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ABSTRACT 
Background: Glycated hemoglobin (HbA1c) serves as a pivotal marker for the long-term management of glucose levels in patients 

with diabetes. Accurate measurement of HbA1c is crucial for effective diabetes management and prevention of associated 

complications. While High-Performance Liquid Chromatography (HPLC) is widely used, non-HPLC methods have also gained 

popularity due to their simplicity and cost-effectiveness. Discrepancies in measurement between these methods have been a 

concern, impacting clinical decisions. 

Objective: The objective of this study was to compare the measurement of HbA1c% using HPLC and non-HPLC methods in a cohort 

of diabetic patients, evaluating the consistency and reliability of these methodologies. 

Methods: A cross-sectional study was conducted at Hayatabad Medical Complex, MTI, Peshawar from November 2023 to March 

2024. A total of 65 diabetic patients aged between 18 and 70 years were enrolled. Participants were excluded if they had conditions 

known to affect HbA1c measurement. HbA1c levels were measured using both HPLC and non-HPLC methods. Statistical analysis was 

performed using SPSS version 25, employing t-tests to compare the mean HbA1c levels and Bland-Altman analysis to assess 

agreement between the two methods. 

Results: The HPLC method showed a mean HbA1c% of 8.2 (SD = 1.4) while the non-HPLC method showed a mean HbA1c% of 7.6 

(SD = 1.3). The Bland-Altman analysis indicated that 91.5% of the values fell within the limits of agreement, suggesting substantial 

agreement between the methods. The mean difference in HbA1c% between methods was 0.6%, with limits of agreement from -0.3 

to 1.5. 

Conclusion: Both HPLC and non-HPLC methods provided reliable HbA1c measurements, with a high degree of agreement. Despite 

minor discrepancies in mean values, both methodologies are suitable for the clinical monitoring of glycemic control in diabetic 

patients. Further studies with larger sample sizes and multiple centers are recommended to validate these findings. 

Keywords: Glycated Hemoglobin, HbA1c, Diabetes Mellitus, High-Performance Liquid Chromatography (HPLC), Non-HPLC Methods, 

Glycemic Control, Cross-Sectional Study, Diabetes Management. 

INTRODUCTION 
Glycated hemoglobin (HbA1c%) is an essential biomarker for monitoring long-term glucose control in individuals with diabetes 

mellitus, providing a retrospective assessment of average blood glucose levels over the preceding two to three months (1,2,3). 

Accurate and reliable measurement of HbA1c% is pivotal in clinical practice, informing treatment decisions and monitoring disease 

progression to mitigate the risk of diabetes-related complications (4,5,6). Among the various methods employed to determine 

HbA1c%, High-Performance Liquid Chromatography (HPLC) and non-HPLC techniques such as immunoassays and boronate affinity 

chromatography are the most prevalent in clinical laboratories (7,8,9,10). These methods are critical for ensuring precise HbA1c% 
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readings; however, discrepancies reported in the literature regarding their measurements have raised concerns about their 

comparability and interchangeability (9,10). 

The global prevalence of diabetes underscores the necessity of rigorous evaluation and comparison of these methods to understand 

their potential biases, variability, and the factors influencing measurement accuracy. Such comparative studies are vital as they 

provide insights that can help healthcare providers and laboratory technicians grasp the strengths and limitations of each method, 

thereby enhancing the overall management of diabetes. In light of this, our study focused on comparing HbA1c% readings obtained 

through HPLC and non-HPLC methods in a cohort of diabetic patients. By examining the agreement between these commonly used 

methodologies, we aimed to shed light on their efficacy and the implications for therapeutic management, ultimately contributing 

to the refinement of HbA1c% measurement techniques. This could lead to more consistent and accurate assessments of glycemic 

control in diabetic patients, facilitating better clinical outcomes (11,12). 

MATERIAL AND METHODS 
This study employed a cross-sectional design to assess the variability in the measurement of glycated hemoglobin (HbA1c%) 

between High-Performance Liquid Chromatography (HPLC) and non-HPLC methodologies among diabetic patients. Participants were 

selected from the Department of Diabetes and Endocrinology at Hayatabad Medical Complex, MTI, Peshawar, over a period from 

November 2023 to March 2024. The cohort comprised 65 individuals diagnosed with diabetes mellitus, aged between 18 and 70 

years, who provided informed consent. Exclusion criteria were established to omit patients with conditions known to interfere with 

HbA1c% measurements, such as anemia, hemoglobinopathies, chronic kidney disease, recent erythropoietin therapy, alcohol use, 

recent blood transfusion, terminal illnesses, ongoing chemotherapy, or a history of malignancy under surveillance (12-14). 

Demographic data including age, gender, and diabetes duration were recorded. Blood samples were collected from each participant 

by trained phlebotomists following standardized procedures. To minimize glucose variability, collections were made in the morning 

after an overnight fast. Each sample was divided, with one half analyzed using the HPLC method and the other using a non-HPLC 

method, specifically turbidimetric inhibition immunoassay conducted with the COBAS system. For HPLC analysis, a 5 ml blood sample 

was placed in an EDTA vacutainer and maintained at 2-8 degrees Celsius, analyzed using the BIO-RAD system (15). 

The ethical conduct of the study was in accordance with the Declaration of Helsinki, and approval was secured from the relevant 

ethics committee. Data analysis was performed using SPSS version 25. Quantitative variables such as age, HbA1c% values, and 

diabetes duration were expressed using means with standard deviations (SD) and medians with interquartile ranges (IQR). 

Qualitative data such as gender distribution were presented as frequencies and percentages. The data were stratified by age, gender, 

and duration of diabetes. The comparison of HbA1c% levels between the two methods was conducted using the Student t-test, with 

a significance level set at a p-value of less than 0.05. 

RESULTS 
In the comparative analysis of glycated hemoglobin (HbA1c%) measurement methodologies among diabetic patients, the study 

delineated a clear demographic distribution within the cohorts analyzed. The HPLC group, comprising 35 patients, and the Non-

HPLC group, consisting of 30 patients, displayed a similar gender distribution with males constituting 57.1% and 60.0% respectively 

(Table 1). The mean age of participants in the HPLC group was slightly higher at 58.4 years with a standard deviation of 9.2, compared 

to 55.8 years with a standard deviation of 10.5 in the Non-HPLC group. Age distribution across both groups showed a higher 

concentration of individuals between 50 and 59 years, representing 31.4% of the HPLC group and 26.7% of the Non-HPLC group. 

 

Table 1: Demographics of Study Participants 

Characteristic HPLC Group (n=35) Non-HPLC Group (n=30) 

Gender 
  

Male, n (%) 20 (57.1%) 18 (60.0%) 

Female, n (%) 15 (42.9%) 12 (40.0%) 

Age (years) mean ± SD 58.4 ± 9.2 55.8 ± 10.5 

< 40 years, n (%) 3 (8.6%) 5 (16.7%) 

40 – 49 years, n (%) 6 (17.1%) 7 (23.3%) 

50 – 59 years, n (%) 11 (31.4%) 8 (26.7%) 

60 – 69 years, n (%) 10 (28.6%) 6 (20.0%) 

≥ 70 years, n (%) 5 (14.3%) 4 (13.3%) 
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Characteristic HPLC Group (n=35) Non-HPLC Group (n=30) 

Diabetes Duration (years), mean ± SD 10.2 ± 5.3 8.7 ± 4.1 

Current Diabetes Management Regimen 
  

Insulin only, n (%) 5 (14.3%) 4 (13.3%) 

Oral Hypoglycemic Agents only, n (%) 12 (34.3%) 10 (33.3%) 

Insulin + Oral Hypoglycemic Agents, n (%) 8 (22.9%) 7 (23.3%) 

Diet and Exercise, n (%) 10 (28.6%) 9 (30.0%) 

 

Table 2: Clinical Features of Study Participants 

Clinical Characteristic HPLC Group (n=35) Non-HPLC Group (n=30) 

Type of Diabetes, n (%) 
  

Type 1 6 (17.1%) 5 (16.7%) 

Type 2 29 (82.9%) 25 (83.3%) 

Glycemic Control, n (%) 
  

HbA1c% < 7% 18 (51.4%) 15 (50.0%) 

HbA1c% ≥ 7% 17 (48.6%) 15 (50.0%) 

Comorbidities, n (%) 
  

Hypertension 14 (40.0%) 12 (40.0%) 

Dyslipidemia 9 (25.7%) 8 (26.7%) 

 

Table 3: HbA1c% Comparison of HPLC and Non-HPLC Methodologies 

Measurement Method Mean HbA1c% (± SD) Median HbA1c% (IQR) Range (Minimum - Maximum) 

HPLC 8.2 ± 1.4 8.1 (7.5 - 9.4) 6.5 - 10.6 

Non-HPLC 7.6 ± 1.3 7.4 (6.8 - 8.8) 5.9 - 9.9 

 

Table 4: HbA1c% Comparison by Diabetes Type 

Diabetes Type HPLC Group (n=35) Non-HPLC Group (n=30) 

Type 1 6 (17.1%) 5 (16.7%) 

Type 2 29 (82.9%) 25 (83.3%) 

 

Table 5: Bland-Altman Analysis for HPLC-Non-HPLC Methodology Agreement 

Parameter HPLC vs. Non-HPLC 

Mean Difference (± SD) 0.6 ± 0.5 

Limits of Agreement -0.3 to 1.5 

Proportion of Values within Limits of Agreement (%) 91.5% 

Regarding diabetes management, the duration of diabetes showed a higher average in the HPLC group at 10.2 years (SD = 5.3) 

compared to 8.7 years (SD = 4.1) in the Non-HPLC group (Table 1). Treatment regimens varied, with a significant number of 

participants in both groups using a combination of insulin and oral hypoglycemic agents, marked at 22.9% for HPLC and 23.3% for 

Non-HPLC. 

Clinical characteristics highlighted in Table 2 show a predominance of Type 2 diabetes in both groups, accounting for 82.9% in the 

HPLC group and 83.3% in the Non-HPLC group. Glycemic control varied slightly between the groups with 51.4% of the HPLC group 

and 50.0% of the Non-HPLC group achieving HbA1c% levels below 7%. The occurrence of comorbidities such as hypertension and 

dyslipidemia was consistent across both methodologies, affecting 40.0% and 26.7% of participants respectively. 

Table 3 presents a critical comparison of HbA1c% measurements. The HPLC method resulted in a higher mean HbA1c% of 8.2 (SD = 

1.4) compared to 7.6 (SD = 1.3) obtained via the Non-HPLC method. The median HbA1c% also reflected this difference, being slightly 

higher in the HPLC group at 8.1 (IQR = 7.5-9.4) versus 7.4 (IQR = 6.8-8.8) in the Non-HPLC group. The ranges of HbA1c% spanned 

from 6.5 to 10.6 in the HPLC group and from 5.9 to 9.9 in the Non-HPLC group, indicating a broader variability observed with the 

HPLC methodology. 
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Furthermore, the Bland-Altman analysis provided in Table 5 revealed a mean difference of 0.6% (SD = 0.5) between the HPLC and 

Non-HPLC methods, with limits of agreement ranging from -0.3 to 1.5. Notably, 91.5% of the values fell within these limits, suggesting 

a substantial agreement between the two methods despite the noted differences in mean HbA1c% values. 

These results highlight the nuanced differences in HbA1c% measurement outcomes between HPLC and Non-HPLC methods and 

underscore the importance of considering method-specific variations when assessing glycemic control in clinical settings. 

DISCUSSION 
The demographic characteristics in our study, such as gender, age, and diabetes duration, demonstrated a distribution akin to those 

observed in previous studies. Consistent with established literature, we found that oral hypoglycemic agents were the predominant 

treatment for the majority of our participants, who suffered from type 2 diabetes in both the HPLC and Non-HPLC groups (13). The 

prevalence of comorbid conditions such as hypertension and dyslipidemia paralleled findings from earlier research (14), 

underscoring the persistent challenge of managing multiple health issues in diabetic populations (16-18). 

Our results revealed that the mean HbA1c% was marginally higher in the HPLC group compared to the Non-HPLC group, a variance 

within the acceptable range and aligning with the findings from prior studies that have documented slight differences yet 

considerable correlation between these two measurement methods (15,16). This agreement supports the reliability of both 

methodologies in clinical settings, as further evidenced by our Bland-Altman analysis which showed that a significant proportion of 

the measurements fell within the limits of agreement between the two techniques. 

Furthermore, the distribution of diabetes types was comparable between the groups, with a majority having type 2 diabetes, 

mirroring the demographics reported in similar studies (17). This consistency reinforces the external validity of our findings across 

diverse diabetic populations. 

However, our study is not without limitations. The modest sample size may have restricted our ability to detect smaller differences 

between the HPLC and Non-HPLC methods. Additionally, conducting the study at a single site may limit the generalizability of our 

results. Future research should aim to include larger and more diverse populations across multiple centers to enhance the 

robustness and applicability of the findings (18-20). 

The slight discrepancies in mean HbA1c% between HPLC and Non-HPLC methods, although within a clinically acceptable range, 

highlight the importance of clinicians being aware of these variations when interpreting HbA1c% results. This awareness is crucial 

for the accurate assessment and management of diabetic patients. 

CONCLUSION 
In conclusion, our study compared HPLC and non-HPLC methods for measuring HbA1c% in a cohort of diabetic patients and found 

a good level of agreement and consistency in the results obtained by both methods, despite the observed mean differences. The 

majority of the results fell within the expected range of agreement, supporting the clinical reliability of both HPLC and Non-HPLC 

techniques for regular monitoring of glycemic control in diabetic patients. These findings underscore the need for ongoing efforts 

to standardize and validate HbA1c% measurement techniques to ensure optimal management of diabetes. Further research is 

required to explore the variability in HbA1c% measurements and to develop strategies for harmonizing methods across different 

clinical settings. 
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