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Blood samples were tested for Fasting Blood Glucose (FBG) and Glycated Haemoglobin (HbAlc) from 75 patients visiting
the OPD at Dhulikhel Hospital, Dhulikhel, Kavre, Nepal from 1st August 2010 to 30th October 2010. In the total sample of
75, 49 (65.3%) were male, 26 (34.7%) were female. The age range from 23 to 81 years the mean * SD of age was found
to be 54.81 +12.287. The mean * SD of HbAlc was found to be 7.43 + 2.324 and for fasting blood sugar the mean + SD
was found to be 155.91 + 67.931. Pearson correlation between fasting blood sugar and HbA1lc was found to be (r= 0.683),

which indicates the strong and positive correlations and the P value for these variables was (P<0.01 i.e. 0.000000000153),

which was significant. Taken together our cross sectional study demonstrates that the HbAlc has a very good correlation

with FBG level.
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INTRODUCTION

The term Diabetes Mellitus (DM) describes a metabolic dis-
order of multiple etiology characterized by chronic hyper-
glycemia with disturbances of carbohydrate, fat and protein
metabolism resulting from defects in insulin secretion, insulin
action, or both [1]. Several distinct types of DM exist and are
caused by a complex interaction of genetics, environmental
factors, and life-style choices. Depending on the etiology of
the DM, factors contributing to hyperglycemia may include
reduced insulin secretion, decreased glucose utilization, and
increased glucose production [2]. The effects of diabetes mel-
litus include long-term damage, dysfunction and failure of
various organs. The long—term effects of diabetes mellitus in-
clude progressive development of the specific complications
of retinopathy with potential blindness, nephropathy that

may lead to renal failure, and/or neuropathy with risk of foot
ulcers, amputation, Charcot joints, and features of autonomic
dysfunction, including sexual dysfunction. [3] People with dia-
betes are at increased risk of cardiovascular, peripheral vascu-
lar and cerebrovascular disease. [1].

The burden of type 2 diabetes has a rising trend in the world.
The worldwide prevalence of diabetes among general popula-
tion was estimated at 150 millions in 1995, and this is project-
ed to increase to 300 million by 2025 [4]. Developing coun-
tries such as most of the Asian countries are experiencing an
accelerated rate in this issue [5]. It is estimated that about
one third of people with type 2 diabetes might be undiag-
nosed until the complications are developed [6]. Therefore,

establishing efficient screening programs to detect people
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with undiagnosed diabetes is important. In order to detect
diabetics, fasting blood glucose (FBS) is suggested as the best
and the most common test with the cutoff point >126 mg/d|
[5]. However, there are some issues about using FBS such as
keeping the clients fast for about 8 hours and not being ap-
plicable in the afternoon.

Besides, in centralized screening when laboratory facilities
are available, HbA1lc test, which is the percentage of glycated
hemoglobin is recommended to measure the incidence or
prevalence [5]. Apart from the efficacy of HbAlc in detection
of diabetes, it is an important marker to assess the microvas-
cular complications and plasma glucose [7]. The relationship
between HbA1lc and blood glucose is documented in the liter-
ature denoting a straight relationship [8]. However, this rela-
tionship has not been confirmed by others [9]. There is a con-
troversy about the performance of HbAlc in case finding. It
has been argued that due to problems in standardization and
variations in styles of HbA1lc test, it is not recommended as a
routine test for screening of diabetes. In addition, other fac-
tors such as abnormal hemoglobin, anemia and some drugs
may affect the results of HbAlc test [7]. Also, demographic
factors such as race and gender are other effective factors
[10]. Saudek and his colleagues compared FBS and HbAlc as
screening tests. They argued that HbAlc is preferable because
it is more time-flexible and informative in long-term condi-
tions. Their criterions have been stabilized in recent years [11].
However, in an epidemiological study, it has been concluded
that FBS is more accurate than HbAlc [12]. The best cutoff
point for defining high HbAlc is another important issue. The
Diabetes Control and Complications Trial suggested the value
of 6% as HbAlc cut point [13].

The United Kingdom Prospective Diabetes Study considered
6.2 as the normal level [14], while many laboratories consider
4-6 as a normal range [15]. It seems that in different settings
such as screening, diagnosis and prediction of progression of
diabetes we need to define different cut off points. For exam-
ple, It is suggested the value of 6.5% or greater as a diabetes
diagnostic criterion and 6% and 4.7 for screening test [11]. In-
oue and his colleagues used the value of 5.8% for the predic-
tion of progression of diabetes type 2 [16], and the value <7 as
a good predictive of satisfactory blood glucose control in type
1 diabetes [17].

The main aim of major primary studies carried out in diabetes
in Nepal was to recognize the range of HbAlc in the diabetics,
tracing back the complications of diabetes and diabetes con-
trol [18]. A few researches have been carried out to find out
the cutoff value of HbAlc in screening; however, they mainly
used a selective samples mainly focusing on high risk groups

[19], Furthermore, a study has determined the normal range

of HbAlc in a sample of non-diabetics [20]. Based on the
above explanation and to fill the gaps, hemoglobin (HbA1c)
and fasting blood glucose level in uncontrolled diabetes mel-
litus in context to Nepalese patients was studied.

MATERIALS AND METHODS

Study type

This was the prospective cross sectional study. All the patients
who meet inclusion criteria were taken as study population.
Study site

Study was conducted in Dhulikhel Hospital-KUH, Kavre dis-
trict, Nepal.

Study Population and Inclusion and Exclusion Criteria

The study population of this study was cross sectional.
Inclusion criteria

Patient not suffering from any mental illness and malignant
diseases.

Exclusion criteria

1. Abnormal hemoglobinopathies, including variant hemoglo-
bins, sickle cell disease, homozygous HBC disease, HBSC dis-
ease, and B thalassemia.

2. Pregnancy induced diabetes.

3. Critically ill patients.

Study method Quantitative

Study subjects Patient attending outpatient department
(OPD) and wards of Hospital.

Sample size 75 samples were taken randomly and purposively.
Study duration Study was conducted for the duration of 3
month from 1st August 2010 to 30th October 2010.
Instrumentation Laboratory investigation.

Specimen collection and storage

For Glucose Estimation

Venous blood was collected using tourniquet and was kept in
test tube. The blood sample collected in test tube was quickly
centrifuged and brought to laboratory for estimation of serum
biochemical parameters.

For Hemoglobin Alc test

Specimen Collection

No special additives or preservatives other than anticoagu-
lants were required. Venous blood with EDTA was collected
using aseptic technique. All human specimens were regarded
as potentially biohazardous. Therefore, universal precautions
was used in specimen handling (gloves, lab garments, avoid
aerosol production, etc).

Specimen storage

HbA1c in whole blood collected with EDTA was stable for one
week at 2- 8°C.

Estimation of HbA1lc

HbAlc was estimated by using NycoCard HbAlc. It is a rapid
in vitro test for the measurement of glycated hemoglobin (%
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HbA1c) in human whole blood. NycoCard HbAlc is a boro-
nate affinity assay. The kit contains test devices with a porous
membrane filter, test tubes prefilled with reagent and a wash-
ing solution. The reagent contains agents that lyse erythro-
cytes and precipitate hemoglobin specifically, as well as blue
boronic acid conjugate that binds cis-diols of glycated hemo-
globin. When blood was added to reagent, the erythrocytes
immediately lysed. All hemoglobin precipitates. The boronic
acid conjugate binds to the cis-diol configuration of glycated
hemoglobin. An aliquot of reaction mixture was added to test
device, and all the precipitated hemoglobin, conjugate-bound
and unbound, remained on top of the filter. Any excess of
colored conjugate was removed with washing solution. The
precipitate was evaluated by measuring the blue (gycated he-
moglobin) and the red (total hemoglobin) color intensity with
the NycoCard READER II, the ratio between them being pro-
portional to the percentage of HbAlc in the sample.

Estimation of Blood Glucose

Glucose was estimated by using glucose oxidase peroxidase
(GOD/POD) method. Glucose is oxidized to gluconic acid and
hydrogen peroxide in the presence of glucose oxidase. Hydro-
gen peroxide further reacts with phenol and 4- aminoantipy-
rine by the catalytic action of peroxidase to form a red col-
ored quinoneimine dye complex. Intensity of color formed is

directly proportional to the amount of glucose present in the

sample.
Glucose GOD Gluconic acid + H,0,
H,O, POD 2 HO+[0]

[O] + 4-aminophenazone + phenol —— red quinonei-
mine dye +H,0

Ethical considerations

1. Approval from institution was taken before carrying out
study.

2. Before drawing blood, verbal consent of parents was taken.
3. The parents who refuse to give consent were not included
in the study.

Reliability and validity

In the total sample of 75, 49(65.3%) were male, 26 (34.7%)
were female. The age range from 23 to 81 years the mean +
S.D of age was found to be 54.81 +12.287.

Among 75 patient observed, 18(62.1%) had blood sugar <126
mg/dl and HbAlc <6.3, 11(37.9%) had blood sugar >126 mg/
dl and HbA1c <6.3, similarly 15(32.6%) had blood sugar <126
mg/dl and HbAlc >6.3, 31(67.4%) had blood sugar >126 mg/
dl and HbA1c >6.3 (Table 1).

Table 1: HbA1lc and fasting blood sugar cross tabulation.

HbAlc % No. of fasting blood sugar Total
patients
and
" <126
percent- | g/l | >126mg/dl
<6.3 Count 18 11 29
% within 37.9%
HbAlc 62.1% 100.0%
>6.3 Count 15 31 46
% within 67.4%
HbAlc 32.6% 100.0%
Total Count 33 42 75
o 56.0%
% within | 44.0% 100.0%
HbAlc

The (mean S.D) of age was found to be 54.81 + 12.287 in the
total sample of 75 patients. The (mean +S.D) of fasting blood
sugar was found to be 155.91 + 67.931. Where 45.5 % [5] had
blood sugar <126 mg/dl and age < 40 years, 54.5% [6] had
blood sugar >126 mg/dl and age was <40 years, 43.8 % [28]
was >40 years of age having blood sugar <126 mg/dl, 56.2%
[36] had blood sugar >126 mg/dl who were >40 years of age.
The (mean +S.D) of HbA1c was found to be 7.43 + 2.324 where
there was 63.6 % [7] having age <40 years and HbAlc < 6.3%
,36.4%(4] had age <40 years and HbAlc >6.3% ,34.4%[22] had
HbAlc < 6.3% and age was >40 years,65.6%[42] had age >40
years and HbAlc >6.3%. (Table 2, 3 and 4).

Table 2: Distribution of fasting blood sugar and HbA1lc according to age.

1. Appropriate Samp|e size was selected. Parameters | N Mini- | Maxi- Mean Std. Devia-
. . mum | mum tion

2. Standard study design was applied.

. Age 75 |23 81 54.81 12.287
Data analysis

HbAlc 75 14 15 7.43 2.324

Statistical Correlation between HbAlc and Fasting blood glu- | Egg 75 |66 355 15591 | 67.931
cose was assessed by using SPSS software (version 14.0, SPSS, [ vajid N (list | 75
Chicago, USA). wise)
RESULTS
In the sample of 75 patients, fasting blood sugar and HbAlc
were analyzed to determine the correlation between fasting
blood sugar and HbA1c, and to predict the diabetic complica-
tions.
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Table 3: Age wise distribution of fasting blood sugar level.

Age No. of pa- fasting blood sugar
tients and Total
percentage
withinage | 156 mg/ | >126mg/dl
dl
<40 Count 5 6 11
% within 45.5% 54.5% 100.0%
age
>40 Count 28 36 64
% within 43.8% 56.2% 100.0%
age
Total Count 33 42 75
% within 44.0% 56.0% 100.0%
age
Table 4: Age wise distribution of HbAlc level.
Age No. of patients HbAlc Total
and percentage <6.3 6.3
within age
<40 Count 7 4 11
% within age 63.60% | 36.4% 100.00%
>40 Count 22 42 64
% within age 34.40% | 65.6% 100.00%
Total | Count 29 46 75
% within age 38.70% | 61.3% 100.00%

Pearson correlation between fasting blood sugar and HbAlc
was found to be (r= 0.683), which indicates the strong and
positive correlations and the P value for these variables was
(P<0.01 i.e. 0.000000000153), which was significant.

DISCUSSION

This study showed in male that 49.0 % [24] male have fasting
blood sugar <126 mg/dl, 51.0% [25] have fasting blood sugar
>126 mg/dl. Similarly the HbAlc was found to be 46.9% [23]
had HbAlc < 6.3%, 53.1% [26] had HbAlc >6.3%. In female,
the study showed that 34.6% [9] had fasting blood sugar
<126 mg/dl, 65.4% [17] had fasting blood sugar > 126 mg/dl.
Similarly HbAlc was found to be 23.1% [6] had HbAlc <6.3%
and 76.9% [20] had HbAlc >6.3%. There was significant cor-
relation between HbA1c and fasting blood glucose (r = 0.683)
(P<0.01 i.e. 0.000000000153). This was similar to study done
by Sacks 2007[21]. And the study done by Dailey 2009 [22]
also showed that A1C levels are strongly correlated with mean
plasma glucose levels [22]. Similarly, the study performed by
Clark et al. 2001 showed that there was a positive correlation

between HbAlc and fasting blood glucose [23].

A diagnostic approach using FBG and HbAlc measurements
very similar to those described in our study was recently pro-
posed by Davidson et al. 1999 [24]. Their suggestion, in con-
trast to Davidson et al. is to use an HbA1lc value of 7.1% (or 1%
above the upper limit of normal) as the diagnostic threshold
for diabetes. The choice of this HbAlc value was based on cur-
rent treatment goals and was not for diagnostic purposes. This
approach increases the specificity rather than the sensitivity
of diagnosis. Because the mean + 2 SDs value for any test is, by
convention, a definable normal range, any level that is above
the normal range in any given assay should be considered
abnormal. Little et al. 1988, suggested that an HbAlc value
>2 SDs above the mean was highly specific for diabetes [25].
Wiener and Roberts 1988, suggested that an HbAlc value
>6.2% had 100% specificity for the diagnosis of diabetes [26].
Recent evaluation of data from the Third National Health and
Nutrition Examination Survey has also indicated that HbAlc
measurements are highly specific (>97%) for the diagnosis of
diabetes [24]. Thus, patients with elevated HbA1lc values even
those in whom the FBG measurements are non diagnostic are
overwhelmingly likely to have diabetes.

It has been shown that A1C levels are strongly correlated with
mean plasma glucose levels [14]. FPG levels are physiologi-
cally determined by the rate of hepatic glucose production,
which is a function of the rate of insulin production, hepatic
sensitivity to insulin levels, and free fatty acid concentrations
[27-28].

CONCLUSION

There was significant correlation between HbA1lc and fasting
blood glucose. Our study demonstrates that, although the
HbAlc test was marginally more specific but less sensitive
than the FBG test, at the given cutoff points the accuracies of
two tests were equivalent.

LIMITATIONS

Co-morbidities contribute greatly to the health-related qual-
ity of life in adults with diabetes. Our study did not explore
the relative associations of multiple co-morbidities and poor
glycemic control to the relationship between diabetes and dis-
ability.
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