214 ORIGINAL ARTICLE

Accuracy of the FreeStyle Method:
Measuring Blood-Glucose by Skin-Prick
Blood Extraction From Forearm

Rong-Hsing Chen, Chin-Chu Chen, Tzu-Yuan Wang, Chih-Ming Chien,
Chwen-Tzuei Chang
Division of Endocrinology and Metabolism, Department of Medicine, China Medical University Hospital,

Taichung, Taiwan.

Objectives. Self-measurement of blood glucose levels by the established monitoring systems is
accurate but not readily accepted by patients because the finger prick is painful. A new system
which involves blood sample collecting at an alternative and less painful site, the forearm, has
been developed to facilitate frequent blood glucose measurement. The purpose of this study was
to evaluate the accuracy of this new blood glucose monitoring system: the FreeStyle method.
Methods. Venous blood samples were drawn from 93 fasting and 93 nonfasting outpatients with
diabetes. Plasma was extracted by a standard laboratory method for glucose measurement.
Capillary blood was then obtained from each patient by skin prick on the fingertip and forearm.
Blood glucose was measured by two standard blood glucose meters, the Glucometer Elite and the
Glucotrend 2, and the FreeStyle system. The data were compared with a reference laboratory
method. Each patient was also asked to comment on the pain associated with the skin prick at
both sites. The accuracy of self-monitoring systems was evaluated by statistical and clinical
analyses.

Results. Linear regression analysis of the FreeStyle data from fasting patients revealed an
intercept of —9.87 mg/dL, a slope of 0.96, and a correlation coefficient () of 0.966. Furthermore,
error grid analysis (EGA) demonstrated that all of the data fell within zones A (81%) and B (19%),
which define clinically acceptable results. Linear regression analysis of the FreeStyle data from
nonfasting subjects revealed an intercept of 26.41 mg/dL, a slope of 0.81, and a correlation
coefficient () of 0.938. EGA revealed that 81% of the data fell within zone A, 17% within zone B
and 2% within zone D. The relative standard deviation (RSD) for FreeStyle was similar to the RSD
for the two standard meters and the reference laboratory method. Ninety-seven percent of the
patients reported that they experienced less pain from the forearm skin prick than from skin
prick at the fingertip.

Conclusions. The FreeStyle blood glucose monitoring system which requires forearm skin
prick for blood extraction is sufficiently accurate for home use. However, caution must be taken
because of its potential failure to detect hypoglycemia and because the accuracy is reduced
during rapid change of blood glucose levels. ( Mid Taiwan J Med 2003;8:214-24)
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(UKPDS) has clearly demonstrated that improved
glycemic control significantly reduces
microvascular and, probably, macrovascular
complications of type 1 and type 2 diabetes [1-3].
To achieve optimal glycemic control, intensive
therapeutic regimens and frequent blood glucose
monitoring are necessary. However, daily
frequent plasma glucose measurement by
venepuncture in hospital is difficult because of
poor patient compliance. Hence, self-monitoring
of blood glucose (SMBGQG) is an important
component of any treatment plan for patients with
diabetes mellitus because it facilitates frequent
measurement of blood glucose, appropriate real-
time adjustment of treatment regimens, and
achieves near-normal blood-glucose levels [1,4-
6].

SMBG most commonly involves pricking a
finger with a lancet device to obtain a small blood
sample, applying a drop of blood onto a reagent
strip, and determining the glucose value by
inserting the strip into a reflectance photometer
for an automated reading. The actual number of
SMBG systems in use is unknown, but it is
estimated that up to 15% of the 16 million
patients with diabetes mellitus self-monitor their
blood glucose in the USA [7,8]. In 1997, the
worldwide market for hand-held blood glucose
meters and supplies was estimated to be $2.05
billion, with a growth rate of 11% per year [9].

The SMBG must be accurate enough to be
a reliable method for clinical practice. However,
none of the SMBG systems meet this
requirement. In a study which compared analytic
error of glucose monitoring with 18 blood glucose
meters, the imprecision at the mean glucose
concentration of 160 mg/dL gave coefficients of
variation (CV) ranging from 5.2% to 22.8% and
the incidence of significant error ( > 15%
deviation from reference method) varied from 6%
to 76% [10]. Whereas, in another study which
evaluated the performance of three blood glucose
meters, the majority of blood glucose
determinations with blood glucose meters were
clinically acceptable [11].

For most patients, frequent blood-glucose
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measurement is not readily acceptable because
the standard SMBG systems rely on painful
fingertip skin pricks [12]. Thus, to foster the
required measurement frequency, a new system
has been developed which analyzes blood
samples from the forearm, an alternative to and
less painful site than the fingertip. This system,
known as FreeStyle, is precise (CV < 5.6% as
blood glucose level from 44 to 436 mg/dL) and
accurate (slope 0.931, intercept 8.1 mg/dL and
correlation coefficient 0.984 as blood glucose
level from 51 to 487 mg/dL) at any altitude, at
low or high ambient temperature, and at any
hematocrit level encountered in clinical practice
[13,14].

The purpose of this study was to evaluate
the accuracy of the FreeStyle SMBG system, to
prove that forearm skin pricks are less painful,
and to show that the new system is easy to use.

MATERIALS AND METHODS

Patient Population

A total of 186 diabetic outpatients (6 type 1
and 180 type 2) were enrolled in the study.
Patients ranged in age from 16 to 87 years
(55.2 £ 9.9 years); 56% were women. Exclusion
criteria that may affect blood glucose
measurements included pregnancy, skin lesions,
severe anemia or polycythemia, marked
hyperlipidemia, hyperbilirubinemia and
hyperuricemia, and the use of acetaminophen or
ascorbic acid in the previous 72 hours. Written
informed consent was obtained from all patients
before commencement of the study.
SMBG Systems and Reference Method

Three SMBG systems, the Glucometer Elite
(Bayer Corp., Mishawaka, IN, USA), the
Glucotrend 2 (Roche Diagnostics GmbH,
Mannheim, Germany) and the FreeStyle
(TheraSence Inc., Alameda, CA, USA), measured
blood glucose values. Each system was composed
of a meter for blood glucose measurement and a
lancet device for blood extraction by skin
pricking. All three systems measure blood
glucose values by an electrochemical method and
are plasma-reference meters that allow direct
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comparison with reference laboratory values. The
Glucometer Elite and Glucotrend 2 represented
standard SMBG systems, which analyze blood
samples obtained from the fingertip; 3 to 5 uL of
blood is typically needed to ensure accurate
measurement. These two systems measure
capillary whole blood glucose and can detect
blood glucose values ranging from 10 to 600
mg/dL. The Glucometer Elite provides a reading
of glucose level in 30 seconds and the Glucotrend
2 in 15 seconds. The readings are not affected by
hematocrit as the effective operating range is 20%
to 70%. The precision as well as the accuracy of
these two meters have already been documented
[15,16]. The overall imprecision (CV) of the
Glucometer Elite is < 4% in the range from 60 to
360 mg/dL. The accuracy is represented against
reference laboratory method as slope 1.02,
intercept —3.16 mg/dL and correlation coefficient
() 0.990 in the range from 53 to 419 mg/dL. The
Glucotrend 2 is also precise (CV < 3%) and
accurate (slope 0.98, intercept 1.45 mg/dL, with
mean deviation from the reference laboratory
method of < 4%) within its measuring range. The
FreeStyle system also measures capillary whole
blood glucose but, unlike the other two systems,
blood collection is from the forearm.
Furthermore, only 0.3 pL of blood is required to
accurately detect blood glucose values ranging
from 20 to 500 mg/dL. The reading response time
is 15 seconds and the result is not affected by
hematocrit [13,14]. The results obtained from
these three meters are not affected by altitude and
ambient temperature. For each glucose meter, if
the measured glucose levels are not within its
detectable range, the meter will show "Lo" or
"Hi" representing low or high glucose values.
Before evaluating the accuracy, the three
glucose meters were examined for precision,
linearity, and reproducibility. Precision was
assessed according to the readings of 20 replicates
with glucose levels of 50, 150 and 300 mg/dL.
Linearity was then determined by these readings
and the results obtained by detecting an additional
solution with a glucose level of 450 mg/dL. In
other words, linearity ranging from 50 to 450
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mg/dL was examined. Reproducibility was
examined by analyzing the readings of the two
successive measurements on two different fingers
or on two different sites of the same forearm from
30 volunteers for each SMBG system.

The GA 03R (A&T, Tokyo, Japan), an
automated glucose analyzer, was the reference
laboratory method to measure plasma glucose
values. This system measures plasma glucose by
a GOD immobilized membrane/oxygen electrode
peak acceleration method and has a measurement
range of 0 to 5000 mg/dL. Precision was
determined at three different glucose
concentrations (50, 150 or 300 mg/dL) and the
CV was 4.2%, 3.1% and 3.5%, respectively.
Measurements are reproducible at low
concentrations (R <5 mg/dL) and is linear to high
concentrations (5000 mg/dL). The quality of
analysis is stable if the system is installed in an
environment with a temperature and humidity
range from 15°C to 30°C and 40% to 48% RH,
respectively.

Procedure

Patients were randomly assigned to a
fasting or a nonfasting group (93 patients in
each). Patients in the fasting group were not
allowed any food or fluid intake, except water, for
at least six hours before glucose measurement,
while the nonfasting patients ate a meal three
hours prior to the procedure.

Blood was first drawn from each subject at
the antecubitus by venepuncture. The blood
sample was centrifuged immediately, and glucose
measurement of the extracted plasma was
performed within 30 minutes by the reference
laboratory method. Blood was then extracetd by
both fingertip and forearm skin pricks and
directly analyzed by the three tested glucose
meters within five minutes of the venepuncture.
Hence, three capillary blood glucose results were
generated for each subject from the three meters,
and the results were separately compared with the
plasma analog generated from the reference
laboratory method. The order of the skin pricks
and glucose measurements were randomized, and
all procedures were uniformly performed and the
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Fig. 1. Error grid analysis (EGA) to evaluate clinical
implications of patient-generated blood glucose values.
"Copyright © 1987 American Diabetes Association From
Diabetes Care, Vol. 10, 1987;622-628. Reprinted with
permission from the American Diabetes Association".

data recorded by one trained healthcare
professional. When a second venepuncture or skin
prick was required to obtain sufficient blood
volume, the percentage was recorded. After the
procedure, each patient was asked to evaluate the
level of pain experienced.

Statistical and Clinical Analysis

Precision was represented as coefficient of
variation. Linearity and reproducibility were
analyzed by simple linear regression analysis
and paired-¢ test, respectively. Statistical accuracy
of the results from all methods was evaluated by
the multiple comparison test. We then calculated
the relative standard deviation (RSD) and
performed simple linear regression analysis.
Clinical accuracy was evaluated by percentage
deviation from the reference method [(meter
result — reference result)/reference result x
100%] and error grid analysis (EGA, Fig. 1) [17].
Statistical significance was defined as p < 0.05.

The EGA was developed by Clarke et al in
1987 for the evaluation of the clinical
implications of blood glucose meter-generated
values and was adopted by several studies
[11,13,14,18,19]. The reference blood glucose
values and those generated by the monitoring
system were plotted along the x and y axes,
respectively. The diagonal represents perfect
agreement between the two, with data points
above and below this line representing
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overestimates and underestimates, respectively.
This method is based on assumptions that reflect
clinical practices: 1) the target blood glucose
values are between 70 and 180 mg/dL, 2) patients
will attempt to correct blood glucose readings that
are above or below the target range but not those
readings that are within the target range, 3)
corrective treatment by the patient is
inappropriate if such treatment results in blood
glucose values outside of the target range, and 4)
failure to treat blood glucose values < 70 or > 240
mg/dL is inappropriate.

Based on these assumptions, the grid is
divided into five zones, each reflecting varying
categories of accuracy and inaccuracy of the
glucose estimates. Zone A represents 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.
Values falling within this range are deemed
clinically accurate, as they would result in
clinically correct treatment decisions. Zone B
represents values that deviate from the reference
by more than 20%, but would lead only to
clinically benign decisions. Zone C readings are
those that would result in overcorrection of
preexisting, acceptable blood glucose values.
Zone D represents errors that would result in
failure to detect or treat dangerously low levels.
Actual glucose values are outside of the target
range, but blood glucose meter-generated values
are within the target range. Zone E readings
would result in erroneous treatment. Blood
glucose meter-generated values within this zone
are opposite the reference values, and the
corresponding treatment decision would therefore
be inappropriate. In summary, values in zones A
and B are clinically acceptable, whereas values in
zone C, D, and E are potentially dangerous errors,
and therefore clinically significant.

RESULTS
As shown in Table 1, the FreeStyle system
as well as the other two standard SMBG systems
were precise, linear, and reproducible.
In the fasting group, the range of plasma
glucose values was 66 to 353 mg/dL (mean = SD:
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Table 1. Precision, linearity and reproducibility of three SMBG systems

Glucometer Elite Glucotrend 2 FreeStyle

Precision (CV, %)

50 mg/dL 4.7 6.0 2.9

150 mg/dL 2.3 3.5 3.9

300 mg/dL 1.7 5.5 2.6
Linearity (50-450 mg/dL)

Intercept (mg/dL) 2.01 1.17 4.54

Slope 1.03 1.00 1.01

Correlation coefficient (7) 0.998 0.998 0.999
Reproducibility

Mean = SD (first) 165.2 £72.1 155.9 £74.0 157.0 £70.0

Mean = SD (second) 161.2 £73.2 156.0 £75.1 156.2 +£71.9

Correlation coefficient (r) 0.946 0.998 0.999

Mean £ SD: mg/dL.

Table 2. Blood glucose values generated from three SMBG systems and the reference laboratory method

Fasting (n = 93) Nonfasting (n = 87)

Mean =+ SD (mg/dL) RSD (%) Mean + SD (mg/dL) RSD (%)
Glucometer Elite 164.5 £53.3 32.4 248.6 £104.7 42.1
Glucotrend 2 148.3 £51.0 34.4 238.8 £104.6 43.8
FreeStyle 150.8 £54.5 36.1 219.2 £87.6 40.0
Reference laboratory method 167.5 £54.9 32.8 237.7£101.3 42.5

RSD = (SD / Imeanl) x100%. Fasting: 3 SMBG systems vs reference laboratory for mean glucose values (p < 0.05). Both
Glucotrend 2 and FreeStyle vs Glucometer Elite (p < 0.05). Nonfasting = no significant difference between the four

methods was found (ANOVA, p = 0.269).

167.5 +£54.9 mg/dL, RSD: 32.8%), according to
the reference laboratory method, while the blood-
glucose range from the blood glucose meters was
68 to 321 mg/dL (164.5 £53.3 mg/dL, 32.4%) for
Glucometer Elite, 56 to 333 mg/dL (148.3 *
51.0 mg/dL, 34.4%) for Glucotrend 2, and 66 to
340 mg/dL (150.8 =£54.5 mg/dL, 36.1%) for
FreeStyle, respectively. The means of related
sample values for each meter were found to differ
significantly by the multiple comparison test (p <
0.05) from the laboratory reference values. In
addition, there was also a statistically significant
difference (p < 0.05) between the Glucotrend 2,
FreeStyle and Glucometer Elite systems. In the
nonfasting group, the range of plasma/blood
glucose values generated from the reference
method, Glucometer Elite, Glucotrend 2,
and FreeStyle was 70 to 802 mg/dL (237.7 £
101.3 mg/dL, 42.5%), 73 to 554 mg/dL (248.6 =
104.7 mg/dL, 42.1%), 75 to 598 mg/dL (238.8 &
104.6 mg/dL, 43.8%), and 71 to 430 mg/dL
(219.2 £87.6 mg/dL, 40.0%), respectively (Table

2). The difference was not statistically significant
(ANOVA, p = 0.269) when related values of each
meter and reference laboratory were compared.
However, the RSD for the FreeStyle system was
very similar to those for the two standard meters
and reference laboratory method in both fasting
(36.1% vs 32.4% to 34.4%) and nonfasting
groups (40.0% vs 42.1% to 43.8%). Ten out-of-
range meter readings, indicated as "Hi", were
recorded for six nonfasting patients. The
corresponding results from the reference method
were also markedly elevated (513 to 802 mg/dL).
All of the plasma/blood glucose measurement
readings for these six subjects were discarded
from this study.

The glucose values obtained by the SMBG
systems and the corresponding results from the
reference laboratory method are depicted in
Fig. 2. For the fasting group, simple linear
regression analysis revealed intercepts of 5.32,
-2.33 and -9.87 mg/dL, slopes of 0.95, 0.90 and
0.96 and correlation coefficients () of 0.979,
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Fig. 2. Correlation between SMBG-generated blood glucose values and reference laboratory-based plasma glucose values.

0.967 and 0.966 for the Glucometer Elite,
Glucotrend 2 and FreeStyle, respectively. For the
nonfasting group, the respective results were:
intercepts, 7.95, 2.28 and 26.41 mg/dL; slopes,
1.01, 1.00 and 0.81; and, correlation coefficients

(r), 0.979, 0.964 and 0.938.

According to percentage deviation analysis,
59% of the Glucometer Elite blood glucose values
were within 5% of the reference laboratory values
and 100% were within 20%, with analogous
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Table 3. Percentage deviation of SMBG values from laboratory values

Fasting (n = 93)

Nonfasting (n = 87)

Deviation Glucometer Elite  Glucotrend 2 FreeStyle Glucometer Elite ~ Glucotrend 2 FreeStyle
(%) (%) (%) (%) (%) (%) (%)
<=*5 59 12 17 44 39 28
<£10 85 27 40 71 69 46
<+£15 98 53 65 85 87 67
< +20 100 80 81 95 92 81

Percentage deviation = (meter — laboratory)/laboratory X 100%. ADA criterion: < 5%, NCCLS criterion: < & 20%.

Table 4. Summary of error grid analysis of three SMBG systems

Fasting (n = 93)

Nonfasting (n = 87)

Zone Glucometer Elite ~ Glucotrend 2 FreeStyle Glucometer Elite ~ Glucotrend 2 FreeStyle
(%0) (%0) (%0) (%0) (%) (%0)
A 100 80 81 95 92 81
B 0 20 19 5 8 17
C 0 0 0 0 0 0
D 0 0 0 0 0 2
E 0 0 0 0 0 0

Zone A+B: clinically acceptable values. Zone D: potentially dangerous error.

percentages of 12% and 80% for the Glucotrend
2, and, 17% and 81% for the FreeStyle in the
fasting group. In the nonfasting group, the 5%
and 20% deviations were 44% and 95% for the
Glucometer Elite, 39% and 92% for the
Glucotrend 2, and, 28% and 81% for the
FreeStyle, respectively (Table 3).

EGA of the fasting data generated by the
three tested instruments revealed: 100% of
Glucometer Elite glucose values fell within zone
A; 80% of the Glucotrend 2 readings were within
zone A and 20% were within zone B; and, 81% of
the FreeStyle data fell within zone A and 19%
within zone B. Analogous analysis for the
nonfasting group revealed: 95% of the
Glucometer Elite data fell within zone A and 5%
within zone B; 92% of the Glucotrend 2 values
were within zone A and 8% were within zone B;
and, 81% of FreeStyle results were within zone
A, 17% zone B, and 2% (two reading pairs) in
zone D (Table 4). The glucose values for the two
reading pairs within zone D, reported by the
FreeStyle/reference laboratory method, were
179/250 mg/dL and 108/70 mg/dL. In summary,
almost all of the glucose values in both groups
fell within the clinically acceptable category.

About 97% of patients reported feeling less
pain during the forearm skin prick than during the
fingertip analog, with 43% of them indicating that
the experience was almost painless (data not
shown). Less than 4% of the patients needed a
second skin prick to obtain sufficient blood for
glucose measurement with the FreeStyle method.
This does not exceed the percentage for the two
standard SMBG systems or venepuncture (data
not shown).

DISCUSSION

The accuracy of blood glucose (SMBG)
meters is an important consideration because
potentially significant treatment decisions and
changes in pharmacotherapy may be based on the
values obtained from these devices [1-3]. Our
study suggests that the new SMBG system,
FreeStyle, is a reliable instrument for measuring
blood glucose values.

Precision and linearity of an SMBG system
and a reference laboratory method must be
identified before evaluating the accuracy of an
SMBG system [20,21]. In our study, precision
and linearity were examined with control
solutions containing various concentrations of
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glucose and determined to be excellent for the
FreeStyle system as well as the two standard
SMBG systems and the reference laboratory
method. Reproducibility of the FreeStyle system
was simultaneously determined by checking two
successive whole blood glucose values from 30
volunteers. The results show that the FreeStyle
system is as reproducible as the two standard
SMBG systems.

The statistical accuracy of the blood
glucose meters was evaluated by multiple
comparison test, calculation of relative standard
deviation (RSD), and simple linear regression
based on previous studies. Although FreeStyle
differed significantly from the two standard
meters and the reference laboratory method in
fasting state by multiple comparison test, the data
of the nonfasting group did not show statistical
difference. In addition, the FreeStyle system also
had very similar RSD to the two standard meters
and reference laboratory method in both fasting
and nonfasting states. It is therefore difficult to
evaluate the accuracy of the FreeStyle system by
this statistical method. A good and acceptable
correlation was demonstrated between the results
from FreeStyle and the reference laboratory
method in both fasting and nonfasting state (r =
0.966 and 0.938, respectively) according to linear
regression analyses. The correlation coefficients
generated from the two standard meters were
modestly better than that generated from
FreeStyle. However, the results of linear
regression analysis for all the three meters were
not perfect because the (r) values did not reach
1.00, the intercepts were not zero, and none of the
slopes were as good as 1.00. The imperfect results
of both statistical analyses are associated with
glucose meter type, the reagents used, calibration
factors, and the proficiency of the operator [21].
The most noticeable result in this study was the
markedly elevated intercept (26.41 mg/dL) and
low slope (0.81) generated by linear regression
from the FreeStyle system, but not from
Glucometer Elite and Glucotrend 2, in nonfasting
patients; a similar condition was also reported by
Geoff McGarraugh et al [14]. This phenomenon is
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due to a lag in the forearm response to a rapid
change in glucose level after a meal or glucose
challenge and is further complicated by the large
difference in glucose levels (up to 20—70 mg/dL)
in capillary and vein, the respective sources of
blood samples for the FreeStyle and reference
laboratory methods [14,21,22].

Statistical analysis is not the only way to
evaluate the clinical accuracy of blood glucose
meters because the difference between the meter
values obtained and the laboratory standards are
probably not clinically meaningful. Therefore,
percentage deviation of meter glucose values
from the reference method and EGA were used in
this study.

Recent studies have shown that capillary
blood glucose values obtained by SMBG systems
may have some degree of deviation from
corresponding laboratory results [10,11]. In fact,
the 1996 American Diabetes Association (ADA)
Clinical Practice Recommendations review of
blood glucose meters already cited performance
variability as one of the main problems with this
form of glucose monitoring [20]. The ADA has
recommended that glucose meters should deviate
by no more than 5% from the reference laboratory
standard [20,21,23]. However, investigation of an
outpatient population revealed that these readings
commonly deviate by more than 5% from those
of a reference standard [24]. In another study, six
blood glucose meters were evaluated and none of
them met the ADA criteria of < 5% deviation
[25]. On the other hand, the National Committee
for Clinical Laboratory Standards (NCCLS)
allows the difference between readings from
blood glucose meters and the corresponding
laboratory results for fasting individuals to
deviate up to £20% [20,21,23]. Although the
FreeStyle meter (17% readings < 5% deviation
and > 80% readings < 20% deviation) did not
meet the ADA recommendation in our study, it
did meet the NCCLS criterion. Furthermore,
although the performance was inferior to that of
the Glucometer Elite, the results obtained were
superior to those of the Glucotrend 2 in fasting
patients.
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In this study, we evaluated the clinical
significance of meter deviation from the reference
laboratory by EGA. EGA of the fasting data
revealed good clinical results for the FreeStyle
data in comparison with the reference laboratory
method (100% within clinically acceptable zones
A and B). However, there were two pairs of
nonfasting values which fell within zone D
(179/250 mg/dL and 108/70 mg/dL). This
condition is not surprising as larger glucose
variation has been demonstrated between
nonfasting capillary and venous blood samples
[21,22]. This appears to indicate that FreeStyle
fails to detect uncontrolled blood glucose values
in accordance with the EGA standards. In
practice, however, it is a benign error and seldom
induces acute hyperglycemic complications when
the blood glucose meter reading is 179 mg/dL and
the actual plasma glucose level is 250 mg/dL,
even when no additional hypoglycemic agent is
added to the patient's usual therapeutic regimen.
However, there is a potential risk of developing
hypoglycemia when the blood glucose meter
reading is 108 mg/dL and the actual plasma
glucose level is 70 mg/dL. The latter error, which
has been reported by others as well, is produced
by the reduced level of blood perfusion which
results in a lag of response to falling glucose
levels in the forearm and can be ameliorated by
rubbing the test site [14,26].

Frequent monitoring of blood glucose is
very important because it enables patients and
clinicians to adjust therapeutic regimens and
achieve optimal glucose control. There are some
barriers to effective SMBG, however, including
operator error and decreased frequency of
compliance because of the discomfort and
inconvenience associated with the established
methods [12,27]. In our study, to avoid the
influence of operator error on accuracy of blood
glucose measurement, all monitoring procedures
involving blood glucose meters were uniformly
performed by the same healthcare professional.
Thus, the results of our study reflect the accuracy
of the FreeStyle system. Our data also showed
that the discomfort and inconvenience associated
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with the forearm skin prick was markedly reduced
in comparison with the fingertip analog. It seems
reasonable to assume that this pain reduction is
probably the result of the much lower density of
sensory nerve endings in the forearm [19].
Furthermore, the number of second skin pricks
required for extraction of adequate blood volume
was also quite modest with the FreeStyle meter.

In summary, the FreeStyle system is precise
and reproducible compared with standard SMBG
systems. The linearity, by assessing glucose levels
between 50 to 450 mg/dL, is also similar to
standard systems. Although its upper display limit
(500 mg/dL) is lower than the upper measuring
range of the Glucometer Elite and the Glucotrend
2 (600 mg/dL), the FreeStyle is still useful for
clinical application. Finally, the FreeStyle is
accurate, both statistically and clinically, and
corresponds well with the laboratory method for
patients in a fasting state. However, its accuracy
decreased in the nonfasting state.

There was a limitation in this study: we did
not evaluate the accuracy of the SMBG systems
at low blood glucose values, and, therefore, can
not comment on the accuracy of the FreeStyle in
detecting hypoglycemia. The patients enrolled in
this study were outpatients and hypoglycemia is
rarely encountered in this setting.

In conclusion, the FreeStyle system is
sufficiently accurate for home monitoring of
blood glucose, at least in the fasting state.
However, caution must be taken because of its
potential failure to detect hypoglycemia. There
are no technical difficulties associated with the
forearm skin prick and blood extraction and, with
proper education, self-monitoring is easily
performed by the patient. Additionally, the
FreeStyle is particularly attractive for children
and for people hoping to avoid sore or callused
fingers. The forearm skin prick is much less
painful than the finger pinprick and was even
reported to be painless by a substantial portion of
the patient population.
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