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ABSTRACT

This brief review is aimed to point out the importance of considering glycated hemoglobin, fasting blood glucose, post-glucose-load 
glycemia, and postprandial glycemia into an evolutive and dynamic criteria that may grant a better concept and understanding 
of the diagnostic and therapeutic status of individual patients with type-2 diabetes mellitus. (REV INVES CLIN. 2015;67:76-9)
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INTRODUCTION

The absence of a genetic marker for type-2 diabetes 
mellitus (T2DM) makes it difficult to establish with 
certainty the exact diagnosis and to define exactly 
when and where the carbohydrate abnormality began1. 
Although this paper was written 40 years ago1, we still 
do not have a genetic marker to establish the diagnosis 
of T2DM, and therefore we have to rely on tests based 
on fairly arbitrary cut-off points that have been vali-
dated through epidemiologic studies and long-term 

clinical trials, relating these cut-off points to the de-
velopment of chronic complications of diabetes2,3. 

These criteria for T2DM diagnosis, supported since 
20074 by the American Diabetes Association (ADA), 
the European Association for the Study of Diabetes 
(EASD), the International Federation of Clinical Chem-
istry and Laboratory Medicine (IFCC), and the Inter-
national Diabetes Federation (IDF), have been modified 
little since then5. According to these criteria, the cur-
rent view considers that a fasting plasma glucose (FPG) 
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level ≥ 126 mg/dl, considered as diagnostic of T2DM, 
is associated with an increase in retinopathy and, with 
less certainty, with an increased risk of macrovascular 
complications. Based on pathophysiologic, clinical, and 
epidemiologic studies, it has been shown that two hours 
post-glucose load (2HPG) hyperglycemia is a more 
important predictor of vascular complications includ-
ing death due to cardiovascular causes6,7. In a recent 
analysis of the Diabetes Control and Complications 
Trial-EDIC studies (DCCT/EDIC)8, the interrelationship 
among long-term, intermediate-term, and acute mea-
surements of glucose and its daily variability was ex-
amined by comparing glycated hemoglobin (HbA1c), 
glycated albumin (GA), and seven-point glucose profile 
concentrations measured longitudinally (mean blood 
glucose:mean blood glucose). The results showed that 
HbA1c and GA were closely associated with each oth-
er and with the mean blood glucose level derived from 
a seven-point glucose profile. 

The current diagnostic standards were examined in 
2008 by an international expert committee conformed 
by members of the ADA, EASD, and IDF who focused 
their attention on glucose levels and the presence of 
long-term complications as the basis for the diagnosis 
of diabetes9. They found that the previous National Dia-
betes Data Group cut-off point of FPG ≥ 140 mg/dl for 
diagnosis of T2DM was above the glucose level at which 
retinopathy began, and recommended that this cut-off 
value should be lowered to ≥ 126 mg/dl, assuming 
that this would reflect a degree of hyperglycemia sim-
ilar to the 2HPG. Diagnosis with either measure would 
result in a similar prevalence of diabetes, given that 
in previous studies no correlation was found, either 
between the value of 140 mg/dl and the 2HPG val-
ue of ≥ 200 mg/dl to diagnose diabetes or between 
the criteria for impaired fasting glucose and impaired 
glucose tolerance10. Moreover, in some studies a lack 
of correlation has been found between FPG, 2HPG, 
and HbA1c for diagnosis of T2DM11.

CURRENT CRITERIA  
FOR THE DIAGNOSIS OF TYPE-2 
DIABETES MELLITUS (TABLE 1)12

Although HbA1c is considered the most reliable mean 
for assessing long term glycemia13 (over a two to 
three month period of time), evidence for the use of 
HbA1c for diagnostic purposes is mainly based on 

cross-sectional data14 obtained primarily from the 
National Health and Nutrition Examination Survey 
(NHANES), from studies in an Egyptian population, 
and from data in Pima Indians, showing that the prev-
alence of microvascular complications of diabetes (i.e. 
retinopathy) increases in direct proportion to HbA1c 
levels. This relationship is stronger than that of reti-
nopathy and FPG, as shown in other reports15,16. More-
over, prospective studies17,18 have revealed that val-
ues of HbA1c between 6.0-6.5% have a significantly 
increased five-year cumulative risk of developing dia-
betes (12-26%). The range of 5.7 to 6.4% was cho-
sen because 5.7% is associated with a diabetes risk 
comparable to that of the high-risk participants of the 
NHANES study18.

Some advantages and disadvantages of measuring 
HbA1c are important to mention before discussing the 
role of HbA1c in T2DM diagnosis and as a therapeutic 
tool. The HbA1c captures chronic hyperglycemia bet-
ter than fasting or the two-hour oral glucose tolerance 
test (OGTT)19 and is more strongly associated with 
retinopathy than FPG. Besides, fasting is not needed 
for HbA1c assessment, HbA1c has greater pre-analyt-
ical stability than plasma glucose, and its biologic vari-
ability is lower than that for FPG. Contrariwise19, HbA1c 
is a poor marker of pathophysiological abnormalities 
and it is weakly correlated with insulin resistance and 

Table 1. Criteria for the diagnosis of diabetes12

HbA1c ≥ 6.5%. The test should be performed in a 
laboratory using a method that is NGSP certified and 
standardized to the DCCT assay.*

or
FPG ≥ 126 mg/dl (7 mmol/l). Fasting is defined as no 

calorific intake for at least 8 hours.*
or
Two-hour PG ≥ 200 mg/dl (11.1 mmol/l) during an 

OGTT. The test should be performed as described by the 
WHO, using a glucose load containing the equivalent of 
75 g anhydrous glucose dissolved in water.

or
In a patient with classic symptoms of hyperglycemia or 

hyperglycemic crisis, a random plasma glucose ≥ 200 mg/dl 
(11.1 mmol/l).

*In the absence of unequivocal hyperglycemia, results should be 
confirmed by repeat testing.
HbA1c: glycated hemoglobin; NGSP: National Glycohemoglobin 
Standardization Program; DCCT: Diabetes Control and Complications 
Trial; FPG: fasting plasma glucose; PG: plasma glucose; OGTT: oral 
glucose tolerance test; WHO: World Health Organisation.
Adapted from: American Diabetes Association. Standards of 
medical care in diabetes12.
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insulin secretion. Standardization of HbA1c measure-
ment may be poor, mainly outside the USA, whereas 
glucose assays are easier to implement. Abnormal 
hemoglobin traits, which interfere with the HbA1c 
assay, are not uncommon, whereas within-day bio-
logical variability of plasma glucose may unveil distur-
bances of glucose metabolism. For a reliable HbA1c 
measurement, subjects must be in a hematologic 
steady state for the last four months and all con-
founding and modifying factors should be considered, 
including that stringent quality assurance tests are in 
place and assays are standardized to criteria aligned 
to the international reference20-22. 

It is important to note that glycation of hemoglobin 
occurs continuously through the 120-day lifetime of 
the red cell23 such that red cells with longer lives are the 
most glycated. All but the oldest cells have been ex-
posed to glucose levels: the most recent the exposure 
to glucose, the largest the influence on glycation. It has 
been suggested that half of the HbA1c value repre-
sents changes in glycemia during the preceding month, 
another quarter to the previous month, and the re-
maining quarter is a reflection of months 3 and 424.

GLYCATED HEMOGLOBIN  
IN THE DIAGNOSIS OF DIABETES

In the diagnosis of diabetes, it should be considered 
that HbA1c is an integrated measurement of a previ-
ous long period versus the actual, real time informa-
tion represented by FPG and OGTT, which reflect only 
instants. A lack of correlation between HbA1c and 
FPG or 2HPG has been consistently reported. In fact, 
it is common to see patients who have lost some 
weight (conditioned by the metabolic disorder itself) 
and who present improved values of both glucose and 
HbA1c levels. However, since HbA1c levels decrease 
more slowly than glucose, sometimes FPG is lower than 
expected for the HbA1c level. 

The main consideration in this review is that HbA1c is 
a measure of the historical levels of glucose, while FPG 
and OGTT represent real, actual time measurements. 
This explains why many studies have failed to detect 
a strong correlation between HbA1c and FPG measured 
in a single day25-28, while a more significant correlation 
is found with error grid analysis or continuous measure-
ment of 24-hour glucose and mean blood glucose. 

In a study of 8,696 subjects from the total population 
in the UK, 291 patients (3.3%) with T2DM were de-
tected using the OGTT, while 502 (5.8%) had HbA1c 
≥ 6.5%29. Of those diagnosed with T2DM by OGTT, 
93 (1.2%) had HbA1c < 6.5% and therefore would not 
have been classified as diabetics using the proposed 
criteria. Using the HbA1c criteria resulted in 304 (3.5%) 
additional cases of diabetes. Of these 304 additional 
patients, 172 (56.7%) had impaired glucose tolerance/
impaired fasting glycemia according to the 1999 WHO 
criteria. However, using the HbA1c criteria an increase 
of 2.2- and 1.4-fold in South Asians and Caucasian 
Europeans was detected, respectively. In other words, 
including HbA1c in the diagnostic criteria for T2DM will 
almost double the number of subjects diagnosed with 
diabetes, with a higher impact within the South Asian 
population. Nevertheless, the preferential use of HbA1c 
missed approximately one third of patients previously 
identified as having T2DM. Other studies have also 
shown problems of misclassification10,19. 

USING GLYCATED HEMOGLOBIN  
AS A THERAPEUTIC GUIDE

In a study by Nathan, et al.30, approximately 2,700 glu-
cose values were obtained from 507 subjects during a 
period of three months; the group included 268 patients 
with type-1 diabetes, 159 with T2DM, and 80 non-
diabetic subjects. HbA1c obtained at the end of the 
three-month period was compared to average glucose 
(GA) obtained by combining weighted results of at least 
two days of continuous glucose monitoring (at least four 
times a day) and those measuring seven-point self-
monitoring of capillary glucose daily at least three days/
week. In this study, linear regression equations did not 
differ significantly across subgroups based on age, sex, 
diabetes type, ethnicity, or smoking status. These fit-
ted results were expected, considering that glucose 
levels were obtained frequently during the three months 
of the study. Consistent with the previous consider-
ations, HbA1c and single fasting glucose levels should 
not be used as the only parameters for therapeutic 
decisions, since they do not offer complete informa-
tion on the actual levels of glucose; therefore, taking 
therapeutic decisions based only on this information 
is inappropriate. Accordingly, T2DM patients should 
be asked to perform at least a seven-point self-mon-
itoring of capillary blood glucose (before and one hour 
after each meal and at bed time), and an additional 
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measurement at 03:00 a.m., at least once a week 
before the clinical visit. This, together with HbA1c 
measurement, should endorse a better decision. This 
is common practice for some but not all professionals 
that treat diabetic patients.

In conclusion, in the diagnosis of diabetes it is of 
utmost importance to consider dynamically in time, 
and all together, the information provided by HbA1c, 
FPG, and 2HPG. In order to make accurate therapeu-
tic decisions, we should concurrently analyze several 
preprandial and postprandial levels of glucose besides 
HbA1c. 
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