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OBJECTIVE — To compare three glucose meters modified for use by individuals
with diabetes and visual impairment regarding accuracy, precision, and clinical
reliability.

RESEARCH PESIGN AND METHODS— Ten subjects with diabetes and visual
impairment performed self-monitoring of blood glucose using each of the three
commercially available blood glucose meters modified for visually impaired users
(the AccuChek Freedom [Boehringer Mannheim, Indianapolis, IN], the Diascan SVM
[Home Diagnostics, Eatontown, NJ], and the One Touch [Lifescan, Milpitas, CA]).
The meters were independently evaluated by a laboratory technologist for precision
and accuracy determinations.

RESULTS — Only two meters were acceptable with regard to laboratory precision
(coefficient of variation <10%)—the Accuchek and the One Touch. The Accuchek
and the One Touch did not differ significantly with regard to laboratory estimates of
accuracy. A great discrepancy of the clinical reliability results was observed between
these two meters. The Accuchek maintained a high degree of reliability
(y = 0.99X + 0.44, r = 0.97, P = 0.001). The visually impaired subjects were un-
able to perform reliable testing using the One Touch system because of a lack of
appropriate tactile landmarks and auditory signals.

CONCLUSIONS — In addition to laboratory assessments of glucose meters, mon-
itoring systems designed for the visually impaired must include adequate tactile and
audible feedback features to allow for the acquisition and placement of appropriate
blood samples.
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I ncreasing numbers of individuals with
blindness caused by diabetes are par-
ticipating in the work force, family

life, and many other aspects of society.
Acquiring adaptive techniques for diabe-
tes self-management is essential for
maintaining independence, a good qual-
ity of life, and stable glycemic control.
Manufacturers of glucose monitoring
systems have modified existing glucose
meters with speech synthesizers and tac-
tile mechanisms for use by the visually
impaired (1-4). These meters should al-
low individuals with diabetes to become
active participants in their own health
care, improve glycemic control, and re-
duce fear of unanticipated hypoglycemia.
Systems for the visually impaired must
be designed so that accurate results can
be obtained by a user who is unable to
depend on visual feedback.

This study compares three glu-
cose monitoring systems modified for the
visually impaired, available for purchase
in December 1991. The AccuChek Free-
dom (Boehringer Mannheim, Indianapo-
lis, IN), the Diascan SVM (Home Diag-
nostics, Eatontown, NJ), and the One
Touch (Lifescan, Milpitas, CA) were eval-
uated with respect to accuracy, preci-
sion, and clinical reliability.

RESEARCH DESIGN AND
METHODS — Ten subjects with diabe-
tes mellitus and visual impairment par-
ticipated in this trial. The protocol was
approved by the St. Louis University In-
stitutional Review Board. All subjects, in-
cluding 4 men and 6 women—8 with
type I diabetes and 2 with type II diabe-
tes—ranging from 35 to 55 yr of age,
were followed at St. Louis University in a
specialized clinic for patients with diabe-
tes and visual impairment. Of all the
subjects, 3 were totally blind, 7 subjects
were legally blind (visual acuity <20/
200), and 0 were capable of using con-
ventional glucose monitoring systems.
They were unable to see the digital dis-
play and could not visually identify the
correct placement of the blood sample.
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Table 1—Precision

Glucose

concentration
(tnM)

4.5
9.6

24.0

or percentage

Diascan

18t
9f
5

CV of the various glucose meters tested

Glucose meters

AccuCheck

4
2
2

One Touch

5
2
2

Overall
significance*

P = 0.001
P = 0.0001

NS

*P value obtained by one-way ANOVA.
tP = 0.005 compared with AccuChek and One Touch.
W = 0.001 compared with AccuChek and One Touch.

All of the subjects were performing
SMBG at home. Five were using the Di-
ascan SVM, 1 was using the AccuChek
Freedom, 2 were using the One Touch, 1
was using the AccuChek II, and 1 was
using the Glucometer II.

Patient SMBG trials
Subjects were assigned to use each of
three glucose meters according to a ran-
dom block design. Subjects received in-
dividual instruction in the use of each
meter from a diabetes nurse educator.
The subjects then demonstrated under-
standing and practiced the technique un-
der supervision. Each subject performed
1 test/meter under observation and ob-
tained capillary glucose samples accord-
ing to the recommended guidelines for
each meter. Serum glucose was obtained
by simultaneous venipuncture and ana-
lyzed using the Beckman CX-3 clinical
chemistry analyzer (Beckman, Brea, CA).

Laboratory evaluation of glucose
meters
Accuracy determinations. Laboratory
control solutions were prepared by add-
ing stock glucose solution to glycolyzed
whole blood to yield standard glucose
concentrations of 2.1, 4.5, 9.6, 17.2,
24.0, and 32.8 mM. Samples of control
solutions were pipetted onto the appro-
priate reagent strips for each glucose
meter according to the manufacturers in-
structions. Each meter was evaluated 4
times using the complete set of stan-
dards, and the results were compared

with those obtained on the Beckman
CX-3 System. Accuracy for each meter
was represented by the slope and the
intercept of the linear regression line,
comparing the reference values with
those obtained using the meter.
Precision determinations. Precision of
each meter was evaluated by applying
the 4.5, 9.6, and 24.0 mM glucose con-
trol solutions 20 times for each meter.
Precision was represented by the intra-
assay CV.
Clinical reliability. Clinical reliability
was determined by comparing subject
SMBG results to reference serum glucose.
SMBG results that were within 15% of
the reference glucose values were consid-
ered clinically reliable.

Statistical analysis
Parametric data were analyzed by one-
way ANOVA for overall effects, and com-
parisons between groups were then de-
termined by the Bonferroni correction.
Correlation and regression analysis were
performed by the method of least square.
ANOVA, Student's t tests, and the corre-
lation analysis were performed using the
statistical program RS/1 (BBN Software,
Cambridge, MA). Comparison between
regression lines was performed by AN-
COVA using the statistical package SAS
(SAS Institute, Cary, NC) within the
GLM program. All data were analyzed by
two-tailed tests, and P < 0.05 was con-
sidered significant.

RESULTS— The precision determina-
tions for each of the three glucose meters
tested are listed in Table 1. Precision,
expressed as intra-assay CV, was in the
acceptable 10% range for two meters
over the entire range of blood glucose
levels tested. The One Touch (CV = 2 -
5%) and the AccuChek Freedom
(CV = 2-4%) were not statistically dif-
ferent from each other. The precision of
the Diascan SVM was unacceptable at a
glucose concentration of 4.5 mM
(CV = 18%). Although it was acceptable
at 9.6 mM (CV = 9%), it was statistically
different from the other two meters, as
indicated in Table 1.

Accuracy estimations using labo-
ratory control solutions are shown in Fig.
1. Of these three meters, only the Ac-
cuChek Freedom had accuracy determi-
nations in the acceptable range of 10%
throughout the range of glucose values.
A consistent 34% depression of the
meter results below the mean reference
values was found using the Diascan
SVM. The One Touch deviated from the
reference values by 13 and 7% at lower
glucose values (2.1 and 4.5 mM) but
results were depressed by 18% at higher
values (17.2 and 24.0 mM). Comparison
of the slopes between the regression lines
for the accuracy of the meter results ver-
sus the laboratory reference values
showed that the Accuchek was not sig-
nificantly different from the One Touch.

Considerable divergence among
the three meters with respect to clinical
reliability was observed (Fig. 2). The ac-
curacy (y = 0.99X + 0.44) and the cor-
relation (r = 0.97, P = 0.001) of SMBG
tests with laboratory reference values us-
ing the AccuChek Freedom were very
good. The Diascan SVM showed SMBG
values that were consistently below the
reference range. Comparison of the
slopes of the regression lines for clinical
reliability testing demonstrated that the
Accuchek differed significantly from the
Diascan SVM (Fl i l 6 = 10.0, P = 0.01).
No correlation of SMBG results with ref-
erence values using the One Touch was
detected. Most subjects had difficulty
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Figure 1—Assessment of meter accuracy by

comparison of laboratory determinations of

meter determined blood glucose with serum glu-

cose in the AccuChek Freedom (A), One Touch

(B), and Diascan SVM (C). The individual de-

terminations (M • ) are shown compared

with the line of identity (••••) and ± 10%

( • ) •

finding appropriate landmarks on the re-
agent strip to place the blood drop, and
2 of 10 subjects were completely unable
to perform testing on this meter even
after repeated attempts. Although all
subjects were performing SMBG at
home, no difference in performance was
observed when the subject had previous

experience with a meter. Of those who
were totally blind compared with those
who were legally blind, no difference in
the performance was observed.

When the data regarding clinical
reliability of the meters were analyzed by
the grid method of Clarke et al. (5), it
was shown that there would have been
no dangerous or inappropriate adjust-
ment in the diabetes management based
on the AccuChek SMBG results. Diabetes
management based on Diascan SMBG re-
sults would have been inappropriate, be-
cause of a constant underestimation of
glycemic control especially at high glu-
cose levels (a type D error) (5). The
SMBG results using the One Touch were
found to be completely unreliable.

CONCLUSIONS— It is important to
establish that modified glucose monitor-
ing systems for the visually impaired can
be managed by the intended users. Of
the three systems evaluated, only the Ac-
cuChek Freedom demonstrated appro-
priate precision, accuracy, and clinical
reliability. All participants were able to
follow the steps necessary for operation
and were able to independently obtain
an accurate blood glucose result. This
system, which includes tactile and audi-
ble feedback mechanisms to ensure the
appropriate application of a droplet of
blood, addresses the most difficult step
in blood glucose monitoring for the vi-
sually impaired.

The poor clinical reliability of the
Diascan SVM was caused by the lack of
technical accuracy of the meter, rather
than the ability of the user. Although
most of the subjects could manage the
blood application technique (which al-
lows the user to apply the blood directly
to the reagent pad without using a hang-
ing drop) and could operate the system
without difficulty, the Diascan SVM
yielded glucose values consistently below
the reference range. The One Touch, an
appealing system because of its size and
nonwipe technology, could not be used
effectively. Subjects were unable to apply
a sufficient blood sample to the reagent
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Figure 2—Assessment of clinical reliability by

comparison of patient determinations of SMBG

with serum glucose in the AccuChek Freedom

(A), One Touch (B),and Diascan SVM (C). Vie

individual determinations ( • • ) are shown

compared with the line of identity (••••) and

± 15% ( •).

strip independently because the system
lacked both landmarks for tactile feed-
back and an audio mechanism to assure
adequate sample placement.

Modified glucose monitoring sys-
tems are substantially more expensive
than standard glucose meters (~$400 for
the adapted One Touch system and $600
for the Diascan SVM or the AccuChek
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Freedom). Visually impaired users often
purchase the systems through catalog
distributors and receive no prior training
in the use of the device. Visually im-
paired individuals should receive train-
ing from an experienced diabetes educa-
tor who can ensure proper technique
and verify appropriate SMBG results be-
fore the system is purchased.

In conclusion, of the three blood
glucose monitoring systems evaluated,
only the AccuChek Freedom consistently
provided clinically reliable results. In ad-
dition to meeting laboratory standards
for accuracy and precision, glucose mon-
itoring systems designed for the visually
impaired must include adequate tactile
and audible features to allow for the ac-
quisition and placement of appropriate
blood samples. Since these trials were
conducted, the Lifescan One Touch sys-

tem has been upgraded to include an
audio indicator of adequate sample
placement. Further trials should address
the clinical reliability of this system.
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