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Abstract

Glucometers are widely used in the diagnosis of blood glucose levels in patients with diabetes mellitus. EN ISO 15197 suggests that glucometer comparison studies should 
have 100 capillary blood samples be worked on at least twice. In this study, we planned on comparing the glucose results measured in a routine biochemistry analyzer from 
two different glucometers, capillary and venous blood samples, and aimed to discuss the effects of blood taking systems on the glucometer validation studies. Capillary 
and venous blood samples were taken from 101 individuals and their glucose concentrations measured simultaneously using two different glucometers (Accu-chek and 
GlucoMax). Capillary and venous blood samples were centrifuged after clotting and analyzed in the Roche P modular system. In the fasting condition, the equations 
for regression analysis that were found y=0,873x+24,32 (r=0,857) in between Accu-chek and venous blood glucose, y=0,9x+16,15 (r=0,920) in between Accu-chek and 
capillary blood glucose, y=0,811x+20,94 (r=0,776) in between GlucoMax and venous blood glucose, and y=0,851x+12,28 (r=0,863) in between GlucoMax and capillary 
blood glucose.In the postprandial state, the equations were y=0,713x+48,46 (r=0,258) in between Accu-chek and venous blood glucose, y=0,981x+11,77 (r=0,718) in 
between Accu-chek and capillary blood glucose, y=0,706x+39,12 (r=0,453) in between GlucoMax and venous blood glucose, and y=0,790+22,35 (r=0,787) in between 
GlucoMax and capillary blood glucose. In the fasting and postprandial state, the capillary glucose levels showed better correlation with glucometer measurements than 
venous blood glucose levels. In glucometer verification studies, capillary blood obtained with capillary blood sampling systems and used instead of venous blood should 
be the preferred sample.
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Introduction

In our current day, Diabetes Mellitus (DM) and its complications 
take its place as one of the primary causes of death. American 
Diabetes Association recommends the use of glucometers in order 
to reduce the complications related to poor glycemic control in 
DM patients [1]. The main advantages of glucometers are their 
practical use, showing results in a very short time and small 
amount of samples being sufficient for analysis [2]. However, it is 
important to compare the results of the glucometer with the results 
from the central laboratory. There have been many studies which 
compare the glucose results from the glucometer with the glucose 
results from the central laboratory and venous blood samples were 
used in most of these studies [3-7]. EN ISO 15197 suggests that 
the studies of glucometer verification should be conducted with 
at least 100 capillary blood samples [8]. In addition, for glucose 
measurement in routine biochemical analysis devices serum or 
plasma is used mostly and capillary blood is not used. 
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It can be difficult to draw venous blood from children, elderly and 
dehydrated patients. Moreover, stasis and hemolysis that occur 
after applying tourniquet for a long time affect the results of the 
analysis. In order to use on these patients, tubes that are 500-600 
µL and that assist to draw capillary blood samples have been 
developed. 

In this study, we aimed to compare two different glucometer 
glucose results with the venous and capillary blood glucose results 
measured in routine biochemical analyzers and to discuss the 
effect of the sample that is used in glucometer comparison studies.

Material and Methods

The study was conducted in Ankara Numune Training and Research 
Hospital, Biochemistry Clinic. Approval of ethics committee was 
obtained from Ankara Numune Training and Research Hospital. 
Capillary blood and venous blood samples were collected from 
101 volunteer subjects; their glucose concentrations were 
measured simultaneously with two different glucometers. Accu-
check Active (Roche Diagnostics, Germany) and GlucoMax TD-
4227 (TaiDoc Technology Corporation, Taiwan) glucometers 
were used for measuring glucose from the fingertip. Venous 
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samples were drawn to serum separator tubes, and the capillary 
blood samples were drawn to capillary tubes (BD Microtainer gel 
tube, BD Diagnostics, USA) by the dipsticks from the fingertip. 
After the coagulation was complete, capillary and venous blood 
samples were centrifuged for 10 minutes in 1300 g and their 
glucose levels were measured in the Hitachi P Modular Systems 
(Roche Diagnostic Germany) biochemical analyzer that was in our 
laboratory. For both devices, the imprecision study was performed 
with two levels of quality control solution.

Statistical analysis
Correlation analyses were carried out using Microsoft Office Excel 
2007. For Bias%; (Glucometer glucose – Laboratory glucose) / 
Laboratory glucose*100 formula was used.

Results

Of 101 samples taken from volunteer subjects, 81 were taken in 
fasting state, and 20 were taken in postprandial state. 

In the study of imprecisions that was conducted with two levels 
of quality control samples, for CV%; with Accu-chek Active 
60.3 mg/dL and for 168.05 mg/dL concentration; 3.44%, 2.36%, 
respectively, and with GlucoMax TD-4227 82.45 mg/dL and 
for 214.42 mg/dL concentration 6.51%, 3.44% have been found 
respectively. 

The bias% values of Accu-chek Active and GlucoMax TD-4227 
glucose results of fasting and postprandial state according to 
capillary and venous blood glucose results are shown in Table 1.

Table 1. Bias % of Accu-chek and GlucoMax glucometers compared to venous 
and capillary blood samples in fasting and postprandial state

Fasting state Postprandial state

Venous 
blood

Capillary 
blood

Venous 
blood

Capillary 
blood

Accu-chek +13.98 +6.99 +19.82 +7.63

GlucoMax +4.11 -2.26 +9.81 -1.36

Figure 1. Regression chart for Accu-Chek in the fasting state, A; Accu-chek with 
venous blood, B; Accu-chek with capillary blood

In regression analysis in fasting state, y=0,873x + 24,32 (r=0,857) 
equation between Accu-chek Active glucose and venous blood 
glucose, y=0,9x + 16,15 (r=0,920) equation with capillary blood 
glucose (Figure 1) and y=0,811x + 2094 (r=0,776) equation 
between GlucoMax TD-4227 glucose and venous blood glucose, 
y=0,851x + 12,28 (r=0,863) equation with capillary blood glucose 
(Figure 2) were found.

 

Figure 2. Regression chart for GlucoMax in the fasting state, A; GlucoMax with 
venous blood, B; GlucoMax with capillary blood
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Figure 3. Regression chart for Accu-Chek in the postprandial state, A; Accu-chek 
with venous blood, B; Accu-chek with capillary blood

With regression analysis in postprandial state, y=0,713x + 48,46 
(r=0,258) equation between Accu-chek Active glucose and venous 
blood glucose, y=0,981x + 11,77 (r=0,718) equation with capillary 
blood glucose (Figure 3), y=0,706x + 39,12 (r=0,453) equation 
between GlucoMax TD-4227 glucose and venous blood glucose, 
and y=0,790 + 22,35 (r=0,787) equation between capillary blood 
glucose (Figure 4) were obtained.

Figure 4. Regression chart for GlucoMax in the postprandial state, A; GlucoMax 
with venous blood, B; GlucoMax with capillary blood

Glucometers are used commonly in both hospitalized and 
outpatients of DM for the follow-up of glycemic control. It has 
been shown that 40% of type 1 DM patients, 26% of type 2 DM 
patients use glucometers at least once a day [6]. For the reliability 
of the results from glucometers, it is important to compare the 
results with central laboratory results. In our study, we compared 
two different glucometer results with central laboratory results 
using both capillary and venous blood samples. We found that both 
results of glucometer were more compatible with capillary blood 
results rather than venous blood results. Similarly, we found that 
both results of glucometer had lower bias % with capillary blood 
results compared to venous blood results.

GlucoMax had lower bias compared to Accu-chek Active in 
both fasting and postprandial states. Bias% of Accu-chek Active 
for venous blood sample; was +13.98, bias% for capillary blood 
sample; was +6.99. Bias % values we found for Accu-chek were 
higher than the study in which Accu-chek Comfort was compared 
to reference method YSI 2300. In this study, it has been reported 
that the bias % value in 144mg/dL glucose concentration was 
-5.1% [2]. 

In our study, it was seen that the results of Accu-chek Active was 
better correlated in capillary blood results when compared with 
venous blood (in fasting state r=0.920, r=0.857, in post-prandial 
state r=0.718, r=0.258 respectively) in both fasting and postprandial 
states. Similarly, GlucoMax TD-4227 glucose results in both fasting 
and postprandial states were more compatible with capillary blood 
results than venous blood results (in fasting state r=0.863, r=.0776, 
in postprandial state r=0.787, r=0.453). In postprandial state, while 
the correlation between venous blood glucose results of Accu-chek 
Active and GlucoMax TD-4227 decreased significantly compared 
to the fasting state, the correlation of capillary blood glucose 
between the results of Accu-chek Active and GlucoMax was better 
compared to venous blood. Different results have been found in 
similar studies conducted earlier. While Funk Dl, et. al. found a 
weak correlation between the capillary and venous blood glucose 
levels in fasting state [9], it has been found that there was a good 
correlation between venous and capillary blood samples in bed-
side glucometers in the emergency services in another study [10]. 

While the glucose results of Accu-chek Active was higher in both 
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venous blood and capillary blood results, the glucose results of 
GlucoMax was higher when compared to venous blood, and lower 
when compared to capillary blood. It has been shown that the 
glucose results of Accu-Chek Go are higher than Roche Modular 
System glucose results and Accu-chek Comfort Curve glucose 
results are higher than central laboratory venous blood glucose 
results [6,11]. In another study, glucose results of glucometer 
were found to be higher than arterial, capillary, and venous blood 
glucose results [12]. 

In a study conducted on healthy individuals with 75 gr glucose 
tolerance test, while venous and capillary blood glucose results in 
the 0. minute were similar, after glucose uptake, they found that the 
capillary blood glucose was significantly higher than venous blood 
glucose. They have emphasized that the glucose consumption rate 
in the tissues may result from the difference between capillary 
and venous blood [13]. In our study, it was observed that both 
glucometer results were higher in postprandial state compared to 
fasting state in terms of both venous and capillary blood. 

Conclusion 

The glucose results of GlucoMax and Accu-chek Active in 
fasting and postprandial states have been found more compatible 
compared to capillary blood results and venous blood results.

Limitations
The low number of samples taken from the postprandial state was 
the limitation of our study.
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