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Abstract

Objective: The study aimed to evaluate the performance of the three gluco-
meters compared to standard the laboratory method (Cobas Integra 400 Plus)
in measuring blood glucose levels. Patients and Methods: A total of 100 Ye-
meni diabetic patients were randomly recruited into a comparative cross-
sectional study. Venous and finger-pricked blood samples were obtained
from all participants and used for blood glucose levels measurement follow-
ing the standard procedures. Results: The mean blood glucose levels for
one-hundred diabetic patients using the Gluco Contour TS and Gluco SD
Codefree were not significantly different compared with the Cobas Integra
400 Plus (12.14 + 6.89 mmol/L vs. 12.85 + 8.83 mmol/L, P = 0.159; 12.50 +
7.18 mmol/L vs. 12.85 + 8.83 mmol/L, P = 0.490), respectively. However,
there is a significant difference using the Gluco Alert device from that of the
Cobas Integra 400 Plus (11.83 + 6.94 mmol/L vs. 12.85 + 8.83 mmol/L, P =
0.046). Furthermore, using the ROC curve at a 95% confidence interval, the
Cobas Integra 400 Plus showed a significant agreement with the Gluco Con-
tour TS (51.4%), Gluco SD Codefree (50.4%), and Gluco Alert (39.3%), re-
spectively. For determining accuracy, the sensitivity of the glucometer devices
was the following: Gluco SD Codefree (87.3%), Contour TS (85.9%), and
Gluco Alert (78.9%). In this regard, the highest specificity was related to
Gluco Contour TS (65.5%). Conclusion: The correlation between both me-
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thods was good, with high sensitivity and specificity in measuring blood glu-
cose levels as indicated by the ROC curve. Thus, we suggest using these glu-
cometers at homes and hospitals as a point of care for diabetic patients.

Keywords

Diabetes Mellitus, Blood Glucose Levels, Glucometers, Cobas Integra 400
Plus Autoanalyzer

1. Introduction

Diabetes mellitus is one of the chronic metabolic disorders characterized by
hyperglycemia resulting from either defect in insulin secretion, insulin action, or
both [1]. Over 285 million people had diabetes in 2010 and are expected to reach
347 million in 2030 [2]. Retinopathy, nephropathy, neuropathy, and cardiovas-
cular disorders as complications of diabetes may cause premature death in di-
abetic patients. Furthermore, these complications would impose additional costs
on the family, community, and health care system [3]. Blood glucose level mon-
itoring is being recognized as a priority in treating critically ill diabetic patients
as it has helped reduce complications of diabetes [4] [5].

Today, regarding the importance of diabetes care management, the research-
ers have suggested “Self-Monitoring of Blood Glucose” (SMBG) to reduce the
burden and increase cost-effectiveness [6] [7]. SMBG is a process of blood glu-
cose checking by the patient known as a glucometer device. More than 44 mil-
lion tests are performed daily worldwide, at a global cost of >$8.8 billion per year
[8]. Glucometers are devices designed to measure the glucose concentration of
capillary blood obtained through a finger or heel puncture using a sterile lancet.
According to the American Diabetes Association (ADA), SMBG is commonly
applied three times a day [9].

The awareness of diabetic patients about the advantages of SMBG is rising.
However, the glucometer devices available in the market have some issues re-
garding their standardization and their credibility to check blood glucose. The
advantages of the glucometers include; small blood samples, simple utilization,
and cost-effectiveness. However, the precision and accuracy of the devices are
doubtful [10]. In this regard, the Center for Disease Control and prevention
(CDC) has determined an expected error of £20 mg/dl for blood glucose < 100
mg and £20% for blood glucose > 100 mg [10]. Accordingly, some of the gluco-
meter devices overestimate the blood glucose values; this makes it difficult to
make the best clinical decision by health care workers [11].

Regarding the popularity of glucometer devices since 1980, many researchers
demonstrated various credibility for these devices [12]; in this regard, some
shortcomings have been raised about glucometer accuracy and precision in the
fourth International Congress of SMBG application in 2011 [13]. The accuracy
and precision are affected by many factors, e.g., sampling faults, calibration,
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body temperature, vasodepressor medications, edema, and hematocrit [14] [15].
Currently, in Yemen, however, no data is available on the accuracy and preci-
sion of these devices; we selected three common glucometers that have flooded
the Yemeni market. These devices are Gluco Contour TS, Gluco SD Codefree,
and Gluco Alert. Thus, the study aimed to evaluate the performance of the men-
tioned glucometers compared to the laboratory standard method (Cobas Integra
400 Plus) in measuring blood glucose levels using blood samples taken from di-

abetic patients at the Ibn-Sina Hospital in Mukalla, Yemen.

2. Patients and Methods
2.1. Study Design and Population

A total of one hundred Yemeni Type two diabetic patients (35 males and 65 fe-
males) were randomly recruited into a comparative cross-sectional study. The
study was carried out at the National Center for the Public Health Laboratories
in Mukalla, Yemen. According to Cochran’s sample size determination formula,
the sample size was calculated using the prevalence of diabetes (6.57%) at a 95%
confidence interval [16]. We then added 10% to avoid sample bias. Diabetic pa-
tients were diagnosed based on medical history, regular anti-diabetic medica-
tions, or the American Diabetes Association (ADA) criteria [1]. Inclusion crite-
ria of the study were conscious, willing to participate in the study. Older than 18
years overnight fasting for at least eight hours having normal hematocrit, normal
serum total cholesterol based on the previous history and laboratory examina-
tions. In addition, patients with no coagulopathy disorders or taking vasocon-
strictor agents such as adrenaline and dopamine were included in the study. The
patients whose blood samples were hemolyzed were excluded. Patients were in-
troduced to the study protocol, and they gave voluntary informed written con-
sent. According to the Declaration of Helsinki, the study protocol was imple-
mented and granted by the Ethics Committee of the Medicine College, Had-

hramout University, Yemen.

2.2. Data and Sample Collection

The data collected using a self-administered pretested questionnaire was de-
signed by Medical Laboratory Sciences, Medicine and Health Sciences College,
Hadhramout University. The questionnaire focuses on socio-demographic data,
the history of diabetic patients, and questions about glucometer device usage.
Before data collection, the questionnaire is pretested. The questionnaire was
conducted on ten patients to check the understanding and applicability of the
questionnaire. Some linguistic modifications confuse problems based on the re-
sults, making them more effortless experiences and interpretations by the pa-
tients. Five milliliters of venous blood were taken from each participant after
overnight fasting. The blood sample collected in tubes without anticoagulants
then separated and stored at —20°C till analyses. Besides, one drop of blood was
taken from the capillary of fingers using a sterile lancet following standard pro-

cedures as described by the manufacturer’s directions. Capillary and venous
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blood samples were collected by trained medical laboratory techniques following

standard procedures.

2.3. Instruments

The glucometer devices used in the study are Gluco Contour TS (Japan), Gluco
SD Codefree (Korea), and Gluco Alert (China). The glucometer devices are veri-
fied by the American Diabetes Association (ADA) and Committee Europe (CCE)
organization guidelines. Blood glucose concentration was measured using the
Cobas Integra 400 Plus autoanalyzer (Roche Diagnostics, Mannheim, Germany).
The Cobas Integra 400 Plus autoanalyzer calibration was evaluated by checking
the system using a solution, namely “control samples”. Capillary and venous
blood glucose levels were measured according to the standard procedures de-
scribed by the manufacturer’s instructions of the mentioned glucometer devices

and Cobas Integra 400 Plus autoanalyzer.

2.4. Statistical Analysis

Data were analyzed using SPSS Statistical Package (version 24). The Shapiro test
was used to analyze the normal distribution of the continuous variables. Paired
sample T-test was applied to specify the precision and Kappa agreement coeffi-
cient to compare the agreement between the three glucometer devices. Its score
is between —1 to +1; more score indicates more reliability. We also used ROC
curve analysis to demonstrate the sensitivity and specificity to show the accuracy
of these glucometers (the area under each ROC curve). P-value < 0.05 was con-

sidered statistically significant at a 95% confidence interval.

3. Results

Opverall, 100 patients, 35 are males, and 65 are females with a mean age of 45.39
* 7.56 (Table 1). The blood glucose levels of diabetic Yemeni patients enrolled
in this study were measured using the three different glucometer devices versus
the standard laboratory method (Cobas Integra 400 Plus) at the National Center
for Public Health Laboratories of Mukalla, Yemen.

Our results didn’t show any significant statistical difference between Gluco
Contour TS and Gluco SD Codefree compared with Cobas Integra 400 Plus au-
toanalyzer (12.14 + 6.89 mmol/L vs. 12.85 = 8.83 mmol/L, P = 0.159; 12.50 +
7.18 mmol/L vs. 12.85 + 8.83 mmol/L, P = 0.490) respectively. However, blood
glucose levels using the Gluco Alert device was significantly lower than the Co-
bas Integra 400 Plus autoanalyzer (11.83 + 6.94 mmol/L vs. 12.85 + 8.83
mmol/L, P = 0.046) (Table 2), indicates an acceptable precision of Gluco Con-
tour TS and Gluco SD Codefree glucometers.

According to the results of Pearson’s correlation coefficient, there was a posi-
tive correlation between the three glucometer devices compared to the Cobas
Integra 400 Plus autoanalyzer (Gluco Contour TS; r = 0.826, P< 0.001, Gluco SD
Codefree; r = 0.827, P < 0.001, and Gluco Alert; r = 0.822, P < 0.001) (Figures

1(a)-(c)).
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Table 1. Baseline characteristics of the participants.

No. (100) Mean + SD Frequency (n) Percentage (%)
Age (years): 45.39 +7.56
Age categories (years):
<40 36 36
41-50 36 36
>51 28 28
Sex:
Male 35 35
Female 65 65

Table 2. Comparison of the mean blood glucose levels between the glucometers and Co-

bas Integra 400 Plus autoanalyzer.

Mean + SD T P-value

Gluco Contour TS vs.

12.14 £ 6.89 vs. 12.85 + 8.83 1.41 0.159
Cobas Integra 400 Plus
Gluco SD Codefree vs.

12.50 £7.18 vs. 12.85 + 8.83 0.69 0.490
Cobas Integra 400 Plus

Gluco Alert vs.
11.83 £6.94 vs. 12.85 + 8.83 2.01 0.046

Cobas Integra 400 Plus

Data are presented by mean + standard deviation (SD). Paired sample T-test was used to

compare between the mean values of Cobas Integra 400 Plus autoanalyzer vs. Gluco

Contour TS, Gluco SD Codefree and Gluco Alert devices at 95% confidence interval and

the differences were considered statistically significant if 2 < 0.05.

30.004

20.004

10.004

Gluco Contour TS (mmol/L)

r=0.826
p <0.001

0.00-
T T T T T
0.00 10.00 20.00 30.00 40.00
Cobas Integra 400 Plus autoanalyzer (mmol/L)
(a)
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Figure 1. Correlation between blood glucose levels measured using glu-
cometers and Cobas Integra 400 Plus autoanalyzer.
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Furthermore, ROC curve indicates the overall sensitivity and specificity of the
three different glucometers compared with Cobas Integra 400 Plus autoanalyzer
using ROC curve at 95% confidence interval (Table 3 and Figure 2). Although
the sample is small in size, the Cobas Integra 400 Plus autoanalyzer showed a
significant agreement with Gluco Contour TS (51.4%), Gluco SD Codefree (50.4%),
and Gluco Alert (39.3%), respectively. For determine the accuracy of the gluco-
meters, the sensitivity of Gluco SD Codefree (87.3%), higher than Contour TS
(85.9%) and Gluco Alert (78.9%), respectively. In this regard, the highest speci-
ficity was related to the Gluco Contour TS (65.5%).

ROC Curve
1.0
77 Source of the
e Curve
g = TS
§ SD
0.8 = Alert
ﬁ . — Reference Line
g 0.6 J
>
£ .
£ 0.4+
0.24 =
0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0
Specificity (%)

Diagonal segments are produced by ties.

Figure 2. The area under the curve by using ROC curve analysis.

Table 3. Sensitivity, specificity and accuracy of the glucometers in measuring blood glu-
cose levels.

Sensitivity  Specificity Accuracy Kappa

Glucometers (%) %) (%) coefficient (%) P-value
Gluco Contour TS 85.9 65.5 77.1 51.4 <0.001
Gluco SD Codefree 87.3 62.1 75.4 50.4 <0.001

Gluco Alert 78.9 62.1 74.8 39.3 <0.001

ROC curve indicates the overall sensitivity and specificity of three different glucometer
devices in comparison with the Cobas Integra 400 Plus autoanalyzer using ROC curve at
95% confidence interval. The differences were considered statistically significant if P <
0.05.
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4. Discussion

Self-monitoring of blood glucose (SMBG) using glucometer devices as an essen-
tial part of diabetes care is increasing because it is an easy to perform and
cost-effective approach [6]. However, conflicting data have been observed con-
cerning the accuracy of these devices [17] [18] [19]. Thus, the current study was
performed to evaluate the performance of three different glucometers (Gluco
Contour TS, Gluco SD Codefree, and Gluco Alert) by comparing them with the
standard laboratory method (Cobas Integra 400 Plus) in measuring blood glu-
cose levels at the National Center for the Public Health Laboratories in Mukalla,
Yemen.

Previous studies reported that no statistically significant irrespective of the
diabetes status [20] [21] [22] [23], but they agree with the current study. How-
ever, other studies reported that the glucometer generally produced lower glu-
cose readings than the standard laboratory method [24] [25]. Although the glu-
cometer devices and the standards for comparisons in these studies are different,
the principles of the test are the same. They, therefore, make our results are
comparable to the findings of these studies.

Blood glucose levels in the capillary differ from those in the veins. Venous
plasma glucose level is the estimated glucose after utilization of glucose by tis-
sues. It depends on the extent of tissue extraction of glucose and the effect of in-
sulin and insulin counterregulatory hormones [21]. In addition, the difference in
blood glucose levels recorded by the glucometers and the standard laboratory
method may be accounted for partly by many factors such as sampling faults, ca-
libration, body temperature, vasodepressor medications, edema, and hematocrit
[14] [15] [19].

Similarly, many investigators in the Intensive Care Evaluation and Survival
Using Glucose Algorithm Regulation (NICE-SUGAR) study found that the spe-
cific lots of the glucometer strips varied considerably in their susceptibility to
loss accuracy because of variation in hematocrit. They hypothesized that some of
the true blood glucose levels in the hypoglycemic range might have been missed
because of falsely elevated glucometer readings [26].

Moreover, estimation of blood glucose levels by glucometers may give outliers
values which may cause medical errors by patients, their family members, or
their care providers. Unfortunately, the International Organization for Standar-
dization (ISO) and U.S. Food and Drug Administration (FDA) allows up to 5%
of values obtained by the glucometers to be outliers of any degree of magnitude
[27]. However, our results showed a good correlation between the glucometers
and the Cobas Integra 400 Plus autoanalyzer. Thus, the glucometers used in this
study are relatively accurate in measuring blood glucose levels irrespective status
of diabetic patients. These findings agree with some studies conducted by [23]
[28], who found similar levels of correlation between the glucometer and the
standard autoanalyzer. In contrast, a study conducted by [29] found a weak cor-

relation between both methods in determining neonatal hypoglycemia.
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A rather exciting finding observed in this study is that the ROC curve showed
the glucometers to be an even better method than the autoanalyzer indicated by
the area under the curve because the area under the ROC curve represents a
measure of discrimination to classify correctly those with and without the dis-
ease. Overall, the above findings indicated that the glucometers can still be used
for SMBG as a point of care for diabetic patients; the standardization of these

glucometers be given attention in policies geared toward diabetes care.

5. Conclusion

The current study found the correlation between glucometer and standard la-
boratory methods, with high sensitivity and specificity in measuring blood glu-
cose levels as indicated by the ROC curve analysis. However, further studies with
larger samples are recommended to confirm the reliability of such glucometers

as a point of care for diabetic patients.
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