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Abstract

Background : Hypoglycemia is an emergency condition requiring treatment as soon as
possible. Therefore, rapid and reliable blood glucose measurements are necessary. There are 2 sys-
tems of glucose meters (GMs), the reflectance photometer system (RPS) and the electrochemical
biosensor system (BSS). GMs are widely used in monitoring blood glucose (BG) in patients with
diabetes. BG values measured by GMs have been confirmed to be accurate especially in measuring
normal and high BG levels. However, the data on the accuracy of GMs in measuring low BG levels
are limited.

Objective : To compare accuracy and reliability of different systems of GMs in the mea-
surement of low BG values.

Patients and Method : Venous and capillary whole blood specimens were collected from
patients who were investigated for pituitary dysfunction. The patients underwent an insulin-induced
hypoglycemia test by intravenously administering human regular insulin. The low BG level was
defined as having venous plasma glucose (PG) of less than 60 mg/dl (mean + SD = 36.59 £ 9.19, n =
54). Capillary blood samples were obtained from fingertips. Venous BG (vBG) and capillary BG
(cBG) were measured by GMs. Venous PG which considered a reference value was measured by the
glucose dehydrogenase method.

Results : The correlation coefficient (r) between vBG measured by GMs-RPS and PG was
0.86 (p<0.001), whereas, that between vBG by GMs-BSS and PG was 0.75 (p<0.001). Similarly,
the r between cBG by GMs-RPS and PG was 0.73 (p<0.001), whereas, that between cBG by GMs-
BSS and PG was 0.69 (p<0.001). The mean difference between vBG by GMs-RPS and PG values
was 0.01 + 4.90 mg/dl, whereas, that between vBG by GMs-BSS and PG values was 10.50 = 7.07
mg/dl which was significantly greater than the former (p<0.001). Moreover, the mean difference
between ¢cBG by GMs-RPS and PG values was 14.45 + 8.76 mg/dl, whereas, that between cBG by
GMs-BSS and PG values was 23.87 + 9.48 mg/d]l which was also significantly greater than the former
(p<0.001). These results demonstrated that vBG measured by GMs-RPS was comparable to PG
values. In addition, cBG values by GMs-RPS and GMs-BSS were approximately 14 mg/dl or 38 per
cent and 24 mg/dl or 65 per cent greater than PG values, respectively.
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Hypoglycemia

Conclusion : In measuring low blood glucose levels, glucose meters using the reflectance
photometer system are more accurate than those using the electrochemical biosensor system.
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Recently, the Diabetes Control and Compli-
cations Trial (DCCT) Research Group has demon-
strated that intensive therapy and tight glycemic con-
trol decrease complications associated with type I
diabetes mellitus, including retinopathy, nephropathy
and neuropathy(1). The American Diabetes Associa-
tion (ADA) and the National Committee for Clinical
Laboratory Standards (NCCLS) recommend the use of
self-monitoring of blood glucose (SMBG) to achieve
glycemic goals in hospital and home settings(2'4).
Therefore, glucose meters (GMs) are widely used in
SMBG in diabetes mellitus. Nevertheless, hypoglyce-
mic episodes occur three-fold following tight glyce-
mic control(1). To prevent cerebral damage secondary
to hypoglycemia, early recognition and treatment
should be done as soon as possible(5,6). Thus, reliable
GMs are necessary in detecting low BG levels. To
date, there are 2 systems of GMs, the reflectance
photometer system (RPS) and the electrochemical
biosensor system (BSS). Most studies demonstrated
that high and normal BG levels measured by GMs
correlate well with those by standard glucose oxidase
method(7.8). There have been few data on the accuracy
of GMs in measuring low BG levels(9,10). In this
study, the accuracy and reliability of different systems
of GMs in measuring BG values of less than 60 mg/
dl were compared with plasma glucose (PG) values
by standard glucose dehydrogenase method(11-14),

PATIENTS AND METHOD

Simultaneous venous and capillary blood
samples were collected from 54 patients who were
investigated for pituitary dysfunction in the Endo-

crine Clinic at the Department of Pediatrics, Faculty
of Medicine, Ramathibodi Hospital, Bangkok, Thai-
land between April 1997 and January 1998. The
patients underwent an insulin-induced hypoglycemia
test as part of pituitary function testing by intra-
venously administering human regular insulin 0.1 w/
kg and blood samples were drawn at 0, 20, 30, 60,
90, and 120 min for evaluation of glucose and other
endocrine parameters. Fifty-four venous blood sam-
ples with low BG levels were obtained from 54 patients
for evaluation of BG levels and transferred imme-
diately to tubes containing sodium fluoride (NaF) as
anticoagulant and anti-glycolytic agent(15,16), Sam-
ples were measured by the standard glucose dehydro-
genase method (Ecoline® 100 Glucose, Diagnostic
Merck, Germany) and the remainder were measured
immediately by GMs. Simultaneous capillary whole
blood samples were obtained from the tip of the fingers
with Softclix® Lancet (Boehringer Mannheim) and
collected in heparinized capillary blood tubes(15).
The BG in each sample was measured immediately
by 3 different brands of GMs using the reflectance
photometer system (RPS): Accutrend (Boehringer
Mannheim), SureStep (Johnson-Johnson), Glucometer
4 (Bayer) and 3 brands of GMs using the electrochemi-
cal biosensor system (BSS): Advantage (Boehringer
Mannheim), Precision QID (Medisense), Glucometer
Elite (Bayer), according to the manufacturer’s instruc-
tions. The BG values by GMs were compared with
PG measured by the glucose dehydrogenase method.
The PG were analyzed within 2 hours after collec-
tion. A low BG level was defined as PG of less than
60 mg/dl.
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Table 1. Comparison between venous and capillary whole blood glucose measured by meters
(RPS & BSS) and plasma glucose by the glucose dehydrogenase method.

Meters Mean + SD Mean difference of BG measured r
(GMs) (mg/dl) by GMs minus PG, mean + SD
(mg/dl)

Plasma glucose - 36.59 +9.19 - -
Venous BG RPS 36.60 +9.43 0.01 +4.90 0.86%
(n=162)* BSS 47.09 + 1042 10.50 £ 7.07F 0.75%
Capillary BG RPS 51.04 +12.87 14.45 + 8.761 0.73%
(n=162)* BSS 60.46 + 13.08 23.87 +9.48% 0.69%

T p<0.001 significant difference compared with plasma glucose

 p<0.001 significant correlation compared with plasma glucose

* 54 samples from 54 patients, each sample was measured by 3 different brands of GMs (RPS and BSS), therefore,
each sample gives 3 values of BG in each system

r = correlation coefficient between venous and capillary BG by GMs vs PG

GMs-RPS = glucose meters using the reflectance photometer system

GMs-BSS = glucose meters using the electrochemical biosensor system

30 1
_ 0
5 i
% [
E 104 _ ] e _ +2SD
2 r ° o ° * o . e 3 . ° had . .
. i § P-4 fer i g 1y __mean
o “r-"--rr-"—‘"":‘ll"r'“'“n’r . . 3 Mg
5 "7 S T M ISR
= ° ° . ® 4
O L o ® . ® e . b . -2SD
R 10§ —0 -t
[
-20 i T T T T T 1 1 T 1
15 20 25 30 35 40 45 50 55 60 65

Plasma glucose (PG) (mg/dl)

Fig. 1. The difference between venous whole blood glucose (vBG) measured by glucose meters using the

reflectance photometer system (RPS) and plasma glucose by the glucose dehydrogenase method in
measuring low blood glucose levels (20-60 mg/dl).

Statistical analysis

Blood glucose values (mg/dl) were expressed ~ Pearson’s correlation. Comparison between both GMs
as mean + SD. The correlation between venous and  systems was analysed by the method of Bland and
capillary BG measured by GMs and PG by the glucose ~ Altman(17.18), A p-value of <0.05 was considered
dehydrogenase method was analysed by using the to have significant difference.
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Fig. 2. The difference between venous whole blood glucose (vBG) measured by glucose meters using the
electrochemical biosensor system (BSS) and plasma glucose by the glucose dehydrogenase method in
measuring low blood glucose levels (20-60 mg/dl).
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Fig. 3. The difference between capillary whole blood glucose (cBG) measured by glucose meters using the
reflectance photometer system (RPS) and plasma glucose by the glucose dehydrogenase method in
measuring low blood glucose levels (20-60 mg/dl).
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Fig. 4. The difference between capillary whole blood giucose (cBG) measured by glucose meters using the
electrochemical biosensor system (BSS) and plasma glucose by the glucose dehydrogenase method in
measuring low blood glucose levels (20-60 mg/dl).

RESULTS

The mean PG + SD was 36.59 + 9.19 mg/dl.
All BG values were within the limit of measurable
range of each GMs (20-500 mg/dl). The hematocrits
of the patients ranged from 35 per cent to 45 per cent
which is within the operative specifications of the
GMs used in the present study.

Table 1 and Fig. 1 and 2 illustrate the mean
difference (mean + SD) between venous BG (vBG)
by GMs-RPS and by GMs-BSS vs PG respectively.
The mean vBG + SD measured by GMs-RPS was
36.60 + 9.43 mg/d] and by GMs-BSS was 47.09 +
10.42 mg/dl. The mean difference (mean + SD) be-
tween vBG by GMs-RPS and PG was 0.01 + 4.90
mg/dl which was not significantly different (p=0.97),
and the mean vBG by GMs-BSS was greater than the
mean PG by 10.50 + 7.07 mg/dl which was signif-
icantly different (p<0.001). The correlation coeffi-
cient (r) between vBG measured by GMs-RPS vs
PG was 0.86 (p<0.001), whereas, that by GMs-BSS
vs PG was 0.75 (p<0.001).

Table 1 and Fig. 3 and 4 illustrate the mean
difference (mean + SD) between capillary BG (cBG)
by GMs-RPS and by GMs-BSS vs PG. The mean

¢BG + SD by GMs-RPS was 51.04 + 12.87 mg/dl
and by GMs-BSS was 60.46 + 13.08 mg/dl. More-
over, the mean cBG + SD by GMs-RPS was greater
than the mean PG by 14.45 + 8.76 mg/dl which was
significantly different (p<0.001) and that by GMs-
BSS was greater than the mean PG by 23.87 + 9.48
mg/dl which was also significantly different (p<
0.001). The correlation coefficient (r) between cBG
measured by GMs-RPS vs PG was 0.73 (p<0.001)
whereas that by GMs-BSS vs PG was 0.69 (p<0.001).
These results demonstrated that vBG measured by
GMs-RPS was comparable to PG values. In addition,
cBG values by GMs-RPS and GMs-BSS were appro-
ximately 14 mg/dl or 38 per cent and 24 mg/dl or 65
per cent greater than PG values, respectively.

DISCUSSION

In general, evaluation of ¢cBG by GMs is
routinely performed at home by the patients them-
selves. Venous blood is not usually obtained for
home monitoring of BG due to inconvenience. In
fact, the glucose level in capillary blood is slightly
higher than that in venous blood. In addition, venous
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whole blood glucose measured immediately should
be similar to venous plasma glucose measured in
venous blood with NaF. This study clearly showed
that, in measuring low BG levels, vBG values by
GMs-RPS were almost similar to PG (Table 1). All
the values were within 10 per cent interval of refe-
rence plasma values which are acceptable according
to the ADA consensus statement(19). In addition,
cBG values by GMs-RPS were approximately 14
mg/dl or 38 per cent greater than PG, whereas, cBG

values by GMs-BSS were approximately 24 mg/dl or
65 per cent greater than PG values. Therefore, evalua-
tion of low BG levels with cBG by GMs must be
interpreted with caution. The results in this study
are in agreement with the previous report that cBG
values are consistently higher than those of BG(20),

In conclusion, measuring low blood glucose
values by reflectance photometer system is more
accurate than that by electrochemical biosensor sys-
tem.

(Received for publication on September 9, 2002)
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