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INTRODUCTION 

Glucose is the main molecule involved in the 

direct energy input to carry out physiological 

processes
1
. Hence, maintaining adequate 

monosaccharide body levels is essential for 

regulating energetic metabolism and for 

maintaining homeostasis
2
.  
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ABSTRACT 

The objective of this work was to validate the analytical accuracy of an Accu-Chek Performa
®
 

glucometer to determine blood glucose in pigs, taking as reference the conventional laboratory 

(CM) method. It was used forty preprandial blood samples taken from sows (two samples/sow) 

with a live weight of 89.1±5.6 kg. The concordance degree between both methods was carried 

out by using Bland-Altman graphic procedures and estimation of Lin’s concordance correlation 

coefficient (CCC), and by using the established recommendations from the Clinical and 

Laboratory Standards Institute (CLSI). Glycemic averages were 77.1 and 76.4 mg/dL, with 95% 

confidence intervals between 71.5 and 82.9 mg/dL and 70.2 and 82.5 mg/dL for the glucometer 

method (GM) and CM, respectively. Both methods showed a linear relationship: r=0.99 and 

R
2
=0.97 (P<0.05). According to CLSI, glycemic results found using GM were considered as 

acceptable; results confirmed by the Bland-Altman analysis and Lin’s CCC (0.95; P<0.05). 

Hence, the hand-held human glucometer is a viable device for monitoring glucose in pigs not 

only by its accuracy, but also because it reduces both stress and costs during sampling in 

comparison to CM. 
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Currently, people‟s lifestyle changes also has 

brought glucose patterns changes, making it 

one of the most common metabolic 

pathologies
3,4

, and therefore blood glucose 

monitoring has become an everyday event
5
.  

 Similarity to humans in pigs (and 

other animals) it is required blood glucose 

levels changes evaluation in each 

physiological or pathologic stage in which 

they are
6
 to link these glucose levels with 

health or productivity of these species
7
. Thus, 

for example, blood glucose is directly related 

to feed intake
8
, fetus‟ development

9
; milk 

quality
10

; weight gain
11

, among other 

variables. For these reasons, it is fundamental 

monitoring glucose levels in pigs and, thus 

through these levels allowing farmers to 

control and to manipulate biological events 

inherent to this specie productivity
12

. 

 In general, blood glucose 

determination in farm animals under field 

conditions is difficult, mainly because of 

particular procedures related to its analysis 

such as animal restraining, sampling, analysis 

cost and stress caused
13

. In comparison with 

the process to determine blood glucose in 

humans, which is through a hand-held 

electronic glucometer with the following 

benefits: speed; minimum sample volume (0.6 

µL) reduces both time and financial 

investment for getting results
14,15

. In addition, 

the procedure to determine glucose with an 

electronic glucometer avoids effects of 

temperature, humidity or sample volume on 

the blood glucose measurement
3
. Such benefits 

would reduce the inconveniences in the 

determination of glucose in pigs, in addition 

observing procedures associated to animal 

welfare guidelines
13

. 

 Therefore, the hand-held electronic 

glucometer developed for human use can be an 

alternative in blood glucose measurements in 

farm animals, particularly pigs, because this 

specie has physiological similarities with 

humans. For this reason, the objective of this 

work was to validate analytical accuracy of an 

electronic glucometer (Accu-Chek Performa
®
) 

with glucose measurements in pigs, 

considering as a control method of blood 

glucose measurement a standard kit Clonatest 

Glucose MR
®
 in laboratory conditions. 

 

MATERIAL AND METHODS 

Animals and housing  

Twenty hybrid sows (York x Landrace x 

Pietrain) with a liveweight of 89.1±5.6 kg 

randomly selected from the productive herd.  

Five days before blood sampling, the sows 

were located in two groups of 10 animal in 

pens of 12 m
2
 equipped with automatic 

stainless steel hopper feeder, model IPASA 

CE181IF
®
  with dimensions of 78 cm long, 70 

cm wide and 121 cm high which equals a 

capacity of 160 kg capacity to feed 50 pigs. 

Water supply was using an automatic type 

drinker nipple; both, food and water were 

supplied at libitum strategy. 

Sampling and glucose determination  

After 8 hours fasting, two paired blood 

samples were taken at 8:00 a.m. (two per sow, 

n=40) to establish the differences between the 

evaluation methods. In order to determine 

blood glucose through the conventional 

laboratory method (CM), 5 ml of blood (n=20) 

was extracted from the jugular vein with a 5 

ml syringe capacity with a 20G and 2.0 inches 

hypodermic needle, once extracted, blood 

samples were stored in tubes BD Vacutainer
®
 

provided whith clot activator. Each sample 

was stored at 4° C until analysis 4 h after 

collection. The CM glucose determination 

requires removing the clot, centrifuging the 

supernatant at 3500 rpm for 10 minutes to 

obtain serum samples, and then processed 

according to manufacturer instructions.  

 The kit of blood glucose determination 

is an enzymatic colorimetric method based on 

the reaction of Trinder1, 2; glucose is oxidized 

by glucose oxidase (GOD) to D-gluconate 

with formation of hydrogen peroxide. In the 

presence of peroxidase (POD), phenol and 4-

aminoantipyrine (4-AA) is condensed by the 

action of hydrogen peroxide forming a 

quinoneimine network proportional to the 

glucose concentration in the sample
16

.  

 In relation to the electronic glucometer 

method (GM), it was required 0.6 µL blood 

samples per sow (n=20), which was taken 
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from the posterior auricular vein. The 

evaluation of blood glucose by GM was 

immediately after depositing the sample in the 

GM test strip. The GM uses a principle of 

electrochemical analysis, so, this method 

provides a high level of sensitivity and 

accuracy. 

Statistical analysis  

The results obtained by the CM and GM 

methods were analyzed using the statistical 

criteria of the Clinical and Laboratory 

Standards Institute
17

 same it based on paired 

“t” test. First, It was performed a Kolmogorov-

Smirnov test. Second, the outliers were 

identified comparing the absolute differences 

between each method; these differences must 

not exceed four times the value of the mean of 

the absolute differences. Third, if the 

correlation coefficient (r) was greater than or 

equal to 0.975, the range of values were 

considered as adequate and, therefore, linear 

regression parameter estimation can be 

performed. Fourth, it was estimated the slope 

and intercept for the data values, as well as, 

their respective 95% confidence intervals (CI). 

Finally, it was tested the systematic estimation 

error and CI in each method, according to 

levels of clinical decision for blood glucose, 

from the fitted linear regression equation.  

 Once met the five criteria, the 

concordance between both methods was 

assessed (CM vs GM) by Bland-Altman‟s 

graphical analysis, and Lin‟s concordance 

correlation coefficient determination (CCC). 

For these analyzes SAS statistical package was 

used
18

. 

   

RESULTS AND DISCUSSION 

The paired “t” test for the difference between 

glucose levels for the two determination 

methods was not statistically significant (P > 

0.05). The glucose average values were 77.1 

versus 76.4 mg/dL for GM and CM, 

respectively. The CI for the GM was between 

71.5 and 82.9 mg/dL, whereas it was between 

70.2 and 82.5 mg/dL for the CM. On the other 

hand, the coefficient of variation (CV) for the 

difference between both methods was only 

1.6%. (Table 1). With regard to the differences 

between the glucose values obtained by both 

methods, these were 2.5 mg /dL for the 

minimum values, 1.0 mg/dL for the maximum 

values and 0.7 mg/dL for the arithmetic mean. 

In this aspect, the CLIA
17

 establishes that, for 

glycemic quality specifications, values 

obtained by alternative methods, must not 

exceed 10% of variability relative to values 

reported by the conventional method or 5.4 

mg/dL, which agrees with the value found in 

this validation work. Therefore, the analyzed 

GM (Table 1) satisfies the quality standard 

stipulated by the CLIA. 

 In order to establish the feasibility of 

the validation of the GM to be used as an 

alternative in glycemic determination in pigs, 

the value of the CV differences found between 

both methods (1.6%; Table 1) was considered 

as acceptable. Since the maximum accepted 

CV value is 5% to validate a reliable 

alternative method
18

. In addition, the variation 

found (1.6%) between both methods was 

lower than that suggested by various 

international agencies to declare a method as 

reliable (Table 2). 

Table 1: Descriptive glycemia results obtained by glucose meter (Accu-Chek Performa
®
) and 

conventional method of laboratory (Glucose Clonatest MR
®
) 

 METHOD 

Values Clonatest Glucose MR
®

 Accu-Chek Performa
®

 

Values of glycemia minimum, mg/dL 54.9 57.4 

Values of glycemia maximum, mg/dL 104.0 105.0 

Arithmetic mean, mg/dL 76.4 

CI (70.2 a 82.5) 

77.1 

CI (71.5 a 82.9) 

Coefficient of variation 

Maximum, % 0 

Minimum, % 6.0 

Mean, % 1.6 
CI = confidence intervals 95%. 
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Poirier et al.
20

 classified methods as reliable 

and acceptable or unacceptable based on the 

variation contrasted with conventional 

methods. Thus, a glucometer is reliable when 

60% of the results are within the range 

±10%
20

. In this sense, an electronic glucometer 

for human use can be considered as a reliable 

method for glycemic levels determination in 

pigs (Table 2). 

 

Table 2: Quality specifications for glycemia according to various international standards 

International organization Quality criteria 

ADA 100% values ± 5% compared to the reference method. 

ISO 15197 95% values ± 15% for values ≤ 75 mg/dL 

100% values ± 20% for values ≥ 75 mg/dL 

CLIA Values obtained ± 10% o 5.4 mg/dL regarding values usual method. 

ADA: American Diabetes Association; ISO: International Organization for Standardization; CLIA: Clinical Laboratory 

Improvement Amendments. 

 
The results of the Kolmogorov-Smirnov test 

showed that, glycemic serum values obtained 

by GM and MC observed a normal distribution 

with probabilities of 0.177 and 0.121 for CM 

and GM, respectively, without finding values 

higher than one standard deviation. In 

addition, the Pearson correlation coefficient (r) 

was 0.99 (P<0.05) with a determination 

coefficient of 0.97, thus, indicating a strong 

linear association. This suggested that the 

analytical method maintained the ratio 

between the true glucose concentration and the 

response
21

. 

 It has been established
22

 that, for a 

calibration curve, Pearson‟s correlation must 

be equal or greater than 0.99, although, in the 

case of traces is supported a value equal to 

0.99. However, there are controversies about 

the implementation of the correlation 

coefficient to determine linearity in the 

validation of a method
21,22

. In this situation, 

Morón et al.
21

 indicated that the best indicator 

to establish the linearity in the validation of an 

analytical method, in replacement of Pearson‟s 

correlation coefficient is computing the 

probability at which it is statistically 

significant by using a Student „t‟ test (tr) with 

n-2 degrees of freedom. In this regard, results 

of this research showed that tr was significant 

(P = 0.05).  

In contrast to the tr method the Lin‟s 

concordance correlation coefficient (CCC), 

qualifies the association strengths as, almost 

perfect, considering values greater than 0.99; 

substantial, from 0.95 to 0.99; moderate, 0.90 

to 0.94 and poor, below 0.90
23,24

. In this 

research, the Lin‟s CCC was 0.9501 with CI 

95% from 0.9487 to 0.9532; which, suggest 

that glucose levels determinations in pigs 

obtained by GM is within the category of 

substantial concordance. Therefore, the 

implementation of the glucometer as 

alternative method in glycemic measurements 

in pigs can be considerable as viable 

considering the results already pointed out by 

this work (r, R
2
, tr and CCC). 

 Once fulfilled these criteria (r, R
2
, tr or 

CCC), it is necessary to use a linear regression 

equation to check the linearity of the 

measurement techniques that are assessed by 

evaluating how close are the observed points 

in comparison to the estimated straight line
21

. 

In this respect, the values of the linear 

equation coefficients were for the intercept 

5.9171 and for the slope 0.9321, both 

significant values (P < 0.05) by plotting the 

predicted and the observed values it suggests a 

strong relationship (Figure 1). 
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Fig. 1: Linear Estimation between conventional method (CM) of laboratory and glucose 

meter (GM) 

 

The concordance presented by statistical 

analyzes described above was also assessed by 

the Bland-Altman graphic method (Figure 2);  

in order to assess whether or not the 

differences between values found showed any 

relevance from the clinical point of view
3
. 

Results for the application of the Bland-

Altman graphic method showed a systematic 

bias of -0.73 mg/dL, and a limit of 

concordance between -13.53 and 12.07 mg/dL; 

values outside the limits that make the 

difference greater than  ±1.96 standard 

deviation were  not found . 

 

 

Fig. 2: Bland-Altman Graphic among of conventional method (CM) of laboratory and 

glucose meter (GM) 

 

The difference between CM and GM was 

constant at all glycemic levels, this according 

to Bland-Altman analysis (Figure 2). The 

minimum difference (P > 0.05) observed 

between CM and GM were probably because 

glucometer strips, were calibrated for whole 

blood glucose determination; while in the 

conventional laboratory method was used 

serum samples, which may show variation 

≤15%, which can be considered as 

acceptable
20,24

. 

CONCLUSIONS 

The electronic glucometer for human use 

(Accu-Chek Performa
®
) is a suitable method 
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to monitor pigs‟ glycemic levels not only for 

its accuracy but also because glucose 

determinations are carried out easily in this 

specie, it reduces both stress and sampling cost 

due to process, compared to conventional 

laboratory methods. 
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