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Muhittin Serdar, M.D.,3 M. Kemal Erbil, M.D.,3 and Mustafa Kutlu, M.D.1

Abstract

Background: Home glucose meters (HGMs) may not be accurate enough to sense hypoglycemia. We evaluated
the accuracy and the capillary and venous comparability of five different HGMs (Optium Xceed� [Abbott
Diabetes Care, Alameda, CA, USA], Contour� TS [Bayer Diabetes Care, Basel, Switzerland], Accu-Chek� Go
[Roche Ltd., Basel, Switzerland], OneTouch� Select� [Lifescan, Milpitas, CA, USA], and EZ Smart [Tyson
Bioresearch Inc., Chu-Nan, Taiwan]) in an adult population.
Methods: The insulin hypoglycemia test was performed to 59 subjects (56 males; 23.6� 3.2 years old). Glucose
was measured from forearm venous blood and finger capillary samples both before and after regular insulin
(0.1 U/kg) was injected. Venous samples were analyzed in the reference laboratory by the hexokinase method. In
vitro tests for method comparison and precision analyses were also performed by spiking the glucose-depleted
venous blood.
Results: All HGMs failed to sense hypoglycemia to some extend. EZ Smart was significantly inferior in critical
error Zone D, and OneTouch Select was significantly inferior in the clinically unimportant error Zone B. Accu-
Chek Go, Optium Xceed, and Contour TS had similar performances and were significantly better than the other
two HGMs according to error grid analysis or International Organization for Standardization criteria. The in
vitro tests were consistent with the above clinical data. The capillary and venous consistencies of Accu-Chek Go
and OneTouch Select were better than the other HGMs.
Conclusions: The present results show that not all the HGMs are accurate enough in low blood glucose levels.
The patients and the caregivers should be aware of these restrictions of the HGMs and give more credit to the
symptoms of hypoglycemia than the values obtained by the HGMs. Finally, these results indicate that there is a
need for the revision of the accuracy standards of HGMs in low blood glucose levels.

Introduction

Self-monitoring of blood glucose is currently re-
commended for all patients with diabetes.1 Home glucose

meters (HGMs) enable self-monitoring of blood glucose and
contribute to the improvement of glycemic control. The tech-
nologies of HGMs have been significantly improved since their
introduction into the market. Current devices use smaller vol-
umes of blood and give faster and more reliable results than the
previous ones.2 However, whether the results obtained with
currently available HGMs are accurate enough is not clear.

Hypoglycemia is a major limitation in achieving good
glycemic control in diabetes patients.3,4 However, not all the
hypoglycemic events are symptomatic, and HGMs may not
be sensitive enough to detect hypoglycemia.5 HGMs may also
read the blood glucose level lower than the actual value and
mistakenly diagnose conditions with nonspecific symptoms

as hypoglycemia.6 The studies to investigate the accuracy of
HGMs are generally performed in normal or high glucose
levels. There are hardly enough data about the accuracy of
HGMs in hypoglycemia. Most of these reports involve the
neonatal or pediatric population,7–11 whereas there is only
one adult study in the current literature.5 Therefore we aimed
to compare the accuracy of five different HGMs (Optium
Xceed� [Abbott Diabetes Care, Alameda, CA], Contour� TS
[Bayer Diabetes Care, Basel, Switzerland[, Accu-Chek� Go
[Roche Ltd., Basel, Switzerland], OneTouch� Select� [Life-
scan, Milpitas, CA], and EZ Smart [Tyson Bioresearch Inc.,
Chu-Nan, Taiwan]) in an adult population in both normo-
glycemic and hypoglycemic conditions.

The other aim of the study is to search for the comparability
of the capillary and venous readings of the HGMs. Blood
glucose estimation from the venous blood with glucometers
designed for capillary sample testing has been questioned.12
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The correlation of capillary and venous glucose levels is re-
lated to several factors, including the amount of a meal or
insulin dosage,13 the fasting period,14 or the quality of tissue
perfusion.15,16 To our knowledge, there is no report to correlate
the venous and capillary readings of the HGMs in hypogly-
cemia. The design of this study gave us the opportunity to
search for this issue in normal and hypoglycemic conditions.

Subjects and Methods

Subjects and protocols

This prospective study was performed between December
2008 and September 2009 in the Endocrinology and Metabo-
lism Department of Gulhane School of Medicine, Ankara,
Turkey. All the volunteers were the subjects who were in-
vestigated for the integrity of pituitary–adrenal function, by
the insulin hypoglycemia test. A total of 59 subjects (56 males;
23.6� 3.2 years old) were enrolled. None of the subjects had
diabetes mellitus or any other metabolic diseases. They were
not taking any medicine, and they did not have anemia or
polycythemia. Also, none of the patients had any condition
causing hypoxia or any compromise in peripheral circulation.

The insulin-induced hypoglycemia test

The test was performed in the morning after an overnight
fasting, and the patients remained supine during the proce-
dure. Two intravenous lines in both arms were established
before the procedure. Venous blood was obtained for serum
glucose (also for cortisol, adrenocorticotropic hormone, and
growth hormone) immediately before regular insulin (0.1 U/
kg) was injected and 30 and 45 min thereafter. If adequate hy-
poglycemia was not achieved at this period, a second dose of
regular insulin (0.05 U/kg) was injected intravenously. In
subjects who had not reached the target hypoglycemia levels,
the test was performed on another day with a higher initial
insulin dosage (0.2 U/kg). Adequate hypoglycemia was de-
fined as the glucometer reading below 40 mg/dL or the oc-
currence of the symptoms of hypoglycemia, such as profuse
perspiration, hyperactive precordium, and feelings of hunger,
drowsiness, detachment, or anxiety. When the serum glucose
concentration fell below 40 mg/dL, the test was terminated by
infusing 10% glucose solution. A 30-mL syringe containing 50%
glucose solution was kept at the bedside in case of an emer-
gency. A doctor was always present during the procedures,
and all the tests were performed by an experienced nurse (Z.Y.).

Venous and capillary sampling for the comparison
of HGMs

Forearm venous blood samples before and after im-
plementing the insulin hypoglycemia test were collected into
sodium fluoride/potassium oxalate blood collection tubes
(Vacuette�, Greiner Bio-One GmbH, Kremsmünster, Austria),
which were carefully inverted six to eight times, and sent to the
reference laboratory approximately 30 min after collection.
These tubes were centrifuged at 1,800 g for 10 min. Plasma
glucose from these samples was determined within 2 h of
collection, using a hexokinase enzymatic method, which has
been proposed as the reference method for measuring glucose
with the Olympus AU 2700 autoanalyzer (Olympus Diag-
nostics GmbH, Hamburg, Germany). Calibration was per-
formed with the Olympus System Calibrator (66300), which

was traceable with the National Institute of Standards and
Technology standard SRM 965. During the study we used the
same lot of glucose kit and system calibrator. Also, we checked
our method for stability and for being within its quality control
limits. The coefficients of variation (CVs) for the internal
quality control material of the autoanalyzer (Olympus AU
2700) were between 0.5% and 1.2%, and there was no sys-
tematic change in the glucose level of the control material
during the study. Our laboratory successfully participates in a
periodic, independent quality control program. All measure-
ments were performed by two well-trained persons to ensure
consistent quality of operation and minimize the inter-operator
variability. To comply with the recommendations of the
Clinical and Laboratory Standards Institute,17 the glucose
meter testings were performed on portions of the venous
specimens sent to the laboratory. The capillary measurements
with all the HGMS were done by the study nurse (Z.Y.) before
the beginning of the hypoglycemia test. Venous sampling was
performed following the capillary measurements. Immediately
after addition of the venous blood into the test tube for refer-
ence glucose measurement, the blood left in the syringe was
measured with the same HGMs for the second set of mea-
surements. The total time interval between the capillary and
venous measurements with all the HGMS is about 3 min. The
procedure described above was repeated 30 min after the in-
sulin injection or when any symptom of hypoglycemia occurs.
If the 30-min capillary glucose level was not below 40 mg/dL,
then an additional sampling was performed in 45 min. The
fingerstick samples were obtained using manufacturer-
recommended lancets and lancet devices. Lancet devices were
set at the middepth setting for finger sampling.

Five different HGMs were compared during the test: Op-
tium Xceed, Contour TS, Accu-Chek Go, One Touch Select,
and EZ Smart. The study supplies were donated by the man-
ufacturers (Optium Xceed, Accu-Chek Go, and OneTouch
Select), purchased at a local pharmacy (Contour TS, OneTouch
Select, and EZ Smart), or supplied by the purchasing system
of the institute (EZ Smart). The study was approved by the
Local Ethical Committee of Gulhane School of Medicine,
and written informed consents were taken from all partici-
pants. Test strips with identical lot numbers (Accu-Chek
Go, 22464661, 22475631, and 22474831; Optium Xceed, 54213,
44610, and 45029; Contour TS, WK8BD3E51H, WK9HD3E05A,
and WK9HD3E01A; EZ Smart, G2T121033, G2T121518, and
G2T121403; and OneTouch Select, 2884954, 2926926, and
2963907) were used for the study. A control solution check was
performed on each meter before each day of testing.

Two methods comparison

An in vitro study was performed in order to compare the
readings of the HGMs with the reference laboratory. For the
study, venous blood from a volunteer was collected in a
heparinized tube and held overnight at room temperature to
allow the glucose concentration fall below the detection limit
(0.7 mg/dL). Specimens with 15 different glucose concentra-
tions (between 40 mg/dL to 250 mg/dL) were made by add-
ing predetermined volumes of pure glucose (d-glucose
anhydrous, ACS grade, Sigma-Aldrich, St. Louis, MO) to al-
iquots of the glucose-depleted specimen. To ensure adequate
mixing, the specimens were carefully mixed for 10 min. Each
blood specimen was measured by two different HGMs from

620 SONMEZ ET AL.



each brand with two different lots of strips for each HGM. The
specimens were then centrifuged immediately, and the plas-
ma sample was analyzed in the reference laboratory.

The readings were regarded as similar if the difference
between the HGM and reference laboratory did not exceed the
allowable total error (�15 mg/dL for levels <75 mg/dL or
20% for levels >75 mg/dL). The Error Index was calculated
for each pair of measurement as the ratio of the difference
between reference laboratory and the HGM to allowable total
error. An index greater than 1.00 or less than �1.00 was re-
garded as inappropriate.

Precision analysis

Within-day precision was assessed by adding varying
amounts of glucose spiking solution to three aliquots of hep-
arinized blood having undetectable glucose levels (see above).
The target glucose levels were 50, 75, and 100 mg/dL. Each of
the three different concentrations was analyzed with the five
meters for 20 times after 10 min of mixing. To ensure homo-
geneity, specimens were properly mixed between analyses.

Clinical and statistical analysis

Accuracy was assessed by comparing the venous blood
glucose results obtained with each meter with those of the
reference laboratory values. Two different methods were used
for the accuracy analyses. The first method was the error grid
analysis.18 In brief, the HGM readings and their correspond-
ing laboratory values were allocated to five different error
grid analysis zones: (A) glucose values that deviate from the
reference by no more than 20% or are in the hypoglycemic
range (�70 mg/dL) when the reference is also�70 mg/dL; (B)
values measuring>70 mg/dL by the reference laboratory that
deviate from the reference value by >20%; (C) values would
result in overcorrecting acceptable blood glucose levels,
which might cause blood glucose to fall below 70 mg/dL or
rise above 180 mg/dL; (D) actual blood glucose values are
outside of the target range, but patient-generated values are
within the target range (dangerous failure to detect and treat
error); and (E) erroneous treatment zone. Patient-generated
values within this last zone are opposite to the reference
values, and corresponding treatment decisions would there-
fore be opposite to that called for. The results for each HGM
were compared with the others by the McNemar test.

The second method was the evaluation of each pair ac-
cording to the International Organization for Standardization
(ISO) criteria for HGMs.19 The HGM readings were accepted
as accordant to the ‘‘ISO criteria’’ when the reference glucose
value is <75 mg/dL the HGM value within� 15 mg/dL, or

when the reference glucose value�75 mg/dL the HGM value
within� 20% of the reference. The results for each HGM were
compared with the others by the McNemar test. In order to
compare the precision of the venous and capillary samples,
paired-samples t test was used. Two methods comparisons
(scatter plots, error indexes, and correlation coefficients) were
performed by EP Evaluator release 8 (Rhoads Associates Inc.,
Kennett Square, PA).

Results

Overall, 147 sets of blood glucose monitor readings (738
readings in total) were performed in 66 insulin hypoglycemia
tests for 59 patients. Each set of measurements consisted of two
readings (a venous and a capillary) from each of the five HGMs
and a reference laboratory venous sample reading. Three sets of
readings (30 readings in total) were discarded because of
technical problems (two samples were not sent to the reference
laboratory on time, and one result was not obtained from the
reference laboratory). The measurements with the EZ Smart
were not performed in the 14 sets of readings because of the
lack of enough strips with the same lot number. The mean
reference laboratory value for the samples obtained in normo-
glycemia (�70 mg /dL; n¼ 72) was 82.53� 6.67 mg/dL and in
hypoglycemia (<70 mg/dL; n¼ 72) was 35.61� 13.50 mg/dL.

Accuracy analyses

The results of the accuracy analysis performed by the
Clarke error grid analysis are given in Table 1. All HGMs
failed to some degree to detect hypoglycemia in error Zone D.
However, the errors in Zone D were significantly higher with
EZ Smart compared to the other HGMs, Accu-Chek Go,
Contour TS, Optium Xceed, and OneTouch Select (P¼ 0.008,
P¼ 0.02, P¼ 0.008, and P¼ 0.004, respectively). There were no
significant differences between the other HGMs. On the other
hand, the readings in error Zone B were significantly higher
with the OneTouch Select compared to the other HGMs,
Accu-Chek Go, Contour TS, Optium Xceed (P< 0.001 for all),
and EZ Smart (P¼ 0.036), whereas there were no significant
differences between the other HGMs. Regarding error Zone
A, the readings of the Accu-Chek Go, Contour TS, and Op-
tium Xceed were similar, and they were significantly better
than the OneTouch Select (P< 0.001 for all). Both Accu-Chek
Go and Optium Xceed were better than EZ Smart (P¼ 0.003
and P¼ 0.004, respectively). The readings of EZ Smart in Zone
A were not different from those of Contour TS (P¼ 0.06) and
OneTouch Select (P¼ 0.74) (Fig. 1).

The accuracy analyses of the HGMs were performed ac-
cording to their consistency to the ISO criteria as well (Table 2

Table 1. Accuracy of the Home Glucose Meters According to Clarke Error Grid Analysis

Distribution to EGA zones [n (%)]

Home glucose meters (number of readings) Zone A Zone B Zone D

Accu-Chek Go (n¼ 144) 129 (89.58) 8 (5.56) 7 (4.86)
Contour TS (n¼ 144) 125 (86.81) 12 (8.33) 7 (4.86)
Optium Xceed (n¼ 144) 129 (89.58) 8 (5.56) 7 (4.86)
OneTouch Select (n¼ 144) 104 (72.22) 31 (21.53) 9 (6.25)
EZ Smart (n¼ 132) 102 (77.27) 15 (11.36) 15 (11.36)

EGA, error grid analysis.
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and Fig. 2). According to the results, the readings of the
OneTouch Select performed in normoglycemia were signifi-
cantly poorer than the Accu-Chek Go (P< 0.001), Contour
TS (P¼ 0.001), Optium Xceed (P< 0.001), and EZ Smart
(P¼ 0.03). There were no significant differences between the
readings of the other HGMs in normoglycemia. When the
reference blood glucose levels were below 75 mg/dL, both
OneTouch Select and EZ Smart performed significantly
poorer than Accu-Chek Go, Optium Xceed, and Contour TS
(P< 0.001 for all), whereas there was no significant difference
between these two HGMs (P¼ 0.052). In hypoglycemia,
Optium Xceed was significantly better than Contour TS
(P¼ 0.004). There were no significant differences between the
readings of Accu-Chek Go and Contour TS (P¼ 0.19) or
Optium Xceed (P¼ 0.27).

Two methods comparison results

The slopes, intercepts, and correlation coefficients were
computed by Deming regression for both the in vitro and
in vivo tests. According to the results, the slopes and the in-
tercepts of the HGMs were comparable in both studies (Table
3). In the in vivo study, all HGMs gave substantially higher
readings in hypoglycemia and lower readings in hypergly-
cemia. A higher reading in hypoglycemia was also the case for
all the HGMs in the hypoglycemia tests (Fig. 3).

Precision analysis

The within-run precision assessed at multiple glucose
concentrations resulted in CV values less than 5% for Accu-
Chek Go and Optium Xceed, whereas the CV values for
Contour TS were above 5% for in all glucose concentrations.
The CV of OneTouch Select was higher for the low glucose
levels, whereas the CV of EZ Smart was higher for the bor-
derline and normal glucose levels (Table 4).

Lot-to-lot variation analysis

Two different HGMs with two different lots were com-
pared in each brand. According to the results, the mean per-
centage variations and the minimum and maximum
percentage variations for each brand are given as follows:
Accu-Chek Go, 3.48% (�3.4%, 14.4%); Contour TS, 1.82%
(�4.2%, 8%); Optium Xceed, 1.44% (�12.2%, 11.3%); One-
Touch Select, 0.21% (�8.3%, 13.9%); and EZ Smart, 13.25%
(�10.9%, 36.3%).

Comparison of the capillary and venous readings

The comparisons of the capillary and venous readings were
performed for each HGM (Fig. 4). When the blood glucose
levels were in the normoglycemic range (�70 mg/dL), the
venous readings of Optium Xceed, Contour TS, and EZ Smart

Table 2. Accuracy of the Home Glucose Meters According to the International Organization

for Standardization Criteria

Glycemia �75 mg/dL (n¼ 65, 60 for EZ Smart) Glycemia <75 mg/dL (n¼ 79, 71 for EZ Smart)

Home glucose meters Within 20% [n (%)] 95% CI Within� 15 mg/dL [n (%)] 95% CI

Accu-Chek Go 59 (90.77) 88.00–99.7 65 (82.30) 84.87–97.41
Contour TS 52 (83.87) 59.71–81.83 58 (73.4) 63.68–83.16
Optium Xceed 58 (89.23) 59.71–81.83 70 (88.61) 81.64–95.62
OneTouch Select 36 (55.38) 43.36–67.46 26 (32.9) 22.55–43.27
EZ Smart 48 (78.69) 39.03–64.31 14 (19.7) 10.46–28.98

CI, confidence interval.

FIG. 1. Distribution of the home glucose meter readings to the error grid analysis zones.
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were significantly higher than their capillary readings
(P< 0.001 for all). At these levels there were no statistically
significant differences between the capillary and venous
readings of Accu-Chek Go (P¼ 0.878) and OneTouch Select
(P¼ 0.055). When the blood glucose levels were in the hypo-
glycemia range (<70 mg/dL), the venous and capillary
readings of Optium Xceed, Contour TS, and EZ Smart were
not different, whereas there were statistically significant dif-
ferences between the capillary and venous readings of Accu-
Chek Go (P¼ 0.01) and OneTouch Select (P< 0.001).

Discussion

The results of the present study show that all the evaluated
HGMs have problems of accuracy to some extend in detecting
low blood glucose levels. Among these meters, Accu-Chek
Go, Optium Xceed, and Contour TS showed better clinical
results than OneTouch Select and EZ Smart. Another signifi-
cant finding of the study is that most of the HGMs gave in-
consistent venous and capillary readings both in normal and

in low blood glucose levels, whereas the compatibilities of
Accu-Chek Go and OneTouch Select were significantly better
than the other HGMs.

Hypoglycemia is a fearsome complication that impairs the
glycemic regulation and contributes to morbidity and mor-
tality in patients with diabetes.3,4 Hypoglycemia unaware-
ness occurs in both type 1 and type 2 diabetes mellitus parallel
to the duration of diabetes.20,21 Because of the lack of symp-
toms of hypoglycemia, frequent and proper blood glucose
monitoring by HGMs becomes one of the essential safety
measures to minimize the risk of hypoglycemia and achieve
good glycemic control.22 However, HGMs may not be accu-
rate enough to sense hypoglycemia. Currently HGMs are in-
creasingly used to achieve tight glycemic control, although
these devices have not been approved for this use. Also, there
is no consensus that HGMs currently on the market are ac-
curate enough to be used in this way.

In the present study, all HGMs failed to some extend to
establish blood glucose levels below 70 mg/dL, which is the
critical error Zone D. However, EZ Smart was significantly

FIG. 2. Comparison of the accuracy of home glucose meter readings according to the International Organization for
Standardization criteria.

Table 3. Deming Regression Data Comparing the Home Glucose Meters to the Laboratory Reference Values

Home glucose meter Method n Slope (95% CI) Intercept (95% CI) r

Accu-Chek Go In vitro 30 0.832 (0.79–0.87) 12.55 (7.85–17.25) 0.993
In vivo 144 0.905 (0.85–0.96) 12.4 (9.0–15.8) 0.938

Contour TS In vitro 30 0.885 (0.85–0.92) 8.57 (3.91–13.22) 0.994
In vivo 144 0.978 (0.92–1.04) 8.6 (4.6–12.5) 0.928

Optium Xceed In vitro 30 0.796 (0.75–0.84) 13.94 (8.25–19.64) 0.988
In vivo 144 1.016 (0.96–1.07) 6.2 (2.5–9.9) 0.942

OneTouch Select In vitro 30 0.783 (0.75–0.82) 16.69 (12.29–21.09) 0.989
In vivo 144 0.975 (0.91–1.04) 18.8 (14.4–23.2) 0.914

EZ Smart In vitro 30 0.762 (0.71–0.82) 29.73 (22.83–36.64) 0.971
In vivo 132 0.784 (0.68–0.88) 30.6 (24.4–36.9) 0.761

CI, confidence interval.
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FIG. 3. Scatter plots and error indexes of the home
glucose meters for the in vivo and the in vitro studies. (A)
Accu-Chek Go; (B) Contour TS; (C) Optium Xceed; (D)
OneTouch Select; and (E) EZ Smart. Color images available
online at www.liebertonline.com/dia.
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inferior to the other HGMs in this regard. On the other hand,
OneTouch Select was significantly inferior to other HGMs
regarding the clinically unimportant error Zone B. These two
HGMs also yielded poorer results according to the ISO criteria
for the detection of hypoglycemia. Accu-Chek Go, Optium
Xceed, and Contour TS had similar performances and were
significantly better than the other two HGMs according to
error grid analysis or ISO criteria. In order to confirm the
above data we designed an in vitro study with different serial
numbers of HGMs and different lots of strips (two different
HGMs and two different lots for each brand). The regression
lines and error indexes calculated in the in vitro and in vivo
studies (Table 3 and Fig. 3) show that our findings are con-
sistent. Also, according to the lot-to-lot comparison data, the
results do not seem to be related to any problem of one distinct
lot of strip or meter.

There are hardly enough data about the accuracies of the
HGMs with low blood glucose levels. The most likely reason is

the difficulty of designing a controlled human study in hypo-
glycemia. Therefore, current data about the accuracy of HGMs
in hypoglycemia mostly come to the neonatal or pediatric
population.7–11 Previously, an accuracy analysis of six different
HGMs in an adult population was published that was per-
formed during the hypoglycemic-hyperinsulinemic clamps.5

This report has also shown that some HGMs were not accurate
enough with low blood glucose levels. Our findings support
those of the previous study.5 As the mean reference blood glu-
cose levels measured in hypoglycemia were much lower in our
study, the capabilities of each HGM can be seen more clearly.

Another advantage in our study is that we have used the
same sample sources (i.e., venous blood) to measure the blood
glucose for either the HGMs or in the reference laboratory.
This is not the case in the previous study or in many other
studies performed for accuracy analysis.23 We have also made
every effort to comply with the published standards for the
evaluation of the HGM performances.13,24

As for the design of the study, we could compare the cap-
illary and venous accuracies of the HGMs. Originally, HGMs
are designed for measuring capillary glucose, and their accu-
racy for the estimation of glucose levels from the venous blood
is debated.12 These two sources may have different glucose
levels depending upon physiological factors such as the period
of fasting,14 the amount of a meal,25 or the circulating levels of
insulin.26 Also, the capillary glucose measurements may not
reflect the circulating blood glucose levels in pathological
conditions such as compromised tissue perfusion15 or severe
illness.27 There are, however, not enough data about the com-
parability of venous and capillary readings in hypoglycemia.
Insulin stimulates glucose uptake by the muscles and adipose
tissue. Therefore, a glucose gradient is expected to occur after
an insulin injection, with concentrations being higher in the
capillaries than the venous circulation.13,26 In our study, Accu-
Chek Go and OneTouch Select were the only HGMs to sense
this physiological difference between the capillary and venous
glucose levels. Also, in normal glucose levels the venous and
capillary comparabilities of Accu-Chek Go and OneTouch
Select were significantly better than those of the other HGMs.

This study may have several limitations. Our design was
specifically focused on the hypoglycemia performances of the
HGMs. Therefore the results presented in this study should
not be extrapolated to the overall performance of these
HGMs. Also, it can be argued that the glucose values pro-
duced by the insulin hypoglycemia tests in this study are too
low and that HGM accuracy at these levels may not be clini-
cally important. However, it should be mentioned that all the
HGMs tested in this study had declared in their Food and

Table 4. Precision Data of the Five Different Home Glucose Meters

Precision (% coefficient of variation) at given mean� SD glucose range

With-in run (n¼ 20) Low (43.25� 0.55 mg/dL) Borderline (70.80� 0.70 mg/dL) Normal (94.65� 0.99 mg/dL)

Laboratory 1.27 0.98 1.04
Home glucose meter

Accu-Chek Go 2.90 4.69 2.39
Contour TS 5.09 8.16 6.48
Optium Xceed 3.41 1.85 4.88
OneTouch Select 7.21 4.90 3.58
EZ Smart 4.14 7.29 7.30

FIG. 4. Comparison of the venous and capillary readings of
the home glucose meters.
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Drug Administration files that they have a capability of de-
tecting minimum levels of 20 mg/dL capillary glucose.

In conclusion, the results of the present study show that the
HGMs may not be accurate enough with low blood glucose
levels. The lack of sensitivity to detect hypoglycemia is
especially important as it may cause critical problems in the
follow-up of diabetes patients. Therefore, the diabetes pa-
tients and their caregivers should be aware of the capabilities
of their HGMs, and they should pay more attention to the
symptoms of hypoglycemia than the readings obtained by
the HGMs. Finally, the results of the present study challenge
the current accuracy standards for HGMs and suggest that
appropriate analytical and clinical accuracy requirements for
HGMs should be redefined.
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