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Diabetes is a highly prevalent condition worldwide,
currently representing the seventh cause of death in the
United States. The American Diabetes Association (ADA)
estimates that up to 29.1 million Americans (i.e., 9.3% of
the general population) suffer from diabetes, and as many
as 8.1 million of these remain undiagnosed (1). A similar
prevalence of disease has been reported in China, with an
estimated 114 million Chinese adults affected by diabetes,
so accounting for approximately 12% of the general
population (2). These figures are especially concerning
if one considers that diabetes has many unfavorable
consequences on patient health, healthcare sustainability
and society. This is mainly due to the many well-known
complications of untreated or poorly managed diabetes,
which include both microvascular (i.e., retinopathy,
nephropathy, and neuropathy) and macrovascular (e.g.,
coronary heart disease and cerebral ischemic disease)
disorders.

According to the ADA guidelines, which are actually
the most followed recommendations worldwide, four
criteria can be used for diagnosing diabetes, as summarized
in Table 1. These essentially include the measurement of
hemoglobin A, (HbA,,), the assessment of fasting plasma
glucose (FPQ), the oral glucose tolerance test (OGTT) or
the occasional finding of a random plasma glucose value
>11.1 mmol/L (i.e., >200 mg/dL) (3).

The main preanalytical issue emerging from the use of
FPG for diagnosing diabetes is the progressive decrease
of glucose concentration in whole (uncentrifuged) blood,
which is attributable to blood cells (especially erythrocytes)
metabolism. Briefly, glucose concentration may decrease
by approximately 4-5% per hour in serum or lithium-
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heparin blood tubes kept at room temperature before
centrifugation (4), thus making glucose measurement
highly unreliable in this sample matrix when blood tubes
cannot be immediately centrifuged and the plasma timely
separated from blood cells, as increasingly occurring due to
the worldwide consolidation process of small laboratories
in larger facilities (5). To overcome this issue, it has been
formerly recommended to measure FPG in blood tubes
containing lithium-heparin and sodium fluoride (NaF)
and/or potassium oxalate (KOx), which both work as rapid
glycolysis inhibitors (6). Nevertheless, the efficiency of
these compounds to stably inhibit glycolysis has recently
been questioned. Bonetti ez #/. showed that glucose
concentration measured in lithium-heparin blood tubes
containing NaF exhibited a 6.8% and 8.0% decrease after 1
and 2 hours of storage at room temperature, respectively (4).
Similar results were published in an elegant study by Juricic
et al. who also showed that glucose concentration decreased
by approximately 4% per hour in uncentrifuged serum
tubes, but that also displayed a sharp decrease in NaF/KOx
blood tubes stored for 1 hour at room temperature before
centrifugation (7). In another study, Roccaforte et al. also
showed that the concentration of glucose was decreased by
over 6% in NaF/KOx tubes stored for 2.5 hours at room
temperature before centrifugation (8). The general trend of
blood glucose decay, reflecting data published in these and
other studies, is shown in Figure 1.

The unquestionable evidence that the total inhibition of
glycolysis by NaF and/or KOx can take up to 4 h, during
which glucose concentration may decrease between 9-12%
in samples stored at room temperature, led the way to
the search for more efficient glycolysis inhibitors. The
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main problem here is that NaF and/or KOx are efficient
inhibitors of enolase, which only acts at a late stage of the
glycolytic pathway. Unlike enolase, the enzyme hexokinase
catalyzes the conversion of glucose to glucose-6-phosphate
at a much earlier phase of the glycolytic pathway, but is
only active with blood pH higher than 5.9 (9) (Figure 2).
On this assumption, a new generation of blood tubes has
been developed, containing three additives (citrate, NaF
and/or EDTA) that combine different patterns of glycolysis
inhibition (i.e., acidification, both hexokinase and enolase
inhibition and blood anticoagulation). The better efficiency
in stabilizing blood glucose of this mixture over traditional
NaF and/or KOx has been demonstrated in some studies
(4,7,8), whose results are also summarized in Figure 1. More

Table 1 American Diabetes Association (ADA) criteria for
diagnosing diabetes

Hemoglobin A,, (HbA,.) =6.5% (48 mmol/mol)

Fasting plasma glucose (FPG) =7.0 mmol/L (126 mg/dL)

2-h plasma glucose =11.1 mmol/L (200 mg/dL) during an oral
glucose tolerance test (OGTT)

Symptoms of hyperglycemia and random plasma glucose
concentration >11.1 mmol/L (200 mg/dL)
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recently, van der Hagen showed that collecting blood in
citrated NaF-EDTA blood tubes was effective to directly
and completely inhibit glycolysis, and also demonstrated
that blood glucose concentration may be stable for up to
48 h at room temperature and for not less than 24 h at 37 °C
in uncentrifuged blood tubes (10).
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Figure 1 General trend of blood glucose concentration in
uncentrifuged blood tubes containing different additives. NaF,

sodium fluoride; KOx, potassium oxalate.
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Figure 2 Effect of hexokinase and enolase inhibition in the glycolytic pathway. NaF, sodium fluoride; KOx, potassium oxalate.
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Although additional evidence may be needed before
the use of citrated NaF-EDTA tubes can be widely
recommended for diagnosing diabetes, recent data suggests
that the measurement of FPG may be more accurate
with these tubes than using those containing traditional
glycolysis inhibitors. Some critical issues of citrated NakF-
EDTA tubes should also be clearly acknowledged, such as
the critical issue of minimum blood tube filling (i.e., with
not less than 0.5 mL of blood) and the need of immediate
mixing the tube after blood collection to enable appropriate
contact of blood and additives (11). To overcome some of
these drawbacks, HbAlc may also be seen as a valuable
alternative, provided that test results are interpreted with
caution in patients carrying hemoglobin disorders (12).
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