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Blood glucose monitoring is vital for diabetes management, with nurses playing a key role in

glycemic monitoring and patient education. Despite their widespread use, the precision, accuracy

and agreement of fingerprick glucometers with laboratory standards remain a significant concern.
Discrepancies arise from multiple sources such as differences in sample type (whole blood vs. serum)
and enzymatic technologies, potentially leading to clinical errors. Current international standards like
ISO 15,197 have been insufficient in ensuring reliable device performance. Therefore, we need more
rigorous benchmarking standards to assess their safety and reliability. This study aimed to evaluate
the analytical and clinical accuracy, precision, and agreement of the glucosureSTAR point-of-care
(POCT) glucometer against the standard laboratory method in diabetic and non-diabetic patients,
following the 1ISO 15197:2013 standards. A cross-sectional study was conducted on 589 participants
(136 diabetic and 453 non-diabetic). Paired blood glucose measurements were taken using the
glucosureSTAR glucometer (glucose oxidase method) and a Roche Hitachi 917 laboratory analyzer.
Analytical accuracy was assessed against SO 15197:2013 criteria (+ 15 mg/dL for values <100 mg/

dL, +15% for values 2100 mg/dL). Clinical accuracy was evaluated using Parkes and Clarke Error Grid
Analyses. Agreement was statistically analyzed using Bland-Altman plots, Passing-Bablok regression,
and the Concordance Correlation Coefficient (CCC). Precision was tested via the coefficient of variation
from 20 repeated measurements on three samples. Diagnostic performance was assessed using

ROC curve analysis. The analytical accuracy of the glucometer marginally met the ISO 15197:2013
criteria (95.1% of results within +15 mg/dL or +15%). While clinical accuracy was acceptable (100%

of points in Parkes error grid zones A/B), significant systematic error was observed. The device
consistently underestimated blood glucose (mean bias: -3.3 mg/dL; 95% LoA: -38.7 to 32.1 mg/dL)
with poor absolute agreement (CCC=0.886). Precision failed ISO requirements at medium and high
concentrations. ROC analysis revealed suboptimal diagnostic performance for detecting diabetes
(AUC=0.816; sensitivity = 62.18%, specificity =93.26% at > 124 mg/dL cut-off). In conclusion, while the
glucosureSTAR glucometer demonstrated acceptable clinical risk assessment with 100% of readings
in clinically acceptable error grid zones, it showed significant limitations in analytical performance.
The device exhibited systematic underestimation, wide variability, and failed to meet precision
requirements at medium and high glucose concentrations. With 95.1% of the data points falling within
the acceptable range by 1ISO015197:2013, and suboptimal diagnostic accuracy (sensitivity: 62.18%),
this device should not be considered suitable for diagnostic purposes or therapy adjustment. It may be
used with caution for trend monitoring in known diabetic patients where rapid results are prioritized
over absolute accuracy but cannot replace standard laboratory methods when precise measurement is
critical.
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Blood glucose monitoring has been recognized as one of the principal methods for diabetes management and
treatment in recent decades'. Consequently, diverse business models have been developed with the aim of
expanding the variety of blood glucose measurement tools utilizing various technologies®*. The primary objective
of these advancements is to facilitate the process of monitoring blood glucose levels, enhance the accuracy and
efficiency of monitoring, and ultimately prevent healthcare costs and disabling complications associated with
diabetes>*. A wide spectrum of equipment, ranging from laboratory devices to advanced statistical algorithms,
is capable of predicting blood glucose levels and alerting to the occurrence of hypoglycemic and hyperglycemic
conditions®~”. Nevertheless, fingertip glucometers continue to be widely used as common and trusted tools in
healthcare settings by medical staff and patients alike>®.

Decisions regarding therapeutic interventions for hypoglycemic or hyperglycemic episodes are frequently
made based on results from these devices, frequently by nurses, pre-hospital emergency medical personnel,
and patients”!?. Nurses in particular play a fundamental role in the management and care of diabetic patients
by relying on the latest guidelines and scientific evidence provided by regulatory bodies. Therefore, we must
ensure that nurses understand their key role in monitoring and controlling patients’ blood glucose, properly
educating patients, and enhancing the necessary skills for patients to measure and interpret their own blood
glucose results'!~!*. Nurses must also be aware of potential drawbacks to different testing methodologies and
devices. The goal of this paper is to understand whether fingerstick devices are appropriate for meeting the needs
of blood glucose monitoring and decision-making.

Background

Nurses assist patients in gaining greater independence in managing their condition through regular and precise
self-monitoring of blood glucose, thereby preventing the occurrence of acute and chronic complications of
diabetes. This approach ultimately leads to improved treatment adherence, effectiveness of clinical interventions,
and, consequently, patient health and quality of life!""!2. In recent decades, blood glucose self-monitoring has
been recognized as a key strategy in diabetes management, as patients who continuously track their blood
glucose results are not only more adherent to treatment and self-adjustment of glucose-controlling medications
but are also able to take preventive measures when necessary to avoid hypoglycemic events'>. Existing evidence
highlights the significance of this strategy and confirms the undeniable responsibility of nurses in educating,
guiding, and supporting patients throughout this process®!“.

Studies conducted over the past decade on the accuracy and precision of results from these devices have
raised questions about the reliability of the data they provide!®. In a recently published study, glucometers were
evaluated in terms of accuracy, precision, level of agreement, and limits of agreement. The findings demonstrated
that despite considerable efforts by manufacturers to improve the precision of these devices, their performance
still fell below acceptable levels!®. These errors can lead to incorrect or suboptimal therapeutic decisions, such
as inappropriate medication dosage adjustments, which are contributing factors to glycemic emergencies'”. The
evaluation of performance of glucometers is guided by the ISO 15,197 guideline, as recommended by the World
Health Organization'®. However, a large-scale study conducted in 2025 on 56 different brands used by 4,918
participants revealed questionable performance in terms of accuracy and clinical reliability, despite these devices
having been certified under ISO 15,197'°. These findings highlight the necessity for revising and improving the
evaluation methods and quality of glucometers in both diabetic and non-diabetic patients®!°.

Glucometers typically measure blood glucose levels using whole blood samples, whereas laboratory results
come from a range of sample types including blood serum, plasma and whole blood®!. Glucometers employ
various enzymatic technologies such as glucose oxidase and glucose dehydrogenase for these measurements.
This inherent difference in both sample type and enzymatic technology is a major factor contributing to
the discrepancies and variability in results between these two methods, as well as among different types of
glucometers?.

This study was designed to evaluate the accuracy, precision, and agreement of a glucometer compared to
the standard laboratory method based on ISO 15197:2013 criteria in an Iranian population. The differences in
measurement methodologies between different glucometers and between glucometers and standard laboratory
tests leaves significant questions as to the trustworthiness of glucometer measurements in guiding treatment
decision making. Although relevant guidelines address numerous factors that can influence glucometer
measurements—including user technique, hemoglobin levels, medications, and other variables—these factors
alone cannot sufficiently account for the systematic differences observed between the two measurement
methods?!. Thus, we argue that there is a need to more rigorously evaluate the accuracy and precision of
glucometers in comparison to standard laboratory methods"!® to ensure nurses understand the potential
challenges these devices create in effective patient care.
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Methodology

Study design

This research employed a cross-sectional design and was carried out in June 2025. The reporting of the study was
guided by the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement?2.

Methods
In this study, 589 participants referred to Dr. Shafaei Pathology Laboratory, both with and without diabetes, were
enrolled for blood glucose measurement. Subjects were recruited using a convenience sampling method over a
14-day period during June 2025. Of these, 136 were diabetic and 453 were non-diabetic. Diabetic patients were
identified based on self-reported previous medical diagnosis, while non-diabetic participants had no known
history of diabetes. The inclusion criteria were as follows: age above 18 years, hemodynamically stable condition,
and confirmed diabetic or non-diabetic status. Exclusion criteria included: recent consumption of vitamin C
or medications known to cause hyperglycemia, such as corticosteroids, and the presence of any acute stressful
condition such as severe infection, recent surgery, or trauma. After assessing eligibility and obtaining informed
consent, blood glucose measurement was performed using the venous samples collected for laboratory analysis.
Blood glucose levels were measured using the glucosureSTAR point-of-care glucometer (A. Menarini
Diagnostics, Florence, Italy)*, which employs the glucose oxidase enzymatic technique. Quality control for the
glucometer was performed using a normal control solution with a glucose value of 108 mg/dL and an acceptable
range of 89-127 mg/dL. Although the device’s primary intended use is for capillary whole blood, for the purpose
of direct comparison, we used fresh venous whole blood samples collected in clot activator tubes at the time of
phlebotomy. This immediate measurement by the glucometer served as the baseline value, minimizing the effect
of glycolysis. Within 30-60 min after collection, samples were centrifuged to halt further glucose metabolism
by blood cells. This time frame for centrifugation is in accordance with standard laboratory protocols to prevent
significant glycolytic loss, which typically occurs at a rate of approximately 5-7 mg/dL per hour (approximately
0.3 to 0.6 mmol/L per hour) in non-centrifuged samples at room temperature. All samples were analyzed in
the laboratory within 5 h using a Roche Hitachi 917 analyzer and a glucose oxidase kit (Lot: 17410224) in the
laboratory.

Metrological traceability and quality control

Metrological traceability for the reference laboratory method (Roche Hitachi 917) was established through
calibration traceable to higher-order reference methods (Isotope Dilution Mass Spectrometry, ID-MS). Internal
quality control (IQC) was performed daily using two levels of commercial control materials (Roche Precinorm
U and Precipath U) to verify analytical performance. The laboratory also participates in the Iranian External
Quality Assessment Scheme (IEQAS). The same primary calibrator batch (Roche Glucose Calibrator, Lot:
17410224) was used for all tests throughout the study to maintain consistency and minimize calibration-related
variability.

The glucosureSTAR POCT glucometer (A. Menarini Diagnostics) utilizes factory calibration traceable to a
reference method based on YSI (Yellow Springs Instruments) technology. It is recognized that even traceable
comparator methods can have different calibration profiles, which is a potential source of systematic difference
between the methods.

Demographic and background variables were collected at the same time the phlebotomy sample was
collected. These included gender, educational level, marital status, body mass index (BMI), smoking status,
alcohol or substance use, and pregnancy status, were recorded. In addition, clinical and contextual variables
were documented, such as lipid profile, complete blood count (CBC), hemoglobin level, hematocrit, uric acid
level, inflammatory markers, current medications, and ambient temperature and humidity.

Data analysis
Continuous variables were summarized presenting mean and standard deviation, while categorical variables
were summarized using frequency and percentage.

All blood glucose measurements—using both the glucometer and the standard laboratory kit—were
performed by a single operator. Therefore, the intraclass correlation coefficient (ICC) was calculated to assess
the reliability or agreement between the two methodologies. An ICC value above 0.90 is generally considered
excellent®.

Agreement and reliability

The agreement between blood glucose measurements obtained from the glucometer and the standard laboratory
kit was evaluated using a Bland-Altman plot. Subsequently, the Coefficient of Repeatability (CR) was calculated,
defined as 1.96 times the standard deviation (SD) of the differences between the two measurement methods?’.

Due to the sensitivity of proportional changes between techniques to non-normality, nonlinear relationships,
and outliers, agreement was further assessed using Passing-Bablok regression. This is a nonparametric regression
method that is robust against outliers and does not assume normality, constant variance ratios, or specific
sampling distributions, while accommodating imprecision in both measurement procedures®. A prerequisite
for applying this method is a strong correlation between measurements, as evaluated by Kendall’s Tau coefficient,
where an absolute value of T > |0.7] is considered strong?’.

Passing-Bablok regression was used to quantify systematic (intercept A) and proportional (slope B)
differences between the two methods. Agreement is indicated if the 95% confidence interval for A contains 0 and
for B contains 1.02?°. The cumulative sum (CUSUM) linearity test was applied to assess whether residuals were
randomly distributed around the regression line; a p-value < 0.05 suggests significant deviation from linearity,
warranting further investigation?.
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Additionally, the concordance correlation coefficient (CCC)** was computed to evaluate absolute agreement,
assessing the degree to which paired measurements aligned with the line of identity (45° line). The CCC
incorporates precision (Pearson’s r) and accuracy (bias correction factor Cb). Values were interpreted as follows:
>0.99 (almost perfect), 0.95-0.99 (substantial), 0.90-0.95 (moderate), and < 0.90 (poor)3'.

Clinical accuracy assessment

The clinical accuracy of the POCT glucose meter was evaluated by comparing its results against the reference
method (laboratory glucose measurement)2. The comparison was performed using Parkes (Consensus Error
Grid Analysis for Type 1 diabetes)*® and Clarke Error Grid Analyses (EGA)*, which are standard methodologies
for assessing the clinical significance of glucose measurement errors®>3>.

Analytical accuracy was first assessed against the ISO 15197:2013 criteria [5]. According to these standards,
for glucose concentrations < 100 mg/dL, 95% of the POCT results must be within + 15 mg/dL of the laboratory
reference value, and for concentrations > 100 mg/dL, 95% of the results must be within + 15% of the reference
value'8,

Subsequently, clinical accuracy was determined using both the Parkes and Clarke Error Grids. For a device to
be clinically acceptable, a minimum of 99% of its data points must fall within clinically acceptable zones (zones
A and B) of the respective error grids'®*.

Precision (repeatability) assessment

The repeatability (intra-assay precision) of the point-of-care glucose meter was assessed in accordance with clause
6.3 of the ISO 15197:2013 standard>>. A single venous whole blood sample anticoagulated with EthylineDiamine
Tetraacetic Acid (EDTA) was used for each test, as recommended for such evaluations®”-*. Twenty*® consecutive
measurements were performed for each of the three sample pools, which had reference glucose concentrations
established by the laboratory method covering low (47 mg/dL), medium (94 mg/dL), and high (165 mg/dL)
ranges'®32. The entire process for each sample was completed within a short time frame to preclude any potential
change in the actual glucose concentration'®*2,

Precision was statistically evaluated by calculating the mean, standard deviation (SD), and coefficient of
variation (CV%) for the 20 measurements at each level'®*°, The Coefficient of Variation (CV%) was calculated
for each level using the formula:

CV% = (Standard Deviation/Mean) x 100.

Even though The ISO 15197:2013 standard does not specify particular criteria for measures of precision, yet
the acceptance criteria according to conventions as in the study of Ronald Brazg et al.l (2013) for repeatability is
stated as a binary pass/fail similar to what follows: a standard deviation of < 5 mg/dL for glucose concentrations
less than 100 mg/dL and a coefficient of variation of < 5% for glucose concentrations equal to or greater than
100 mg/dL*. Stefan Pleus et al. (2024), set even stricter thresholds for a device to pass the repeatability check*!.

ROC curve analysis for diagnostic accuracy
Receiver operating characteristic (ROC) analysis was performed to evaluate the diagnostic accuracy of the
glucometer in distinguishing between diabetic and non-diabetic participants*2. The analysis yielded measures
including sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV)%. The
optimal cut-off point for the glucometer readings was determined by maximizing Youden’s Index (J), calculated
as ] = Sensitivity + Specificity - 1**. This method identifies the threshold value that best balances the trade-off
between true positive and true negative rates, minimizing overall misclassification. The area under the ROC
curve (AUC) was computed as a global measure of the glucometer’s discriminatory power, where an AUC of 1.0
represents perfect discrimination and 0.5 represents a test no better than chance®.

All analyses were performed using IBM SPSS Statistics (v26) and MedCalc (v20.015), with statistical
significance set at a=0.05 (two-tailed).

Results

Of the 589 participants, there were 406 men (68.9%) and 183 women (31.1%). The mean blood glucose measured
by laboratory standard and POCT was 106.40 mg/dL (SD: 38.60) and 109.71 mg/dL (SD: 38.19) for the men
and women, respectively. The following sections present analyses separately for participants without and with
diabetes.

Method comparison between POCT glucometer and standard laboratory method

The agreement between the POCT glucometer and the standard laboratory method for measuring fasting
blood glucose (FBG) was evaluated across three distinct cohorts: (1) individuals without diabetes (n=453), (2)
individuals with diabetes on anti-diabetic medication (n=136), and (3) the total combined cohort (N =589).
Method comparison was performed using Kendall’s Tau correlation, Bland-Altman analysis, Passing-Bablok
regression, and CCC (Table 1; Figs. 1 and 2, and 3).

Participants without diabetes
In individuals with no history of diabetes and not using anti-diabetic medications, the results of these analyses
are summarized in Table 1; Fig. 1.

Bland-Altman analysis revealed a mean bias of —3.80 mg/dL (95% CI: —5.39 to —2.20), indicating that the
POCT glucometer readings were consistently lower than laboratory values. The limits of agreement were wide,
ranging from —35.57 mg/dL (95% CI: —38.30 to —32.84) to 27.97 mg/dL (95% CI: 25.24 to 30.70). Regression
analysis of differences versus means showed no significant proportional bias (Slope = —0.08, p=0.056). The
coeflicient of repeatability was 32.59 (95% CI: 30.48 to 35.03). This indicates that the difference between two

Scientific Reports |

(2025) 15:44517 | https://doi.org/10.1038/s41598-025-28009-2 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

LABFBS - POCTFBS

Analysis parameter

Without diabetes

With diabetes

Total cohort

Sample size

453

136

589

Bland-Altman analysis

Mean bias, mg/dL (95% CI)

-3.80 (-5.39 to -2.20)

-1.64 (-5.90 to 2.60)

-3.30 (-4.87 to -1.74)

Limits of agreement, mg/dL

-35.57 t0 27.97

-47.15 to 43.85

-38.66 to 32.04

Proportional bias (Slope, p-value)

-0.08 (p=0.056)

0.028 (p=0.464)

0.01 (p=0.60)

Coefficient of repeatability (95% CI)

32.59 (30.48 to 35.03)

45.42 (40.27 to 52.09)

35.91 (33.85 to 38.25)

Correlation

Kendall’s Tau (95% CI)

0.332 (0.261 to 0.396)

0.668 (0.570 to 0.736)

0.510 (0.435 to 0.541)

Passing-Bablok regression

Regression equation

POCT = 39.28 + 0.56 x Lab

POCT =0.17 + 0.98 x Lab

POCT =18.73 + 0.79 x Lab

Intercept, A (95% CI)

39.28 (32.31 to 45.25)

0.17 (-12.08 to 12.54)

18.73 (12.70 to 24.64)

Slope, B (95% CI)

0.56 (0.50 to 0.63)

0.98 (0.89 to 1.07)

0.79 (0.73 to 0.85)

Residual standard deviation

12.64

16.52

14.29

Cusum test (Linearity)

P=0.01

P =047

P <0.01

Concordance analysis

CCC (95% CI) 0.679 (0.624 to 0.728) 0.916 (0.882 to 0.941) 0.886 (0.866 to 0.903)
Precision (Pearson’s p) 0.693 0917 0.890
Accuracy (Cb) 0.980 0.999 0.996

Table 1. Comprehensive method comparison analysis across study cohorts.
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Fig. 1. Bland-Altman plot (left) and Passing-Bablok regression analysis (right) comparing the POCT

glucometer and laboratory method in individuals without diabetes and not using anti-diabetic medications
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Fig. 2. Bland-Altman plot (left) and Passing-Bablok regression analysis (right) comparing the POCT

glucometer and laboratory method in individuals with diabetes using anti-diabetic medications (n=117).
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Fig. 3. Bland-Altman plot (left) and Passing-Bablok regression analysis (right) comparing the POCT
glucometer and laboratory method in the total cohort of diabetic and non-diabetic participants (n=515).

repeated measurements on the same individual could be as large as 32.59 mg/dL, highlighting substantial
variability that is not ideal for a clinical monitoring device.

Kendall's Tau coefficient was 0.332 (p <0.0001; 95% CI: 0.261 to 0.396), indicating the expected statistically
significant moderate monotonic relationship between the POCT glucometer and laboratory method.

The Passing-Bablok regression analysis revealed significant systematic differences between the methods,
described by the equation: POCT FBS=39.28+0.56 x Lab FBS. The analysis demonstrated a constant error,
with an intercept significantly different from zero (A=39.28; 95% CI: 32.31 to 45.25), indicating a fixed and
relatively large bias between the methods. Additionally, a proportional error was observed, as the slope was
significantly less than 1 (B=0.56; 95% CI: 0.50 to 0.63), reflecting an increasing underestimation by the POCT
device at higher glucose concentrations. The random differences, quantified by a residual standard deviation of
12.64 (£1.96 RSD interval: —24.79 to 24.79), indicated considerable variability in the differences between the two
methods. Furthermore, the Cusum test for linearity indicated a significant deviation from linearity (P=0.01),
suggesting that the relationship between the methods may not be adequately described by a straight line.

The Concordance Correlation Coefficient (CCC) was 0.679 (95% CI: 0.624 to 0.728), indicating poor
agreement according to the pre-defined criteria discussed previously. The bias correction factor (Cb=0.980)
confirmed excellent accuracy, while Pearson’s p (0.693) indicated good precision.

Participants with diabetes
In individuals with diabetes using anti-diabetic medications, the results are summarized in Table 1; Fig. 2.

Bland-Altman analysis showed identical mean bias of —1.64 mg/dL (95% CI: —5.90 to 2.60). The limits of
agreement were wide, ranging from —47.15 mg/dL (95% CI: —54.44 to —39.86) to 43.85 mg/dL (95% CI: 36.57
to 51.14). No significant proportional bias was found (Slope=0.028, p=0.464). The coeflicient of repeatability
was 45.42 (95% CI: 40.27 to 52.09). This even larger value signifies exceptionally high measurement variability,
where repeated tests could differ by over 45 mg/dL, further underscoring the device’s poor reliability for clinical
application.

Kendall’s Tau coefficient was 0.668 (p <0.0001; 95% CI: 0.570 to 0.736), indicating the expected statistically
significant strong monotonic relationship between the methods.

Passing-Bablok regression analysis revealed systematic error patterns between the methods, described by the
equation: POCT FBS=0.17 +0.98 x Lab FBS. The analysis indicated no constant error, with an intercept of 0.17
with a 95% CI of —12.08 to 12.54, which included zero, suggesting no fixed bias. Additionally, no proportional
error was identified, as the slope of 0.98 and 95% CI of 0.89 to 1.07 included 1.0, indicating no systematic
underestimation or overestimation across glucose concentrations. The random differences, quantified by a
residual standard deviation of 16.52 (+1.96 RSD interval: —32.38 to 32.38), indicated considerable variability
between the two methods. Furthermore, the Cusum test for linearity showed no significant deviation from
linearity (P=0.47), confirming the appropriateness of the linear model for describing the relationship between
the methods.

The Concordance Correlation Coefficient (CCC) was 0.916 (95% CI: 0.882 to 0.941) indicating stronger
agreement than in the non-diabetes group but poor agreement overall. There was excellent accuracy (Cb=0.999)
and good precision (Pearson’s p=0.917).

Total data
In the combined cohort of diabetic and non-diabetic participants (Table 1; Fig. 3):

Bland-Altman analysis
Bland-Altman analysis showed identical mean bias of —3.30 mg/dL (95% CI: —4.87 to —1.74). The limits of
agreement were wide, ranging from —38.66 mg/dL (95% CI: —41.34 to —35.99) to 32.04 mg/dL (95% CI: 29.37
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to 34.71). No significant proportional bias was found (Slope=0.01, p=0.60). The coeflicient of repeatability was
35.91 (95% CI: 33.85 to 38.25).

Kendall's Tau correlation
Kendall’s Tau coefficient was 0.510 (P<0.0001; 95% CI: 0.435 to 0.541), indicating a statistically significant
moderate monotonic relationship.

Passing-Bablok regression

Passing-Bablok regression analysis yielded the equation POCT FBS=18.73 +0.79 x Lab FBS, revealing significant
systematic discrepancies between the methods. A constant error was evident from an intercept of 18.73 (95%
CI: 12.70 to 24.64), significantly differing from zero and indicating a fixed bias. Additionally, a proportional
error was identified, with a slope of 0.79 (95% CI: 0.73 to 0.85) significantly less than 1, reflecting an increasing
underestimation by the POCT device at higher glucose concentrations. Random differences were substantial, as
indicated by a residual standard deviation of 14.2868 (+1.96 RSD interval: —28.0021 to 28.0021). Furthermore,
the Cusum test demonstrated a significant deviation from linearity (P<0.01), suggesting that the relationship
between the methods may not be adequately described by a linear model.

Concordance correlation coefficient
The CCC was 0.886 (95% CI: 0.866 to 0.903), classified as poor agreement. The bias correction factor (Cb=0.996)
indicated excellent accuracy, while Pearson’s p (0.890) showed good precision.

Clinical accuracy results
A total of 589 paired glucose measurements were obtained and analyzed for clinical and analytical accuracy. The
analytical performance of the point-of-care glucose meter was assessed against the ISO 15197:2013 standards.
The results demonstrated that 95.1% (560 out of 589) of the measurements met the stipulated criteria (+ 15 mg/
dL for values < 100 mg/dL and +15% for values>100 mg/dL), thereby fulfilling the minimum ISO requirement
of 95%.

The clinical significance of the measurement differences was evaluated using error grid analysis.

o In the Parkes Error Grid (for Type 1 diabetes), 100% of the data points (589 out of 589) resided in clinically
acceptable zones (Zones A and B). The distribution was 97.7% in Zone A (no effect on clinical action) and
2.3% in Zone B (altered clinical action with little or no effect on outcome). No points were found in Zones
C,D,orE.

o Analysis with the Clarke Error Grid showed that 99.8% of results (588 out of 589) were in zones A and B. One
data point (0.2%) was located in Zone D, which would indicate a dangerous failure to detect hypoglycemia or
hyperglycemia (Table 1).

Precision (repeatability) assessment

The repeatability (precision) of the glucose meter was evaluated across three different glucose concentrations.
At the low glucose level (reference value: 47 mg/dL), the mean POCT measurement was 38.2 mg/dL with a SD
of 4.52 mg/dL and a CV% of 11.83%. The SD met the ISO 15197:2013 requirement for concentrations below
100 mg/dL (SD <5 mg/dL). At the medium glucose level (reference value: 94 mg/dL), the mean POCT value
was 93.1 mg/dL with an SD of 10.73 mg/dL and a CV% of 11.53%. The SD at this level exceeded the ISO limit
of <5 mg/dL for concentrations <100 mg/dL, indicating a failure to meet precision requirements. At the high
glucose level (reference value: 165 mg/dL), the mean POCT measurement was 177.3 mg/dL with an SD of
9.43 mg/dL and a CV% of 5.32%. Although the SD was not the primary criterion at this concentration, the CV%
of 5.32% marginally exceeded the ISO requirement of <5% for values>100 mg/dL. These results indicate that
the precision of the glucose meter meets the ISO 15197:2013 requirement at the low concentration level but fails
to meet the required precision criteria at the medium and high concentration levels under the tested conditions
(Table 2).

ROC curve analysis for optimal cut-off determination

The diagnostic performance of the blood glucose test was assessed using ROC curve analysis to determine its
efficacy in discriminating between diabetic and non-diabetic individuals (Fig. 4). For this specific analysis, the
cohort was refined to create distinct diagnostic groups. Participants with prediabetes (n=51) were excluded to

Glucose level | Reference value (mg/dL) | Mean (SD) POCT (mg/dL) | Coefficient of variation (CV%) | ISO 15197:2013 CV requirement*
Low 47 38.2 (4.52) 11.83% < SD: 5 mg/dL for x <50 mg/dL
Medium 94 93.1(10.73) 11.53% < CV: 5% for x<100 mg/dL

High 165 177.3 (9.43) 5.32% < CV: 5% for x>100 mg/dL

Table 2. Repeatability analysis of the glucose meter across three glucose concentrations (n=20 measurements
per level). *Note: The ISO 15197:2013 standard specifies that for repeatability, the SD should be <5 mg/dL for
concentrations < 100 mg/dL and CV <5% for concentrations > 100 mg/dL. The medium level (94 mg/dL) is
below the 100 mg/dL threshold for the CV requirement, so the SD criterion is more appropriate. Its SD (10.73)
is compared to the 5 mg/dL limit

Scientific Reports|  (2025) 15:44517 | https://doi.org/10.1038/s41598-025-28009-2 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

POCTFBS

B0 p—

Sansdsly. 87 2
Specificty: 821
Coritisrion: >112

60

Sensilialy

AUC = 0,816
P = 0.001
0
| I T W N T T T o
+] 20 40 60 80 100

100-Specificity

Fig. 4. Receiver operating characteristic (ROC) curve analysis of the glucosureSTAR glucometer for
discriminating between diabetic and non-diabetic participants.

ensure a clear comparison between confirmed diabetic and confirmed non-diabetic individuals. Consequently,
the analysis was conducted on a total cohort of 549 subjects, comprising 119 (21.68%) diabetic patients and 430
(78.32%) non-diabetic participants.

The overall accuracy of the test, as quantified by the AUC, was 0.816 (95% CI: 0.781 to 0.847; Standard Error:
0.025). This AUC was found to be statistically significant (p <0.0001), confirming that the test possesses a good
level of discriminatory power significantly better than chance (AUC=0.5).

To identify the most suitable cut-off value for clinical use, the Youden Index (J) was calculated to maximize
the sum of sensitivity and specificity. The maximum Youden Index was 0.5544, which corresponded to a blood
glucose criterion of > 124 mg/dL. This value was therefore selected as the optimal diagnostic threshold.

At that cut point, the test demonstrated a sensitivity of 62.18% (95% CI: 52.8 to 70.9) and a specificity of
93.26% (95% CI: 90.5 to 95.4). The likelihood ratios, which express the odds of a given test result occurring in
a patient with the condition versus without it, were also calculated. The positive likelihood ratio (+LR) at this
threshold was 9.22 (95% CI: 6.32 to 13.46), and the negative likelihood ratio (-LR) was 0.41 (95% CI: 0.32 to
0.51).

Discussion

The goal of this study was to evaluate the technical performance of the glucosureSTAR POCT glucometer as
compared to a “gold standard” laboratory test, so that nurses and other health care providers can be aware of
their potential shortcomings. The results reveal a mixed performance profile characterized by acceptable clinical
risk assessment but suboptimal analytical accuracy and limited diagnostic utility. Our findings contribute to
the growing body of literature expressing concern over the reliability of many commercially available glucose
meters, even those conforming to broadly accepted international standards?!. The observed discrepancy between
marginal analytical performance and acceptable clinical risk categorization underscores the critical need for
more stringent evaluation protocols, and clear communication to the health care providers and patients using
these devices.

The fundamental finding of this study is that while 95.1% of results technically met the ISO 15197:2013
analytical criteria, this marginal pass rate—exceeding the minimum requirement by only 0.1%—masks notable
measurement variability and bias that can have serious clinical implications. Several findings raise questions
about the accuracy and reliability of measurements from the glucometer. First, a negative bias of —3.3 mg/dL (p
< 0.0001) indicates systematic underestimation of glucose levels. Second, the broad limits of agreement (-38.7
to 32.1 mg/dL), demonstrate substantial measurement scatter (unreliability). Third, the poor concordance
correlation coefficient (CCC = 0.886), indicates inadequate absolute agreement with the reference lab method>®4.

The clinical significance of this imprecision becomes apparent when considering insulin dosing calculations.
For a patient with a true glucose value of 180 mg/dL, the observed limits of agreement could yield meter readings
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ranging from approximately 141 to 212 mg/dL—a range spanning from near-normal to hyperglycemic glucose
concentrations that could lead to dangerously inappropriate therapeutic decisions®.

On a broader policy level, our finding that the device marginally passed ISO accuracy criteria (95.1%)
highlights a fundamental weakness in a binary pass/fail system that does not penalize for systematic bias or
wide variability. A device that consistently underestimates glucose levels by a fixed margin could still technically
pass the ISO standard, yet pose a significant clinical risk by consistently guiding therapy towards hypoglycemia.
The broad range of scores show that repeated measurements could yield markedly different results from the
same individual with the same glucose levels, raising questions about whether treatments will match the actual
blood glucose levels. This suggests that regulatory standards should be augmented with metrics that quantify
systematic error and its potential clinical impact, moving beyond simple percentage-within-limits assessments'.

Discrepancies between diabetic and non-diabetic patients

The results above suggest some discrepancies in performance as a function of whether the individual being
measured is classified as diabetic or not. The superior agreement (CCC = 0.916) and absence of significant
systematic bias in diabetic patients suggest that the device’s algorithm may be optimized for the physiological
milieu of diabetes, such as altered hematocrit levels or increased erythrocyte turnover, which are common in
this population. However, these results raise questions about use in nondiabetic populations. In this nondiabetic
population, there was substantial bias, a relatively high coeflicient of repeatability, and low CCC, suggesting that
these devices may be unsuitable for this population. More broadly, these findings highlight how variable device
performance can be across patients with different physiologies. Future research should examine whether other
physiological differences (ethnicity, age, sex, etc.) could also cause significant variability in performance, which
is a critical consideration for clinical use®.

The paradox of clinical acceptability despite analytical deficiencies

The paradoxical finding of 100% clinical acceptability on Parkes error grid analysis despite analytical deficiencies
can be explained by the error grid’s design, which prioritizes clinical outcome over analytical precision®. This
grid categorizes readings based on their potential to cause clinical harm rather than their numerical accuracy.
However, the presence of a single reading (0.2%) in zone D of the Clarke error grid—representing a potentially
dangerous failure to detect hypoglycemia or hyperglycemia—serves as a crucial reminder that even minimal
error rates can have severe consequences in clinical practice’*”. This finding suggests that while error grid
analysis remains valuable for assessing clinical risk, it should complement rather than replace rigorous analytical
validation.

The single reading in Clarke error grid Zone D, while a small percentage, is clinically indefensible. In a real-
world setting, this single error could represent a catastrophic failure to detect severe hypoglycemia, potentially
leading to a fatal outcome. This underscores the argument that for devices used in making critical therapeutic
decisions, a ‘six sigma’ approach with near-zero error rates for dangerous misclassifications should be the
benchmark, rather than the current ISO minimums®’.

It is essential that independent evaluation establishes the precision, accuracy, and reliability of devices like
these glucometers in “real world” usage with all intended subgroup populations, provided their screening utility
in low-resource areas, guiding our decision making particularly in prehospital emergencies or providing proper
basis for further referrals to make in home-care and SMBG. Failure to provide accurate, reliable instruments
for identifying and/or managing diseases like diabetes can pose significant cumulative costs of not managing
this complicated metabolic disease both for individuals and at the population level. The device’s particularly
concerning diagnostic performance, with a sensitivity of only 62.18% at the optimal cut-off, falls substantially
short of established benchmarks for screening tests. Authoritative sources, such as the Clinical and Laboratory
Standards Institute (CLSI) guideline EP12-A2, suggest that for a test to be considered adequate for screening
purposes—where the cost of missing true cases is high—sensitivity should ideally be 90% or greater®*°. The
observed sensitivity of 62.18% would fail to identify approximately 38% of individuals with dysglycemia, creating
a dangerous potential for delayed diagnosis and management®’. This low sensitivity renders it inadequate for
screening purposes, as it would miss approximately 38% of true cases of dysglycemia. The high specificity
(93.26%), while favorable for confirming positive results, does not compensate for this critical deficiency in
ruling out disease. The area under the ROC curve (AUC = 0.816), while statistically better than chance, falls
short of the excellence (AUC > 0.90) required for a reliable diagnostic tool in clinical practice*>°.

The positive likelihood ratio (+LR) of 9.22 signifies that a glucose reading above the 124 mg/dL cut-off
is approximately nine times more likely to be observed in a diabetic individual than in a non-diabetic one.
This represents a moderately large, and often clinically important, shift in pre-test probability toward ruling
in dysglycemia. Conversely, the negative likelihood ratio (-LR) of 0.41 indicates that a negative test result is
only about 0.4 times as likely in a person with diabetes, resulting in only a small to moderate decrease in the
probability of disease. Therefore, while the strong + LR is a notable strength for confirming dysglycemia, the less
impressive -LR greater than 0.1 underscores the devices limitation in reliably ruling out the condition, a finding
that is consistent with its suboptimal sensitivity.

Several technical factors may explain the observed performance limitations. The systematic underestimation
could originate from the sample matrix difference (whole blood in glucometers versus plasma in laboratory
analyzers), which typically requires a conversion factor of approximately 1.11-1.12 that may not be optimally
calibrated in this device®. Although the glucosureSTAR manufacturer claims the device includes hematocrit
compensation, the significant variability observed, particularly across our diverse patient population, suggests
potential under-compensation or an imperfect calibration of this feature. Hematocrit variability remains a
well-documented interferent in glucose oxidase-based systems and likely contributed to the random variability
observed in this study®.
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Additionally, hematocrit variability—a well-documented interferent in glucose oxidase-based systems—
likely contributed to the random variability observed, particularly given the diverse patient population included
in this study?’. The device’s failure to meet precision requirements at medium and high glucose concentrations
further suggests limitations in the enzymatic reaction kinetics or electrochemical detection system at higher
analyte concentrations'.

It should be noted that the glucometer was used with venous whole blood instead of its primarily intended
capillary sample. This methodological choice, while necessary for simultaneous comparison with the laboratory
analyzer, may have influenced the observed measurement bias and variability. An important limitation of this
study is the use of venous whole blood samples for the glucometer analysis. According to the manufacturer’s
Instructions for use, the glucosureSTAR device is calibrated for use with capillary whole blood. The use of venous
blood, which may differ in hematocrit and oxygen content, could be a contributing factor to the systematic
bias and wide limits of agreement observed in our results. Future studies should utilize the intended capillary
sampling method to validate these findings.

A further consideration is the potential for calibration profile differences between the two systems. The
glucometer’s calibration is traceable to a YSI-based method, while the laboratory analyzer is traceable to ID-
MS. As noted in the literature, such differences in the calibration of comparator methods, despite both being
traceable to higher-order standards, can contribute to systematic bias.

The device’s failure at higher glucose concentrations is particularly concerning for its intended use in diabetic
populations, where hyperglycemia is a primary target of management. This failure likely reflects a limitation in
the enzyme-electrode chemistry, such as substrate saturation or interference from alternative electron acceptors
at high glucose levels. This technological limitation directly impacts its utility for titrating therapy in poorly
controlled diabetics, who need accurate measurements precisely in this high range?!.

The implications of these findings extend beyond this specific device to highlight broader concerns in POCT
glucose monitoring. Regulatory approval based on meeting minimum ISO standards does not necessarily
guarantee clinical reliability across all use scenarios®. The contrast between acceptable error grid performance
and marginal analytical accuracy suggests that current regulatory frameworks may prioritize the avoidance of
extreme errors over ensuring consistent precision across the measuring range.

Our study has several design limitations that should be considered when interpreting these results. The use
of a convenience sampling method, while practical, may have introduced selection bias. Although we controlled
for numerous confounding variables including hematocrit, lipid levels, and medications, unmeasured factors
such as altitude variations, abnormal oxygen tension, or rare interfering substances could have influenced the
results. The single-operator design, while strengthening internal consistency for method comparison, may limit
generalizability to real-world settings with multiple users of varying expertise. However, given this glucometer
is a medical device intended for use in the general population, the results are not easily explained by potential
sampling bias. Furthermore, the single-operator design should have served to limit possible error variance
associated with multiple operators in multiple locations potentially testing in different environments. Thus, these
results may actually underestimate the severity of the issue when real-world usage is considered.

In conclusion, the glucosureSTAR glucometer demonstrates a performance profile that necessitates cautious
and context-specific application. Its acceptable clinical risk profile may permit its use for trend monitoring in
clinically stable patients with established diabetes who understand its consistent negative bias and variability.
However, its marginal analytical performance, significant systematic error, and poor diagnostic sensitivity
categorically preclude its recommendation for screening, diagnosis, or making fine adjustments to therapy. These
findings emphasize the critical responsibility of regulatory bodies, manufacturers, and clinical professionals to
demand more rigorous analytical performance and real-world diagnostic validation beyond minimum ISO
standards and error grid analyses. Future developments should focus on improving hematocrit independence,
reducing matrix-related biases, and enhancing precision across the entire measuring range to ensure patient
safety and effective diabetes management in diverse clinical scenarios™.

Relevance to clinical practice

This study highlights critical limitations in the performance of the glucosureSTAR glucometer, underscoring
serious concerns for diagnostic or screening purposes due to low sensitivity, systematic bias, and significant
analytical variability. However, with appropriate user awareness of its consistent underestimation bias and
wide limits of agreement, it may be cautiously used for trend monitoring in known diabetic patients in settings
where rapid results are prioritized over absolute accuracy, such as emergency or field conditions. Healthcare
providers, particularly nurses and emergency personnel, should be trained to interpret results within the device’s
limitations and avoid relying on it for therapy adjustment or initial diagnosis. These findings advocate for stricter
device validation and context-specific guidelines to ensure patient safety in point-of-care glucose monitoring.

Conclusion
This comprehensive evaluation reveals that the glucosureSTAR POCT glucometer demonstrates a performance
profile requiring careful contextual application. While the device showed acceptable clinical risk categorization
with 100% of Parkes error grid points in zones A/B, several analytical deficiencies limit its utility. The consistent
underestimation bias (-3.3 mg/dL), wide limits of agreement (-38.7 to 32.1 mg/dL), poor concordance
(CCC=0.886), and failure to meet precision standards at medium and high glucose concentrations indicate
substantial measurement variability. Furthermore, the suboptimal diagnostic performance (AUC=0.816;
sensitivity =62.18% at > 124 mg/dL cut-off) renders it unreliable for screening or diagnosis.

These findings suggest that while the glucometer may be cautiously employed for trend monitoring in
clinically stable patients with established diabetes, particularly in emergency settings where rapid results
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outweigh precision and accuracy needs, it is not recommended for diagnosis, therapy titration, or any scenario
requiring high analytical accuracy.

The marginal pass rate of ISO standards (95.1%) given the problematic results highlights the critical
need for more rigorous device validation beyond minimum regulatory requirements. Healthcare providers
should be adequately trained to interpret results within the device’s limitations and understand its systematic
underestimation bias. This study underscores the necessity for continuous quality improvement in POCT
devices and context-specific validation to ensure patient safety and effective diabetes management across diverse
clinical scenarios.

Data availability
The data supporting the findings of this study can be obtained from the corresponding author upon request.
Please feel free to reach out for access to the data.
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