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Background: For methods that report quantitatively, an assessment of their imprecision and bias should be 

assessed in the laboratory before their deployment into routine service. This study assessed these parameters of the 

HbA1C method on the STANDARD F2400® point of care analyzer. These parameters were further combined to 

generate sigma metrics for the method. 

Methodology: An external quality assurance (EQA) material from the Randox International Quality Assessment 

Scheme (RIQAS) was analysed according to the EP15 protocol of the Clinical Laboratory Standards Institute in 

SYNLAB Nigeria Laboratory Quality Assurance Department. Estimates of precision and an assessment of bias 

were determined from the data which consisted of 5 replicates per day for 5 consecutive days. Precision estimates 

were compared with manufacturer-provided information and estimates of bias were compared with the verification 

interval for the target value provided by RIQAS. Sigma metrics were determined for total allowable error (TAE) of 

8% and 10%. 

Results: The grand mean (standard deviation) for the study was 4.95 (0.15) %.  The Within-run CV and within 

laboratory CV were 1.28% and 1.86%, respectively. These were within the manufacturer claims of 1.70% and 

1.90%, also respectively. The target value by RIQAS was 5.04(0.24) % with a calculated verification interval of 

4.95 - 5.13%. The sigma metrics for the method at TAE of 8% and 10% were 4.8/3.3 and 6.3/4.3 within the 

run/within laboratory estimates respectively.  

Conclusion: The HbA1C method on the STANDARD F2400® Analyzer displayed performance characteristics 

that are consistent with manufacturer specifications and are above industry standard quality for a point-of-care 

device for HbA1C. These suggest that may be used to support routine monitoring of persons with diabetes mellitus 

in Nigeria. 
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Introduction 

The international standard for quality and competence in medical laboratories, ISO 15189, stipulates that 

medical laboratories should use examination methods that have been validated for their intended use to 

assure the clinical accuracy of the examination for patient testing.[1] The product of the validation 

experiments as conducted by the manufacturer are performance specifications claims with regards to 

measurement trueness, measurement precision including measurement repeatability, and measurement 

intermediate precision, analytical specificity, including interfering substances, detection limit, 

quantitation limit, and any other parameter that are relevant to the particular method.[2] The ISO standard 

further requires that before these validated examination methods are used by the laboratory for reporting 

on patient samples, the laboratory must verify that the performance specifications reported by the 

manufacturer are obtainable in the laboratory. [1] Verification experiments are conducted by the 

laboratory and the results are reviewed to check if the levels obtained are within the variance stated by 

the manufacturer and therefore meet the requirements for the intended use. [3] While the scope of the 

verification experiments is usually narrower than validation experiments, they should be focused on 

performance claims that are relevant to the intended use of the examination results. [4] 

 

For methods that report quantitative information, measurement precision and measurement trueness are 

particularly important. Precision is the closeness of agreement between indications or measured quantity 

values obtained by replicating measurements on the same or similar objects under specified conditions. 

[5] It is an indication of the stability in the measuring system that minimises randomness in the result of 

the laboratory. Its quantitative expression, imprecision, may be reported as standard deviation or 

coefficient of variation of the replicate measurements. In the laboratory, Imprecision has several 

components which include repeatability, intermediate precision, and reproducibility, depending on the 

period over which the measurements are made and variations in the measuring system such as 

environmental conditions, analysts, laboratories, and reagent lots.[6] Repeatability is assessed within a 

single run while intermediate precision combines within a run and between run precision and reflects 

within laboratory CV. Reproducibility is variation when the analytical conditions vary in the number of 

analysts, environmental conditions, lot of reagents, different equipment, and different laboratories. An 

assessment of imprecision is particularly important when repeated measurements of a test are used to 

monitor the effectiveness of an intervention or clinical course of a disease over a period. [7] Measurement 

trueness is defined as the closeness of agreement between the average of an infinite number of replicates 

measured quantity values and a reference quantity value. It is quantified as measurement bias which is a 

measure of systematic error. [6] An appreciation of bias is important to ensure that a measuring system is 

not systematically under- or over-reporting to a clinically significant degree. The degree of imprecision 

and/or bias associated with a laboratory’s method are therefore key characteristics with potential for 

immediate impact on clinical decision making. 

 

The clinical laboratory standard institute has published a procedure for the verification of precision and 

estimation of bias of clinical methods which combines the 2 activities into one single experiment. [8] 

Among several approaches to conducting this experiment is the use of proficiency testing/external quality 

assurance (PT/EQA) materials. PT/EQA programs often use a target value that is the mean of results of a 

large identifiable number of laboratories with a given measurement procedure or procedures that may be 

considered equivalent. Reliable estimates for the standard errors of these target values (TVs) may then be 

obtained from reported standard deviations (SD) and the relevant numbers of participating laboratories. 

The objectives of the study were to determine the precision and bias estimates of the HbA1c method of 

the Standard F2400 analyser in a Nigerian Laboratory and to use these parameters to determine the sigma 

metrics of this point of care device. 
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Methodology 

Ethics: Ethical approval was not requested for this study. This was an equipment verification study that 

did not involve the use of any human or animal subjects or data derived from them. The material used for 

the study was historic lyophilised external quality assurance material. 

The verification experiment was carried out in the quality assurance department of Synlab Nigeria 

Laboratories in Ilupeju. One staff member trained and deemed competent by the local vendors of the 

SF2400 was responsible for all the analysis. All the analysis were performed in a climate controlled room 

with temperatures maintained between 22 and 24 degrees Celsius. 

 

The equipment and its reagents 

STANDARD F2400 Analyzer is a fluorescence immunoassay device that can perform qualitative and 

quantitative analyses for infections, respiratory diseases and chronic diseases. It is manufactured by SD 

Biosensor, Republic of South Korea. It is currently listed among the methods certified by the NGSP. [9] 

The serial number of the equipment used for the verification experiment was FA24C02AA0269. It was 

provided by Codix Pharma Limited who are the authorised representatives of SD Biosensor in Nigeria. 

The company also provided the STANDARD™ F HbA1c reagent packs used for the analysis. The lot 

number of the kit used for the analysis was 6074431AC with a stated expiry date of 10/02/2024. 

 

The external quality material used for the study was sourced from the Randox International Quality 

Assessment Scheme (RIQAS). The sample was that of sample 8, cycle 18. The material was whole blood, 

and it was used as provided. The comparative instrument was the Roche C4000 as recommended by the 

manufacturer, SD Biosensor. 

 

Study design 

Precision and Bias Studies 

The CLSI EP-15 protocol allows for the simultaneous verification of a manufacturer's claims for the 

precision of a measurement procedure and the trueness of the measurement procedure relative to the 

assigned values of materials with known concentrations. It requires 25 or more measurements of a 

material with known concentration and uncertainties, by the candidate procedure, made over five or more 

days. Using the data obtained, within and between laboratory precision estimates are calculated and 

compared with the manufacturer’s claim in its information for users (IFU) leaflet. In this experiment 

where EQA materials were used, bias estimates were determined by comparing the grand mean of the 

experiment considering the uncertainties involved in all the measurements performed, against the mean 

of reported results for the Roche C4000 for sample 8, cycle 18 of the Glycated Haemoglobin program of 

RIQAS. 

 

Sigma Metric 

The Medical decision chart of Westgard was for determining the Sigma metric. The Excel sheet was 

downloaded from https://westgard.com/downloads.html. Total allowable errors of 8% and 10% for 

HbA1C [10] were used for the calculations. 

  

Statistical analysis. 

The presence of potential outliers in the replicates was assessed by Grubb’s test. The outlier limits were 

determined from the calculated mean and SD using the Grubbs' factor at a 99% confidence interval. One-

way analysis of variance was used to determine within-run and between-run estimates of imprecision. 

The CLSI protocol for estimation of bias involves the use of the target value, which is the assigned value 

of the EQA material by Randox EQA, and the calculated mean of all the replicate values. The difference 

(bias) between the two values is calculated. This was followed by a calculation of the standard error of  

  

https://westgard.com/downloads.html


Kuti MA, Adeleye JO. Verification of the HbA1c method on the STANDARD F2400® Analyzer 

 

249 Niger Med J 2025; 66(1):246-255. ISSN: 0300-1652, E-ISSN: 2229-774X, Publisher: Nigerian Medical Association.  Jan. - Feb. 2025 

 

 

this difference and then a verification interval (VI) that has a 95% probability of containing the true 

difference. The GM is then assessed considering the verification interval and allowable error limit. If the 

GM falls within the verification interval, it is deemed acceptable. An acceptable bias percentage was 

calculated as below: 

 

Acceptable percentage bias = Target Value – Lower Verification Limit X 100 

      Target Value    

Actual percentage bias = Target Value – Grand Mean X 100 

     Target Value    

 

Results 

Table 1 shows the results of the 25 data points. The mean (standard deviation) of all the values was 4.95 

(0.15) %. The target value (standard deviation) of the EQA material was 5.04(0.24) %. This was 

generated from the submitted results of 2,088 laboratories. Grubb’s factor (G) for 25 values is 3.135 

(99% CI). Grubb’s limits were calculated as mean + G x SD. Grubb’s lower and upper limits were 4.48% 

and 5.42%, respectively. This indicates that there were no outliers within the data set. The bias between 

the GM and the TV was 1.79%. 

 

Table 1: Study Data  
Run 1 Run 2 Run 3 Run 4 Run 5 

Day 1 5.10 5.10 5.10 4.90 4.70 

Day 2 5.20 5.00 4.90 4.80 4.70 

Day 3 5.10 5.10 5.00 4.80 4.80 

Day 4 5.10 5.00 5.10 4.80 4.80 

Day 5 5.00 5.10 5.00 4.80 4.80 

All values are in % 

 

From the information for the user leaflet in the reagent pack, the manufacturer claimed a within-run CV 

and a within the laboratory of 1.70% and 1.90% for HbA1C of 5.2%. Table 2 shows the result of a one-

way analysis of variance of the data set. Within-run variance (repeatability), between-run variance, and 

within-laboratory variance (within-run variance plus between-run variance) was calculated as 0.00400, 

0.00446, and 0.00846 respectively. Converting to the coefficient of variation gave a within-run CV, 

between-run CV, and within-laboratory CV of 1.28%, 1.35%, and 1.86%, respectively. Furthermore, to 

achieve a 95% confidence level, the upper verification limit for within-run CV and within-laboratory CV 

was calculated. These were 2.13% and 2.39%, respectively. 

 

Table 2: Analysis of Variance Table 

Source of Variation Sum of Squares Degrees of freedom Mean Squares 

Between Groups 0.4624 4 0.1156 

Within Groups 0.08 20 0.004 

Total 0.5424 24   
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Using the data from the EQA provider: the target value, its standard deviation, and the number of 

laboratories that submitted results, a verification interval (VI) for the TV. The VI has a 95% probability 

of containing the true difference between the TV and the GM. The calculated VI was 4.95 - 5.13%.  

The acceptable percentage bias was [(5.04 – 4.95)/5.04] X 100 = 1.78%and the actual percentage bias 

was [(5.04 – 4.95)/5.04] X 100 = 1.78%. 

 

Table 3 is a summary of the results of the entire verification experiment. It indicates that the precision 

claims of the manufacturer were verified to be attainable in the laboratory and the bias estimates 

demonstrated were acceptable. Figures 1 and 2 are the method decision charts with TAE set at 8% and 

10% respectively. The sigma metrics for the assay at TAE of 8% were 4.8 and 3.3 for the within-run and 

within-laboratory estimates respectively. For TAE of 10%, the estimates were 6.3- and 4.3-sigma metrics. 
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Table 3: Summary of Results 

 
Verification of Precision 

 Repeatability UVL(CV%) Study (CV%) Comment 

2.1 1.3 Pass 

IFUCV% –1.7Level1–5.2% 

Within Laboratory UVL(CV%) Study (CV%)  

2.4 1.9 Pass 

IFUCV% –1.9Level1–5.2% 

  

Bias Estimate Verification Interval Study  

 4.95–5.13 4.95 Pass 

 Target Value 5.04%   

 Comparison Method: RocheC4000 

UVL – Upper verification limit; CV – Coefficient of variation; IFU – Information for users 

 

 

Discussion 

The within-run and within-laboratory precision estimates obtained in the study were lower than 

manufacturer estimates. The bias estimates were also within acceptable variation from the comparison 

instrument. These results from this CLSI EP-15 A3 protocol study demonstrate that the precision claims 

of the manufacturer for the measurement of HbA1c on the STANDARD F2400 (SF2400) Analyzer are 

achievable in a Nigerian Laboratory in the hands of a trained Nigerian operator. They further indicate 

that, in these circumstances, this tabletop device is able to achieve an acceptable level of bias when 
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compared to a central laboratory instrument like the Roche C4000. The European Federation of 

Laboratory Medicine (EFLM) publishes analytical performance specifications (APS) based on biological 

variation. They use formulae by Frader and Petersen [11,12] for imprecision and bias as well as estimates 

of within-subject and between-subject biological variation estimates derived from a meta-analysis of 

current and relevant literature. They state that the minimum specifications for HbA1C methods are an 

analytical imprecision CV of 1.2% and a bias of 2.7%. [13] Although its within-run estimates for this 

study are slightly higher than this, the bias estimate of the device found in this study is within EFLM’s 

acceptable limits. There have been other studies reporting on the evaluation of the performance of HbA1c 

platforms in the routine laboratory. Using the CLSI protocol, Chakravarthy et al reported an evaluation of 

the central laboratory-sized VITROS 5600.[14] It is immunoassay-based methodology had an acceptable 

performance compared to the manufacturer’s claims. Their demonstration within laboratory precision for 

the analyser was a CV of 0.6% compared to a manufacturer’s claim of 1.1%. The actual bias percentage 

of their study was 0.14% compared with an acceptable percentage bias of 0.36%. They did, however, 

note, as in the CLSI guidelines, that their use of a peer group mean of a QC material obtained in an 

interlaboratory QC program was a major limitation. In this study, we used a more reliable estimate from a 

major external quality assurance provider. Differences in the conclusions obtainable from the 2 types of 

materials have been demonstrated. [15] This is because the estimates from interlaboratory QC programs 

may be skewed because the participating laboratories may differ markedly from one another.[14] 

 

The International Federation of Clinical Chemistry (IFCC) Task Force on implementation of HbA1c 

standardization has proposed the use of sigma metrics as the method of choice for describing quality 

targets for the analyte. [16] They suggested a minimum of 2-sigma and 4-sigma as the desired quality 

target for methods to be used in routine laboratories and clinical trials, respectively. These targets 

represent a failure rate of about 5 in 100 and 6 in 1000, respectively. The sigma metrics demonstrated in 

this study suggest that the HbA1c on the SF2400 may be suitable not just for routine laboratory use but 

may also support clinical trials. Lenters-Westra et al have conducted periodic evaluations of the 

performance of several POCT devices for HbA1C over a 15-year period [17–20]. They note that despite 

improvements in technology and quality, there remain commercially available platforms with 

unacceptable performance characteristics. An awareness of this by the clinical and scientific community 

should guide their use of these POCT platforms for screening, diagnosis, and monitoring for DM. [20] As 

the sigma metric reflects error rates, it has also been recommended to provide guidance for the internal 

daily quality control plan that should be implemented to monitor the quality of routine operations. [21] A 

higher sigma metric indicates a more stable method and less rigorous DQC monitoring. Given the sigma 

metric demonstrated by the SF 2400 HbA1c in this study, 3.3-sigma for within laboratory estimates, a 

sufficiently sensitive DQC can be run twice per day with two levels of QC per day and the use of a multi-

rule system. For devices with <3-sigma, DQC may need to be run three times per day with three levels 

with considerations for testing in duplicate as well as the maximum QC rules. [22] This may have 

significant financial implications for the laboratory. 

 

The selection of laboratory devices to support the management of diabetes mellitus is important. A 

diagnosis of the disease cannot be made in the absence of biochemical measurements of either glucose or 

HbA1C. Furthermore, an increasing array of tests are required for defining aetiology, guiding therapeutic 

decisions as well as detection of complications. [24] Point of care testing, defined as any investigation 

carried out in a clinical setting or the patient's home for which the result is available without reference to 

a laboratory and perhaps rapidly enough to affect patient management has been shown to have many 

benefits in the clinical care of people with diabetes mellitus. [24,25] A major benefit of POCT is the 

ability to deliver immediate results that accelerate clinical decision-making at the time of the patient visit. 

[25] The immediacy of the impact of these POCT devices and the consequences of the same should 

require that these instruments have quality characteristics that approach those instruments used in the 

main laboratory. Studies that have examined the quality of several central laboratory instruments for 
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HbA1c have almost uniformly demonstrated sigma metrics exceeding 3-sigma.  Wang et al, using aTAE 

of 7%, showed that 4 out of 6 central laboratory grade instruments (Bio-Rad Variant II automatic, Bio-

RadVariant II Turbo 2.0, SEBIA Capillary’s 2 Flex Piercing system, Trinity Biotech Ultra2, Trinity 

Biotech Hb9210, and Roche Modular PPI detection system) demonstrated a sigma metric of at least 3.5. 

Similarly, Maesa et al, with TAE set at 10%, showed that 3 out of 4 of the equipment examined had a 

sigma metric of at least 6, using within laboratory imprecision and bias estimates. [26] This would 

suggest that while the SF2400 may have desirable characteristics for a POCT device, it may still not 

replace central laboratory analysis. This is consistent with a current opinion that while POCT devices 

may support glycemia monitoring in persons with diabetes mellitus, there remains concern about their use 

for the diagnosis of the disease. [27] The cost of POC HbA1ctesting, which can be several-fold more 

expensive than testing in a central laboratory is an important consideration. Although the current study 

did not include a cost evaluation, there is evidence that with adequate test numbers cost parity with 

central laboratory may be achieved in poor and remote areas in low-middle income countries that may 

support their inclusion in public health programs. [27,28] 

 

In conclusion, the SF2400 shows significant promise as a tool in supporting the management of persons 

with diabetes mellitus. It shows desirable performance characteristics that indicate above-industry 

standard quality for a POCT device. Current concerns about POCT devices, in general, may limit their 

use for the diagnosis of diabetes mellitus.  

 

References 

1. ISO 15189:2022. Medical laboratories — Requirements for quality and competence. Geneva: 

International Organization for Standardization 

 

2. Theodorsson E. Validation and Verification of Measurement Methods in Clinical Chemistry. 

Bioanalysis 2012;4(3):305–320.  

 

3. Haeckel R. Verification, validation and evaluation of analytical procedures in laboratory 

medicine. Clin. Chem. Lab. Med. 2004; 42(1):111-112 

 

4. Berte LM. Quality management system: a model for laboratory services; approved guideline. 4th 

ed. Wayne (PA): Clinical and Laboratory Standards Institute; 2011. 

 

5. Dybkaer R. Vocabulary for use in measurement procedures and description of reference materials 

in laboratory medicine. Eur J Clin Chem Clin Biochem 1997;35(2):141–73. 

 

6. Menditto A, Patriarca M, Magnusson B. Understanding the meaning of accuracy, trueness, and 

precision. Accred Qual Assur 2007;12(1):45–7. 

 

7. Burnett D, Burnett L, Mackay M. Statistical methodologies in laboratory medicine. In: Rifai N, 

Horvath AR, Wittwer CT, Tietz NW, editors. Tietz textbook of clinical chemistry and molecular 

diagnostics. St. Louis (MO): Elsevier; 2018. 

 

8. Carey RN. User verification of precision and estimation of bias: approved guideline. 3rd ed. 

Wayne (PA): Clinical and Laboratory Standards Institute; 2014. 

 

9. NGSP. Certified Methods/Labs. Available from: https://ngsp.org/certified.asp [Last accessed: 

20/02/2024]. 

 



Kuti MA, Adeleye JO. Verification of the HbA1c method on the STANDARD F2400® Analyzer 

 

254 Niger Med J 2025; 66(1):246-255. ISSN: 0300-1652, E-ISSN: 2229-774X, Publisher: Nigerian Medical Association.  Jan. - Feb. 2025 

 

 

10. US Department of Health and Human Services. Medicare, Medicaid, and CLIA programs. 

Clinical Laboratory Improvement Amendments of 1988 (CLIA) proficiency testing regulations 

related to analytes and acceptable performance: final rule. Fed Regist. 2022;87(131):41194-

41242. 

 

11. Fraser CG, Petersen PH. Desirable standards for laboratory tests if they are to fulfill medical 

needs Clin Chem. 1993;39(7):1447-1455. doi:10.1093/clinchem/39.7.1447 

 

12. Fraser CG, Petersen PH. Analytical Performance Characteristics Should Be Judged against 

Objective Quality Specifications Clin Chem. 1999;45(3):321-323. doi:10.1093/clinchem/45.3.321 

 

13. European Federation of Clinical Chemistry and Laboratory Medicine. EFLM Biological Variation 

Database. [cited 2024 Sep 18];Available from: 

https://biologicalvariation.eu/search?query=Haemoglobin%20A1c%20(IFCC) 

 

14. Chakravarthy SN, Ramanathan S, Smitha S, Nallathambi T, Michael S. EP15A3 based precision 

and trueness verification of VITROS HbA1C immunoassay. Indian J Clin Biochem. 

2019;34(1):89-94 

 

15. Kumar SP, Kumari SJ Are peer comparison statistics obtained from Internal Quality Control and 

External Quality Assurance programs comparable? -An analytical study. RGUHS J. Allied Health 

Sci. 2023;3(1):6-10 

 

16. Weykamp C, John G, Gillery P, English E, Ji L, Lenters-Westra E, et al. Investigation of 2 

Models to Set and Evaluate Quality Targets for Hb A1c: Biological Variation and Sigma-Metrics. 

Clin. Chem. 2015;61(5):752–759 

 

17. Lenters-Westra E, Slingerland RJ. Six of Eight Hemoglobin A1c Point-of-Care Instruments Do 

Not Meet the General Accepted Analytical Performance Criteria. Clin. Chem. 2010;56(1):44–52. 

 

18. Lenters-Westra E, Slingerland RJ. Three of 7 Hemoglobin A1c Point-of-Care Instruments Do Not 

Meet Generally Accepted Analytical Performance Criteria. Clin. Chem. 2014;60(8):1062–1072 

 

19. Lenters-Westra E, English E. Evaluation of Four HbA1c Point-of-Care Devices Using 

International Quality Targets: Are They Fit for the Purpose? J. Diabetes Sci. Technol. 

2018;12(4):762–770. 

 

20. Lenters-Westra E, English E. Are hemoglobin A1c point-of-care analyzers fit for purpose? The 

story continues. Clin. Chem. Lab. Med. 2021;59(4):765-774 

 

21. Westgard SA, Bayat H, Westgard JO. Selecting a Risk-Based SQC Procedure for a HbA1c Total 

QC Plan. J Diabetes Sci Technol 2018;12(4):780–785 

 

22. Lincy Raj C, Poornima Rt, Malawadi Bn. Sigma metrics – a good quality control guide to assess 

the analytical performance of a clinical chemistry laboratory. Asian J Med Sci 2024;15(7):45–50. 

 

23. American Diabetes Association Professional Practice Committee, ElSayed NA, Aleppo G, 

Bannuru RR, Bruemmer D, Collins BS, et al. Diagnosis and Classification of Diabetes: Standards 

of Care in Diabetes—2024. Diabetes Care 2024;47(Supplement_1):S20–S42. 

 

https://biologicalvariation.eu/search?query=Haemoglobin%20A1c%20(IFCC)


Kuti MA, Adeleye JO. Verification of the HbA1c method on the STANDARD F2400® Analyzer 

 

255 Niger Med J 2025; 66(1):246-255. ISSN: 0300-1652, E-ISSN: 2229-774X, Publisher: Nigerian Medical Association.  Jan. - Feb. 2025 

 

 

24. Hobbs R. Near patient testing in primary care. BMJ 1996;312(7026):263–264. 

 

25. Brown JB, Harris SB, Webster-Bogaert S, Porter S. Point-of-Care Testing in Diabetes 

Management: What Role Does It Play? Diabetes Spectr. 2004;17(4):244–248.  

 

26. Maesa JE, Fern AacuteNdez-Riejos P, S AacuteNchez-Mora C, Toro-Crespo MI, Gonz Aacute 

Lez-Rodriguez CO. Application of Six Sigma Model to Evaluate the Analytical Quality of Four 

HbA1c Analyzers. Clin Lab. 2017 Jan 1;63(1):79-83. 

 

27. Sacks DB, Kirkman MS, Little RR. Point-of-Care HbA1c in Clinical Practice: Caveats and 

Considerations for Optimal Use. Diabetes Care 2024;47(7):1104–10. 

 

28. Andrade MV, de Souza Noronha KVM, Santos AS, Maia JX, Nogueira LT, Cimini CCR, et al. 

HBA1C point-of-care testing for diabetes control in a low-income population: A before and after 

study and cost-parity analysis HbA1c point-of-care testing for diabetes control. Primary Care 

Diabetes 2023;17(5):447–53.  
 


