
Introduction

Important perspective studies on chronic compli-
cations of Diabetes mellitus allowed us to establish
with absolute certainty the role of glycosylated hemo-
globin (HbA1c) as a marker of evaluation of long-
term glicemic control in diabetic patients and the
strict relationship between the risk for chronic com-
plications and HbA1c levels. Diabetes Control and
Complication Trial (DCCT), a great extent study, has
demonstrated that the 10% stable reduction in HbA1c
determines a 35% risk reduction for retinopathy, a 25-
44% risk reduction for nephropathy and a 30% risk re-
duction for neuropathy (1-3).

HbA1c is the product of non-enzymatic reaction
between glucose and free amino groups of hemoglo-
bin. This reaction, called glycosylation, involves lots of
other proteins, too and it is the principal mechanism
through which glucotoxicity is formed. Other invol-

ved mechanisms are: oxidative stress, activation of the
polyols pathway, activation of proteinkinase-C, en-
dothelial damage, haemodynamic and coagulative
changes.

Glycosylation

Glycosylation is a non-enzymatic reaction
between free aldehydic group of glucose and free ami-
no groups of proteins. A labile aldiminic adduct
(Schiff base) forms at first, then, through a molecular
rearrangement, a stable ketoaminic product slowly ac-
cumulates.

Concerning the hemoglobin, the preferential gly-
cosylation site is the amino-terminal valine of the be-
ta chain of the globin (about 60% of glycosylated glo-
bin). Other sites are: lysin 66 and 17 of the beta chain,
valine 1 of the alfa chain.
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The term HbA1c refers to the hemoglobin frac-
tion of the glucose bound stably (ketoamine) to beta
terminal valines. Other proteins with a possible glyco-
sylation are: albumine, alfa 2 macroglobulin, antith-
rombin III, erythrocyte enzymes, fibrinogen, ferritin,
HDL-LDL, transferrin; all of them are short half-life
proteins. Instead, actin, collagen, fibronectin, myelin,
nucleoproteins, spectrin, tubulin can also be glycosyla-
ted and have a long half-life.

The glycosylation process of short half-life pro-
teins stops at the formation of the stable ketoamine
adduct. Instead, long half-life proteins (myelin and
collagen) undergo a complex and irreversible rearran-
gement process, with the formation of Advanced Gly-
cosylation End products (AGE). AGE form a family
with many compounds, only partially identified; they
accumulate in the structural proteins modifing the
function of them. They bind to specific macrophage
receptors inducing a release of hydrolytic enzymes, cy-
tokines and growth factors able to promote the
synthesis of fundamental substance and, acting at in-
tracellular level, to determine a damage of the nucleic
acids. Hemoglobin and plasmatic proteins (4-7) are
the product of non enzymatic glycosylation that can
be dosed in a diabetic patient.

Methods of measurement of HbA1c

The addiction of fructose group to the hemoglo-
bin molecule changes some of its physical-chemical
properties; those properties are utilized for elec-
trophoretical and chromatographic measurement
methods. In particular HbA1c differs from native he-
moglobin for total electrical charge, regional electric
affinity by the fructose group and antigenic properties.
In the last 20 years improved techninques in labora-
tory and new electrophoretical, chromatographic and
immunological methods available, gave us a greater re-
liability on our results. However the use of different
methods, the lack of a common calibration concerning
the same method and the variability of instrumenta-
tion do not make reproducible results yet in different
laboratories (8). For this reason studies and procedu-
res of standardization are going on (9-11). In Italy an
external check service of quality is permanently active,

supported by scientific firms - SID and AMD. Parte-
cipation in the study is the best way to value the relia-
bility in the future of their own measures of HbA1c.
The program in on Internet www.glicata.org (12). It is
important to know there may be, in the evaluation of
HbA1c, interferences in the dosage, due to a condi-
tion of uraemia, hyperlipemia, bad conservation and
hemolisis of the sample, increase of leucocytes and
presence of anomalous hemoglobins (13, 14).

The liquid chromatography ionic exchange is
now the most reliable methodology. It is based on the
difference in electric charge with numerous advanta-
ges. It is completely automatic and presents an excel-
lent reproducibility in different laboratories. It allows
to measure with precision all sub-fractions of HbA1c
and anomalous hemoglobins. Its cost is high and it is
not available in all the laboratories (15, 16).

The immunochemical method DCA 2000 is the
most popular and utilizes antigenic properties. It al-
lows to dose the HbA1c in 6 minutes, it requires a
small amount of blood (1 microliter), it is done with
sample of capillary blood, it presents a strict correla-
tion (r=97) with he HPLC method and it distingui-
shes neither the normal hemoglobin nor the labile
fraction of glycohemoglobin.

At present there are available instruments for do-
micilary measurement of HbA1c and fructosamine.
Their application is still being studied (17, 18).

Clinical significance of HbA1c

The determination of the glycosylated hemoglo-
bin in the management of a diabetic patient was pro-
posed for the first time by Gabbay and Koenig in 1976
(19, 20). It has become the parameter of election con-
cerning the retrospective evalutation of the glycemic
control. It is in fact strictly correlated with the mean
plasmatic glycemia (21, 22). Glycosylation process de-
pends on the exposure to glucose, so on the half-life of
erythrocyte. It was demonstrated, however that meta-
bolic control concerning the last 90-120 days had only
a 10% effect on the result of HbA1c. Mean blood glu-
cose of the last 30 days contributes for 50% of HbA1c
value. HbA1c levels can vary quite rapidly in relation
to striking fluctuations of blood glucose (23).
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The study of Rholfing on the glycemic profiles
collected in DCCT, 1439 Type 1 diabetic patients
aged 13-39, beyond confirming a strict correlation
between mean plasmatic glycemia and HbA1c, de-
monstrated that:

• 35 mg/dl increases of mean plasma glucose cau-
se a rise of 1% in HbA1c.

• Blood glucose values in the afternoon and in the
evening (postlunch, predinner, postidinner,
bedtime) better correlate with HbA1c levels if
compared with blood glucose values in the mor-
ning (prebreakfast, postbreakfast, prelunch).

• The greatest correlation is with postlunch gly-
cemia and bedtime glycemia.

• Fasting glucose tends to underestimate HbA1c
values.

The strong correlation of postlunch glycemia
with the levels of HbA1c can be explained by the fact
that a subject in condition of normal life is a postlun-
ch stage or postassorbing stage and in a fasting condi-
tion only in the second part of the night (24, 25).

Some algorithms were worked out and they 
allowed us to value the mean glycemia of the 6-8
weeks before taking from the result of the HbA1c
measure.

The line equation for the estimate of the mean
value of glycemia is:

MBG = 33.3 x HbA1c - 86
Similarly, it is possible to go back to the value of

HbA1c knowing the mean plasmatic glycemia;
HbA1c presumed is:

HbA1c = (MBG + 86)/33.3
Criteria of evaluation of the metabolic control for

(the value of ) HbA1c were also defined as:
• HbA1c <6.3%: very good glycemic control.
• HbA1c between 6.3 and 7.1%: good glycemic

control.
• HbA1c between 7.1 and 9%: poor glycemic

control.
• HbA1c >9%: bad glycemic control.
Protective values of HbA1c to chronic complica-

tions are considered <7%. Italian or foreign studies
concerning the evaluation of the metaboic control in
pediatric age are still far from this objective.

Recently the first results of a wide italian study  on
the metabolic compensation in children with IDDM,

have been expressed. The mean value of HbA1c in the
examined population is 8.87 + 1.7%, without signifi-
cant differences between males and females. Patients
with the best metabolic control (HbA1c <8%) had mo-
re than 3 glycemic controls a day. No significant diffe-
rences came out concerning the administrations of in-
sulin, the intensified therapy would not seen to gua-
rantee an optimus metabolic compensation.

The italian situation, even compared with other
studies, seems to be rather good.

Conclusions

Concentration of HbA1c is an indicator of avera-
ge blood glucose concentration over the preceding 2-
3 months. HbA1c is currently considered the best in-
dex of metabolic control for diabetic patients in clini-
cal setting and partecipants in epidemiological studies
as well as a measure of risk for the development of mi-
cro and macrovascular complcations.

However, the clinical utility of this measure is
compromised by limitation inherent in most assay
methods. Standardization Program was developed in
an attempt to standardize these methods so that
HbA1c results can be related to the candidate referen-
ce method used in the DCCT.
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