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ABSTRACT
AIM: Diabetes mellitus is a metabolic disorder assessed by measurement of plasma
glucose and Glycated hemoglobin (HbA1) that denotes the preceding mean blood glucose
value. Measurement of HbA;c along with glucose level found beneficial to know the
monitoring status that prevents the onset of associated complications. The present study
is taken up to compare HbA;, value determined by the HPLC method with HbA;. derived
from a simple cost effective calculation using a mathematical tool. This study further
presents the values obtained in terms of IFCC units and compared with Standards,
MATERIALS AND METHODS: 60 Diabetic subjects, 60 healthy controls attending to R. L.
Jalapa hospital, Kolar were recruited in the study. HbA1. Measured by HPLC method calculated
HbA;. using Plasma glucose and converted to the IFCC Norms.
RESULTS: The Mean * SD levels of measured HbA;. 8.9 + 2.02 %, calculated HbA;. 8.1 +
3.07% fasting plasma glucose 182.58 + 10.2 mg/dl in diabetic and measured HbA,. 5.8
+0.65 %, calculated HbA;. 4.8 * 0.35 %, and Fasting plasma glucose 79.12 + 11.7 mg/dl in
control. The IFCC values in Diabetic and Control group for measured and estimated HbA ;.
are 70mmol/mol (8.9%) compared to standard IFCC Value 64mmol/mol, 37.4mmaol/mol
(5.8%) compared to standard 31mmol/mol respectively. Similarly in diabetics, for
calculated HbA;. 85 mmol/mol (9.8%) compared to standard 86mmol/mol, in control
group for calculated HbA;c 61 mmol/mol (7%) compared to standard 53 mmol/mol.
CONCLUSION: This study concludes, a comparative relation observed between measured
and calculated with IFCC values of HbA . in control and type2 diabetic group.
Keywords: Glycated Hemoglobin, IFCC, Diabetes, HPLC.
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INTRODUCTION

Diabetes mellitus is a metabolic disorder characterized with hyperglycemia and impairment in secretion or actio“" |
endogenous insulin. Although, the etiology of this disease is not well defined, viral infection, autoimmune disease, and
environmental factors have been implicated [1-5], While exogenous insulin and other medications can control many aspects of
diabetes associated with vascular system, kidney, retina, lens, peripheral nerves and skin. If untreated, these become
extremely costly in terms of longevity and quality of life.

The most prevalent form of diabetes mellitus is type 2 diabetes mellitus (type 2 DM), that onset in adult life due to
decline insulin secretion accelerated by various genetic factors (& 71, The underlying metabolic cause of this disease is either
impairment in insulin-mediated glucose disposal or defective secretion of insulin by pancreatic B-cells or both. Insulin
resistance can also develop from obesity, physical inactivity and genetic susceptibility [® 9., Insulin resistance typically
accompanied by cardiovascular risk factors such as dyslipidemia, hypertension, and prothrombotic factors [10.11], |

The long exposure of the hemoglobin to glycemic status particularly to glucose results the formation of Glycated
hemoglobin through aldemine arrangements via Schiff's base formation. Thus the levels of the glucose value results the
formation of proportionate rise in HbAi.. Therefore, HbA:. is increased in diabetic subjects with critical hyperglycemia
compared to basal value in healthy control group. The determination of low density lipoprotein by Friedwald formulae (2],
anion gapl*3l osmolalityl!*] estimated GFR('S] are being practiced in clinical chemistry using calculation by formula. In the
similar line of work, in this study, an attempt has been made to find out the relationship and reproducibility of calculated
Glycated hemoglobin using fasting plasma glucose value and with the measured true Glycated hemoglobin with HPLC method.,
However, similar study has been reported by measuring HbA;. using adsorption chromatographic method [16], A newer as;;mectrr»h
of this study is to compare the Glycated hemoglobin measured by HPLC BIORAD USA with Glycated hemoglobin obtained by ]
formulae and converting these values in mmol/mol in accordance of IFCC norms using formula which is being mandatory to
represent Glycated hemoglobin (17,

The treatment regimen of diabetes mellitus involves the monitoring of glycemic control [18 1% 20] to avoid long term
associated complications. The main purpose of the treatment is to keep the blood glucose value in normal range. HbA,. is good
marker of glycemic status that predicts preceding the mean blood glucose levels for past four months. Therefore it is suitable
parameter for glycemic status and established biochemical parameter in treatment of diabetes from the past few decades [21.22,
and 23], HbA;. calculated by appropriate formulae have some advantage over true measurement such as noninvasive, avoids
collection of additional blood sample, values can be calculated at fingertip, more convenient than measurement of HbA;. by kit
method, eliminate the cost incurred and decreased the hassle of kit procurement. The objective from our study is to provide an
assessment benefit of calculated HbA. at push off button over measured HbA:. in control and type 2 DM patients and for risk
assessment.

MATERIALS AND METHODS

Sixty patients with type 2 DM and sixty normal subjects visited to R. L Jalapa Hospital, Kolar, Karnatakawere taken into the

study after obtaining informed consent form and ethical clearance from the institution. Normal subjects were volunteers aged between

45-70 years. Alcoholism, smoking, hypertension, diarrhea, use of diuretics and renal disorders were excluded in both the controls and

cases to avoid interferences.
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Proced wre

' Three ml of fasting venous blood was collected in to EDTA tube, aliquated for measurement of glycosylated hemoglobin
%bAk) ly Bio-Rad HPLC method for the mean glucose level. The remaining sample centrifuged at 3500 g at 4°C to obtain the clear
plasma which was used for quantification of glucose by Glucose oxidase per oxidase method using the dry chemistry analyzer vitros 250
Johnson: nd Johnson. HbA;. Measured by HPLC Bio-Rad method is compared with calculated HbA;. using Plasma glucose by Wilhelm
T& cowrrkers 4] using formula 2.6+0.03 X plasma glucose (mg/dl). These results were converted in to the International
Federatia of Clinical Chemistry and Laboratory medicine norms - IFCC using formula [IFCC- HbA;. (mmol/mol) = Diabetes control
and cormyjlication trail (DCCT) HbA. (%) - 2.15) X 10.929] which is being mandatory to represent Glycated hemoglobin value
(7] and wwre compared with the IFCC standard values, The results were analyzed using windows 7 SPSS Excel spread sheet.
RESULTS
The Mean # SD levels of measured HbA;. 8.9 + 2.02 %, calculated HbA;. 8.1 + 3.07% fasting plasma glucose 182.58 +
10.2 mg /il in type 2 DM and measured HbA;. 5.8+0.65 %, calculated HbA;. 4.8 + 0.35 %, and Fasting plasma glucose 79.12 +
11.7 mg /il in control group as shown in table 1and figure 1.

Table 1: Cc i f Plasma glucose, measured and calculated HbA;. between control and Type II diabetes

z i ]
i i

SRR sUUUL

presentation in % as well as IFCC mmol/mol units between control and Type Il diabetes
MeasuredeAn %

Table 3:Comparison of calculated HbA;. presentation in % as well as in terms of IFCC mmol/mol units between control and
Type Il diabetes

Table 4: Comparison of IFCC units for HbA;. in % against standard IFCC units between measured and calculated HbA;. in
control and Type Il diabetes

Calculated HbA1

The IFCC values in Diabetic and Control group for measured and estimated HbA ;. are 70mmol/mol (8.9%) as shown
in table 2 and figure 2 in comparison to standard IFCC Value 64mmol/mol, 37.4mmol/mol (5.8%) compared to standard
31mmol/mol respectively in table 3 as well as figure 3. Similarly in diabetic group for calculated HbA1c 85 mmol/mol (9.8%)

International Journal of Science Innovations and Discoveries, Volume 2, Issue 6, November-December 2012

575




Dayanand CD et al,, IJSID, 2012, 2 {6), 573-579

compared to standard IFCC 86mmol/mol, in control group for calculated HbA1c 61 mmol/mol (7%) compared to standard 53

mmol/mol as shown in table 4 and figure 3.
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£
Fig 2: shows presentation of HbA; in [FCC units for measured and calculated HbA;. in % between controls and Type II
diabetes
~
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Fig 3: shows Comparison of IFCC units for HbA; in % against standard IFCC units between measured and calculated HbA;. in
controls and Type II diabetes

DISCUSSION/CONCLUSION

In this study a mathematical model is used to calculate HbAic by utilizing measured fasting plasma glucose level
enable to monitor intermittent HbA,. levels between scheduled checkups of the patients on diabetic therapy, this prevents any
additional cost or effort involved in HbA;. measurement. The formulae adapted in this study found apparently simple, faster,
cost effective and reliable than the chemical analysis. This simple procedure might help to gauge the HbA;. value with mere
true fasting glucose level. Even though, the results obtained were more relevantly comparable to measured HbA ., however
the rate of usage of this method is not predominantly practiced. Thereby the measurement of HbA;. by chemical analysis
stands mandatory.

The study concludes that HbA;. value derived and predicted by formulae method were in accordance with measured
values by HPLC- BIORAD method. The formula absolutely depends on the need of true and accurate plasma glucose value
under strict monitoring of quality control. But generally in practice it creates an element of bias in individuals when their
glucose value analyzed by glucometer of various types, pre analytical and analytical errors occurred in individual laboratory
methods or individual measurement habits practiced.

In this study, the value of HbA;. obtained by measurement and calculation from control and type 2 DM were
converted into IFCC values using the formulae in a similar way of Kolb H and co-workers (251, Accordingly, in both methods
HbA;. values were found correlated with the standards of IFCC HbA. values,

This agreed calculation formulae adapted in this study area to convert Values obtained in percentage according to Diabetes
control and complication trail (DCCT) units is appropriate to convert to International federation of clinical chemistry (IFCc)
units in mmol/mol as it is mandatory to represent the HbA;. value.

The present study concludes that there is a comparative relation observed in HbA:. measured by HPLC method and
HbA . calculated using plasma fasting glucose and also their conversion to IFCC units in comparison to standard IFCC values in

Lcontrols and type 2 Diabetic subjects. However, the similar observation needs to be explored in large number of subjects.
-
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