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ABSTRACT

Background: Diabetes mellitus, a disease with serious implications on human health ,is on
continuous rise. It is the need of hour to find and establish the markers to measure its long
term effects. Diabetes Control and Complication Trial has confirmed role of HbAlc in effective
blood glucose level monitoring .New methods are being developed for measurement of
HbAlc .Before using these methods, it is essential to analyze these methods for reliability
.Therefore in our study we will compare and evaluate correlation and agreement between
Turbidimetric Inhibition Immunoassay TINIA and High Performance Liquid Chromatography
HPLC for HbAlc measurement.

Methods: Three hundred and ninety-four samples were analyzed simultaneously on Roche
Cobas 501 and D-10 HbAlc analyzer by Bio-Rad for HbAlc level estimation. The results were
entered into SPSS version 26 for method validation. This is an observational study conducted
at Department of Pathology CMH Quetta from January 2022 to August 2023.

Results: Inter and intra run coefficient of variation (CV) was within the allowable limit of 2 %.
Mean difference between results of Turbidimetric Inhibition Immunoassay TINIA and High-
Performance Liquid Chromatography HPLC was very low with HPLC results slightly on
higher side. For low control TINIA had between run CV of 0.3% (Low control) 0.8 % (High
control) and within run CV of 0.3% (Low control), 0.6% (High control); while HPLC had
between run CV of 0.6% (Low control) 1.8% (High control), and within run CV of 0.3% (Low
control), and 0.7%. Linear regression analysis displayed high concordance and agreement
between the results of both methods.

Conclusion: Both methods have comparable results in HbAlc estimation.
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Introduction of diabetes is on continuous rise with an
Diabetes mellitus is a serious condition with ~ expected increase of 8.8 to 9.9% by the year
implications on human health (1).Prevalence 2045. Increase in prevalence has been

ascribed to increase in life expectancy,

103
Int. J. pathol.2024; 22(3): 103-109


https://doi.org/10.59736/IJP.22.03.890

OPEN ACCESS

obesogenic lifestyle and use of refined foods.
This increase in number of diabetic patients’
calls for development of reliable and patient
centered approaches for better monitoring of
diabetes (2).

Diabetes Control and Complications trial has
confirmed the role of effective blood glucose
level monitoring in decreasing the rate of
complications in diabetic patients.
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Measurement of blood Glucose levels alone is
not sufficient for determining the long-term
control of diabetes.HbA1c is the test of choice
for this purpose. It is the irreversible
glycosylated subset of Hemoglobin at one or
both N terminals of Beta Chains of
Hemoglobin. After recommendation of
international expert committee in 2009,
HbAlc has already been used for diagnosis
of diabetes at a cut off of 6.5 % (3).

Both long- and  short-termglycemic
variability’s have been found to be
associated with diabetic complications.
These variabilities can be confirmed by
serial measurement of HbAlc levels (4). For
purpose of monitoring different cutoffs
have been proposed by different
committees including <7% by American
Diabetes Association and <5% by IFCC
[International = Federation of Clinical
Chemistry]. NGSP recommends twice
yearly measurement of HbAlc (5). HbAlc is
also helpful to predict complications and to
enhance the cost effectiveness of diabetes
prevention in the high-risk population
suffering from prediabetes (6). For this
purpose the cutoff of 5.7-6.4% can be used
(7). International Federation of Clinical

Chemistry (IFCC) has recommended two
reference methods for measurement of
HbAlc: HPLC with Mass spectrometry or
capillary electrophoresis (5, 6). New
methods are continuously being developed
for HbAlc. All of them have both
advantages and disadvantages .Before
using HbAlc for monitoring diabetic
patients, it is essential to check the
reliability of the new method. Studies from
different parts of the world have shown
good correlation between TINIA and HPLC
based methods (9, 10). There is a lack in
data from Baluchistan regarding
comparison of both these methods with
large clinical material. The objective of this
study is to compare and evaluate
correlation and agreement between TINIA
and HPLC for measurement of HbAlc (7).

Methods

This observational study was conducted at
Combined Military Hospital Quetta from
January 2022 to August 2023. Non
probability consecutive sampling method
was used for sample collection. Our study
included 394 samples collected from
patients of both the genders between ages
18-65 years, coming for different blood tests
after taking informed verbal consent.
Pregnant females, patients with known
hemoglobinopathies and anemia, patients
with history of recent massive blood loss or
blood transfusion, those taking steroids or
insulin, known patients of Chronic Kidney
Disease, Chronic Liver Disease, and cancer
were excluded from study. This study is
approved by Ethical review committee ERB
No 10-2023 dated: 09-01-2023. Venous
blood was collected in tubes containing
EDTA. Samples for between run studies
were refrigerated at temperature between
2-8° C. Rest of analysis was done within 06
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hours of collection simultaneously on both
instruments.

All samples were analyzed simultaneously
on Roche Cobas 501 and D-10 HbAlc
analyzer by Bio-Rad. The Cobas <501
module is an automated analyzer for
HbAlc measurement via the principle of
Turbidimetric Inhibition Immunoassay. It is
a large analyzer with physical dimensions
of 120 cm (width), 98 cm (depth), 130 cm
(height) and weight of 330 kg. It can be
placed on the floor for ergonomic use. The
D-10 Hemoglobin Alc Program utilizes
principles of ion-exchange high-
performance liquid chromatography
(HPLC). Physical dimensions of the
instrument are: Height 49.5 cm, width 40.2
cm and length 53.4 cm.

Imprecision for both methods is calculated
as CV. For this purpose 02 levels of controls
were used. Controls were run 20 times in
one day for within run precision and daily
for 20 days for between run studies. .Intra
run CV was calculated by performing 20
assays on same control on same day. The
inter run CV was calculated by measuring
HbA1lc in controls materials in duplicate for
20 days. Linear regression analysis was
used to determine the correlation between
02 methods. Quantitative data was
expressed as mean with standard deviation
and percentages. P-value of less than 0.05
was considered significant. All data was
analyzed on SPSS version 26.

Results

Samples were collected from 394 patients
out of these 104 (26.4%) were females and
290 (73.6%) were males. Average age for
males was 55.4 £ 5.2 years and for females it
was 52.3 * 4.7years. Table I shows HPLC
Method showed within run CV of 0.3% for
low control and 0.7% for high control while

TINIA Showed within run CV of 0.3% for
low control as and 0.6%for high control.
The between run CV was below 1% for
TINIA and <2% for HPLC. The mean values
of HbAlc low level controls were 3.20 +
0.07% and 3.24 + 0.06 for Turbidimetric
Inhibition Immunoassay TINIA and High-
Performance  Liquid  Chromatography
HPLC respectively and 10.48 + 0.08 and
10.58 + 0.07 for high level controls for the
same methods. Difference between both
methods was found to be insignificant i.e.

(p>0.05). Distribution of bias between
Turbidimetric  Inhibition Immunoassay
TINIA and High-Performance Liquid
Chromatography =~ HPLC results with

majority of values lie within the total
allowable limit of 5%.

Comparison of both methods is shown in
figure 1. It shows good agreement between
both the methods with r2 = 0.989 the slopes
and intercept between both methods were,
A= -0.114 (CI = -0.199 - -0.029), B=1.04 (CI =
1.029 - 1.051) and y = 0.11+1.04x. The
Pearson correlation coefficient value 0.994
showed significant agreement between
results of both the methods with p<0.001.

Table 1: Comparison of mean and SD values
between TINIA and HPLC

Sr. No. Method | Mean | SD | CV |
Within Run

TINIA | 324 | 001 ] 03%

Low Control 0~ 0 T0.01 | 03%

. TINIA | 1058 | 0.07 | 0.6%

High Control |0 =048 T0.08 [ 0.7%
Between Run

Low Control |_TINIA [ 324 [0.01]03%

HPLC | 319 | 0.02 | 0.6%

. TINIA | 1059 | 0.09 | 0.8%

High Control 5 =048 [0.19 | 1.8%
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Fig-1: Method comparison (Linear regression plot)
for HbAlc using HPLC and TINIA WITH r2?= 0.989

Discussion

HbA1lc has gained the reputation of reliable
therapeutic guiding marker for diabetic
patients leading to development of different
methods for its measurement and their
detailed studies to get reliable results .Serial
measurements of HbA1C have predictive
value in risk stratification including increase
in  complications related to  renal
,ophthalmological and neurological systems
in both type 1 and type 2 diabetes patients
(7).A recent study shows role of HbAlc in
GDM although not to replace Oral Glucose
Tolerance Test (OGTT) but use of HbA1C can
reduce cost and inconvenience of Oral
Glucose Tolerance Test OGTT for patients (8).
More than 100 methods have already been
developed for measurement of HbA1 c.
These methods measure HbAlc on basis of
either charge or structure. Charge based
methods include capillary electrophoresis ion
exchange and affinity chromatography.
Enzymatic and immunoassays are the tests
based on chemical reactions (9). For best
results, there are few prerequisites including
use of standardized method, proper internal
and external quality control program and
accommodation of pre and posttest variables
effect. Any new method introduced needs to
be standardized by IFCC along with

certification by National Glycohemoglobin
Standardization =~ Program  NGSP. The
National Glycohemoglobin Standardization
Program NGSP guideline sets the Total
allowable error (TEa) limit of HbAlc
measurement at +6% (3). Even after all these
steps significant differences can be found in
results of the tests done by different methods
9).

In our study we compared Turbidimetric
Inhibition Immunoassay TINIA and High-
Performance Liquid Chromatography HPLC
for measurement of HbAlc. Our study shows
that there is very good correlation and hardly
any variability in the results of these two
methods we used TINIA as the reference
method for our laboratory as it is the method
in practice for last 05 years and HPLC based
method has just been introduced here. Our
results are consistent with two different
studies by Koyoka and Mehwish et al (10,
11). Ghaith et al evaluated HPLC based
instrument against TINIA for measurement
of HbAlc in both normal and in blood of
patients with Hemoglobin variants. HPLC
based instrument showed high analytical
performance adequate for routine clinical use
(12).Mean difference between both methods
is very small and insignificant .These results
are comparable with the results of Wilaiwan
et al study conducted in Thailand and
another multicenter study conducted in
Andalusia (14, 15).Both of these studies
showed good concordance  between
Turbidimetric ~ Inhibition = Immunoassay
TINIA and High Performance Liquid
Chromatography HPLC based methods (16).
Although the results of HPLC in our study
were comparatively higher than
Immunoassay, similar results shown in a
Japanese study conducted in 2020.Another
study by Saeed et al showed high
comparability with 1=0.986 between the
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results of both methods with conclusion that
these methods can be used interchangeably
(16) . Different results were found in another
study done by Juang et al who compared
performance of HPLC and capillary
electrophoresis in samples with differences in
blood indices. Their results showed
statistically significant difference (14).A study
conducted by Cihan et al (17) showed non
concordance in HbAlc results of HPLC and
TINIA. These differences could be attributed
to differences in sample preparation, internal
quality control rules etc.

The independent performance of both the
methods also remained satisfactory. CV
values of both the methods were within the
allowable limit of 2% as recommended by
IFCC (10). Our CV is close to the results of
Wilaiwan et al study in which they compared
03 methods including Roche Turbidimetric
Inhibition Immunoassay TINIA and Arkray
High Performance Liquid Chromatography
HPLC and Mindray Enzymatic Assay with
Capillary Electrophoresis for analysis of
HbA1C (15). Turbidimetric Inhibition
Immunoassay TINIA and High Performance
Liquid Chromatography HPLC results of CV
for low level control were 1.13 and 0.46 and
for high level controls 0.90 ,0.52 respectively.

Conclusion

Our study showed strong correlation, high
comparability between the two methods
along with consistent individual
performance, making both the methods are
interchangeable and backup of each other.
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