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Commentary

Self-monitoring of blood glucose (SMBG) is recommended 
by American Diabetes Association (ADA), to allow diabetes 
patients to achieve and maintain specific glycemic goals.1 In 
hospitals, control of blood glucose requires appropriate near 
patient glucose monitoring techniques that need to be rapid, 
accurate and cost-effective. The reference standard remains 
the central laboratory method but its longtime results and 
remote location makes point-of-care testing (POCT) an ideal 
alternative. The adoption of glucose meters as point-of-care 
testing for monitoring blood glucose concentrations has been 
demonstrated.2 Use of POCT in clinical settings has advan-
tages and disadvantages. An advantage is the rapid turnaround 
time of the POCT compared to a clinical laboratory test (<5 
minutes vs at least 30-60 minutes). Another advantage is the 
volume of the sample: usually glucose meters need 0.3-1 µl of 
whole blood instead of 1-3 ml of serum/plasma usually 
needed by clinical laboratories.3 Nevertheless, POCT can 
lead to an increased patients cross-infection, due to operator 
errors such as absence of disinfection3 or bacterial contamina-
tion, in opened and unused test strips.4 The management of 
training for staff using POCT is not easy, especially in big 
health care centers where the number of people to be trained 
could be high. Furthermore, preanalytical and postanalytical 

factors can affect test results.3 Last, accuracy and precision of 
POCT remain a subject of debate. Nowadays, there is no 
international recognized gold standard for the measurement 
of blood glucose. An accurate glucose monitoring is neces-
sary to improve outcomes of hospitalized patients5 and 
improved accuracy of blood glucose monitoring has been 
shown to lead to a higher quality of insulin dosing treatment.5 
Therefore, it’s fundamental to have an easy and ready-to-use 
protocol to test the most robust instrument to be used as a 
POCT inside a hospital.
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Abstract
The aim of this retrospective study is to evaluate the reliability and robustness of six glucose meters for point-of-care testing 
in our wards using a brand-new protocol. During a 30-days study period a total of 50 diabetes patients were subjected 
to venous blood sampling and glucose meter blood analysis. The results of six glucose meters were compared with our 
laboratory reference assay. GlucoMen Plus (Menarini) with the 82% of acceptable results was the most robust glucose meter. 
Even if the Passing-Bablok analysis demonstrates the presence of constant systematic errors and the Bland-Altman test 
highlighted a possible overestimation, the surveillance error grid analysis showed that this glucose meter can be used safely. 
We proved that portable glucose meters are not always reliable in routinely clinical settings.
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Materials and Methods

To design this study, completed in 2017, we used a brand-
new protocol for the comparison of two analytical laboratory 
methods6 validated by SIBioC (Italian Society of Clinical 
Biochemistry and Clinical Molecular Biology).7 This proto-
col suggests to use Passing-Bablok regression analysis8 and 
Bland-Altman plot9 to correlate data and includes tools to 
verify the acceptability of data (MetComp ver. 1.0, Vidali e 
GdSSIBioC Statistica per il Laboratorio, Italy). Eventually, 
we used the surveillance error grid (SEG) analysis10 (not 
included in this new protocol) to evaluate the safety of glu-
cose meters results.

This study was conducted among diabetes patients ran-
domly enrolled during a 30-days period at the Diabetology 
Outpatient Clinic of Senigallia (Italy). Most of the studies 
and guidelines available in the literature suggest a minimum 
number of samples of 40-6011-15 and we selected a total of 50 
subjects after a written informed consent and the ethical 
approval was obtained from the institutional review board. 
Glucose levels were estimated in fasting state from diabetes 
patients. Each patient has been subjected to a capillary blood 
glucose meter analysis (POCT), after puncture and com-
pression of the index fingertip on the nondominant hand, 
and to a venous blood sampling. One trained nurse per-
formed all the venous blood sampling (BD Vacutainer® ref. 
368815, clot activator tube) and the glucose meter analysis. 
Another trained laboratory technician performed all the 
blood glucose analysis to minimize variability. All the 
venous blood samples were brought to the clinical labora-
tory to be analyzed within one hour after collection and glu-
cose meter analysis.

Several studies have described the variation between 
venous and capillary samples. Capillary blood glucose shows 
levels slightly higher than venous blood. However, during 
fasting, the discrepancy is minimal (2-5 mg/dL) so glucose 
level differences are negligible.16,17

Exclusion criteria were as follows:18 patients who were 
taking medications that interfere with glucose determination; 
patients with kidney failure; samples with alterations like 

hemolysis; patients with abnormal hematocrit levels that can 
interfere with glucose meters readings (hematocrit lower 
than normal level can lead to overestimation of glucose val-
ues; hematocrit higher than normal level can lead to underes-
timation of glucose values).

Six glucose meters of the following companies were 
tested, as the most common instruments used in Italy: Accu-
Check Aviva (Roche, M1), One Touch VerioPro (LifeScan, 
M2), GlucoMen Plus (Menarini, M3), BG-Star (Sanofi-
Aventis, M4), G-sensor (Glucocard, M5), Contour XT 
(Bayer, M6). Our reference method, employed at the hospital 
clinical laboratory, was the VITROS system 5600 (Ortho-
Clinical Diagnostics). These six glucose meters use three dif-
ferent technologies.19 Accu-Check Aviva, Contour XT and 
One Touch VerioPro use a static enzymatic electrochemical 
analysis system, based on the glucose dehydrogenase reac-
tion. GlucoMen Plus and G-sensor use a static electrochem-
istry, based on the glucose oxidase reaction (Static-Gox). 
The BG-Star uses a dynamic electrochemistry based on glu-
cose oxidase (Dynamic-Gox).

The calibration and the use of the glucose meter strips, 
obtained from the hospital pharmacy, were done according to 
the manufacturer instructions. The intra-assay precision, also 
referred to as repeatability of a measurement system, were 
verified by a 3 × 5 (3 replicates × 5 days) protocol using 
samples between 30 and 400 mg/dl. In this way, the esti-
mated repeatability will take into account any factors that 
could change in ordinary operations (calibrations, tempera-
ture, operators, batch reagents). To achieve blood glucose 
concentrations in the lower and higher categories, in vivo 
glucose adjustments by intravenous infusion of glucose or 
insulin (for subjects with type 1 diabetes) and/or laboratory 
manipulation was performed. The CV was calculated as sam-
ple SD/sample mean both for the VITROS 5600 (CV%, 1.3) 
and the glucose meters (Table 1).

The VITROS 5600 system allows a quantitative analysis 
of the glucose concentration in serum, plasma, urine and cere-
brospinal fluid. The plates Vitros-Glu20 were used for quanti-
tative glucose analysis in blood samples (serum). Controls 
were done once a day with Liquid Assayed Multiqual 1,2,3 

Table 1.  Summary of All Tested Glucometers.

Glucometer

SEG Bland-Altman Intra-assay (3x5)

Passing-Bablok regression

Combined CV%

Acceptable 
results

Slight low risk 
(light-green) Mean bias (%) CV % √ (CV

1
2 + CV

2
2)

Accu-Check Aviva (Roche, M1) 2% hypo −5.10 ± 1.97 3.21 Constant systematic error 3.445 64%(n.32)
One Touch VerioPro  

(LifeScan, M2)
2% hypo −4.50 ± 2.78 3.93 No systematic errors 4.158 66%(n.33)

GlucoMen Plus (Menarini, M3) 2% hypo −2.47 ± 2.58 5.29 Constant systematic error 5.486 82%(n.41)
BG-Star (Sanofi-Aventis, M4) 18% hypo −11.2 ± 2.35 4.75 Proportional systematic 

error
4.896 34%(n.17)

G-sensor (Glucocard, M5) 4% hypo −3.46 ± 2.75 4.02 No systematic errors 4.215 60%(n.30)
Contour XT (Bayer, M6) No risk reported −6.00 ± 1.78 3.71 Constant systematic error 3.941 58%(n.29)
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(lot 45770, Bio-rad, USA) and results were compared to an 
online consensus group. Calibration with Calibrator Kit 1 (lot 
0137, Fisher Scientific, USA) was performed every change of 
reagent lot. Every venous sample was provided by a barcode 
and registered in the hospital management software for 
traceability.

The procedure to evaluate the results acceptability is 
described in detail by the Vidali et al protocol.6 We calcu-
lated the acceptability limits for each glucose meter com-
pared to the reference method (Vitros 5600) after the 
combination of the glucose meter CV

1
 and the reference 

method CV
2
 (Table 1). If the two methods are assumed not 

to differ significantly, then 95% of the differences between 
the two methods should be in the range of 0 ± 1.96 × com-
bined CV%.

To test the safety of glucose meters in comparison to our 
laboratory reference, the SEG analysis was used. This tool 
assesses the degree of clinical risk from inaccurate blood 
glucose meters. The degree of risk can span from None (Dark 
Green color 0-0.5) to Extreme (Brown color >3.5). All SEG 
were plotted using the free software provided by the Diabetes 
Technology Society (California, USA) and downloadable at 
https://www.diabetestechnology.org/.

The lack of agreement between measurements was 
assessed by calculating the bias and displayed using the 
Bland-Altman plot. The Bland-Altman plot is used to com-
pare two measures of the same nature: it is a scatter diagram 
in which the y-axis shows the differences between the two 
methods expressed as a percentage of the average (method1-
method2/average*100) and the x-axis shows the reference 
values. The central horizontal line represents the mean of the 
differences and the other two lines the mean difference ± 
1.96 × SD. The mean of the differences allows to estimate if 
a method underestimate or overestimate respect the other, 
while the other two dashed lines contain the 95% of the dif-
ferences. Bland-Altman plots were performed for each indi-
vidual glucose meter system.

Glucose meters and VITROS 5600 were compared per-
forming the Passing-Bablok regression analysis. The results 
are presented in a scatter plot with a regression line (y = ax ± b). 
The intercept and the slope (95% CI confidence intervals were 
calculated) represent respectively the constant and proportional 
errors. Passing-Bablok regressions were performed for each 
individual glucose meter system.

Results

During the 30-days study period a total of 50 diabetes 
patients were enrolled. The gender distribution was 60% 
(n. 30) male and 40% (n. 20) female. The mean age was 
62.6 ± 16.6 years. The youngest patient was 22 while the 
oldest patient was 88 years old. The samples included in 
the analysis had a glucose concentration that ranged from 
81 to 224 mg/dL and a hematocrit range from 32.8% to 

46.6%. Following the ADA’s standards, a fasting blood 
glucose ≥ 126 mg/dl was considered diabetes (pathologi-
cal cut-off).21 The 56% of our values were ≥ 126 mg/dl 
and the 68% of it were in ± 20% range of the pathological 
cut-off.

The Bland-Altman plots showed good overall agreement 
with our Vitros 5600 reference method. All the glucose 
meters had a mean bias ranging from -2.47 ± 2.58% 
(GlucoMen Plus, M3) to -11.2 ± 2.35% (BG-Star, M4). 
G-sensor (Glucocard, M5) had a bias of -3.46 ± 2.75%. The 
bias of Accu-Check Aviva (Roche, M1), One Touch VerioPro 
(LifeScan, M2) and Contour XT (Bayer, M6) was compa-
rable with a value of -5.10 ± 1.97%, -4.50 ± 2.78%, and 
-6.00 ± 1.78% respectively. This means that the mean value 
obtained by Vitros 5600 is ~ 97.5% of the value obtained by 
GlucoMen Plus, ~ 96.5% of the value obtained with 
G-sensor, ~ 95% of the value obtained with Accu-Check 
Aviva and One Touch VerioPro, ~ 94% of the value obtained 
with Contour XT and ~ 89% of the value obtained with 
BG-Star (Figure 1).

After the Passing-Bablok analysis the regression equa-
tions (y = ax ± b; the regression line slope a represents the 
proportional error; the regression line intercept b repre-
sents the constant error) were as follows: y = 0.96x + 12.9 
(Accu-Check Aviva, M1); y = 1.09x − 3.67 (One Touch 
VerioPro, M2); y = 0.88x + 17.5 (GlucoMen Plus, M3);  
y = 1.13x + 0.1 (BG-Star, M4); y = x + 4.50 (G-sensor, 
M5); y = 0.96x + 13.2 (Contour XT, M6). To demonstrate 
the absence of constant and proportional systematic error, 
the 95% confidence intervals must include 0 for intercept 
and 1 for slope (Figure 2).

According the protocol guidelines (95% of acceptable 
result) none of the glucose meters results were compatible 
with the central laboratory method results. Nevertheless, the 
GlucoMen Plus (Menarini, M3) produced the most similar 
results (82%) to the reference method. Contour XT (Bayer, 
M6), Accu-Check Aviva (Roche, M1), G-sensor (Glucocard, 
M5) and One Touch VerioPro (LifeScan, M2) had compara-
ble performances with respectively the 58%, 64%, 60% and 
66% of acceptable measures. The lower percentage of 
acceptable results was from BG-Star (Sanofi-Aventis, M4) 
with only a 34% (Figure 3).

SEG analyses showed that Contour XT (Bayer, M6) can 
be used without any risk with all results inside the dark green 
part of the grid. G-sensor (Glucocard, M5) had a 4% of risk 
and the other glucose meters had the 98% of results in the 
dark green gradient, so they had the 2% (light green) of risk 
to induce in patients a slight-low hypoglycemia for treatment 
overdose (Figure 4).

Discussion

In this study, none of the glucose meters fulfilled the accept-
ability requirements specified by the Vidali et al protocol6 

https://www.diabetestechnology.org/
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with at least 95% of acceptable results. In general, if the test 
method has been found acceptable, it may replace the 
method currently in use. Our objective was not to replace 
the central laboratory reference method for diagnosis but to 
understand which portable glucose meter were the most 
robust according to our reference measurements. This proto-
col found that GlucoMen Plus (Menarini, M3), with 82% of 
accepted results, could be the glucose meter to adopt in our 
particular case.

We used specific blood concentrations obtained only 
within the pathological range, with few exceptions. Another 
limitation could be the use of only one test strip lot instead of 
three for every capillary blood sample, because the study 
was conducted in a limited resource setting.

Glucose meters demonstrate characteristic accuracy pat-
terns that may generate erroneous results and discrepant val-
ues, including dangerous ones.22 In this study, SEG analyses 
demonstrated that all tested glucose meters had an adequate 
clinical action with no results that can affect patient care 
significantly.

On the Bland-Altman plot all the instruments yielded 
higher results than our reference with a general blood glu-
cose overestimation. However, 95% of results of every glu-
cose meter were within the acceptability region.

The Passing-Bablok analysis showed a constant system-
atic error in three glucose meters, Accu-Check Aviva, 
Contour XT and GlucoMen Plus. This kind of error results 
less relevant at higher concentration (>100 mg/dL) of blood 

Figure 1.  Bland-Altman plot. Thick line: mean; dashed line: 95% limit of agreement. Average of our central laboratory reference 
method (LR) and glucometer against absolute difference between LR and glucometer divided by their average concentration.
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glucose. G-sensor and One Touch VerioPro performed all 
the measurements without systematic error. The presence of 
proportional systematic error was detected only in the 
Sanofi-Aventis (BG-Star, M4) instrument, with higher 
errors for higher blood glucose level samples. The GlucoMen 
Plus regression line, even if affected by constant systematic 
error, for values >100 mg/dL had the smallest deviation 
from the x = y ideal line.

Despite the glucose meters are traditionally subjected to 
less stringent analytical requirements than instruments used 
for routine glucose testing in clinical laboratories, we shown 
that their analytical performances could be not always reli-
able in routinely clinical settings. Before introducing a new 

device in the hospital environment, or recommending it to 
the patients, the local health care facility should assess their 
analytical performances. At last, the Vidali et  al6 protocol 
represents a practical and fast guide for medical personnel, 
useful to choose an appropriate POCT glucose meter. All 
sequential steps, including experimental design, familiariza-
tion with the new method, quality assessment, sample selec-
tion, definition of acceptability criteria, sample measurement, 
data analysis and evaluation, final decision, and reporting, 
are well described. We think that by following this protocol, 
technicians and untrained personnel who usually carry out 
the laboratory routine can quickly organize an effective and 
well-done study.

Figure 3.  Acceptability charts. Acceptable results, within 0 ± 1.96x combined CV% (Table 1) compared to our central laboratory 
reference method (LR), are between dashed lines. All measures are in mg/dl.
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Figure 4.  Surveillance error grid analysis. Our central laboratory reference method (LR) results are on the x-axis. Glucometers are on 
the y-axis.
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