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Introduction

The 2-hour oral glucose tolerance test (OGTT) is the gold 

standard for diagnosing type 2 diabetes.  However, its use in the 

clinical setting can be limited due to its high cost and labor-intensive 

multi-blood draw protocols [1]. Additionally, this measure requires 

patients to be tested after an overnight fast, which may be difficult 

for many individuals and confirmation of adherence is not possible 

[2]. Fasting glucose (FPG) is a cheaper single point surrogate measure, 

but still requires patients to be tested in the fasted state. Moreover, 

a significant percentage of individuals can have glucose intolerance 

but normal fasting glucose levels [3]. Glycated haemoglobin (HbA1c), 

like fasting glucose, requires only a single point blood draw, but has 

the added advantage in that it does not require fasting blood samples 

and has higher repeatability [4]. HbA1c is an indicator of the average 

blood glucose concentration over the preceding three months [5] and 

has been proposed to be a useful alternative test to screen for type 

2diabetes as it overcomes many of the obstacles associated with the 

OGTT. 

In addition to diagnostic purposes for type 2 diabetes, glucose 

tolerance, fasting plasma glucose (FPG) and HbA1c
 
can also provide 

additional prognostic information regarding mortality risk. FPG 

[6,7] 2-hour plasma glucose (2hPG) [8,9] and HbA1c [10,11] have 

all been shown to be associated with both cardiovascular and all-

cause mortality, but few studies have directly compared the ability 

of these three glycemic measures to predict mortality risk [12-17]. 

When using continuous or distributional cut-offs, the majority of 

studies to date report that 2hPG [13-15] or both 2hPG and FPG [12] 

are stronger predictors of all-cause and cardiovascular disease (CVD) 

mortality in comparison to HbA1c. Despite the weighted literature, 

physicians still value the clinical utility of HbA1c and often use this 

measure to determine the effectiveness of type 2 diabetes treatment 

in lieu of the OGTT [18].  In contrast, a recent meta-analysis [19] 

found that HbA1c was more strongly associated with coronary heart 

disease than 2hPG or FPG. However, this study was limited in that 

observations made in meta-analyses are indirect as associations are 

often compared between difference groups of individuals.  Further, 

this study did not compare clinical classifications of glycemia (ie. 

impaired or type 2diabetes versus normal).  Only one study to date 

[13] has directly examined the clinical utility of the three glycemic

measure in predicting mortality risk, in which clinical cutoffs were

used to create categories of FPG, 2hPG and HbA1c. This study
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Abstract

Aims: To examine all-cause and cardiovascular disease (CVD) mortality risk in individuals categorized as normal, 
impaired or type 2 diabetic using clinical cutoffs for fasting plasma glucose (FPG), 2-hour plasma glucose (2hPG) and 
glycated hemoglobin (HbA1c). 

Methods: The sample included 5,424 adults with undiagnosed diabetes from the Third National Health and Nutrition 
Examination Survey with public-access mortality data linkage (follow-up=8.5 ± 2.3 years; 685 deaths). The association 
between the glycemic measures and all-cause and CVD mortality were analyzed with the measures as continuous and 
categorical variables. FPG, 2hPG and HbA1c were categorized using the American Diabetes Association criteria for 
normal, impaired and type 2 diabetes.

Results: When analyzed as a continuous variable, 2hPG was most strongly associated with both all-cause and 

CVD mortality. However, after categorizing each measure using clinical cutoffs, impaired and type 2 diabetic levels of 

FPG and HbA1c, but only type 2 diabetic levels of 2hPG, were signifi cantly associated with all-cause mortality. For 

CVD mortality, impaired (HR=1.68 [1.16-2.44]) and type 2 diabetic (HR=1.88 [1.11-3.18)] levels of HbA1c were found 

to be a signifi cant predictor of mortality risk. However, only type 2 diabetic levels of 2hPG and not impaired levels 

were signifi cantly associated with CVD mortality. FPG was not a signifi cant predictor of CVD mortality.

Conclusions: Clinically relevant categories of HbA1c provide more prognostic information for all-cause and CVD 

mortality risk than 2hPG. Therefore, given the ease and lower cost of measurement, HbA1c should be considered a 

benefi cial diagnostic and prognostic alternative screening tool in the clinical setting. 
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reported that only the type 2 diabetic category of 2hPG and not 
HbA1c was significantly associated with all-cause mortality. However 
this study was conducted in an older population (50-75 years) with a 
smaller sample size (N=2,363), hence, the relative clinical utility of 
the FPG, 2hPG and HbA1c requires further investigation.  

Therefore, the aim of the current study is to examine all-cause 
and CVD mortality risk in individuals categorized as normal, impaired 
or type 2 diabetic using clinical cut-offs for FPG, 2hPG and HbA1c in a 
representative population of U.S. adults. 

Patients and Methods

The Third National Health and Nutrition Examination Survey 
(NHANESΙΙΙ) is a nationally representative cross-sectional survey 
that was conducted between 1988 and 1994 by the National 
Center for Health Statistics of the Centers for Disease Control and 
Prevention, in 33,994 persons, aged 2 months or older. All study 
participants gave their informed written consent before participation 
in the examination and the study protocol was approved
by the National Center for Health Statistics. The sample was collected 
using a multistage stratified probability cluster design. Complete 
details of the study design and procedures are reported elsewhere 
[20]. A sample of 5,424 adults (age 40-74 years) from the public 
access Mortality Linkage data file was used, with follow-up through 
December 31, 2000. Individuals were excluded if they were pregnant, 
were less than 18 years of age and had missing data for age, mortality 
follow-up, HbA1c, or 2 hr glucose OGTT measure. 

Age, sex, income (<$10,000, $10,000-29,999, $30,000-39,999, 
 $40,000), ethnicity (non-Hispanic White or non-White), smoking 
status (current smoker, past smoker, or never smoked), alcohol 
intake ( 3 drinks per day or < 3 drinks per day), being physically 
active (exercise frequency  5 times per week or <5 times per week), 
dietary fat intake (>30 % or  30%) and physician diagnosed type 2 
diabetes mellitus were assessed by questionnaire. Body mass index 
(BMI) was calculated using measured height and weight. 

The OGTT was conducted at the mobile examination center in 
individuals aged 40-74 years old without previously diagnosed type 2 
diabetes and were not taking insulin, after a complete overnight fast 
(>8 hours). Blood was drawn from the antecubital vein by a trained 
phlebotomist according to a standardized protocol. Participants 
received a 75-g glucose-equivalent oral glucose challenge and a 
second blood sample was drawn 2 hours later. Fasting and 2-h plasma 

glucose levels were measured by a hexokinase enzymatic reference 
method (Roche Cobas Mira, Indianapolis, IN) [20]. HbA1c was 
measured by ion-exchange high-performance liquid chromatography 
method (Bio-Rd Diamat, Hercules, CA) from blood collected via the 
antecubital vein puncture [20].

FPG (<5.6, 5.6-6.9 and 7.0 m mol/l), 2hPG (<7.8, 7.8-11.0, > 
11.0 m mol/l) and HBA1c (<5.7, 5.7-6.4, 6.5%) were categorized 
to reflect the American Diabetes Association criteria for normal, 
impaired and diabetic concentrations [21]. 

Statistical analysis

FPG, 2hPG and HbA1c were analyzed as both continuous and 

categorical variables. Baseline characteristics were reported stratified 

by FPG, 2hPG and HbA1c categories (normal, impaired, type 2 diabetes) 

using the clinical cut-offs. Differences in participant characteristics 

between categories for each glucose measurement type were 

assessed using either a one-way analysis of variance or a chi-square 

test. Unadjusted mortality rates per 1,000 person years were also 

calculated for each category of FPG, 2hPG and HbA1c. To investigate 

the discrepancy in diagnosis between the glycemic measures, cross-

tab prevalence was conducted, in addition to positive and negative 

predictive values.

Standardized hazard ratios (HR) for all-cause and cardiovascular 

mortality were estimated by Cox proportional hazard regression for 

FPG, 2hPG and HbA1c as continuous and categorical variables.  Each 

model was adjusted for age, sex, income, ethnicity and smoking 

status, alcohol intake, being physically active and high dietary fat 

intake. As there were no significant sex-interactions, analyses were 

conducted with men and women together. Analyses were performed 

using SAS version 9.1 (SAS Institute, Inc., Cary, NC) or SUDDAN 10.0 

(SUDAAN, Research Triangle Institute, Research Triangle Park, NC), 

weighted to be representative of the U.S population.

Results

During an average of 8.5± 2.3 years of follow-up there were 685 
deaths, 282 of which were due to cardiovascular causes. In general, 
the glycemic values were in the upper normal to impaired ranges 
(2hPG = 7.8 ± 0.01 mmol/L; HbA1c = 5.5 ± 0.03 %; FPG = 5.61± 0.04  
mmol/L). Men had significantly higher levels of 2hPG, but significantly 
lower levels of FPG and HbA1c than women (p<0.05). 

2hPG (m mol/l) FPG (m mol/l) HbA1c (%)

< 7.8 7.8-11.0 >11.0 <5.6 5.6-6.9 ≥7.0 <5.7 5.7-6.4  6.5

2hPG (m mol/L) 5.7 ± 0.1 9.2 ± 0.1 15.6 ± 0.3 7.0 ± 0.1 8.1 ± 0.2 17.8 ± 0.5 6.9 ± 0.1 8.0 ± 0.1 17.9 ± 0.5

FPG (m mol/L) 5.3 ± 0.1 5.4 ± 0.1 7.6 ± 0.2 5.1 ± 0.1 6.0 ± 0.1 10.5 ± 0.2 5.3 ± 0.1 5.9 ± 0.1 10.0 ± 0.3

HbA1c (%) 5.3 ± 0.1 5.4 ± 0.1 6.7 ± 0.1 5.3 ± 0.1 5.5 ± 0.1 7.9 ± 0.2 5.1 ± 0.1 5.6 ± 0.1 8.2 ± 0.1

Age (yrs) 52.8 ± 0.3 56.4 ± 0.5a 60.0 ± 0.7 a 53.7 ± 0.3 56.5 ± 0.6 a 57.9 ± 0.9 a 53.3 ± 0.3 58.0 ± 0.4 a 58.2 ± 0.9 a

Ethnicity (%)

White 81.2 80.9 77.8 81.3 79.6 76.0 a 84.8 70.0 a 67.8 a

Black 9.1 7.9 8.7 8.7 8.2 11.6 a 6.0 16.0 a 16.5 a

Hispanic 3.0 4.01 a 5.7 a 3.2 4.4 a 6.2 a 3.0 4.7 a 7.1 a

Other 6.8 7.2 7.7 6.9 7.8 6.2 6.2 9.3 a 8.6

Body Mass Index (kg/m2) 26.9 ± 0.2 27.9 ± 0.2 a 29.0 ± 0.4 a 26.9 ± 0.2 28.3 ± 0.3 a 31.0 ± 0.5 a 26.9 ± 0.2 28.2 ± 0.3 a 30.8 ± 0.4 a

Education Level (%)

Less than high school 23.4 27.6a 37.4 a 23.7 31.7 a 39.1 a 22.3 35.0 a 42.6 a

High school or equivalent 32.6 39.4 a 35.1 34.7 34.1 32.8 34.6 34.3 33.7

College or above                     44.0 33.1 a 27.4 a 41.6 34.2 a 28.1 a 43.1 30.8 a 23.6 a

a = p<0.05 

Plus-minus values are means ± SD

Table 1: Characteristics of Participants in the Third National Health and Nutrition Examination Survey by categories of 2hPG, FPG and HbA1c.
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Characteristics of participants are shown in Table 1. In general, 
individuals with impaired or diabetic levels were older, more likely to 
be Black or Hispanic, have a higher BMI and a lower education level 
than those who were normoglycemic (p<0.05). Figure 1 shows the 
crude all-cause and CVD mortality rates for each glucose measure. 
Both all-cause and CVD mortality rates increased from normal, 
impaired to type 2 diabetic concentrations of 2hPG, FPG and HbA1c.

Table 2 illustrates the percentage of individuals who would have 
a differential classification by one glycemic measure as compared to 
the others (i.e. normal by fasting glucose, but impaired by OGTT etc.). 
When classifying individuals with HbA1c, 21.6% of individuals with 

impaired levels of 2hPG and 6.9% of individuals with type 2 diabetic 
levels of 2hPG would be misclassified as having normal glycemic 
levels. Similarly, FPG would misclassify 21.7% of individuals with 

impaired levels of 2hPG and 7.5% of individuals with type 2 diabetic 
levels of 2hPG as having normal glycemic levels. In other words, the 
positive predictive values of FPG and HbA1c were 35.1% and 39.7%, 
respectively. The negative predictive values of FPG and HbA1c was 
similar (99.1% and 99.2%, respectively) with respect to correctly 

classifying individuals who do not have type 2 diabetes.

The HR for all-cause and CVD mortality per SD increase of FPG, 

2hPG and HbA1c were calculated. After adjusting for covariates, 2hPG 
had the highest HR for both all-cause (HR=1.22 [1.11-1.34]) and CVD 

(HR=1.23 [1.04-1.46]) mortality. HbA1c
 
was only associated with 

an increased risk for CVD mortality (HR=1.19 [1.05-1.35], but not 

all-cause mortality (HR=1.11 [0.99-1.25]. FPG was not significantly 

associated with either all-cause (HR=1.11 [1.00-1.23] or CVD 

(HR=1.12 [0.95-1.31]) mortality.

The HR for categories of FPG, 2hPG and HbA1c are presented 

in Figure 2. After adjustment for covariates, impaired and type 

2 diabetic levels of all three glycemic measures were found to be 

significantly associated with a higher risk for all-cause mortality, with 

the exception of impaired levels of 2hPG. For CVD mortality, impaired 

and type 2 diabetic levels of HbA1c were found to be a significant 

predictor of mortality risk. However, only type 2 diabetic levels of 

2hPG and not impaired levels were significantly associated with CVD 

mortality. FPG was not a significant predictor of CVD mortality risk.

Discussion

This study demonstrates that when using clinically relevant cut-

offs for glycemia, HbA1c is a more prognostic measure than 2hPG for 
both all-cause and CVD mortality risk. This finding is in contrast to 
previous work examining the association between glycemic measures 

as continuous variables and mortality risk. These findings support the 
use of HbA1c in the clinical setting as an alternative to the OGTT for 
diagnosing diabetes. 

Figure 2: Hazards ratios (95% confi dence intervals) for all-cause mortality (A) 
and CVD mortality (B) within each glycemic category of FPG, 2hPG and HbA1c 
as compared to normal (referent).

FPG (<5.6, 5.6-6.9 and ≥7.0 m mol/l); 2hPG (<7.8, 7.8-11.0, > 11.0 m mol/l); 
HbA1c (<5.7, 5.7-6.4, ≥6.5%)
Models are adjusted for age, sex, income, ethnicity, smoking status, alcohol 
intake, being physically active and high dietary fat intake
* = p<0.05

Figure 1: Unadjusted all-cause (A-C) and CVD mortality (D-F) rates per 1,000 
person years (95% CI) for 2hPG, FPG and HbA1c.

FPG Normal: < 5.6, Impaired: 5.6-6.9, T2D:  ≥7.0 m mol/L
2h-PG Normal: < 7.8, Impaired: 7.8-11.0, T2D: > 11.0 m mol/L
HBA

1c
 Normal: <5.7, Impaired: 5.7-6.4, T2D: ≥ 6.5%

Table 2: Prevalence of concordant and discordant classifi cations of normal, impaired and type 2 diabetic glucose levels by three glycemic measures.

2hPG (m mol/L) FPG (m mol/L) HbA1c (%)

Impaired T2D Impaired T2D Impaired T2D

HbA1c (%)

Normal 21.6 6.9 18.0 8.0

Impaired 29.7 15.2 32.2 4.6 - -

T2D 7.3 88.1 16.7 65.9 - -

FPG (%)

Normal 21.7 7.5 18.0 1.4

Impaired 28.3 15.9 - - 32.4 4.9

T2D 9.3 85.4 - - 17.3 72.3

2hPG (%)

Normal 18.2 0.46 18.1 0.43

Impaired - - 26.3 2.3 27.8 2.0

T2D - - 24.3 35.1 23.5 39.7

Normal     Impaired     Type 2 Diabetes

FPG    2hPG    HbA1c
  Glycemic Category
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  Glycemic Category
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To date, there are only a small number of studies that have 

compared the ability of FPG, 2hPG and HbA1c to predict all-cause and 

CVD mortality [12-17].  In these studies, the glycemic measures were 

examined as continuous variables, or categorized using distributional 

cutoffs. One study to date has examined the glycemic measures using 

relevant clinical cut-offs; however, the current study was the first to 

examine the mortality risk associated with each individual measure in 

a population representative sample. When each glycemic measure was 

analyzed as a continuous variable, we and others [13,14] demonstrate 

that 2hPG was the measure most strongly associated with both all-

cause and CVD mortality risk. Similarly, a recent prospective cohort 

study of over 10,000 men and women demonstrate that 2hPG and 

FPG, rather than HbA1c was an independent predictor of both all-

cause and CVD mortality [12]. It is important to note however, that 

the clinical utility of this approach is limited, as in clinical practice, 

patients are generally diagnosed as having normal, impaired, or type 

2 diabetic glycemic levels according to clinical cutoffs.  Thus, it is 

important to understand the prognostic ability each cut-off has with 

respect to mortality. 

In contrast to the results examining each glycemic measure as a 

continuous variable, HbA1c appears as the measure that provides the 

most prognostic information for mortality risk when each measure is 

categorized using clinical cutoffs. We observed that unlike 2hPG or 

FPG, impaired and type 2 diabetic levels of HbA1c showed stepwise 

increases in all-cause and CVD mortality risk. These results are in 

contrast to a study conducted by de Vegt et al. [13], which also used 

clinically relevant cutoffs to categorize the three glycemic measures 

in older adults. After adjustments for all covariates their study found 

that only the type 2 diabetic category of 2hPG was significantly 

associated with all-cause mortality and no category of 2hPG, FPG 

or HbA1c was associated with CVD mortality. As their study was 

conducted in a smaller sample of older men and women and used 

metabolic covariates as opposed to lifestyle covariates, it is possible 

that the discordant results may be attributable to the difference in the 

population or methods used between studies. Our results however, 

are in line with the growing literature that supports the use of HbA1c 

in the clinical setting [4,22] and suggests that even modest elevations 

in HbA1c have cardiovascular consequences and thus should be 

treated at earlier prognostic stages than by 2hPG or FPG [23]. 

OGTT is established as the gold standard for diagnosing diabetes 

and has been demonstrated to be the better predictor of incident 

type 2 diabetes (as diagnosed by OGTT) as compared to HbA1c [21]. 

This introduces a clear bias, as the best predictor of any variable 

would be the variable itself.  Further, these measures are inherently 

different in what they represent [5]. OGTT reflects the inability to 

properly manage blood glucose levels after a standardized glucose 

blood challenge, whereas HbA1c is the average glucose over the 

last three months. Thus theoretically, one could have a high HbA1c 

due to glucose intolerance, or due to a high glucose diet in the 

presence of normal glucose tolerance.  Accordingly, one would 

expect differences in who may be classified as impaired or having 

type 2 diabetes by each measure. In the clinical setting, a diagnosis 

of diabetes is usually based on FPG or 2hPG levels. If HbA1c was used 

as the sole diagnostic measure, 32.7% of individuals with impaired 

or type 2 diabetic levels of FPG or 2hPG would be misclassified as 

having normal glycemic levels. Yet, it is important to note that the 

negative predictive value of HbA1c is 99.2%, therefore this measure 

correctly identifies essentially all individuals who do not have type 

2 diabetes. It could also be argued from a mechanistic standpoint, 
that the reason why impaired glucose tolerance is detrimental for 

health is due to the elevated blood glucose [3].  Consequently, one 
may expect that HbA1c better reflects the risk of long term micro and 
macro vascular complications.  Given the ease of acquisition and the 
cost of overall assessment (i.e. time, analysis) [2], adoption of HbA1c 
also has practical advantages over 2hPG and its incorporation into 
clinical assessment should continue to be considered.

The strengths and limitations of this study warrant mention. 
This study was conducted in a large, ethnically diverse sample 
representative of the general U.S. population. However, baseline 
data for this study was collected 16 to 22 years ago. Since then, 
significant changes in the treatment of type 2 diabetes have occurred, 
particularly in the area of drug therapy [24]. Therefore, it is possible 
that the advances in medication that have occurred over the past 20 
years may have influenced the results of this study. It should also 
be mentioned that our analysis did not adjust for other potential 
confounders including prevalent diseases and other co morbidities 
such as high blood pressure and hyperlipidemia. Adjusting for these 
variables in the analyses may lessen the association found between 
the measures of glycemia and mortality risk and may be inappropriate 
as they may fall in the causal pathway of why glycemia is associated 
with mortality risk.  Further, that all analyses were adjusted for 
the same covariates does not influence the relative importance of 
each glycemic measure to mortality risk. Lastly, previous analyses 
from NHANES have reported ethnic differences in the risk of type 
2 diabetes [25]. Although ethnicity was adjusted for in this analysis, 
due to sample size restrictions, we did not explore the potential 
ethnic differences associated with glycemia and mortality.

In conclusion, our results demonstrate that when using clinically 
relevant cutoffs for glycemia, HbA1c is the more prognostic measure 
for all-cause and CVD mortality. Therefore, given the greater ease and 
lower cost of measurement, HbA1c should be considered a useful and 
beneficial diagnostic and prognostic alternative screening tool in the 
clinical setting.
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