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ABSTRACT

The main objective of the current study was to analyze and compare the level of glycosylated hemoglobin
(HbA1c) in type 2 Diabetes Mellitus (DM) patients. This study was conducted to confirm type 2 diabetes
mellitus patients (n=100) who visited out patients department (OPD) of the Sardar Bhagwan Singh
University, Balawala, Dehradun, Uttrakhand, India from the period of August 2018 to April 2019, by Ion
Exchange Chromatography and Affinity Binding Nycocard Reader. The maximum fasting glucose level
was (179.2+£36.72 mg/dl) observed between the age group of 61-70 years and the maximum random
blood glucose level was (199.3+43.8 mg/dl) observed between the age group of 61-70 years of patient's
blood sample. The maximum values of glycosylated hemoglobin (8.9+1.06 %) and (8.8+1.1 %) were
observed by Ion Exchange Chromatography and Affinity Binding Nycocard Reader respectively in same
age group (61-70 years) of patients blood sample. The mean value of fasting blood glucose
(161.75+£15.38 mg/dl) level and random blood glucose (185.07+17.95 mg/dl) level was observed from
given patient blood samples where the mean value of glycosylated hemoglobin concentration (8.35+0.44
%) and (8.1440.61 %) were observed by Ion Exchange Chromatography and Affinity Binding Nycocard
Reader respectively. The estimated level of FBS, RBS and HbA 1¢ was indicating the maximum cases
under very poor glycemic control while comparison with normal control value. However the
glycosylated hemoglobin levels estimated by both methods were showing no significant variation in
same patient blood samples.
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INTRODUCTION

Diabetes mellitus is characterized while the
defective secretion of insulin due to rapid division
of beta cells inside the pancreas leading to
compensate for the high blood glucose level . "
Type 2 diabetes mellitus is increasing prevalently
in developing as well as in newly industrialized
countries of the world. " It is also prevalent in
elderly and associated with hyperlipidemia,
obesity, hypertension and cardiovascular disease.
Y The glycated haemoglobin (HbAI1C) is non
enzymatic condensation of glucose to the valine
residue of B-haemoglobin to form aldimine and
then by amadori rearrangement to ketoamine.
Though the clinicians have found that average
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blood glucose can be estimated over the previous
10 weeks . ' Diabetes control and complications
trial was published in previous 3 decades by several
researchers. "' Diabetic patients have been
classified into different categories i.e very good
glycemic control, good glycemic control, poor and
very poor glycemic control to evaluate the value of
HbAlc with Ton Exchange Chromatography and
Affinity Binding Nycocard Reader. High
performance liquid chromatography (HPLC) is the
best standard method but its main drawback is that
results are not available at the time of patient's visit,
delay in reporting time, communicating health
feedback, delay in clinical decision making,
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changes in the regimen prescription may be missed
. " Many methods are available for the routine
measurement of HbAlc which are based on
different analytical principles such as
immunoassays, ion exchange chromatography, and
affinity chromatography . """’ The choice of
diagnostic method will depend on local
considerations such as cost effective and
availability of equipment. The objective of this
study was to compare the level of glycated
haemoglobin in Type 2 diabetes mellitus patients
by two different methods i.e ion exchange
chromatography and affinity binding Nycocard
reader.

MATERIALSAND METHODS

This is a comparative cross sectional study carried
out in type 2 diabetes mellitus patients (n=100),
visiting the OPD of Sardar Bhagwan Singh
University, Balawala, Dehradun, Uttrakhand,
India, who are confirmed by fasting blood glucose
(FBG) based on world Health organization (WHO)
criteria during period of August 2018 to April 2019.
EDTA blood samples stored at refrigerator
temperature (4°C) used for the further evaluation of
the HbA 1c value by using standard protocols with
given methods . """

Ion Exchange Chromatography

Procedure: A mixture solution was prepared and
kept it for 5 minutes at 15-25 °C. The solution was
pipette into labeled reagent i.e ion exchange resin
prefilled in plastic tubes in imidazole borate buffer.
Separator was inserted, a rubber sleeve is 1 cm
above from surface of resin suspension and it was
mixed in vortex mixer for 5 minutes for firmly
packed the resin to push down the separator. Then it
was taken from the separator to Microtiter well and
measure in ELISA plate reader at 405 nm . "
Pipette 20 ul haemolysate from lyse sample was
taken for total haemoglobin estimation then Sml of
distilled water was added and mixed properly. The
measurement was done in ELISA plate reader at
405 nm and calculation is done by using given
formula. "

The principle behind above mentioned is observed
haemolysis in the blood when the blood is mixed
with lysing reagent containing a detergent and
borate ions and there is elimination of labile schiff's
base. Mixing of Haemosylate is done with a weekly
binding cation exchange resin for 5 minutes.
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During this time HbAO binds to the resin. Resin is
removed from the supernatant fluid (also contain
HbA1) with a special resin separator. The
glycohaemoglobin percentage of total
haemoglobin is determined by measuring the
absorbance of the glycohaemoglobin and of total
haemoglobin fraction at 405 nm in ELISA reader in
comparison with a standard glycohaemoglobin
preparation carried through the test procedure. "*'”
Affinity Binding Nycocard Reader

Procedure: Pipette 5 pl of whole blood and was
added to the cup with the reagent, mixed it well and
kept for incubation for 180 seconds. Then to obtain
homogenous suspension it was remixed with it.
Added 25 pl of washing solution in test device and
allowed soaking completely into the membrane for
10 seconds. The test result was read within 5
minutes using Nycocard reader . "”

The principle behind the above mentioned, it is a
borate affinity assay. The kit includes a porous
membrane filter, test tubes prefilled with reagent
and washing solution. The reagent contains agents
that are capable to lyse erythrocytes and precipitate
haemoglobin specifically as well as a blue boronic
acid conjugate that binds cis diols of glycated
haemoglobin. There is lysis of erythrocytes
immediately when blood is added to the reagent.
All haemoglobin precipitate the boronic acid
conjugate binds to the cis-diol conjugation of
glycated haemoglobin. Excess of colored
conjugate is removed with washing solution and
evaluation of precipitate by measuring the blue
(glycated haemoglobin) and the red (total
haemoglobin) colour between them being
proportional to the percentage of HbAlc in the
sample. """

Statistical Analysis:

As continuous variable measured SD were
presented and categories were expressed as
percentages. The oneway ANOVA was used for
comparison of mean values and the Paired t- test
and Spearman correlation were selected for these
categories. The regression analysis of individual
values obtained from the two measuring methods
was performed . """

RESULTS

In this study, the frequency of Type 2 Diabetes
Mellitus (DM) patients were identified into
different age groups where the maximum
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percentage (35 %) of patients affected with this
disease was found under the age group of 51-60
years followed by 20 percentages of patients
affected under age group of 61-70 years whereas
the minimum percentage (4 %) of patients affected
under age group of21-30 years.

The mean age of this study population was
54.824+21.23 years, the mean height of the study
population was 1.64=+ 0.05 mt, the mean weight of
selected population was 61.044+3.27 kg, the mean
of body mass index of study population was
24.09+1.83 kg/m’, the mean of systolic and
diastolic blood pressure were found 146.62+3.78
mm/Hg and 98.88+4.76 mm/Hg respectively as
shownin Table 1.

The age-wise distributions of fasting blood sugar
(FBS), random blood sugar (RBS) and
glycosylated hemoglobin (HbAlc) in Type 2
diabetes mellitus (DM) patients are shown in Table
2. The normal control value of fasting blood
glucose was found 90.1+ 20.0 mg/dl and random
blood glucose was found 180+40 mg/dl, where the
good control of glycosylated hemoglobin was
observed 6.0-6.9% and 7.0-7.3 % was observed
poor glycemic control.

The maximum fasting glucose level (179.2+36.72
mg/dl) was observed between the age group of 61-
70 years and the maximum random blood glucose
level (199.3+43.8 mg/dl) was observed between
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the age group of 61-70 years of patient's blood
sample. The maximum values of glycosylated
hemoglobin (8.9+1.06 %) and (8.8+1.1 %) were
observed by Ion Exchange Chromatography and
Affinity Binding Nycocard Reader respectively in
same age group (61-70 years) of patients blood
sample.

The minimum fasting glucose level (141.52+3.31
mg/dl) was observed between the age group of 51-
60 years and the minimum random blood glucose
level (163.3+55.44 mg/dl) was observed between
the age group of 71-80 years of patient's blood
sample. The minimum value of glycosylated
hemoglobin (7.7+0.08 %) was observed by lon
Exchange Chromatography between the age group
of 31- 40 years and (7.3+0.9 %) was observed by
Affinity Binding Nycocard Reader between the age
group of 21-30 years of patient's blood sample.

The mean value of fasting blood glucose
(161.75+15.38 mg/dl) level and random blood
glucose (185.07+17.95 mg/dl) level was observed
from given patient blood samples where the mean
value of glycosylated hemoglobin concentration
(8.35+0.44 %) and (8.14+0.6 %) were observed by
Ion Exchange Chromatography and Affinity
Binding Nycocard Reader respectively indicating
the maximum cases under very poor glycemic
control while comparison with normal control
value.

Table 1: Age-wise distribution of basic characteristics in Type 2 DM patients
(n=100) results are expressed in (Mean + SD)

No.
of
Age- Patie BMI BP(Systolic) | BP(Diastolic)
groups | nts Age (Years) Ht (m) Wt (Kg) (Kg/sq.m.) (mm/Hg) (mm Hg)
21-30 4 25.4+2.32 1.73+£0.02 | 56.4+5.12 | 20.73£3.24 | 145.0£21.21 92.2+12.24
31-40 10 33.5¢4.12 1.69+0.03 | 58.5+2.31 | 23.2842.84 | 144.3+£14.32 96.3+14.22
41-50 11 45.243.25 1.63+£0.04 | 63.5+4.34 | 24.23£3.26 | 147.0+£20.23 103.44+10.23
51-60 35 56.6+2.22 1.61 £0.07 | 65.7+2.33 | 26.63+£2.27 | 144.1£11.21 98.0+11.24
10 WWW.Ijsir.in
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61-70 20 65.21+£3.07 | 1.65+0.06 | 63.41 £3.26 | 25.23£1.28 | 148.54+17.25 | 102.0+£12.21
71-80 15 75.8+2.32 1.66 £0.03 | 60.42 +2.37 | 24.734£3.26 | 154.16+16.16 | 105.2+14.26
80-90 5 82.04+1.21 | 1.55+0.04 | 59.41 +£3.38 | 23.83+1.30 | 143.3%£12.27 95.1+11.22
Total 100 54.82421.23 | 1.64+0.05 | 61.04 £3.27 | 24.09+1.83 | 146.62+3.78 98.88+4.76

+: Standard Deviation

Table 2: Age-wise distributions of FBS, RBS and HbAlc in Type 2 DM patients (n=100)
results are expressed in (Mean + SD)

HbAlc Ion Ex HbA1lc Nyco
Age-groups | FBS (mg/dl) | RBS (mg/dl) (%) (%)
21-30 155.23£23.31 | 169.22+62.46 8.7+1.2 7.3+0.9
31-40 177.4+15.22 172.3+£57.32 7.7+£0.08 7.7£0.8
41-50 166.31+42.47 | 211.2492.24 7.9+0.14 7.5+0.9
51-60 141.52+3.31 197.43+26.43 8.7+1.07 8.5+1.7
61-70 179.2+36.72 199.3+43.8 8.9+1.06 8.8+1.1
71-80 169.34+24.35 163.3+£55.44 8.2+1.03 8.6£1.2
80-90 143.3+£12.22 182.3+59.21 8.4+1.14 8.6+0.9
Total 161.75£15.38 | 185.07+17.95 8.35+0.44 8.14+0.61
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DISCUSSION

The patient of diabetes mellitus has a risk of
hypertension, cardiovascular disease and kidney
disease if there was significant rise in their systolic
and diastolic blood pressure and this type of disease
problem should be commonly observed in type 2
diabetes mellitus . """ There are so many common
causing factors of type 2 diabetes mellitus like
aging, urbanization, population growth, obesity,
life style with dietary aspects and physical
inactivity. The population suffering with type 2
diabetes mellitus for long time also includes the
complications of different diseases like
retinopathy, nephropathy, autonomic neuropathy,
etc. increasing the huge medical and economical
burden on patients. """ In current study, there was
significant increased level of fasting blood sugar
(FBS), random blood sugar (RBS) and
glycosylated hemoglobin (HbA1c) which indicates
the complication associated with diabetes mellitus.
The high performance liquid chromatography
(HPLC) is the best standardized method for
estimation of glycosylated hemoglobin and also
used in clinical haematology laboratory for the
determination of HbAlc from patients blood
samples but a drawback of this method is that the
patients result are not available at the time of
patient visit in the outpatient department (OPD) . **
24]

The present study was started by thinking the above
problem of the patient results, in this study we
were involved the two methods like Ion exchange
chromatography and Affinity binding Nycocard
reader for determination of HbAlc concentration
and we found the results of the test within 5- 15
minutes. Affinity Nycocard reader will give results
within 5 minutes and ion exchange
chromatography will give results within 15
minutes and there was showing no significant
difference between the results of these methods.

In this study, the maximum fasting glucose level
(179.2436.72 mg/dl) was observed between the
age group of 61-70 years and the maximum random
blood glucose level (199.3+43.8 mg/dl) was
observed between the age group of 61-70 years
patient's blood sample. The maximum values of
glycosylated hemoglobin (8.9+1.06 %) and
(8.8+1.1 %) were observed by lon Exchange
Chromatography and Affinity Binding Nycocard
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Reader respectively in same age group (61-70
years) of patients blood sample. The highest
frequency of glycosylated hemoglobin > 8.0 % was
observed by Gautam ef al., 2014 """ with both
method, which was similar finding with this study
and there were showing no major differences
between the results of HbAlc from type 2 diabetes
mellitus blood sample by both method namely Ion
Exchange Chromatography and Affinity Binding
Nycocard Reader. The above data indicate the
maximum cases under very poor glycemic control
while comparison with normal control value in the
population of patients near the Balawala,
Dehradun, Uttrakhand, India. It also reflects the
poor management of diabetes mellitus patients in
this region because of poverty, poor health
education, ignorance, inactive in physical activity
and unawareness about the disease, etc.

The comparable finding was observed with
positive correlation between fasting blood glucose
level, random blood glucose level and glycosylated
hemoglobin concentration by Baral et al. *";
Giacco etal. " and Pokharel etal. *".

This study was mainly focused on preventing the
delay time for reporting of patients HbAlc test
result with accuracy. The mentioned techniques
applied for the consume of reporting time, it gives
reading of the patient samples within 15 minutes at
the time of patient visit outpatient department of the
Sardar Bhagwan Sigh University, balawala,
Dehradun, India without any statistically
significant differences between the test report of the
same patient blood sample. The conventional
methods which are easy to monitor by technician,
the reference ranges of the method, diagnostic
protocol and risk assessment procedure are updated
regularly for increasing reports quality, reliability
for the diagnosis and management of patients with
diabetes mellitus by International Diabetes
Federation (IDF) or World Health Organization
(WHO).

CONCLUSION

The estimated level of fasting blood sugar (FBS),
random blood sugar (RBS) and glycosylated
hemoglobin (HbA 1c) was indicating the maximum
cases under very poor glycemic control while
comparison with normal control value. However
the glycosylated hemoglobin levels estimated by
both methods were showing no significant
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variation in same patient blood samples. So the
both methods are preferred and can be used in
clinical hematology laboratory to run the patient
blood sample for HbAlc tests and results should
also be provided at the time of patient visit, which
should be made easy to doctor for taking decision in
changing the treatment.
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