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The high morbidity and mortality resulting from the 

long-term diabetic complications of retinopathy, nephro- 
pathy and lower limb ischaemia make prevention of these 
complications the major objective of diabetes manage- 
ment. Increasing experimental and clinical evidence sug- 
gests that maintenance of normal blood glucose levels can 
prevent or delay the development of complications[l-3]. 
Accordingly, most diabetologists aim to achieve as good 
blood glucose control as possible in the young insulin- 

dependent diabetic who is at greatest risk, and in the 
pregnant diabetic woman where the prognosis for the 

fetus is closely related to the degree of control[4], Home 
blood-glucose monitoring has been shown to improve 
control, and the majority of patients find blood glucose 
monitoring preferable to urinalysis[5, 6]. The enthusiasm 
for home blood-glucose monitoring led to the develop- 
ment of small, battery-operated, portable reflectance 

monitors employing Dextrostix glucose-oxidase reagent 
strips. The performance of these early portable monitors 
has been questioned in several studies [7-9]: more re- 

cently, several new monitors have been introduced for use 
with either Dextr.ostix or 'BM-Test Glycemie' glucose- 
oxidase reagent strips. Although originally intended for 
patient use, such monitor/strip systems are finding in- 
creasing use in hospital practice to provide the quick, 
convenient blood glucose results needed when managing 
insulin infusion systems and for routine blood glucose 
estimation in diabetic wards and out-patient depart- 
ments. 

To fulfil such a variety of uses the ideal monitor/strip 
system must be simple to use and accurate at all blood 
glucose values within the range stated by the manufactur- 
ers. This study assesses the accuracy of the presently 
available portable monitor/strip systems over three blood 
glucose ranges (0-6, 6-12 and >12 mmol/litre) as well as 
over the entire operating range (0-22 mmol/litre). 

Material and Methods 

Table 1 shows the five monitor/strip systems which were 
assessed. 

Table 1. 

Monitor Glucose-oxidase reagent strip 

Glucometer Dextrostix 

Hypocount II 'A' Dextrostix 

Hypocount II 'B' BM-Test Glycemie 
Glucochek 'A'* Dextrostix 

Glucochek 'B'* BM-Test Glycemie 
'Authors' own notation to distinguish between Glucochek systems. 

Calibration of Monitors 

The Glucometer is calibrated using either calibration 

chips or high and low (16.67 and 2.78 mmol/litre) 
calibration solutions. The latter method is recommended 

by the manufacturers, as it allows for variation between 
batches of strips, differences in technique between opera- 
tors and variations in environmental temperature. Cali- 
bration is recommended after a change of battery or batch 
of Dextrostix, after an ambient temperature change of 
more than 5?C and when used by a new operator. 

Despite the advantage of this calibration system, the large 
variation in developed colour with the 16.67 mmol/litre 
solution (16.7 ? 1.2 mmol/litre; mean + 2 SD; n = 15) can 
cause considerable uncertainty in the calibration. Such 
errors are not detected using the check solution (5.6 
mmol/litre), as this is closer to the lower end of the range 
where the developed colour is more consistent. For this 

study, correct calibration at the high point was assumed if 
the mean of 15 measurements using the high calibration 
solution was 16.7 ?0.1 mmol/litre. 

Calibration of the Glucochek monitors is set at the time 
*Requests for reprints to Dr G. Rayman, Endocrine Unit, Charing 
Cross Hospital, Fulham Palace Road, London W6 8RF. 
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of manufacture; there is no additional procedure to 

correct for variations in the strips, etc. As with the 

Hypocount systems, a checkstrip is provided which can 
be used to detect any drift in calibration. The Hypocount 
system corrects for between-batch variation in the back- 

ground colour of an unused strip by a self-calibration 
procedure performed just prior to the application of the 
blood sample. 

For each monitor/strip system one operator performed 
105 blood glucose measurements using two representative 
instruments (70 and 35 measurements each). Venous 
blood samples for glucose measurement were obtained 
from patients attending a routine diabetic clinic. Part of 
the sample was assayed within one minute of venesection 

by the meter method, the remainder being assayed by a 
reference laboratory method (Auto-analyser I continuous 
flow glucose oxidase/aminophenazone with dialysis; the 
between-batch coefficient of variation is 1.7 per cent 

at 5.01 mmol/litre and is 1.4 per cent at 17.06 mmol/ 

litre). 
To extend the range, additional samples were obtained 

from patients known to be hyperglycaemic and from 
patients undergoing insulin-induced hypoglycaemia in 

the course of pituitary function testing. 

Results 

Table 2 shows the analysis of the results obtained for each 

pair of individual monitor/strip systems over the three 
blood glucose ranges and also over the entire range. 

Table 2. Statistical comparison of the five meter/strip 
systems, r = correlation coefficient. Sy.x = standard 
deviation from regression. 

Regression Equation Sy.x 
Monitor r Intercept Slope mmol/1 

Range 0-6 mmol/litre 
Glucometer 0.97 

Hypocount 'A' 0.94 

Hypocount 'B' 0.93 

Glucochek 'A' 0.86 

Glucochek 'B' 0.83 

Range 6-12 mmol/litre 
Glucometer 0.87 

Hypocount 'A' 0.88 

Hypocount 'B' 0.91 

Glucochek 'A' 0.86 

Glucochek 'B' 0.86 

Range >12 mmol/litre 
Glucometer 0.92 

Hypocount 'A' 0.79 

Hypocount 'B' 0.97 

Glucochek 'A' 0.89 

Glucochek 'B' 0.88 

Range 0-26 mmol/litre 
Glucometer 0.98 

Hypocount 'A' 0.97 

Hypocount 'B' 0.99 

Glucochek 'A' 0.97 

Glucochek 'B' 0.95 

-0.19 1.02 0.35 

0.12 0.98 0.56 

0.91 0.85 0.51 

0.59 0.71 0.60 

1.64 0.64 0.57 

0.61 0.99 0.98 

-2.90 1.35 1.10 

0.09 1.01 0.69 

-1.83 1.19 1.12 

1.27 1.34 1.10 

5.43 0.64 0.97 

6.46 0.57 1.71 

2.26 0.86 0.81 

1.74 0.78 1.47 

10.14 0.41 0.89 

1.16 0.88 1.14 

0.92 0.89 1.57 

0.64 0.95 0.72 

0.68 0.84 1.32 

2.48 0.83 1.77 

Figs. 1-5 show scattergrams in which results obtained 
with individual monitor/strip systems are plotted against 
laboratory blood glucose. 

Glucose Range 0-6 mmol/litre. In this range the Glucometer 
produced results which correlated closest with the labora- 

tory blood glucose values (correlation coefficient 

(r) = 0.97) and also gave the narrowest scatter of results 
about the regression line (standard deviation from regres- 
sion, Sy.x = 0.35 mmol/litre). Good correlations were 

also obtained with Hypocount 'A' and 'B' monitors: 

however, the latter, like the Glucochek 'B', over-estimat- 
ed blood glucose values below 3 mmol/litre, whereas all 
three Dextrostix-based systems reliably detected hypogly- 
caemic samples. 

Glucose Range 6-12 mmol/litre. The Hypocount 'B' moni- 
tors correlated best with laboratory blood glucose and 

gave the smallest scatter of results in this range (r = 0.911, 

Sy.x = 0.69 mmol/litre). Correlation coefficients were 

lower for the Dextrostix-based systems, which also gave a 

wider scatter of results at the upper end of this range. The 

Glucochek 'B' monitors consistently over-estimated blood 

glucose in this range. 

Glucose Range> 12 mmol/litre. In this range, the Hypo- 
count 'B' monitors correlated best with laboratory values, 

gave the smallest standard deviation from regression and 
a regression slope closest to unity (r = 0.97, Sy.x = 0.81 
mmol/litre, slope = 0.86). Results with the Dextrostix- 

based systems were more widely scattered, as suggested 
by the larger standard deviation from regression (0.97- 
1.71 mmol/litre), and their regression slopes, like that of 
the Glucochek 'B' monitors, were less than 0.80. The pair 
of Hypocount 'A' monitors differed in their readings in 
this range, suggesting a difference in the calibration set at 
the time of manufacture. 

Glucose Range 0-26 mmol/litre. Since on occasions a meter 

reading was obtained despite a laboratory blood glucose 
above 22 mmol/litre, the range examined extended to 26 
mmol/litre. Over this range the Hypocount 'B' system 
gave a high correlation coefficient and a regression 
equation closest to that of the line of identity (r = 0.99, 
y = 0.64 + 0.95x, Sy.x = 0.72 mmol/litre). 

Discussion 

The study shows that the performance of an individual 

monitor/strip system is not uniform; thus calculation of a 

single correlation coefficient over the whole range of 

blood glucose values for each monitor, as assessed in some 

previous studies [9, 10], may not be the most satisfactory 
method of comparing systems. 

Using the criteria of correlation coefficient, slope and 

intercept of regression line, and standard deviation from 

regression, the Glucometer performed best at the lowest 

range (0-6 mmol/litre) whereas the Hypocount 'B' per- 
formed best in the middle (6-12 mmol/litre) and high 
(>12 mmol/litre) ranges. Above 12 mmol/litre those 
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Figs. 1-5. Scattergrams of blood glucose results for the five 
meter/strip systems plotted against laboratory blood glucose. 
The solid lines are the actual regression lines; the broken 
lines are the lines of identity. 
Solid and open circles depict measurements by each of a pair 
of meters. 
Conversion: SI to traditional units?Glucose: 1 mmol/ 
litre 18mg/100ml. 

Figs. 1-5. Scattergrams of blood glucose results for the five 
meter/strip systems plotted against laboratory blood glucose. 
The solid lines are the actual regression lines; the broken 
lines are the lines of identity. 
Solid and open circles depict measurements by each of a pair 
of meters. 
Conversion: SI to traditional units?Glucose: 1 mmol/ 
litre = 18mg/100ml. 
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systems employing Dextrostix gave a larger scatter of 

results and a regression slope of less than 0.8: above 18 
mmol/litre they frequently under-estimated blood glucose. 
The object of this study was to assess the accuracy of 

the systems when used strictly in accordance with the 

manufacturers' instructions, rather than to assess ease of 

use, hence a single experienced operator performed all the 
measurements. There are several other factors determin- 

ing the choice of a particular monitor[ll]. To date there 
have been no studies assessing patients' preference or 
ability to use the newer Hypocount and Glucometer 

systems. As a general comment, however, on the systems 
examined, the Glucochek system was found to be the 

simplest to use and the most portable; both these advan- 
tages are probably offset by the lack of a calibration 

system. The Hypocount systems, which correct for vari- 
ations in unused strip colour, were simpler to use than the 
Glucometer, which requires two-point calibration that is 

time-consuming and subject to error. 
This study suggests that the Hypocount 'B' would be 

preferred for general ward use and home blood glucose 
monitoring because of its relative ease of use and its 

accuracy over a wide range of blood glucose values, 

provided that readings below 3 mmol/litre are regarded as 
potentially hypoglycaemic. When used by trained staff, 
the Glucometer, because of its greater accuracy below 6 

mmol/litre, would be the preferred meter for managing 
insulin infusion systems. 
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