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ABSTRACT

Background: Hemoglobin A1C (HbAlc) is often used for evaluating long term glycemic control in patients suffering from
diabetes. In resource-constrained settings, the availability and accessibility of diagnostic facilities are often limited. Point-of-care
(POC) testing for HbAlc has emerged as a potential solution to overcome these barriers

Methodology: A cross-sectional study conducted at Bahawal Victoria Hospital in Bahawalpur from May 2022 to October 2022
for a period of six months following ethical review committee permission. This research includes 173 subjects. On the same
visit, blood samples were taken for HBA1C measurement using both a centralized laboratory approach (Turbidimetric Inhibition
Immunoassay, TINIA) and a point-of-care testing (POCT) method (Biohermes A1C EZ 2.0). Patients were placed into three
groups based on their HBA1C levels: Group A (less than 5.6%), Group B (5.6%-6.7%), and Group C (more than 6.7%). Group C
was divided into two categories: diabetics with adequate glycemic control (HBA1C < 7%) and diabetics with poor glycemic
control (HBAIC > 7%). Data was analyzed by using SPSS version 24.0. P-values of <0.05 will be considered statistically
significant

Results: The result has shown that study sample consisted of 173 individuals with a mean age of 51.2 years (+SD 5.4) with 98
males (56.64%) and 75 females (43.36%). The participants had an average BMI of 28.3 (+SD 5.6). Group A has 32, Group B
has 44, Group C with good control has 52 and Group C with poor control has 45 participants. The mean TINIA measurement for
these groups were 5.1 + 1.13, 6.0 + 0.93, 6.8 + 1.40 and 10.3 *+ 2.31 respectively. While the POCT results for these groups A,
B,C with good and poor control were 5.2 + 0.41, 6.1 + 0.23, 6.7 + 0.83 and 10.9 + 1.78 respectively. The comparison results of
these methods using the Spearman test (non-parametric data), a correlation coefficient (r) of 0.75, p<0.001 was obtained.
Conclusion: The findings of this study support the integration of point-of-care HbAlc testing into diabetes screening and
monitoring programs in resource-constrained settings, offering a pragmatic approach to contain the growing burden of diabetes

in Pakistan.
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INTRODUCTION

Diabetes mellitus is a chronic, complex metabolic disorder
characterized by long-term raised blood glucose levels that can
have serious, long-term complications, and result in high morbidity
and mortality. Either insulin action, secretion or both®. Worldwide,
diabetes prevalence is expected to rise from 9.3% in 2019 to
10.9% in 2045, and higher rates are expected in high income and
metropolitan areas?. The disease is also a major worldwide chronic
illness burden in aging societies with 19.3% of people aged
between 65 and 99 years old having diabetes in 20193
Hemoglobin A1C (HbAlc) is one of the many biomarkers used to
evaluate glycemic management of diabetes patients over a long
period of time. The HbA1c test, an important glycemic marker for
diabetes mellitus, reflects the mean blood glucose level of the
previous two to three months. In resource constrained settings, the
availability and accessibility of diagnostic facilities is limited. HbAlc
testing at the point of care (POC) has been developed as a
potential solution to these barriers®.

Data from several health organizations such as
American Diabetes Association (ADA) has established the
diagnostic criteria for diabetes with the use of HbAlc levels. The
ADA also states that if your HbAlc is 6.5% or higher, then you are
diagnosed with diabetes®. If symptoms of hyperglycemia are not
present, repeating the test on a subsequent day will confirm this
diagnosis. HbA1lc testing is also used as a screening tool in people
considered at high risk of developing diabetes, including those who
are obese, have a family history of diabetes or are of a particular
ethnic origin®. If a screening test shows a higher-than-normal
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HbAlc reading, it may indicate the need for more blood glucose
testing and monitoring. People with diabetes should have their
HbAlc levels checked from time to time to monitor long term
glycemic control and guide treatment choices. Low HbAlc values
are connected with a lower risk of diabetic complications’.

HbA1c testing is beneficial over other methods for detecting
diabetes mellitus. Here are several major advantages. HbAlc
measures average blood glucose over the previous 2 to 3 months
compared with tests like fasting blood glucose or oral glucose
tolerance tests, which provide a snapshot of glucose levels at a
single point in time®. HbALc testing differs from other fasting blood
glucose testing in that it does not require fasting by patients prior to
the test, which makes it more convenient for both patients and
healthcare providers. This eliminates the need for patients to
reserve appointments to have fasting blood drawn, which can be
both time consuming and lead to missed appointments®. HbAlc
testing is a stable test for long term glycemic control and it is
reliable even in those with variable daily glucose levels.

A comparison of point of care (POC) Hemoglobin Alc
(HbAZ1c) testing with central laboratory methods includes accuracy,
precision, reliability, feasibility and cost effectiveness. Typically,
central laboratory methods include high performance liquid
chromatography (HPLC) or immunoassay techniques®®. They are
well established and standardized with high accuracy and
precision. HbAlc POC (point of care) testing devices differ in
technology and performance. Some POC devices have
comparable accuracy to central laboratory methods while others
may have reduced precision and higher variability'*. All of this is
done in a central lab, controlled environments, by trained
technicians to generate consistent and reliable results. Since POC
testing may be more susceptible to environmental factors, user
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variability and device calibration issues, reliability is likely to be
more of a concern in non clinical settings.

Specialized equipment and trained personnel, and
centralized facilities are required for central laboratory testing,
which may limit this to remote or resource constrained settings.
POC HbAlc testing has been advantageous in that it is accessible,
especially in primary care clinics, community health centers, and
remote areas that lack or are not practical for centralized
laboratory facilities. Typically, sample transportation, processing,
and batch testing result in longer turnaround times from central
laboratory testing. Rapid POC HbAlc testing allows immediate
clinical decision making as well as patient counseling during the
same visit'’>?, The costs associated with equipment,
infrastructure, maintenance and personnel are higher for central
laboratory testing. The POC HbA1c testing devices vary in cost but
provide reduced turnaround time, decreased reliance on
centralized facilities, and potential avoidance of follow up visits for
test results. Typically, central laboratories follow strict quality
control measures such as proficiency testing, calibration and
validation. In decentralized healthcare settings, POC HbAlc
testing requires robust quality control and assurance processes to
achieve accuracy, reliability, and regulatory compliance®?,

MATERIAL AND METHODS
A cross-sectional study was done at Bahawal Victoria hospital
Bahawalpur from May 2022 to October 2022 for a period of 6
months with permission of ethical review committee. This research
included all patients hospitalized in Islam Teaching Hospital,
Sialkot in the specified timeframe and vetted for inclusion. A
specific criterion for inclusion and exclusion was developed.
Patients aged 18 years and older with diabetes mellitus diagnosis
or suspected diabetes by clinical signs such as polyuria, polydipsia
and unexplained weight loss were included in this study. The
American Disease Association (ADA) standards recommend that
HBA1c should not be used in the patients with disease in which
increased red blood cell turnover occurs?:. Therefore, people with
diagnosed diseases such as hemolytic anemia or sickle cell
disease, hemophilia, thalassemia, hereditary spherocytosis,
chronic hepatic or renal disease, iron deficiency or hemolytic
anemia were not included in the research. Also, those who had
had a blood transfusion or chemotherapy within the previous three
weeks were excluded. Patients with the history of alcoholism or
substance misuse, since such patients may affect glucose
metabolism and HbAlc levels. Patients who are pregnant, as
pregnancy can affect HbAlc levels. Patients with known
contraindications to venipuncture or finger stick blood sampling
procedures and with unstable medical conditions requiring
immediate intervention or hospitalization were also excluded.
Following screening of 230 individuals, 173 patients met the
study's predetermined criteria and were added to the sample.
Informed consent was obtained after the chosen sample was fully
informed about the stages and process involved in this
investigation, including any possible risks and benefits. All of the
patients' clinical and biographical details, including age, gender,
ethnicity, socioeconomic position, clinical presentation, and
symptom duration, were recorded. Vital signs including blood
pressure, pulse and temperature of every participant were noted.
Blood samples were collected for measuring HBALC levels
through centralized laboratory method and point of care method on
the same visit. Capillary blood was collected by trained health care
professional via finger prick and it was analyzed by using POCT
HbAlc analyzer (Biohermes A1C EZ 2.0). The results obtained
were noted for each participant. For the purpose of HBA1C
measurement through central standardized laboratory method,
TINIA (Turbidimetric Inhibition Immunoassay) was used. 5 milliliter
of venous blood samples were collected from each patient and the
sample were stored in EDTA vials. These samples were
transported to pathology laboratory in the Islamic teaching hospital.
All the samples were stored at +4°C temperature and all the
assays were performed by trained laboratory technologist. The

results obtained were noted for each participant. According to the
HBA1C levels the patients were divided into three groups labelled
as Group A with HBA1C levels < 5.6%, Group B with HBA1C
levels 5.6%-6.7% and Group C with HBA1C levels > 6.7%. Group
A consisted to people with normal HBA1C levels, Group B
consisted of diaspora with impaired glycemic control and Group C
was formed by participants suffering from diabetes mellitus. The
Group C was further broken down into two categories that includes
diabetics with good glycemic control (HBA1C<7%) and diabetics
with poor glycemic control (HBAIC>7%). Data was entered and
analyzed to compare the sensitivity and specificity of POCT and
TINIA assay for measure of HBA1C SPSS (Statistical Package for
the Social Sciences) version 24. It was presented as mean,
standard deviation, and percentages. P-values of <0.05 were
considered statistically significant. The findings were interpreted in
the context of the study objectives and existing literature.

RESULT

The study sample consisted of 173 individuals with a mean age of
51.2 years (+SD 5.4). The gender distribution within the sample
comprised 98 males (56.64%) and 75 females (43.36%). The
participants had an average BMI of 28.3 (+SD 5.6). Hypertension
was prevalent among 69 individuals (39.88%), while 71
participants (41.04%) reported a history of smoking (Table 1,
Figure 2). These demographic and health characteristics provide a
snapshot of the study population, reflecting a middle-aged cohort
with a slight male predominance and a notable prevalence of
hypertension and smoking history. The study involved four distinct
groups categorized based on their HbAlc levels: Group A, Group
B, Group C, and Poor Control. Group A comprised individuals with
HbAlc levels below 5.6%, consisting of 32 participants. For this
group, the mean TURBIDIMETRIC INHIBITION IMMUNOASSAY
(TINIA) measurement was 5.1 + 1.13, while the POINT OF CARE
HBA1C TESTING (POCT) measurement averaged at 5.2 +
0.41.Moving to Group B, encompassing individuals with HbAlc
levels ranging from below 5.6% to 6.7%, there were 44
participants. In this group, the mean TINIA measurement was 6.0 £
0.93, slightly higher than in Group A, while the mean POCT
measurement was 6.1 + 0.23.Group C, denoted as "Good Control,"
included 52 participants with HbA1c levels below 7%. In this group,
both TINIA and POCT measurements increased further, with mean
values of 6.8 + 1.40 and 6.7 + 0.83, respectively. Lastly, the Poor
Control group consisted of 45 individuals with HbAlc levels
exceeding 7%. Here, both TINIA and POCT measurements
showed considerable elevation, with mean values of 10.3 + 2.31
and 10.9 + 1.78, respectively (Table 2, Figure 2).

Table 1: Demographic characteristics of population under study

Variable Study sample (n=173)
Age (years) 51.2+54

(mean + SD)

Gender

Male 98 (56.64 %)

Female 75 (43.35 %)

BMI (mean + SD) 28.3+5.6
Hypertension 69 (39.88%)

History of Smoking 71 (41.04%)

These results demonstrate how HbAlc readings change
throughout groups and demonstrate how well TINIA and POCT
work to identify and evaluate glycemic control in people with a
range of HbAlc levels.A correlation study was carried out to
compare the outcomes of the POCT and TINIA techniques. The
POCT technique results were represented on the y-axis, while the
TINIA data were put on the x-axis. The findings demonstrated a
strong positive association between the two examined approaches.
When comparing these approaches with non-parametric data
using the Spearman test, a correlation coefficient (r) of 0.75,
p<0.001, was found.

The findings also indicate that Point of Care Testing (POCT)
is more economical than Turbidimetric Inhibition Immunoassay
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(TINIA). On the other hand, the results of HBA1C via POCT can be
obtained within minutes, whereas the TINIA provided results within
24 hours. However, compared to a Turbidimetric Inhibition
Immunoassay (TINIA), a Point of Care Testing (POCT) device can
do the test with a smaller quantity of sample, only 10 pl, instead of
1 ml. Unlike in TINIA, which is performed through meticulous

phlebotomy procedures and the need to obtain venous blood,
POCT is very conveniently performed by use of a sample from a
simple finger prick. This feature greatly facilitates the practicality
and accessibility of the POCT and makes it possible to implement
it in clinical settings.
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Figure 1: Gender distribution of study population

Table 2: Comparative analysis of results of POCT and TINIA methods

Method Group A Group B Group C
(HBA1C<5.6%) HBA1C<5.6%-6.7%)
N=32 N=44
Good Control (HBA1C<7%) Poor Control
N=52 (HBA1C>7%)
N=45
Turbidimetric Inhibition Immunoassay (TINIA) 51+1.13 6.0 £ 0.93 6.8+ 1.40 10.3+2.31
Point of Care HBALC testing (POCT) 5.2+0.41 6.1+0.23 6.7 £ 0.83 10.9+1.78

Mean Levels of HBA1C after Laboratory assessment
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Figure 2: Mean levels of HBA1C after laboratory testing

DISCUSSION

Two major methods used for the diagnosis and treatment of
diabetes mellitus are the use of fasting blood glucose levels (FBG)
and Hemoglobin Alc (HbAlc). FBG measurements are tests of
blood glucose following an overnight fast — usually the individual’s
glycemic status at a given point in time. This method gives a
snapshot of the current blood glucose level (it is simple and
relatively cheap?-?2, Although, FBG can be influenced by factors
such as recent food intake or stress and may result in variability in
results. On the other hand, HbAlc measures average blood

glucose levels over the preceding two to three months and
represents a bigger picture of glycemic control. It is not affected by
short term fluctuations and does not need fasting, and it is
convenient and easy to administer. However, HbAlc results can
be affected by factors, including hemoglobin variants, or certain
medical conditions which may affect the accuracy of results?. Both
FBG and HbAlc play critical roles in diabetes diagnosis and
management, each with its distinct advantages and limitations.
FBG provides immediate insight of the current glycemic status and
is appropriate for initial diabetes screening. On the other hand

PJMHS Vol 17, No. 9, September, 2023 47




POC vs. Central Lab HbAlc Testing in Resource-Limited Settings

HbAlc gives a long term picture of glycemic control for
assessment of treatment efficacy and risk stratification of
complications. Both tests can be combined to provide a
comprehensive evaluation of diabetes management, using the
information to tailor interventions and monitoring?. Nevertheless, it
is important to acknowledge the inherent variability and inherent
limitations of each method, and to use judiciously the interpretation
and clinical decision making.

Different ways of measuring the glycated hemoglobin
(HbAlc) are available. It is usually determined by using HPLC or
immunoassay methods. In HPLC, HbAlc is quantified from its
retention time following chromatographic separation of the blood
sample. The use of antibodies to HbAlc specific to HbAlc in
immunoassay methods for the detection and quantification of
HbAlc in the blood sample. The use of these methods provides
high precision and accuracy to allow for accurate assessment of
long-term glycemic control. A new technique of point of care
HBAILC testing has emerged. POC HbAlc testing is a clinically
significant, cost effective, reproducible instrument for the
management of diabetes in resource constrained settings, for use
in the identification of high-risk patients and facilitating referrals to
secondary diabetic services?.

Results from Turbidimetric Inhibition Immunoassay (TINIA)
and Point of Care HbAlc Testing (POCT) are presented across
groups classified by HbAlc levels. On analysis, it can be seen that
both TINIA and POCT are giving comparable results on each of
the mentioned groups. The measurements of TINIA and POCT are
in close agreement over the HbA1lc range from people with HbAlc
below 5.6% to people with poor control (HbAlc > 7%).

The agreement in results indicates that POCT may provide a
viable alternative to TINIA, especially in settings where laboratory
facilities are resource constrained. POCT is capable of delivering
reliable HbAlc assessments and thus may be useful for screening
and diabetes monitoring in such settings®. POCT offers
comparable results to TINIA and is a practical and efficient
alternative for healthcare practitioners interested in accurately
assessing HbAlc levels so as to undertake timely interventions
and improve patient outcomes in resource limited environments.

Many studies have shown the usefulness and advantages of
encouraging the use of POCT in resource limited settings. An
Indonesian study suggests that POCT-HbAlc can replace
standard diagnostic laboratory HbAlc measurement for diabetes
screening and follow up with a sensitivity of 97.83% and specificity
of 77.42%%. POCT of HbAlc may enable more timely diabetes
management action in patients with worsening illness and improve
the population health driven HbAlc testing adherence during
primary care office visits. Recent advances in electrochemical
detection and point-of-care (PoC) devices for HbAlc quantification
show promise for improved speed, accuracy, and cost-
effectiveness?.

The results from this study indicate that point of care
hemoglobin Alc (HbAlc) testing is equivalent to the central
laboratory method and may serve as a screening and monitoring
tool for diabetes mellitus in resource constrained settings. Results
from this study showed that the point of care testing is
advantageous as it provides rapid turnaround times, convenience
and access in areas where laboratory facilities might not be easily
accessible?®. Point of care testing delivers reliable and timely
HbAlc measurements that can allow for early detection of diabetes
and allow healthcare providers to intervene early, optimize disease
management and improve patient outcomes. Moreover, point of
care testing is cost effective and simple so it is an attractive option
for healthcare systems with limited resources®.

CONCLUSION

The findings of this study add to the evidence for point of care
HbAlc testing to be integrated into diabetes screening and
monitoring programmes in resource constrained settings in a
pragmatic manner to address the growing burden of diabetes in
Pakistan. Further research arenas of study are suggested to

validate the utility and feasibility of point-of-care HbA1lc testing for
diabetes mellitus screening and monitoring in resource constrained
settings.

Author’s Contribution: All the authors have read and agreed to
findings of the manuscript

Conflict of Interest: The authors declare no conflict of interest.
Funding: No funding was received.

REFERENCES

1. Sameer A, Banday M, Nissar S. Pathophysiology of diabetes: An
overview. Avicenna Journal of Medicine 2020; 10: 174.

2. Saeedi P, Petersohn I, Salpea P, Malanda B, Karuranga S, Unwin N,
Colagiuri S, Guariguata L, Motala A, Ogurtsova K, Shaw J, Bright D,
Williams R. Global and regional diabetes prevalence estimates for
2019 and projections for 2030 and 2045: results from the
International Diabetes Federation Diabetes Atlas, 9th edition.
Diabetes Res Clin Pract. 2019 ; 107843.

3. Sinclair A, Saeedi P, Kaundal A, Karuranga S, Malanda B, Williams
R. Diabetes and global ageing among 65-99-year-old adults: findings
from the International Diabetes Federation Diabetes Atlas, 9th
edition. Diabetes Res Clin Pract. 2020; 108078

4. Hatada M, Tran T, Tsugawa W, Sode K, Mulchandani A. Affinity
sensor for haemoglobin Alc based on single-walled carbon nanotube
field-effect transistor and fructosyl amino acid binding protein.
Biosens Bioelectron. 2019; 129: 254-259

5. Doyle-Delgado K, Chamberlain J, Shubrook J, Skolnik N, Trujillo J.
Pharmacologic approaches to glycemic treatment of type 2 diabetes:
synopsis of the 2020 American Diabetes Association's Standards of
Medical Care in Diabetes Clinical Guideline. Ann Intern Med. 2020;
173:813-821

6. Ren Q, Lv X, Yang L, Yue J, Luo Y, Zhou L, Meng S, Yang S, Puchi
B, Zhou X, Ji L. Erythrocytosis and performance of HbAlc in
detecting diabetes on an oxygen-deficient plateau: a population
based study. J Clin Endocrinol Metab. 2020.

7. Kaur J, Jiang C, Liu G. Different strategies for detection of HbAlc
emphasizing on biosensors and point-of-care analyzers. Biosens
Bioelectron. 2019; 123: 85-100

8. Basit A, Fawwad A, Basit KA, Waris N, Tahir B, Siddiqui IA. Glycated
hemoglobin (HbAlc) as diagnostic criteria for diabetes: The optimal
cut-off point's values for the Pakistani population; a study from
second National Diabetes Survey of Pakistan (NDSP) 2016-2017.
BMJ Open Diabetes Research and Care. 2020 May 1; 8(1)

9. Shah SJ, Ishaq H, Hakeem H, Shaheen S, Khan SA, Rauf S, Mir H,
Bangash SA, Ali M, Ullah I. Glycated Albumin's Clinical Effectiveness
in The Diabetes Diagnosis: Glycated Albumin's Clinical Effectiveness
in Diabetes. Pakistan BioMedical Journal. 2022 May 31:176-81.

10. Wali AS, Rafique R, Iftkhar S, Ambreen R, Yakoob MY. High
proportion of overt diabetes mellitus in pregnancy and missed
opportunity for early detection of diabetes at a tertiary care centre in
Pakistan. Pakistan journal of medical sciences. 2020 Jan; 36(1):S38.

11.  Bergman M, Abdul-Ghani M, Neves JS, Monteiro MP, Medina JL,
Dorcely B, Buysschaert M. Pitfalls of HbAlc in the diagnosis of
diabetes. The Journal of Clinical Endocrinology & Metabolism. 2020
Aug; 105(8):2803-11.

12.  Wang M, Hng TM. HbAlc: More than just a number. Australian
journal of general practice. 2021 Sep 1; 50(9):628-32.

13. Kaiafa, G., Veneti, S., Polychronopoulos, G., Pilalas, D., Daios, S.,
Kanellos, I., Didangelos, T., Pagoni, S., & Savopoulos, C. (2020). Is
HbAlc an ideal biomarker of well-controlled diabetes?. Postgraduate
Medical Journal, 97, 380 - 383.

14. Tolldnes MC, Jenum AK, Berg TJ, Levaas KF, Cooper JG, Sandberg
S. Availability and analytical quality of hemoglobin A1C point-of-care
testing in general practitioners’ offices are associated with better
glycemic control in type 2 diabetes. Clinical Chemistry and Laboratory
Medicine (CCLM). 2020 Jul 28; 58(8):1349-56.

15. Rosa LD, Mistro S, Oliveira MG, Kochergin CN, Cortes ML, Medeiros
DS, Soares DA, Louzado JA, Silva KO, Bezerra VM, Amorim WW.
Cost-effectiveness of point-of-care A1C tests in a primary care
setting. Frontiers in Pharmacology. 2021 Jan 19; 11: 588309.

16. Rohlfing C, Hanson S, Estey MP, Bordeleau P, Little RR. Evaluation
of interference from hemoglobin C, D, E and S traits on
measurements of hemoglobin A1C by fifteen methods. Clinica
Chimica Acta. 2021 Nov 1; 522: 31-5

17. Barron E, Misra S, English E, John WG, Sampson M, Bachmann MO,
Barth J, Oliver N, Alberti KG, Bakhai C, O'Neill S. Experience of
point-of-care HbAlc testing in the English National Health Service
Diabetes Prevention Programme: an observational study. BMJ Open
Diabetes Research and Care. 2020 Dec 1; 8(2):e001703.

48 PJMHS Vol 17, No. 9, September, 2023



T. Batool, A. Ahmad, Asya et al

18.

19.

20.

21.

22,

23.

24.

25.

Smith M, Rosenmoss S, Seligman HK. Point-of-Care hemoglobin
A1C testing system in community settings: Challenges, opportunities,
and measurement characteristics. Progress in Community Health
Partnerships: Research, Education, and Action. 2020; 14(3):327-35.
Crocker JB, Lynch SH, Guarino AJ, Lewandrowski K. The impact of
point-of-care hemoglobin Alc testing on population health-based
onsite testing adherence: a primary-care quality improvement study.
Journal of Diabetes Science and Technology. 2021 May; 15(3):561-7.
American Diabetes Association. Standards of medical care in
diabetes—2018. Diabetes Care. 2018;41(suppl):S1-S156.

Fatima M, Ali Z, Zafar Z. Prevalence of Type 2 Diabetes Mellitus and
Pre-Diabetes Using HbAlc. Journal of Pharmaceutical Research
International. 2021 Oct 2;33(45A):476-9.

Andleeb F, Atig A, Atig M. Hemoglobin structure at higher levels of
hemoglobin A1C in type 2 diabetes and associated complications.
Chinese Medical Journal. 2020 May 20;133(10):1138-43.

Khan H, Khan MB, Hussain S, Zahoor S, Asif M, Khan S. Hbalc:
point of care testing in control of type-2 diabetes mellitus in
population of Nowshera. Journal of Sheikh Zayed Medical College
(JSZMC). 2021 May 11;12(1):17-21.

Saeed S, Khattak M, Syed S, Khan JA, Amir M, Khattak A. Analysis
of HBA1C by TINIA and HPLC in diabetic patients attending a tertiary
care Hospital. Pakistan Journal of Pathology. 2020;31(2):42-5.

Arnold WD, Kupfer K, Little RR, Amar M, Horowitz B, Godbole N,
Hvidsten Swensen M, Li Y, San George RC. Accuracy and precision

26.

27.

28.

29.

30.

of a point-of-care HbAlc test. Journal of diabetes science and
technology. 2020 Sep;14(5):883-9.

Berbudi A, Rahmadika N, Tjahjadi A, Ruslami R. Performance of
Point-of-Care Testing Compared with the Standard Laboratory
Diagnostic Test in the Measurement of HbA1c in Indonesian Diabetic
and Nondiabetic Subjects. J Diabetes Res. 2020; 2020:2037565.
https://doi.org/10.1155/2020/2037565.

Price C, John A. The value proposition for point-of-care testing in
healthcare: HbAlc for monitoring in diabetes management as an
exemplar. Scand J Clin Lab Invest. 2019; 79:298-304.
https://doi.org/10.1080/00365513.2019.1614211.

Lenters-Westra E, English E. Analysis: Investigating the quality of
POCT devices for HbAlc, what are our next steps? J Diabetes Sci
Technol. 2019; 13:1154-1157.
https://doi.org/10.1177/1932296819850838.

Abildgaard A, Knudsen C, Bjerg L, Lund S, Stgy J. Lot variation and
inter-device differences contribute to poor analytical performance of
the DCA Vantage™ HbAlc POCT instrument in a true clinical setting.
Clin Chem Lab Med. 2021; 60:127-134. https://doi.org/10.1515/cclm-
2021-0720.

Tolldnes MC, Jenum AK, Berg TJ, Levaas KF, Cooper JG, Sandberg
S. Availability and analytical quality of hemoglobin Alc point-of-care
testing in general practitioners’ offices are associated with better
glycemic control in type 2 diabetes. Clinical Chemistry and Laboratory
Medicine (CCLM). 2020 Jul 28;58(8):1349-56.

This article may be cited as: Batool T, Ahmad A, Asya, Batool T, Faiz FA, Haq MIU: Comparison of Point-of-Care Hemoglobin Alc testing with Central
Laboratory methods for screening and monitoring Diabetes Mellitus in Resource-Constrained Settings. Pak J Med Health Sci, 2023;17(09): 45-49.

PJMHS Vol. 17, No. 9, September, 2023 49



