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Nephelometry, Ion Exchange Resin and 
High Performance Liquid Chromatography: 

A Cross-sectional Study

INTRODUCTION
Diabetes mellitus is a chronic metabolic disease characterised 
by high blood glucose (hyperglycaemia) resulting from insufficient 
insulin production or defects in insulin action, or both. It affects 
almost all the body organs and prolongs hyperglycaemia can lead 
to life-threatening complications and defects [1].

HbA1c is a haemoglobin-glucose complex that is formed non-
enzymatically inside the cell [2]. Determination of HbA1c is a good 
index of blood glucose in a given past period. HbA1c levels are the 
means of blood sugar of last 8-12 week., therefore it is used as gold 
standard for monitoring patients’ blood sugar level [3]. Results of 
HbA1c measuring are used in the management of diabetic patients. 
Hence, the agreement of results between different HbA1c measuring 
methods and kits is critical in medical decision making [4].

A single glucose determination gives a value which is true only at 
the time when the blood sample is drawn and measurement of 
HbA1c correlated with an individual’s mean blood glucose over the 
preceding eight to 12 weeks [5]. HbA1c is unaffected by diet, Insulin 
or exercise on the day of testing and thus reflects the average 
glucose level over the last several weeks thereby, giving a status of 
the long term metabolic control of glucose in individuals [6]. HbA1c 
is now widely recognised as an important test for the diagnosis 
of diabetes mellitus and is a reliable indicator of the efficacy of 
therapy. Increased levels of HbA1c are directly linked with a greater 
risk of complications from diabetes. Therefore, the guidelines also 
recommend the monitoring of HbA1c [7].

Clinical laboratories use different techniques such as liquid 
chromatography, electrophoresis, boronate affinity, and ion-
exchange chromatography, immunoassay and spectrophotometry 

are used for accurate measurement of HbA1c [8,9]. These methods 
are based on molecular charge or structure or chemical formulation. 
HPLC is considered “gold standard” and routinely used methods 
that have high validity, accuracy, and stability [10]. However, the 
different types of haemoglobin variants on HbA1c can influence 
the results [11]. Additionally, the cost of HPLC device, tedious and 
time-consuming sample processing which requires skilled personal, 
professionals are looking for an alternative method to detect and 
monitor HbA1c which is cheaper and cost-effective for all laboratories 
[12]. Several studies have compared different methods with HPLC 
however, results are still not well satisfied due to the inconsistency 
of HbA1c [4,13-16]. A rather alternate validated method is required 
to detect HbA1c.

The nephelometry methodology is a reliable, time-saving and 
non-tedious and is for estimation of HbA1c following National 
Glycohaemoglobin Standardisation Program guidelines [17,18]. 
It measures the scattered light from the surface of latex particles 
[19]. The analyser provides direct results in percentage HbA1c 
and it does not need haemoglobin measurement. Hence, the 
automated system has been adopted and it results in excellent 
reproducibility among laboratory settings. It has the advantages of 
accuracy, sensitivity and low cost compared to HPLC [20]. IECR is 
a method of molecular separation based on their charge. It is less 
time consuming and considered a more reliable method of HbA1c 
detection [21].

Therefore, the present study was taken up to evaluate the analytical 
performance of the most common cost-effective technique i.e., 
nephelometry, and ion-exchange chromatography, in comparison with 
the gold standard HPLC method for estimation of glycated HbA1c.
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ABSTRACT
Introduction: Diabetes mellitus cases are continually rising 
all over the world. Glycated haemoglobin (HbA1c) used as a 
diagnostic test to measure long-term average glycaemic control 
in diabetic patients.

Aim: To assess the precision and reproducibility of the Ion 
Exchange Column Chromatography Resin (IECR) method 
and nephelometry in comparison to High-Performance Liquid 
Chromatography (HPLC) with respect to the estimation of 
HbA1c.

Materials and Methods: A cross-sectional comparative study 
was conducted on 50 blood samples, collected from the diabetic 
subjects at the Department of Biochemistry and their HbA1c values 
were estimated by HPLC based BioRad D-10, nephelometry and 
IECR techniques. HPLC was used as a gold standard method, to 

evaluate the sensitivity and specificity of nephelometry and IECR 
techniques. Data were expressed as mean±standard deviation 
and intraclass Correlation Coefficient and Pearson correlation 
were calculated.

Results: The mean age of the study subjects was 53.06±7.67 
years. The mean plasma HbA1c levels were 8.16±2.9, 7.62±2.5 
and 7.84±2.5 and mean estimated Average Glucose (eAG) 
was 187.00±84.4, 172.0±76.8, and 289.46±199.9 by HPLC, 
Nephelometry and IECR, respectively. Compared with HPLC, 
nephelometry had excellent correlation (r-value 0.925); p<0.001) 
and IECR (r-value 0.869; p<0.001).

Conclusion: Nephelometry and IECR both had better 
performance and showed a greater concordance with gold 
standard HPLC. Therefore, nephelometry and IECR can be 
used as an alternative assay for HbA1c estimation.
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Parameter
Mean±Standard 

deviation normal reference range

Pulse rate (bpm) 76.8±8.9 60-100

Systolic BP (mmHg) 124.5±19.8 Upto 120

Diastolic BP (mmHg) 76.4±8.5 Upto 80

Hb (%) 11.4±2.2
Males:13.8 -17.2; 
Females:12.1-15.1

FBS (mg/dL) 150.2±76.4 70-110

RBS (mg/dL) 152.5±62.8 70-140

PPBS (mg/dL) 200±81.9 Upto 140

Blood Urea (mg/dL) 27.4±14.5 12-40

Serum Creatinine (mg/dL) 1.2±1.0
Males: 0.7-1.4;  

Females: 0.6-1.2

Serum uric acid (mg/dL) 4.5±1.7 Males: 3.4-7; Females: 2.5-6

Sodium (mEq/L) 131.0±7.3 135-145

Potassium (mEq/L) 4.1±0.5 3.5 -5

Chloride (mEq/L) 97.7±6.5 95-105

Total bilirubin (mg/dL) 0.9±0.9 Upto 1.2

Direct bilirubin (mg/dL) 0.3±0.5 <0.3

Total protein (g/dL) 6.5±0.6 6-8

Serum albumin (g/dL) 3.6±0.4 3.5-5.5

Serum globulin (g/dL) 2.9±0.6 2.0-3.5

AST (IU/L) 33.6±21.3 5-40

ALT (IU/L) 24.9±14.7 5-40

ALP (IU/L) 239.5±165.5 20-140

[Table/Fig-2]: Clinical and biochemical parameters of the overall study group.
Hb: Haemoglobin; FBS: Fasting blood sugar; RBS: Random blood sugar; PPBS: Post Prandial 
blood sugar; AST: Aspartate transaminase; ALT: Alanine transaminase; ALP: Alkaline phosphatase

MATERIALS AND METHODS
A cross-sectional comparative study between three methods HPLC, 
Nephelometry and IECR was conducted on diabetic patients who 
were referred to the central diagnostic laboratory facility of hospital, 
AJ Institute of Medical Sciences and Research Centre, Mangaluru, 
Karnataka, India, for HbA1c estimation from April 2016 to October 
2016. The study was approved by the Institutional Ethics Committee 
(AJEC/REV/12/2016). Sample size was calculated using formula: 
n= {n0/(1+((n0-1)/N))}. Where, n-adjusted sample size; n0-the initial 
sample size; N-the population size. Using this sample size minimum 
sample required to obtain 80% power was 34 and present study 
sample size was 50.

Diabetic patients, aged above 20 years, without any history of long-
term complications were included in the study. Pregnant women 
and patients with anemia, renal diseases, hepatic diseases, cardiac 
diseases, and hypertension were excluded from the study. The 
informed consent was obtained from each subject and a blood 
sample (2 mL) was collected in EDTA vacutainer and stored at -4°C.

Biochemical Parameters
HbA1c was estimated by HPLC D-10 (Bio-Rad Laboratories, 
Hercules, CA, USA), nephelometry (MISPA i2, AGAPPE Diagnostics 
GmbH, Switzerland) and the IECR method. HPLC D-10 system 
works on chromatographic separation of haemoglobin fractions. 
It is an automated system where the samples are loaded directly, 
diluted, and injected into the analytical cartridge. The separation of 
haemoglobin-based on its ionic interactions with the cartridge and 
the analytical flow path is measured at 415 nm [22].

Nephelometry utilises an antigen-antibody interaction method to 
determine HbA1c in whole blood. Non-specific adsorption of HbA1c 
to latex particle forms a complex with mouse anti-human HbA1c 
monoclonal antibodies. Anti-mouse IgG antibody interacts with the 
monoclonal antibodies and agglutination occurs. The quantity of 
agglutination is measure by nephelometry, standard curve are made 
and used to measure the percentage of HbA1c [23,24].

In the IECR method, the IECR separator is used to separate charged 
amino acid side chains based on its electrostatic interactions and 
HbA1c and non-glycosylated fraction is eluted out [25]. Maintaining 
the HPLC as a gold standard method, IECR and nephelometry 
method were evaluated in the terms of sensitivity and specificity. 
The subjects were grouped based on their HbA1c levels as follows: 
Group 1: Below 6%; Group 2: 6-9%; and Group 3: Above 9% [4]. 
estimated Average Glucose (eAG) was calculated using previously 
reported formula eAG=(28.7×HbA1c-46.7]) mg/dL [26].

STATISTICAL ANALYSIS
Statistical analysis were done using Statistical Package for the 
Social Sciences (SPSS Inc, Chicago, IL) version 11.0. All quantitative 
data were expressed as mean±Standard Deviation (SD). Intraclass 
Correlation Coefficient and Pearson correlation were calculated. 
Receiver Operating Characteristic (ROC) curve, sensitivity, and 
specificity were calculated for all three methods. The p-value <0.05 
was considered to be statistically significant.

RESULTS
The mean age of the study subjects were 53.06±7.67 years. 
Majority of the study subjects were between the age group of 51-
60 years [Table/Fig-1]. The biochemical parameters of the study 
group are shown in [Table/Fig-2]. Most of these parameters fall 
under normal category with no significant differences.

The mean of HbA1c by the HPLC method was higher than that 
of nephelometry and IECR. The mean HbA1c of group 1 was 
higher (p<0.05) when it was estimated by the IECR method, 
whereas it was found that the HbA1c measured in groups 2 and 
3 was higher when estimated by HPLC. The mean eAG was 

significantly higher in all groups when it was estimated by the 
IECR method [Table/Fig-3].

Considering a cut-off of 6.5% the sensitivity, the specificity of 
HPLC, Nephelometry, and IECR was calculated using the Receiver 
Operator Curve (ROC). Area Under Curve (AUC) for HPLC was 
1 (95% confidence interval (CI) 0.93 to 1); for nephelometry 
1 (95% CI 0.93 to 1); and for IECR was 0.863 (95% CI 0.73 to 
0.94) [Table/Fig-4,5].

The intra-class correlation was performed to determine the reliability 
of HPLC and IECR [Table/Fig-6a,7]. High similarity was observed 
between HPLC and nephelometry (r-value 0.925) [Table/Fig-6b]. 
Nephelometry percentage shows significant fair agreement (r-value 
0.756) with IECR% (p-value is <0.001) which was statistically highly 
significant [Table/Fig-7]. A high similarity was observed between 
nephelometry and the IECR method. Pearson correlation of 
Fasting Blood Sugar (FBS) showed a significant positive correlation 
with HbA1c estimated with HPLC (r=0.562; p-value <0.001), 
nephelometry (r=0.556; p-value <0.001), and IECR method 
(r=0.538; p-value <0.001). The sensitivity and specificity were 
100% and 95%, 100% and 81% and 97% and 80% for HPLC, 
Nephelometry, and IECR respectively [Table/Fig-8].

DISCUSSION
HbA1c has been used as a gold standard for assessing mean 
glycaemia and also a measure of risk for the development of 
diabetes mellitus related complications [10]. The study compared the 
analytical performance of the estimation of HbA1c by three different 

age (years) Male Female Frequency

40 and below 3 2 5

41-50 4 8 10

51-60 21 12 35

Total 28 22 50

[Table/Fig-1]: Age distribution in the cases.
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Parameter Method
Mean±Sd 

<6% (group 1)
Mean±Sd

6-9% (group 2)
Mean±Sd

>9% (group 3)
Mean±Sd

overall

HbA1c

HPLC% 5.16±0.5 7.38±0.7 11.63±1.3 8.16±2.9

Nephelometry% 4.97±0.5 7.22±0.76 10.47±1.65 7.62±2.5

Ion exchange resin% 5.99±0.8 7.18±1.57 10.13±2.71 7.84±2.5

eAG

HPLC% 101.0±14.4 164.73±22.3 286.78±39.7 187.00±84.4

Nephelometry% 95.64±14.3 160.0±22.1 270.60±32.43 172.0±76.8

Ion exchange resin% 108.0±24.7* 215.73±39.1** 522.22±135.3** 289.46±199.9**

[Table/Fig-3]: Mean HbA1c and eAG of three methods amongst HPLC, nephelometry, and IECR.
*p<0.05; **p<0.01; HPLC: High performance liquid chromatography; HbA1c: Glycated haemoglobin; eAG: Estimated average glucose; SD: Standard deviation; Group 1, 2, 3 are based on HbA1c concentration

Method

the area 
under the 

curve
Standard 

error
asymptotic 

significance*

asymptotic 
95% confidence 

interval

lower 
bound

upper 
bound

HPLC 1 0 <0.001 0.929 1.000

Nephelometry 1 0 <0.001 0.929 1.000

Ion exchange 
resin

0.863 0.0545 <0.001 0.733 0.942

[Table/Fig-5]: ROC of HbA1c% estimation by HPLC, nephelometry and IECR.
*p-value<0.001 is considered statistically significant

[Table/Fig-4]: Receiver Operator Curve (ROC) of HbA1c estimation by HPLC and 
IECR method.

[Table/Fig-6]: The intra-class correlation coefficient between (a) HPLC and ion 
exchange resin, (b) HPLC and nephelometry method.
HPLC: High-performance liquid chromatography

intra-class 
correlation*

F 
value

95% confidence 
interval

p-value
lower 
bound

upper 
bound

HPLC-Ion 
exchange resin

0.869 7.706 0.771 0.926 <0.001

Nephelometry-Ion 
exchange resin

0.756 4.062 0.570 0.862 <0.001

HPLC-
Nephelometry

0.925 14.819 0.856 0.959 <0.001

[Table/Fig-7]: Intra-class correlation coefficient between nephelometry and ion 
exchange resin.

test hPlc nephelometry ion exchange resin

Sensitivity 100% 100% 97%

Specificity 95% 81% 80%

Positive predictive value 97% 89% 80%

Negative predictive value 100% 100% 97%

Accuracy 98% 93% 89%

[Table/Fig-8]: Sensitivity, specificity, positive and negative predictive values, and 
accuracy of three tests.

methods that are currently in practice. It shows the agreement 
between the HPLC, nephelometry, and IECR method in measuring 
HbA1c and was found to be good but there was variability amongst 
HbA1c values measured in the IECR method.

IECR correlated well with HPLC, with a 97% sensitivity and 80% 
specificity which probably reflects the decreased precision of the 
IECR method, although even in this case the relationship was 
highly significant which was similar to Hamwi A et al., study [27]. 
The best correlation with HPLC was found with nephelometry with 
a sensitivity of 100% and a specificity of 81%. The present study 
results were consistent with the Rukmini MS et al., [25], where 
the HPLC and IECR were compared for HbA1c quantification and 
showed sensitivity and specificity of 94% and 62.4% as in present 
study it was 97% and 80%, respectively [Table/Fig-8].

Amongst the subjects, the mean and standard deviation of the 
HbA1c value was found to be higher for group 1 when estimated 
by the IECR method. Whereas, the mean and standard deviation of 
HbA1c measured in groups 2 and 3 were higher when measured 
by HPLC. These findings were in accordance with a study done 
by Gautam N et al., [28]. This indicates that maximum patients 
were under the risk of developing complications related to diabetes 
mellitus and also reflect poor management of diabetic patients in 
this region because of ignorance, poverty, poor health education, 
unawareness about diabetes control programs, etc., [29,30].

The present study showed a better function and excellent 
agreement of nephelometry to HPLC compared with the IECR 
method. Nephelometry showed significant fair agreement with 
IECR (p<0.001). The findings were in accordance with the studies 
of Al-Lawati JA and Al-Lawati AM and Ankush RD et al., [31,32]. 
Good relationship and concordance between the different methods 
as indicated in other studies support the reliability of properly used 
different methods. Nephelometry shows excellent correlation 
with the reference HPLC method (r=0.925; p<0.001). IECR 
shows good correlation with reference HPLC (r=0.869; p<0.001). 
Eckerbom S et al., showed an even better correlation, when they 
analysed 131 patient samples analysed on the Bio-Rad Diamat 
system and with the Mono S column for HbA1c show that higher 
levels of HbA1c are achieved with the Diamat system [21]. These 
could be due to different chromatographic efficiency among HPLC 
and Diamat system.

Although HPLC is considered as “gold standard” for the 
measurement of HbA1c, it has several disadvantages such as 
cost, assay times and requirement of special laboratory skill [11]. 
Therefore, the alternate reliable method is needed which has a close 
strong correlation with HPLC. This quick method is helpful to obtain 
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the report during patients’ visits without any delay and that gives 
better opportunities for clinical decision-making and changes in the 
treatment regimen [26].

Limitation(s)
Small sample size, variables confounding factors that affect HbA1c 
in patients with diabetes such as diabetic stage, residual insulin and 
age factor. In addition, sensitivity and specificity of each equipment 
may affects the results.

CONCLUSION(S)
Although HPLC is considered to be the gold standard method for 
the estimation of HbA1c, the present study shows an excellent 
correlation of nephelometry and IECR method with HPLC. Compare 
with, HPLC, both methods are fast, cheaper, reliable, and non-
tedious methods compared to HPLC. It may be useful to make 
early clinical decision-making and changes in the treatment regimen 
thereby can reduce the huge economic burden of diabetes patients 
with lower socioeconomic status.
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