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Summary 
Background: The accuracy of glucose meters is evaluated by
comparing their results with those from a reference labora-
tory glucose analyser. The main scientific societies recom-
mend the use of a prompt glycolysis inhibitor such as citrate
for an accurate glucose determination. In the present prelim-
inary study, we discuss the bias between capillary and plasma
glucose measured concentrations, determined in two Italian
clinical laboratories, using tubes containing an NaF and cit-
rate mixture in liquid and granular form.
Methods: 139 volunteers in whom 75 g OGTT was
requested were recruited. Basal capillary glucose was
determined using Abbott FreeStyle Precision Neo in
Brescia (n=63), while clinical laboratory reference P-glu-
cose was determined using tubes containing NaF/K3EDTA
and liquid NaF/Na2EDTA/citrate. Basal capillary glucose
was determined using a Roche Cobas Accu-Chek Inform II
in Vicenza (n=76), while P-glucose was determined using
tubes containing NaF/K2Ox and NaF/Na2EDTA/citrate in
granulated form. Reference P-glucose was determined with
a hexokinase method on Dimension Vista systems.
Differences between capillary and reference P-glucose
were evaluated according to ADA/ISO 15197:2013 spec-
ifications.
Results: 96.82% and 97.37% of capillary determinations
were within specifications when liquid and granular citrate

Kratak sadr`aj
Uvod: Ta~nost glukometra se procenjuje pore|enjem
njihovih rezultata sa rezultatima dobijenim referentnim
analizatorom za glukozu. Stru~na zajednica preporu~uje
upotrebu brzog inhibitora glikolize kao {to je citrat za
precizno odre|ivanje glukoze. U ovoj preliminarnoj studiji
razmatrana su odstupanja izme|u izmerenih koncentracija
kapilarne glukoze i glukoze u plazmi, koje su obavljene u
dve italijanske referentne laboratorije, primenom epruveta
sa me{avinom NaF i citrata u te~nom i granularnom obliku.
Metode: Odabrano je 139 dobrovoljaca i od njih zatra`eno
da urade OGTT test sa 75 g glukoze. Bazalna kapilarna
glukoza je odre|ena kori{cenjem Abbott FreeStyle Pre -
cision Neo u Bre{i (n=63), dok je labor ato rijska referentna
P-glukoza odre|ivana kori{}enjem NaF/K3EDTA i te~nih
NaF/Na2EDTA/citrata koji sadr`e epruvete. Bazalna
kapilarna glukoza je odre|ena kori{}e njem Roche Cobas
Accu-Chek Inform II u Vi}enci (n=76), dok je P-glukoza
odre|ena pomo}u NaF/K2Ok i NaF/Na2EDTA/citrata u
granularnoj formi koja sadr`i epru  vete. Referentna P-
glukoza je odre|ena metodom hekso kinaze na Dimension
Vista sistemima. Razlike izme|u kapilarne i referentne P-
glukoze su procenjene prema ADA/ISO 15197:2013
specifikacijama.
Rezultati: 96,82% i 97,37% kapilarnih odre|ivanja bilo je u
okviru specifikacija kada su kori{}ene epruvete sa te~nom i

List of abbreviations: ADA, American Diabetes Association;
BGM, blood glucose meter; ISO, International Organization for
Standardization; CLSI, Clinical and Laboratory Standard
Institute; EDTA, ethylenediaminetetraacteic acid; FDA, US
Food and Drug Administration; K2Ox, Potassium Oxalate;
IFCC, International Federation of Clinical Chemistry and
Laboratory Medicine; GMECC, How should Glucose Meters be
Evaluted in Critical Care; NACB, National Academy of Clinical
Biochemistry; NaF, Sodium fluoride; OGTT, Oral Glucose
Tolerance Test; POC, Point of Care; QC, Quality Control;
SIBioC, Italian Society of Clinical Biochemistry; SID, Italian
Society of Diabetology; SIPMeL, Italian Society of Clinical
Pathology and Laboratory Medicine; WG, Working Group.
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Introduction

The measurement of glucose represents a cor-
nerstone in the diagnosis of carbohydrate metabolism
disorders and in the care of all people with diabetes
(1). Point of Care (POC) glucose meters (from this
point onwards, referred to only as glucose meters) are
commonly used to quickly obtain glucose determina-
tions at hospital and home. The American Diabetes
Association (ADA) recommends their use for self-
monitoring at home or in clinical settings (2). Glucose
meters are easy to use and cost-effective and have
also become the method of choice in many laborato-
ries in the context of the evaluation of basal glucose
determination in the Oral Glucose Tolerance Test
(OGTT). There is some debate over what constitutes
good technical accuracy when comparing glucose
meters with a laboratory method. Multiple perfor-
mance goals have been proposed for portable glu-
cose meters. These targets vary widely. The ADA
specifies the criteria for total error of glucose meters:
At least 95% of a glucose meter’s results have to be
within <±0.8 mmol/L at glucose concentrations
<5.6 mmol/L and within ±15% at glucose concen-
trations ≥5.6 mmol/L. The international standard
ISO 15197:2013 specifies the same criteria for accu-
racy of glucose meters but introduces a second true-
ness criterion relating to the consensus error grid that
assigns pairs of glucose meters’ results and a corre-
sponding reference value to a clinical risk zone: at
least 99% of results have to be within the consensus
error zones A and B (4). The more stringent CLSI
POCT12-A3 recommendations are that, for 95% of
the samples, the difference between glucose meter
and laboratory measurements of glucose have to be
(a) <12.5% when the laboratory glucose value is
>5.6 mmol/L and (b) <0.7 mmol/L of the laboratory
glucose value when the glucose concentration is
≤5.6 mmol/L (5). The Food and Drug Administration
(FDA) 2016 criteria state that 95% of glucose values
must be within 15% of reference and 99% of glucose
values must be within 20% of reference (6).

In any case, glucose meters’ accuracy is based
on a comparison of POC and laboratory reference
glucose results. Moreover, for quality assurance, the
ADA recommends a periodic comparison of the

results from glucose meters with those from refer-
enced laboratories (3). In-vitro instability of whole
blood glucose can introduce an important bias in the
accuracy assessment of glucose meters. For this rea-
son, all steps in the analytical and pre-analytical pro-
cesses require careful attention (7, 8). In vitro glycol-
ysis, which results in the breakdown of glucose, is the
principal source of uncertainty in glucose determina-
tions. An average reduction of glucose concentration
of 5–7%/hour can occur, especially when high leuko-
cyte blood counts and high temperatures are present
(9). For accurate glucose determinations, tubes con-
taining anti-glycolytic agents are used (10). The most
commonly used anti-glycolytic agent, sodium fluoride
(NaF), acts inhibiting enolase activity (11). NaF is a
long-term glucose stabilizer, but it does not prevent a
drop during the first hours after blood drawing (12).
In most Italian clinical laboratories, glucose is usually
determined in tubes containing sodium fluoride (NaF)
(13). However, to prevent in vitro glycolysis, the
Italian working group on diabetes of the Italian
Society of Clinical Biochemistry (SIBioC) and the
Italian Society of Clinical Pathology and Laboratory
Medicine (SIPMeL), together with representatives of
the Italian Society of Diabetology (SID), the American
Diabetes Association (ADA) and the National
Academy of Clinical Biochemistry (NACB), recom-
mend the collection of blood into tubes containing a
rapid glycolysis inhibitor, i.e., a citrate buffer, in a gra -
nular or liquid form that acts immediately inhibiting
hexokinase, the first enzyme of the glycolytic pathway,
instead of using NaF alone (3, 14).

Since the instability of glucose in blood can
introduce important bias in the assessment of glucose
meters, we have planned a preliminary study to quan-
tify the bias of glucose measured by two different glu-
cose meters (i.e., Abbott FreeStyle Precision Neo and
Roche Cobas Accu-Chek Inform II) based on ADA
and ISO 15197:2013 requirements with respect to
reference glucose measured in laboratories using
NaF and the two universally commercially available
recommended citrate-containing tubes (GlucoEXACT
from Sarstedt and FC-Mix from Greiner Bio-One) (10,
12, 16).

mixture tubes were used, respectively. Conversely, only
73.02% and 80.26% of determinations were within criteria
using NaF.
Conclusions: It’s important to know what is the laboratory
reference glucose in evaluating glucose meters’ accuracy.
The evaluation of glucometers’ accuracy with respect to a
reference laboratory may be wrong if tubes containing only
NaF are used due to in vitro glycolysis. Only tubes contain-
ing citrate mixture permit the correct evaluation of glucose
meters’ accuracy.

Keywords: blood glucose, blood glucose meters, citrate
buffer, sodium fluoride

granularnom me{avinom citrata. Nasuprot tome, samo
73,02% i 80,26% odre|ivanja je bilo u okviru kriterijuma
pomocu NaF.
Zaklju~ak: Va`no je znati {ta je laboratorijska referentna
glukoza u proceni ta~nosti glukometra. Ispitivanje
preciznosti glukometra u odnosu na referentu laboratoriju
mo`e biti pogre{no ako se koriste epruvete koje sadr`e
samo NaF zbog in vitro glikolize. Samo epruvete koje
sadr`e citratnu me{avinu omogucavaju ispravnu procenu
ta~nosti glukometra.

Klju~ne re~i: glukoza u krvi, glukometri, citratni pufer,
natrijum fluorid
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Materials and Methods

The study was conducted at Spedali Civili
Central Clinical Chemistry Laboratory (Brescia, Italy)
and at the Laboratory of St. Bortolo Hospital
(Vicenza, Italy) in summer 2018. One hundred thirty-
nine volunteers (13 men, 126 women), median age
35 years (interquartile range (IQR): 31–48), in whom
a 75 g OGTT was requested, were recruited.

Basal capillary whole blood glucose was deter-
mined using Abbott FreeStyle Precision Neo in
Brescia and a Roche Cobas Accu-Chek Inform II in
Vicenza. All capillary whole blood glucose measure-
ments were carried out by the same trained nurses,
and all venepunctures were performed in each study
by a single experienced phlebotomist to minimize
venepuncture bias.

To evaluate the glucose meters’ performance,
internal quality control (QC) materials (high and low
levels) were tested daily according to the manufactur-
ers’ instructions.

Reference plasma glucose was determined in
the tube containing NaF-K3EDTA, 2.7 mL draw (Ref.
04.1918 from Sarstedt Verona, Italy), and the tube
containing Na2EDTA, NaF, citric acid, and Na-citrate
in a liquid form, GlucoEXACT, 3.1 mL draw (Ref.
04.1945.001 from Sarstedt Verona, Italy), in Brescia.

Reference plasma glucose was determined in
the tube containing NaF-K2 oxalate (NaF/K2Ox), 2
mL draw (Ref. 454514 from Vacutest Kima,
Arzegrande, Italy), and the tube containing
Na2EDTA, NaF, citric acid, and Na-citrate in a granu-
lar form, FC-MIX, 2 mL draw (Ref. 454511 from
Greiner Bio-One, Cassina de Pecchi, Italy), in
Vicenza.

Plasma glucose concentration measurements
were performed by Dimension Vista 1500 analyzers
(Siemens Healtheers, Milan, Italy) using a hexokinase
method (within-laboratory CV=2.1% at Brescia and
2.8% at Vicenza laboratory) upon arrival at the clini-
cal laboratory, between 3 and 4 hours after blood
drawing. QC was performed according to the labora-
tory specifications.

Glucose concentrations measured in Gluco -
EXACT tubes containing a liquid mixture of NaF,
Na2EDTA, and citrate were multiplied by 1.16 as rec-
ommended by the manufacturer in order to over-
come the sample’s dilution by liquid addictive.

Ethics

The study was conducted according to the prin-
ciples of the revised Helsinki Declaration, adopted in
2013 (Fortaleza, Brazil), and written informed con-
sent was obtained from all participants.

Statistics

Normal distributions for all the datasets were
evaluated by using the Kolmogorov-Smirnov test.
Since normal distribution was not confirmed, the
Wilcoxon test for paired samples was used to com-
pare reference laboratory glucose in tubes containing
NaF and citrate to those measured by glucose
meters. The biases between capillary glucose and
venous reference glucose in NaF and citrate mixture
tubes were calculated as B = ((GluGlucose meter/
GluReference) ×100)–100. The acceptance criteria
were defined according to ADA and ISO
15197:2013 (total error for 95% of samples to 15%
at glucose concentrations ≥5.6 mmol/L and to <0.8
mmol/L at glucose concentrations <5.6 mmol/L
and difference plots created. The statistical analysis
was performed with MedCalc software, version
18.10.2 (Ostend, Belgium). Values of p<0.05 were
considered statistically significant.

Results

The median glucose concentration in the whole
blood capillary sample using the Abbott FreeStyle
Precision Neo glucose meter (n=63) was 5.11
(IQR:4.68–5.50–99.0) mmol/L, and reference
venous plasma glucose using tubes containing
NaF/K3EDTA was 4.46 (IQR:4.13–4.95) mmol/L
(p<0.0001), while that obtained using a liquid form
of NaF/Na2EDTA/citrate (i.e., GlucoEXACT) was
5.00 (IQR: 4.60–5.48–98.6) mmol/L (p=0.0059).

The median glucose concentration in the whole
blood capillary sample using the Roche Cobas Accu-
Chek Inform II glucose meter (n=76) was 5.22 (IQR:
4.78–5.83) mmol/L, and reference venous plasma
glucose using tubes containing NaF/K2Ox was 4.64
(IQR: 4.11–5.17) mmol/L (p<0.0001), while that
obtained using a granular form of NaF/Na2EDTA/cit-
rate (i.e., FC-Mix) was 4.92 (IQR: 4.39–5.64)
mmol/L (p<0.0001).

The difference plots illustrating the comparisons
of glucose results from the whole blood capillary sam-
ple measured with the Abbott FreeStyle Precision Neo
and the Roche Cobas Accu-Chek Inform II and the
reference plasma glucose measured in tubes contain-
ing NaF and NaF/Na2EDTA/citrate in liquid and
granular form are presented in Figures 1 and 2. Only
73.02% and 80.26% of capillary glucose determina-
tions were within ADA – ISO 15197:2013 criteria
when NaF/K3EDTA and NaF/K2Ox were used.
Conversely, 96.82% and 97.37% of capillary glucose
determinations were within ADA–ISO 15197:2013
criteria when liquid and granular citrate mixture tubes
were used, respectively.

The correlation between capillary whole blood
glucose using both the FreeStyle Precision Neo and
the Roche Cobas Accu-Chek Inform II with respect to
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the plasma glucose concentration using hexokinase
methods on Dimension Vista 1500 were r=0.80
when NaF and citrate liquid mixture (Table I) were
used, respectively.

The correlation between capillary whole blood
glucose on the Roche Cobas Accu-Chek Inform II and
plasma glucose concentration were r=0.94 and
r=0.92 when NaF and citrate granular mixture (Table
I) were used, respectively.
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Figure 1 Difference plots of capillary glucose and laboratory venous plasma reference glucose in (A) NaF/K3EDTA (NaF) tubes
and (B) NaF/Na2EDTA/citrate tubes in a liquid form (GlucoEXACT). Blue lines indicate ADA and ISO 15197:2013 accuracy
limits. 



Discussion
Glucose meters are often used for a fast evalua-

tion of glucose concentrations in the hospital and at
home. Many studies and reviews have evaluated glu-
cose meters’ technical trueness (17). Trueness is

defined as the closeness of agreement between a test
result and the true value of that analyte. An important
but often neglected aspect that can affect POC sys-
tem trueness results is the measurement procedure
used (5).
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Figure 2 Difference plots of capillary glucose and venous plasma laboratory reference glucose in (A) NaF/K2Ox tubes and (B)
NaF/Na2EDTA/citrate tubes in a granular form (FC-Mix).Blue lines indicate ADA and ISO 15198:2013 accuracy limits.  
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In fact, during transport to the laboratory to
compare results with laboratory methods, glucose
concentrations have a tendency to decrease due to
in-vitro glycolysis. Delay in transportation can lead to
biases between glucose meters and reference labora-
tory methods (18). A study from Salacinski and col-
leagues (19) suggested that the glucose meter pro-
vided poor-validity and-reliability results compared to
the results provided by the reference laboratory anal-
yser using lithium-heparin plasma samples. They indi-
cated that portable glucose meters should be used for
patient management but not for diagnosis, treatment,
or research purposes (19). Fluoride-containing tubes
are often used to reduce glycolysis, especially when
accurate results are required, but it is known that the
inhibitory effect of fluoride upon glycolysis can take to
2–3 h, with a consequent lowering of the glucose
concentration in the first hours (20).

In a recent study, Blaurock and colleagues (21)
evaluated the impact of glucose measuring systems
on diagnosis rates of diabetes mellitus using POCT
and core laboratory glucose methods. In the study
limitations section, they reported that the effect of gly-
colysis could not be completely excluded because
NaF was used (21). Already in 1996, the FDA sug-
gested that fluoride should not be used as a preserva-
tive for venous specimens when using glucose meters
(22). Hung et al. (22), using stored samples to eval-
uate glucose meters’ accuracy with respect to their
laboratory method, called this recommendation into
question. However, in their letter, they did not
describe how much time had passed between the
sampling and the centrifugation of the NaF sample
(22). Recently, IFCC Working Group WG-GMECC
wrote a document on the clinical practice of using
glucose meters and the requirements they must fulfil
in order to be used in critical care, which emphasizes
that anticoagulant preservatives such as NaF-oxalate
are not completely effective in inhibiting glycolysis
and that the addition of citrate is the most effective
(23). Our study is a preliminary one on the evaluation
of the bias of two different glucose meters (i.e.,

Abbott FreeStyle Precision Neo and Roche Cobas
Accu-Chek Inform II) in referencing venous plasma
glucose using the new recommended citrate-contain-
ing tubes. In our study, capillary glucose concentra-
tions obtained from glucose meters and venous plas-
ma reference glucose determined by laboratory
instruments using NaF and citrate tubes were evalu-
ated as in typical scenarios experienced in patient
care. The novelty of our study is that is the first to
compare capillary whole blood glucose to reference
plasma glucose using the two universally available
tubes containing citrate in a liquid and granular form
together with the old NaF-containing tubes (10, 16).
Significant biases in glucose concentrations were
observed between glucose meters and reference plas-
ma glucose when different plasma tubes were used.
Our data suggest that for an efficient comparison of
glucose measured by glucose meter systems with the
reference laboratory measurements, only plasma
samples containing an acidified citrate mixture should
be used in reference laboratories. NaF plasma tubes
need to be abandoned because they exert biases
exceeding analytical goals for bias according to ADA
and ISO 15197:2013. Maintaining the use of NaF as
a comparison system can cause incorrect evaluations
of the quality of the glucose meters used. Previously,
only van den Berg and colleagues’ (24) study had
considered citrate-containing tubes in POC evalua-
tion. That study was about the screening of gestation-
al diabetes mellitus. The glucose concentration deter-
mined by routine laboratory analysis using
lithium-heparin tubes was well correlated with POC
analysis but was lower at both T0 and T120 (24). The
bias was lower if lithium-heparin tubes were cen-
trifuged immediately. If citrate-containing tubes were
used, the glucose concentrations determined within
60 minutes strongly correlated at both 0 and 120
minutes of OGTT.

Because the FDA suggests that fluoride should
not be used as a preservative for venous specimens
when using glucose meters, we could hypothesize that
samples with an acidified mixture in liquid and granular
form could be used as an efficient alternative.

x y N Regression 
equation Slope 95% CI Intercept 95% CI r Sy/x

P-glucoseNaF/K3EDTA Capillary 
glucose 
(Abbott 

FreeStyle Neo)

63

y=0.9204 x+1.0164 0.7411–1.0997 0.1924–1.8404 0.796 0.4148

P-glucose 
Citrate mixture 
(liquid – GlucoEXACT))

y=0.8349 x+0.9853 0.6738–0.9960 0.1631–1.8076 0.796 0.4123

P-glucoseNaF/K2Ox Capillary 
glucose 

(Roche Cobas 
Accu-chek
Inform II)

76

y=0.9429 x + 0.9681 0.8580–1.0278 0.5647–1.3715 0.932 0.2754

P-glucose 
Citrate mixture 
(granular-Fc-MIX)

y=0.8721 x + 0.9825 0.7872–0.9569 0.5481–1.4170 0.922 0.2944

Table I Least square regression equations comparing capillary glucose in two different glucometers and plasma glucose in the
tubes evaluated.
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In this real-life study, there are some limitations.
A limited number of participants were recruited, and
plasma and capillary glucose measurements were
made as single determinations and not in duplicate,
as stated in the CLSI EP09c document (25). Because
capillary glucose determinations are part of the basal
evaluation of OGTT, only low and medium glucose
concentrations were available, so an assessment of
higher glucose concentrations is still required.
Additional glucose meters need to be investigated
since only two devices were considered in the present
study.

Eventually, tight control of the pre-analytical
procedures is needed, even using POC devices, as
stated by the Working Group for the Preanalytical
Phase of the European Federation for Clinical
Chemistry and Laboratory Medicine (26).

Conclusions

We have found that comparison of POC glucose
analysis versus reference laboratory analysis may be
wrong if tubes containing only NaF are used due to in
vitro glycolysis. Furthermore, we have shown that the
use of the new tubes with the acidified mixture, in
either granular or liquid form, can be adequate for
screening subjects who undergo an OGTT in order to
correctly compare results to the reference laboratory
plasma glucose, as well as for an accurate evaluation
of glucose meters according to ADA and ISO
15197:2013 standards.
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