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Abstract

Identifying the earliest moment for intervention to avert progression to prediabetes and diabetes in
high-risk individuals is a substantial challenge. As p-cell function is already compromised in
prediabetes, attention should therefore be focused on identifying high-risk individuals earlier in
the so-called pre-prediabetes stage. Biomarkers to monitor progression and identify the time point
at which p-cell dysfunction occurs are therefore critically needed. Large-scale population studies
have consistently shown that the 1-h plasma glucose (1-h PG) = 155 mg/dl (8.6 mmol/l) during the
oral glucose tolerance test detected incident type 2 diabetes and associated complications earlier
than fasting plasma glucose or 2-h plasma glucose levels. An elevated 1-h PG level appears to be a
better alternative to HbAlc [5.7-6.4% (37—-47 mmol/mol)] or traditional glucose criteria for
identifying high-risk individuals at a stage when B-cell function is substantially more intact than in
prediabetes. Diagnosing high-risk individuals earlier proffers the opportunity for potentially
reducing progression to diabetes, development of microvascular complications and mortality,
thereby advancing benefit beyond that which has been demonstrated in global diabetes prevention
programs.

Keywords
Dysglycemia; Prediabetes; Diabetes; Oral glucose tolerance test

Michael Bergman, michael.bergman@nyumc.org.

Conflict of interest The authors declare that they have no conflict of interest.

Human and animal rights This article does not contain any studies with human subjects performed by any of the authors.
Informed consent Informed consent not applicable.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Jagannathan et al. Page 2

Introduction

The International Diabetes Federation (IDF) estimates that globally 425 million individuals,
or 8.8% (1 in 11 adults) have diabetes (T2DM) with 629 million adults or 9.9% of the
world’s population expected to develop diabetes by 2045 [1]. In addition, 7.3% of the
world’s population or 352 million have impaired glucose tolerance (IGT) and are considered
at high risk for developing diabetes with an expectation that this will increase to 532 million,
or 8.3%, in 2045 [1]. Forty percent of adults face a lifetime risk of diabetes representing a
substantial increase from 20% in the late 1980s [2]. Delaying the diagnosis can result in at
least one complication by the time an individual has been diagnosed. Herman et al. [3]
demonstrated a 29% relative risk reduction (RRR) in cardiovascular disease (CVVD)
outcomes and a 17% RRR in all-cause mortality after 5 years among screened individuals
undergoing routine care compared with a 3-year delay in diagnosis and treatment illustrating
the beneficial effects accrued from early diagnosis and identification of high-risk
individuals. Furthermore, screening for glucose intolerance in high-risk populations and
implementing interventions have been shown to be cost-effective [4].

Finally, from 2007 to 2012, approximately 7.9 million individuals in the USA with diabetes
were unaware of their diagnosis although 85% had access to a care provider [5]. Therefore,
identifying high-risk individuals at an earlier time point is of paramount importance.

Caveats in diagnosing dysglycemic states

The dysglycemic or prediabetic conditions referred to as categories of increased risk for
future development of T2DM include impaired fasting glucose (IFG) and IGT.

Defining prediabetes is controversial as different glucose and HbAlc criteria have been
posited by the American Diabetes Association (ADA), International Expert Committee
(IEC) and World Health Organization (WHO) with differing thresholds, sensitivities,
specificities, morbidity and mortality hazard ratios [6] (Table 1). The various definitions
therefore identify different but overlapping populations. These inadequacies led to a recent
commentary underscoring the need for a more precise, evidence-based definition of
intermediate hyperglycemia [6].

Current diagnostic thresholds for T2DM [FPG > 126 mg/dl (7.0 mmol/l) and 2-h plasma
glucose > 200 mg/dl (11.1 mmol/l)] are largely based on an association of cross-sectional
glycemic levels with diabetic retinopathy [7]. The International Expert Committee (IEC) [8],
the ADA [9] and WHO [10] proposed a HbA1c threshold value of 6.5% (47.5 mmol/mol)
for diagnosing diabetes also based on studies demonstrating an association between HbAlc
and diabetic retinopathy. Discordance between HbAlc and glycemic measures has been
observed as they represent different physiologic processes [11]. For example, the US
National Health and Nutrition Examination Survey (NHANES-3) from 2005 to 2006 showed
that the HbAlc = 6.5% (47.5 mmol/mol) identified one-third fewer cases of undiagnosed
diabetes than a FPG = 126 mg/dl (7.0 mmol/l) [12].

The risk of future outcomes across different prediabetes definitions based on fasting glucose
concentration, HbAlc, and 2-h glucose concentration was assessed in the community-based
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Atherosclerosis Risk in Communities (ARIC) study. The WHO fasting glucose
concentration threshold [110-125 mg/dl (6.1-6.9 mmol/l)] and HbAlc-based definitions of
prediabetes resulted in lower prevalence estimates than ADA fasting glucose concentration
[100-125 mg/dI (5.6-6.9 mmol/l)] and ADA and WHO 2-h glucose concentration cutoffs
[140-199 mg/dI (7.8-11.0 mmol/l)]. However, these were more specific in identifying
people at risk for long-term outcomes. ADA fasting glucose and ADA and WHO 2-h
glucose definitions of prediabetes were found to be more sensitive for long-term outcomes.
Furthermore, HbAlc-based definitions of prediabetes showed stronger associations with
long-term outcomes for many major clinical complications. Differences between definitions
using both ADA and WHO fasting glucose concentrations for long-term risk associations
were not observed when compared with ADA and WHO 2-h glucose concentration cutoffs
[13]. The ARIC study also demonstrated that the glycated hemoglobin, in addition to being
associated with risk of diabetes, was more strongly associated with risks of cardiovascular
disease and death from any cause compared with fasting glucose [13].

Gaps in identifying individuals at high risk for progression to prediabetes

and diabetes

Identifying the earliest moment in which to intervene to avert progression to prediabetes and
diabetes in high-risk individuals is a substantial challenge. As B-cell function is already
substantially impaired in prediabetes based on current definitions [14-17], attention should
therefore be focused on identifying individuals with prediabetes even earlier [18].
Biomarkers to monitor progression and identify the time point at which p-cell dysfunction
occurs are therefore critically needed [19, 20]. Fasting and post-load glucose levels
increased as early as 13 years before diabetes developed in the Whitehall 11 Study although
remaining within the normal range until 2-6 years before diagnosis at which time these
levels increased dramatically [21]. Insulin sensitivity was reduced for 13 years and fell
steeply 5 years before diagnosis of diabetes. Insulin secretion remained constant until
substantial compensation occurred 3—4 years prior to a steep decline prior to diagnosis.

Hence, B-cell function declines in the prediabetic state many years before diabetes develops.
As fasting and postprandial glucose concentrations follow a continuum, it is plausible that
lifestyle intervention initiated before current absolute thresholds for prediabetes are achieved
and when B-cell function is likely more intact it could be even more effective in preventing
progression to diabetes. In fact, lack of progression during the Diabetes Prevention Program
(DPP) was related to frequency of regression to normoglycemia [22]. Furthermore, lifestyle
intervention was significantly more successful in those with lower baseline glucose
concentrations [23]. Use of absolute thresholds for diagnosing subtle dysglycemic states
may therefore have the unintended consequence of limiting detection and intervention which
may be make reversibility less likely [23].

Current absolute definitions of prediabetes remain inadequate as these identify individuals
rather late in the dysglycemic continuum, thereby missing an opportunity for earlier
intervention when B-cell functionality is more intact [19, 23]. Clearly, harmonization would
be contingent on identifying a biomarker characterized by optimal specificity and sensitivity,
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the ability to diagnose high-risk individuals early in the trajectory to diabetes before p-cell
functionality is substantially impaired, as well as the capability of predicting progression to
T2DM, complications and mortality. This review will focus on the 1-h post-load plasma
glucose during the OGTT as a biomarker fulfilling these characteristics.

The 1-h post-load plasma glucose during the OGTT

Evidence from large-scale population studies has consistently shown that the 1-h plasma
glucose (1-h PG) = 155 mg/dl (8.6 mmol/l) during the OGTT may detect incident T2DM
and associated complications better than FPG or 2-h PG levels. Published studies
investigating the 1-h PG studies are summarized in Table 2. Abdul Ghani et al. [24]
demonstrated the predictive power of the 1-h PG level versus FPG and 2-h PG values with
incident diabetes over 8 years in a high-risk Mexican-American cohort. They also
recommended the 1-h PG threshold of > 155 mg/dl (8.6 mmol/l) and ATP Il criteria for the
metabolic syndrome in order to stratify high-risk individuals [24]. The Botnia Study and the
Malmé Preventive Project provided evidence that fasting glucose, 2-h PG and glucose
tolerance status were less efficient predictors than 1-h PG of incident T2DM. The authors
concluded that the 1-h PG was a more efficient screening tool to select high-risk individuals
for developing T2DM risk [25].

A series of sub-analyses from the CATAnzaro MEtabolic Rlsk factors (CATAMERI) study
provided further novel insights into the 1-h PG on diabetes and cardiovascular risk factors.
The study showed that individuals with NGT and the 1-h PG = 155 mg/dl (8.6 mmol/l) were
predisposed to an increased risk for developing diabetes over a 5-year period [26], chronic
kidney disease [27], increased risk of non-alcoholic fatty liver disease diagnosed by
ultrasonography [28] and increased vascular stiffness [29] than those with IFG or NGT and
1-h PG < 155 mg/dl (8.6 mmol/l). Mechanistically, sub-analyses also showed an association
between NGT individuals and 1-h PG = 155 mg/dl (8.6 mmol/I) with elevated liver enzymes
[30], adverse atherogenic profile [31, 32], lower vitamin D concentrations [33], decreased
insulin clearance [34], insulin sensitivity and reduced p-cell function [35] and unfavorable
inflammatory profile [36] (Table 3).

The accuracy of HbAlc and the 1-h PG versus the OGTT was compared in a real-life
clinical setting and found that the level of agreement was twofold greater for the 1-h PG =
155 mg/dl [8.6 mmol/l (95% CI): 0.40[0.28-0.53)] than HbA1c categories defined by the
ADA [HbAlc: 5.7-6.4%(39-46 mmol/mol); 0.1(0.03-0.16)] and the IEC [HbAlc: 6.0-6.4%
(42—-46 mmol/mol); 0.17(0.04-0.30)] [37]. Importantly, the 1-h PG showed a stronger
association with 2-h PG, insulin sensitivity index and B-cell function than HbAlc (P < 0.05).
The Israel Study of Glucose Intolerance, Obesity and Hypertension (The Israel GOH Study)
observational study cohort followed over 24 years demonstrated that individuals with a 1-h
PG = 155 mg/dl (8.6 mmol/l) but with 2-h PG < 140 mg/dl (7.8 mmol/l) had a significantly
elevated risk of both diabetes (OR: 4.35, 95%CI 2.50-7.73) and prediabetes (OR = 1.87,
95%Cl 1.09-3.26) after adjusting for sex, age, smoking, body mass index, blood pressure,
fasting blood glucose and insulin [38]. In the same cohort, the 1-h PG > 155 mg/dl (8.6
mmol/l) was found to predict mortality even when the 2-h PG was < 140 mg/dl (7.8 mmol/l)
after adjusting for sex, age, smoking, body mass index, systolic and diastolic blood pressure.
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Risk of both progression and mortality were even greater in those with both an elevated 1-h
PG andIGT [39]. The Malmd Preventive Project similarly found increased risk of
progression to diabetes, microvascular disease and mortality during a 39-year follow-up in
those with a 1-h = 155 mg/dl (8.6 mmol/l) [40]. Therefore, these observations would suggest
that the 1-h PG > 155 mg/dl (8.6 mmol/l) may be important for the earlier detection of high-
risk individuals to avert T2DM and complications. However, precise estimates regarding
how much earlier lifestyle intervention could be initiated with the new 1-h PG definition are
difficult to assess in the absence of a prospective trial specifically addressing this question.

Conclusions

As dysglycemic conditions are continuous and cannot be defined by absolute thresholds
[23], current diagnostic parameters largely preclude early identification of individuals at
high risk for progressing to T2DM. Therefore, prediabetes is diagnosed when p-cell
dysfunction is proximal to the development of T2DM. A shift to diagnosing high-risk
individuals even earlier offers the potential opportunity for further reducing progression to
diabetes, development of microvascular complications and mortality, thereby advancing
benefit beyond what has been demonstrated in global diabetes prevention programs. The
considerable consistent and significant epidemiologic evidence from different populations
substantiates the conclusion that an elevated 1-h PG level appears to be a better alternative
for identifying high-risk individuals at a stage when 3-cell function is substantially more
intact than in prediabetes.

The 1-h PG level has been associated with adverse biologic properties and has been shown
to be a marker for subclinical target organ damage (Table 3). Furthermore, as discussed
earlier, the 1-h PG possesses desirable characteristics for an optimal biomarker. In addition,
shortening the OGTT to 1 h should facilitate its use in clinical practice to avoid
underdiagnosing high-risk individuals. Therefore, the aggregate of findings support the
proposal that a 1-h PG level = 155 mg/dl (8.6 mmol/l) should be considered for adoption
into clinical practice as to earlier detect progression to worsening dysglycemia and mortality
[38-40].

Finally, since any single biomarker, including the 1-h PG = 155 mg/dl (8.6 mmol/l), may
have limitations, combining biomarkers may provide better sensitivity and specificity for
more precisely detecting those at high risk for developing dysglycemia. Additional
comparison studies of biomarkers will therefore be required to ascertain their clinical utility
[41].
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Table 3

Associations of the elevated 1-h glucose = 155 mg/dL (8.6 mmol/L) with biologic markers and subclinical
target organ damage

Impaired B-cell function

Insulin resistance

Adiposity

High lipid ratios

Increased WBC

Increased fibrinogen

Subclinical target organ damage
Subclinical atherosclerosis
Subclinical inflammation
Arterial stiffness
Carotid intima-media thickness
Left ventricular hypertrophy
Decline in kidney function

Fatty liver
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