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Abstract

Background: Checking total cholesterol is one of the most common
lab tests to spot and keep track of high cholesterol. To get reliable
results, the tests need to be accurate, precise, and consistent.
Objectives: This study looked at how well the Rayto Chemray 240
automated chemistry analyzer measures total cholesterol, focusing
on accuracy, precision, and consistency Materials and Methods: We
did an experimental lab study at the Clinical Laboratory of Cimanggu
| Public Health Center. To check precision, we measured quality
control serum ten times in one run and calculated the coefficient of
variation (CV). Accuracy was checked by measuring quality control
serum over twenty days and reporting recovery percentage, bias,
and total error. We checked linearity using a range of cholesterol
standard concentrations (0-100%) and analyzed it with linear
regression Results: The precision test gave an average value of
144.67 mg/dL, a standard deviation of 3.07, and a CV of 2.12%.
Accuracy results showed a recovery of 103.07%, bias of 3.07%, and
total error of 9.61%, which is under the allowed limit of 10%. The
linearity test produced the regression equation y = 1.95x + 19.85
with a correlation coefficient (r) of 0.999 and R% of 0.998.
Conclusions: The total cholesterol test using the Rayto Chemray 240
analyzer met the standards for precision, accuracy, and linearity, so

it’s good to use for regular lab tests.
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1. Introduction

Cholesterol is an essential lipid component that plays important roles in the synthesis of steroid

hormones, vitamin D, and bile acids. Physiologically, cholesterol is obtained from endogenous

synthesis, primarily in the liver, and from dietary intake. Although cholesterol is necessary for

normal body functions, elevated blood cholesterol levels can increase the risk of cardiovascular

diseases, including coronary heart disease, hypertension, and stroke (Hanifah et al., 2024; Nabilla

et al., 2022). Hypercholesterolemia is recognized as one of the major modifiable risk factors

contributing to cardiovascular morbidity and mortality worldwide.
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The prevalence of hypercholesterolemia remains high globally and continues to increase. Previous
reports estimated that approximately 45% of the world's population experiences elevated
cholesterol levels, while the prevalence in Southeast Asia and Indonesia reaches approximately 30%
and 35%, respectively (Hanifah et al., 2024).Hypercholesterolemia is often asymptomatic and can
only be identified through laboratory examinations, making cholesterol testing an important tool
for early detection and disease prevention. Elevated cholesterol levels may promote the formation
of atherosclerotic plaques within arterial walls, thereby increasing the risk of cardiovascular
complications (Puspasari et al., 2024; Robert Lourdes et al., 2024).

Total cholesterol examination is one of the most commonly performed clinical chemistry tests in
healthcare facilities. Currently, enzymatic colorimetric methods, particularly the CHOD-PAP
(Cholesterol Oxidase-Phenol Aminophenazone) method, are widely used because of their high
sensitivity, good analytical performance, and compatibility with automated chemistry analyzers
(Fitri et al., 2024). Automated analyzers have become increasingly important in clinical laboratories
because they improve analytical efficiency, reduce manual errors, and provide more consistent
results than manual methods. The implementation of laboratory automation has been reported to
significantly reduce analytical variability and improve the reliability of laboratory testing (Kusmiati
et al., 2022).

Reliable laboratory results are essential because laboratory data serve as the basis for clinical
decision-making, including diagnosis, treatment monitoring, and disease screening. Therefore,
analytical methods used in laboratory testing must demonstrate acceptable performance
characteristics before being routinely applied. Method verification and validation activities are
conducted to ensure that laboratory examinations produce accurate, precise, and reliable results in
accordance with established quality requirements (Lianti et al., 2023). These activities are
particularly important when implementing analytical methods in specific laboratory settings
because instrument performance may be influenced by environmental conditions, operator
competency, reagent quality, and maintenance practices.

Several analytical performance parameters are commonly evaluated during method verification,
including accuracy, precision, and linearity. Accuracy describes the closeness of measurement
results to the true or assigned value, while precision reflects the consistency of repeated
measurements under specified conditions. Linearity evaluates the ability of an analytical method to
generate results that are directly proportional to analyte concentration within a defined
measurement range (Marcelino et al., 2025; Wahyuni et al., 2022). Assessment of these parameters

provides evidence that a testing method is capable of producing reliable analytical results suitable
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for routine laboratory use.

The Clinical Laboratory of Cimanggu | Public Health Center utilizes the Rayto Chemray 240
automated chemistry analyzer for total cholesterol examination. Although the instrument and
reagents have been developed according to manufacturer specifications, verification of analytical
performance under local laboratory conditions remains necessary to ensure compliance with quality
requirements and to support confidence in laboratory results. Therefore, this study aimed to verify
the analytical performance of total cholesterol examination using the Rayto Chemray 240 analyzer
based on accuracy, precision, and linearity parameters. The findings of this study are expected to
provide evidence regarding the suitability of the method for routine clinical laboratory testing and

contribute to quality assurance practices in primary healthcare laboratories

2. Materials and Methods

2.1.Study Design

This study employed an experimental laboratory design to assess the analytical performance of total
cholesterol measurement using an automated chemistry analyzer. The verification process was

conducted by evaluating accuracy, precision, and linearity parameters. Subsection
2.2.Study Location and Period

The study was conducted at the Clinical Laboratory of Cimanggu | Public Health Center, Cilacap

Regency, Central Java, Indonesia. Laboratory testing and data collection were carried out six month.
2.3.Instruments and Materials

The instruments employed in this study comprised a Rayto Chemray 240 automated chemistry
analyzer, a centrifuge, micropipettes, and sample cups. The materials included Proline total
cholesterol reagent based on the CHOD-PAP method, a cholesterol standard solution, and

commercial quality control (QC) serum with assigned target values.
2.4.Precision Verification

Precision was assessed using within-run precision analysis. A commercial quality control serum was
measured ten consecutive times under identical operating conditions using the Rayto Chemray 240
analyzer. The results obtained were analyzed by calculating the mean, standard deviation (SD), and
coefficient of variation (CV%). The coefficient of variation was calculated using the following

formula:
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CV(%) = (SD / Mean) x 100
A lower CV value indicates greater analytical precision (Endrianti, 2023).
2.5. Accuracy Verification

Accuracy was assessed using a commercial quality control serum with an assigned target value
provided by the manufacturer. The control material was analyzed once daily for twenty consecutive

days under routine laboratory conditions.

Accuracy was evaluated by calculating recovery percentage (%Recovery), bias percentage (%Bias),
and total error (TE).

Recovery percentage was calculated using the following formula:
Recovery(%) = (Observed Value / Target Value) x 100
Bias percentage was calculated using:
Bias(%) = ((Observed Value — Target Value) / Target Value) x 100
Total error was calculated using:
TE = |Bias| + (1.65 x CV)

The method was considered acceptable when the recovery value was within the acceptable range
and the total error did not exceed the Total Allowable Error (TEa) for total cholesterol

examination.
2.6.Linearity Verification

Linearity was assessed using serial concentrations prepared from a cholesterol standard solution.
Five concentration levels, representing 0%, 25%, 50%, 75%, and 100% of the standard, were prepared

and measured in triplicate using the Rayto Chemray 240 analyzer.

The measured values were plotted against the theoretical concentrations and analyzed using linear
regression to determine the regression equation, correlation coefficient (r), and coefficient of
determination (R?). A correlation coefficient close to 1 indicates good linearity of the analytical

method.
2.7.Statistical Analysis

Data were analyzed descriptively. Precision data were presented as mean, standard deviation, and

coefficient of variation. Accuracy data were presented as recovery percentage, bias percentage,
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and total error. Linearity data were analyzed using simple linear regression to determine the

regression equation, correlation coefficient (r), and coefficient of determination (R?).

3. Results and Discussion

3.1.Precision Verification

Precision verification was conducted by measuring commercial quality control serum ten
consecutive times under identical analytical conditions. The results of the precision assessment are
shown in Table 1.

Table 1. Precision Verification Results of Total Cholesterol Examination

Parameter n Mean Minimum Maximum SD CV (%)

Control Serum 10 144.67 140.0 148.6 3.07 2.12

The precision evaluation yielded a mean value of 144.67 mg/dL, with a standard deviation of 3.07
mg/dL and a coefficient of variation (CV) of 2.12%. The CV observed in this study closely aligns with
the manufacturer’s reported precision of 2.1%, indicating minimal variability in repeated
measurements and demonstrating good analytical stability. A lower CV indicates better repeatability
and consistency of measurement outcomes (Endrianti et al., 2023).

Precision is a crucial analytical performance characteristic as it reflects a method’s ability to
consistently generate the same results when the same sample is measured multiple times under
identical conditions. High analytical precision minimizes random errors and enhances confidence in
laboratory findings. The CV obtained in this study indicates that the Rayto Chemray 240 analyzer,
when used with the Proline reagent, delivers stable and reproducible results for routine total
cholesterol testing.

The findings are consistent with previous studies that reported acceptable precision performance in
automated clinical chemistry analyzers used for cholesterol measurement. (Kusmiati et al., 2022)
noted that quality control evaluation is a crucial component of laboratory quality assurance, as it
ensures the consistency and reliability of analytical results. Similarly, (Marcelino et al., 2025)
highlighted that low CV values indicate good analytical performance and support the routine

application of laboratory testing methods.
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3.2.Linearity Verification

Linearity verification was performed using serial concentrations of cholesterol standards ranging
from 0% to 100%. Each concentration level was measured three times and analyzed using simple

linear regression. The results are shown in Table 2.

Table 2. Linearity Verification Results of Total Cholesterol Examination

Parameter

Result
Concentration range 0-100%
Regression equation y =1.95x + 19.85
Correlation coefficient (r) 0.999
Coefficient of determination (R?) 0.998

The linearity study demonstrated a strong linear relationship between theoretical concentrations
and measured cholesterol values, as indicated by the regression equation y = 1.95x + 19.85. The

correlation coefficient obtained was 0.999 with a coefficient of determination (R?) of 0.998.

A correlation coefficient approaching 1 indicates that the analytical method is capable of producing
results proportional to analyte concentration across the tested measurement range (Wahyuni et al.,
2022). The high R? value observed in this study suggests that almost all variations in measured

cholesterol concentrations can be explained by changes in theoretical concentrations.

Good linearity is essential for quantitative laboratory examinations because it ensures that increases
or decreases in analyte concentration are accurately reflected in the reported results. In clinical
chemistry laboratories, inadequate linearity may lead to inaccurate interpretation of patient
results, particularly when analyte concentrations approach clinical decision limits. Therefore, the
excellent linearity observed in this study indicates that the analytical system is capable of providing

reliable quantitative measurements within the evaluated concentration range.
3.3. Accuracy Verification

Accuracy verification was evaluated using commercial quality control serum with an assigned target
value provided by the manufacturer. Measurements were performed over twenty consecutive days

under routine laboratory conditions. The results are presented in Table 3.
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Table 3. Accuracy Verification Results of Total Cholesterol Examination

Parameter n Mean Target Recovery Bias (%) Total
(mg/dL) Value (%) Error (%)
(mg/dL)
Accuracy 20 146.36 142.00 103.07 3.07 9.61

The average value measured from twenty observations was 146.36 mg/dL, compared to the assigned
target value of 142.00 mg/dL. The recovery percentage was 103.07%, indicating that the measured
values were closely aligned with the target concentration. The calculated bias was 3.07%, reflecting
only a minor systematic deviation from the target value. Accuracy denotes the closeness of a
measurement result to the true or assigned value and serves as a critical indicator of analytical
reliability (L et al., 2020). In laboratory practice, a method exhibiting high accuracy minimizes

systematic errors and enhances the validity of clinical interpretations.

The calculated total error was 9.61%, remaining below the Total Allowable Error (TEa) limit of 10%
for total cholesterol testing. This result indicates that the analytical method satisfies the established
quality standards and is capable of producing results within acceptable performance limits. The
minimal bias and acceptable total error observed in this study suggest that the analytical system

provides reliable cholesterol measurements appropriate for routine laboratory use.

These findings are corroborated by previous studies, which demonstrate that acceptable recovery,
bias, and total error values reflect satisfactory analytical accuracy and contribute to overall

laboratory quality assurance (Lianti et al., 2023; Nurtya et al., 2023).
3.4. Overall Analytical Performance

Based on the results of precision, linearity, and accuracy verification, the total cholesterol assay
using the Rayto Chemray 240 automated chemistry analyzer exhibited satisfactory analytical
performance. The method demonstrated excellent repeatability (CV = 2.12%), strong linearity (r =
0.999), and acceptable accuracy (Recovery = 103.07%; Bias = 3.07%; Total Error = 9.61%).

These results indicate that the analytical system is capable of providing reliable, consistent, and
proportional measurement results and can therefore be utilized for routine total cholesterol testing
at the Clinical Laboratory of Cimanggu | Public Health Center. The study also underscores the

importance of regular verification activities as part of laboratory quality assurance programs to
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maintain confidence in analytical performance and ensure the reliability of patient test results.

4, Conclusions

This study verified the analytical performance of total cholesterol testing using the Rayto Chemray
240 automated chemistry analyzer by evaluating precision, accuracy, and linearity parameters.
The method showed acceptable analytical performance with a coefficient of variation (CV) of 2.12%,
a correlation coefficient (r) of 0.999, a recovery value of 103.07%, a bias of 3.07%, and a total error
of 9.61%. These results indicate that the analytical system is capable of providing precise, accurate,
and linear measurements within the tested range.

Therefore, the total cholesterol testing method implemented at the Clinical Laboratory of Cimanggu
| Public Health Center meets analytical performance standards and can be reliably used for routine
laboratory examinations. Periodic verification and quality control monitoring are recommended to

ensure continued analytical performance and laboratory quality assurance.
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