
consistent carbohydrate meal.''® With standardization, pat-
terns in glucose excursion could be easily detected, and the
continuous rise in glucose was associated with significant
glucosuria and diabetes.''® These and many other studies
led to the harmonization of glucose criteria recommended
by the NDDG in 1979 and the use of 2-h PG criteria for
the diagnosis of diabetes. Although the shape of the OGTT
was initially described in the 1950s, it was not until the
last two decades that the morphology of the curve has been
increasingly appreciated as a prognostic marker of dia-
betes and a dynamic summary of insulin resistance and
secretion.'”” ''% Since the OGTT is a standard clinical
tool, finding additional ways to utilize the information
derived from the OGTT makes shape characterization an
attractive candidate biomarker with widespread clinical
and epidemiological applicability.

The shape of the glucose curve is characterized by the
pattern of rising and fall in venous glucose after a fixed
glucose intake, most commonly after a 2-h 75 g OGTT.
Most studies have defined glucose curve shapes by using
at least four prespecified timepoints, but more recent ana-
lyses have used modeling to create shape indices that
account for the complexity and biological variability of
glucose excursions. Characterizing the curve shape is most
useful for improving early risk stratification in high-risk
individuals who have a fasting and 2-h PG concentrations
below the prediabetes and diabetes thresholds, but who
have marked postprandial hyperglycemia and would ben-
efit from early interventions.''”''® Broadly, the curve
shape can be grouped into 3 main categories when using
glucose values collected at fixed time points (eg, 0, 15, 30,
60, 90, 120 minutes) —monophasic (a gradual increase in
glucose with a single peak and then fall), biphasic (a
gradual rise to a peak, fall in glucose to nadir and subse-
quent rise), unclassified (a continuous rise without a peak).
The rationale for using these definitions stems from the
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association of the curve shapes with pathological features
of T2DM and ease of categorization. Defining the shape of
the glucose curve into monophasic vs biphasic shapes was
a straightforward means to identify children and adults at
the highest risk for progression to diabetes.'®” "' The
monophasic and unclassified, compared to the biphasic
curve, is associated with lower insulin sensitivity and
B-cell
populations.''7""%7125 Moreover, compared to the biphasic

decreased function across a range of
curve, the monophasic and unclassified curves were better
predictors of prediabetes in individuals at high risk for
type 1 diabetes, T2DM, or GDM."'®1267128 NMore recently,
the shape of the OGTT curve has also been used as
a predictor of treatment outcomes.'”” In a randomized
controlled treatment trial in youths with T2DM, those
with unclassified or monophasic compared to the biphasic
shape were more likely to have higher HbAlc and require
insulin therapy.'*” In another study of healthy participants,
response to an anti-diabetic agent was more pronounced in
individuals with a monophasic curve at baseline.'**
Conversely, Kramer et al, in a healthy volunteer study
showed that time to maximal glucose peak during the
OGTT displayed reliable reproducibility (x = 0.76) com-
pared with other morphological features of the OGTT
glucose curve such as time to insulin peak, the shape of
the glucose curve, glucose nadir below baseline, and
1-h PG."! A recent comparative analysis by Chung et al'**
showed superiority in the ability of the glucose peak >30
mins to predict prediabetes and B-cell function versus the
OGTT curve shape.

However, the use of simple shape classifications as
a diagnostic and prognostic tool for prediabetes and dia-
betes is limited.'"**'**!* The monophasic shape is the
predominant shape in individuals with NGT, resulting in
high with
prediabetes, '20:122:123:126.132.134 Bogjdes, there is no consis-

false-positive  rates, especially those
tent time factor for categorization, and curve classification
may vary depending on the duration of the OGTT.'®® The
implications of having a monophasic curve during
a 2-h test but a biphasic curve after a 3-h test are
unknown.'®® Overall, the strongest associations of the
monophasic curve with prediabetes and diabetes are in
the individuals who have large glucose excursions (greater
glucose area under the curve), and less complex glucose
curve shapes.''*!'?® Therefore, to help resolve the hetero-
geneity in glucose curve shape, various statistical and
epidemiological have been

modeling  techniques

employed.''*!3>13¢ One example, functional data analysis,

utilizes the entire glucose curve to identify typical tem-
poral morphologies instead of single glucose measure-
ments at specific time points. Compared to simple shape
classifications, functional component analysis improved
risk classification for GDM in their first trimester of
pregnancy.'* Latent class trajectory analysis is another
statistical tool that gives probabilities for grouping indivi-
duals into different morphological classes while consider-
ing measurement error intra-individual variability."*” The
technique is most robust when using shape classification as
a prognostic marker as the assessments have high repro-
ducibility with good discrimination over time. Four dis-
1-4  that
correspond to increasing glucose excursions and declining

tinct patterns have been described-Class
insulin sensitivity and secretion with time."*®'*® Class 1
and 2 are associated with the lowest and 3 and 4 the
highest diabetes risk. The glucose curve pattern “Class
3” characterized by a high 30-min PG glucose but normal
fasting and 2-h PG is notable because it was associated
with a ~4-fold increased risk for diabetes over an average
of 12 years and higher all-cause mortality rate in a large
study of >1000 participants at risk for diabetes and heart
disease."’

The morphology of the glucose curve gives summary
information of insulin sensitivity and secretion on venous
glucose concentrations after a fixed glucose load. The
potential for its diagnostic use has been appreciated for
many years, but limitations related to increased cost and
patient burden associated with collecting blood at 1-3
additional time points and expertise required to assess
heterogeneity in curve shapes have limited its widespread
clinical use."*® Using a simplified, integrated model that is
freely available online will increase accessibility (https://
steno.shinyapps.io/grc2 h/). However, before these indices

can be adopted as a mainstream prognostic tool, longitu-
dinal analyses comparing shape indices with standard tools
for improving diabetes screening and outcomes need to be
performed. Future efforts are warranted on the application
of sophisticated mathematical and statistical methods such
as machine learning algorithms to extract features from

OGTT glucose curves in predicting diabetes.'*!

Glucose Measurements at 30-Min and
I-h During OGTT as a Novel Screening

Strategy
The use of traditional biomarkers such as FPG, 2-h PG,
and HbAlc levels with limited diagnostic accuracy and
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high specificity may inadvertently have contributed to the
increasing prevalence of glycaemic disorders. As the p-cell
function is already substantially impaired in prediabetes
based on current definitions, attention should, therefore, be
focused on identifying individuals even earlier in the tra-
jectory. As shown in Figure 1, current prediabetes criteria
remain inadequate as these identify individuals rather late
in the dysglycemic continuum thereby missing a potential
opportunity for earlier intervention when the B-cell func-
tion is relatively more intact.'** Studies have consistently
shown the heightened sensitivity of 30-min and 1-h PG
levels for detecting T2DM than established criteria.
Shortening the OGTT to 30-min or 1-h should facilitate
its use in clinical practice to avoid underdiagnosing high-
risk individuals. As Figure 1 illustrates, although histori-
cally intermediate time points have long been eliminated
from the OGTT to diagnose glucose disorders, accruing
evidence supports their reinstitution, particularly the
1-h PG. These values, in retrospect, may have been pre-
maturely eliminated. Thus, it is timely that the pendulum
assumes an intermediary position between earlier and
more recent positions on the OGTT diagnostic arc. There
will always be a necessity to define disease in quantifiable
terms so any threshold criteria will inevitably be arbitrary.
Nonetheless, redefining threshold values with the 30-min
or 1-h PG during the OGTT will improve sensitivity and
represents an opportunity to potentially prevent diabetes
and its complications.

Prevalence of Elevated I-h PG

Evidence from large-scale observational studies in a multi-
ethnic population has consistently shown that the 1-h PG
> 8.6 mmol/L during the OGTT may identify incident
T2DM and associated complications better than conventional
glycemic markers (FPG, 2-h PG, and HbAlc).'*'*
A recent systematic review showed that the prevalence of
NGT with a 1-h PG >8.6 mmol/L varied based on the study
design, ranging from 11-16% in population-based observa-
tional studies to ~25-42% in high-risk cohorts with at least
one cardiovascular risk factor.'** All of these studies consis-
tently showed that the prevalence of an elevated 1-h PG
increases as glucose tolerance deteriorates, with >50% indi-
viduals with combined IFG+IGT and >90% of newly diag-
nosed T2DM having a 1-h PG >8.6 mmol/L.

I-h PG and Pathophysiology
Non-diabetic, healthy adults in the Relationship between
Insulin Sensitivity and Cardiovascular Risk (RISC) study

demonstrated that the association between 1-h PG and
insulin action was similar to the 2-h PG determined by
the hyperinsulinemic-euglycemic clamp as a reference
standard.'*® The EUGENE study showed that individuals
with NGT and a 1-h PG>8.6 mmol/L had reduced peripheral
insulin sensitivity and acute insulin response compared to
those with NGT and 1-h PG < 8.6 mmol/L. Furthermore, the
study found that there were no apparent differences in
insulin sensitivity and B-cell function levels between those
with NGT and 1-h PG >8.6 mmol/L and IGT.'** Recently,
in a non-diabetic Native American cohort, Paddock et al'*®
showed a stronger association of 1-h PG> 8.6 mmol/L with
acute insulin response and insulin-stimulated glucose dis-
posal compared with lower values. Similar to the San
Antonio Heart Study,'*’
association between 1-h PG with insulin sensitivity and

other studies have confirmed the

pancreatic p-cell function.'**'*° In a real-world clinical
setting, we observed a stronger association of 1-h PG with
surrogate insulin sensitivity and pancreatic B-cell function
compared with conventional traditional measures such as
FPG, 2-h PG, and HbA1c."”! To summarize, higher 1-h PG
values were strongly associated with diabetes pathophysio-
logical features and the strength of association was more
reliable than IFG or HbAlc-based prediabetic criteria and
comparable to that of the IGT phenotype.

Association of |-h PG with Incident Diabetes

Several studies in different ethnic groups have shown that
intermediary glucose values at 30-min'>* and 1-h PG'®”
of T2DM.
Furthermore, the effect of an elevated 1-h PG was more
pronounced in NGT and isolated IFG (i-IFG) than those
with IGT. Abdul Ghani et al''* demonstrated in the San
Antonio Heart Study cohort of Mexican American indivi-
duals that the 30-min and 1-h PG were superior to FPG,
2-h PG, and HbA ¢ levels for predicting incident diabetes
over eight years. The addition of 1-h PG to existing multi-

predicted an increased risk incident

variable models and risk scores comprised of age, parental
history of diabetes, BMI, use of hypertensive medications,
and lipid measurements led to significant improvements in
the area under the ROC curve (risk score model: 0.65; risk
score + 1-h PG: 0.81). They also suggested the potential
benefit of combining 1-h PG> 8.6 mmol/L with ATP III
criteria for the metabolic syndrome to stratify individuals
at risk of developing T2DM (metabolic syndrome +
1-h PG: 0.81). Subsequently, the superiority of 1-h PG
versus the 2-h PG during OGTT in predicting T2DM

was replicated in the longitudinal Botnia Study'>® in

submit your manuscript

3798

Dove

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2020:13


http://www.dovepress.com
http://www.dovepress.com

Dove

Jagannathan et al

154

Finland and the Malmé Preventive Project ”" in Sweden.

Large scale epidemiological studies conducted in other

155 1 156 148
b

populations including Korea, Israe

China,'*’

Peruvian,'*® and Thailand'* confirmed a strong and inde-

Japan,
Native Americans,146 Asian Indians,15 7
pendent association of 1-h PG with incident diabetes.
Furthermore, using real-world clinical data, we have suc-
cessfully tested the accuracy of HbAlc and the 1-h PG
versus the FPG and 2-h PG from the OGTT as a reference
standard. This study found that the level of agreement was
twofold higher for the 1-h PG > 8.6 mmol/L (95% CI: 0.40
[0.28-0.53)]) than HbAlc categories defined by the ADA
[HbAlc: 5.7% —6.4%; 0.1(0.03-0.16)] and the IEC
[HbAlc: 6.0-6.4%; 0.17(0.04-0.30)]."° Recently, modi-
fied derivation of Diabetes Prevention Trial-Type 1 risk
score (DPTRS), by replacing 2-h OGTT information with
1-h OGTT data (DPTRS60) has accurately predicted Type

1 Diabetes.'®!

Elevated I-h PG and Cardiovascular Risk Factors

Several studies have reported that those with NGT and
1-h PG> 8.6 mmol/L levels displayed an adverse cardiovas-
cular risk profile, akin to prediabetic individuals.'”> For
instance, NGT individuals with 1-h PG >8.6 mmol/L were
found to have higher BMI, abdominal obesity,
a detrimental atherogenic lipid pattern, uric acid, apolipopro-

and

tein levels, and elevated levels of inflammatory and coagula-
tion factors compared with NGT individuals with 1-h PG
levels< 8.6 mmol/L. A series of epidemiologic analyses from
the CATAnzaro Metabolic RIsk factors (CATAMERI) study
provided mechanistic insights into the association of 1-h PG
with various cardiovascular risk factors. This cohort has
demonstrated an association between an elevated 1-h PG in
individuals with NGT and subclinical target organ damage

162

atherosclerosis, cardiac  insulin

164,165

such as carotid

resistance,'®  fatty liver, and impaired kidney
function.'®® Similar observations were also noted in other
cohort studies.'®” "% Overall, these data provide evidence
associating the 1-h PG >8.6 mmol/L and a plethora of cardi-
ovascular risk factors and support its utility as a tool to identify
a subgroup of individuals with NGT at increased risk not only

for T2DM but also for cardiovascular disease.

Elevated |-h PG and Diabetes-Related Complications
and Mortality

Several longitudinal studies have evaluated the impact of
1-h PG on cardiovascular adverse events and all-cause mor-
tality. In the population-based Chicago Heart Association

Detection Project in Industry Study, an elevated baseline
I-h PG was an independent risk factor for coronary heart
disease, stroke, and overall mortality.'’® Similar findings
were also observed in the Erfurt Male Cohort Study in
Germany, Helsinki Businessmen Study,'”" in Finland.'”" In
the Israel GOH study, an elevated 1-h PG in those with NGT
was found to predict CVD and all-cause mortality during
a 33-year follow-up. Recently, 39-year follow-up data from
the Malmé Study found that an elevated 1-h PG was an
independent predictor of cardiovascular and all-cause mor-
tality in NGT individuals. The risk of death was even higher
in those with an elevated 1-h PG than in IGT. Furthermore,
those with an elevated 1-h PG and IGT had worse cardio-
vascular and mortality outcomes.

In summary, identifying high-risk individuals with 1-h
PG is an important and novel strategy to avert the devel-
opment of T2DM and cardiovascular disease. Recently,
the retrospective analysis from the STOP Diabetes Study
showed the clinical effectiveness of tailoring pharma-
cotherapy by stratifying individuals based on 1-h PG
levels.'””
30-Minute-Plasma Glucose and Diabetes
In a cross-sectional analysis in Chinese adults, Zhou et al
identified a 30-min PG >9.7 mmol/L as a threshold for
prediabetes and >11.2 mmol/L as a cut-off for diabetes
using ROC analysis.'”® Additionally, a randomized con-
trolled study among Asian Indians showed that 30-min PG
values in the upper tertile (>10.5 mmol/L) were indepen-
dently associated with an increased risk of developing dia-
betes compared with values in the lowest tertile (<9.05
mmol/L) with an aHR of 1.44 (95% CI: 1.01-2.06)."*°
Furthermore, a recent secondary analysis from randomized
controlled trials among South Asians with prediabetes at
baseline showed an independent association between 30-
min PG with the incidence of diabetes.'*®'>? Finally, we
demonstrated that the addition of the 30-min PG values to
a traditional glucose biomarker such as FPG and 2-h PG
values significantly improved the net reclassification
improvement and was able to discriminate individuals
with prediabetes into low-, and high-risk groups.'®
Additional longer-term, population-based studies are
needed to expand our understanding of the role of 30-min
PG with diabetes and its associated complications.

Conclusions
A shift to diagnosing high-risk individuals even earlier
than current screening modalities offers the potential
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opportunity for further reducing progression to diabetes,
development of microvascular complications, and mortal-
ity, thereby advancing benefit beyond what has been
demonstrated in global diabetes prevention programs.
Extant diagnostic tests, as the FPG, 2-h PG, and HbAlc,
have performance limitations and are not adequate to
identify high-risk individuals. Consistent epidemiologic
evidence from diverse populations substantiates the con-
clusion that 1-h PG>8.6 mmol/L appears to be a better
alternative for identifying high-risk individuals at a stage
when the pancreatic B-cell function is substantially more
intact. The elevated 1-h PG level has been associated with
adverse biologic properties and shown to be a marker for
subclinical target organ damage which may explain the
increased risk for cardiovascular disease and mortality in
addition to the risk for progression to T2DM. Therefore,
aggregate findings support the proposal that a 1-h PG level
> 8.6 mmol/L should be considered for adoption into

5 individuals

clinical practice.'®® Identifying high-risk
using the 1-h PG is a novel strategy for the prevention of
T2DM. If consensus by national and international organi-
zations can be achieved, thel-h PG levels could eventually
replace the 2-h OGTT making it more acceptable in clin-

ical practice.
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