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Abstract
We determined the specificity and sensitivity of HbA1c and its cut off level in the diagnosis of type 2 diabetes mellitus
among high risk subjects. A cross-sectional study was conducted at Family Medicine Clinic, Hospital Universiti Sains
Malaysia (HUSM) from March 2005 till January 2006. All subjects, age more than 35 years old with one or more risk factors
for diabetes together with capillary blood glucose ≥5.6 mmol/l were included in this study. They were instructed to fast
overnight for 10-12 hours with 3 days on normal diet and physical activity. Venous blood for glycosylated haemoglobin
(HbA1c) and oral glucose tolerance test (OGTT) were done on appointment basis. Four hundreds and two asymptomatic high
risk subjects were eligible in this study. HbA1c level was measured by using Cation-exchanged, high performance liquid
chromatograph (HPLC) method via D10 HbA1c Program from BioRad with interassay coefficient of variations (CV) of 1.61.9%. Of 402 patients, 32.6% (n=131) had type 2 diabetes mellitus based on OGTT. HbA1c of 6.4% gave an optimal
sensitivity of 68% and specificity of 90% to predict either FPG of 7.0 mmol/L or 2HPP of 11.1 mmol/L. With HbA1c cut off
level of 6.4%, the positive predictive value to detect diabetes was 76% and negative predictive value was 86%. The
likelihood ratio that HbA1c > 6.4% to come from diabetes patient was 6.8 times. This study shows that HbA1c is a highly
specific and convenient alternative to fasting plasma glucose and glucose tolerance test for the diagnosis of type 2 diabetes
mellitus in high-risk group.
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Introduction
Diabetes mellitus is a global epidemic and the most
common non-communicable disease that affect more than
150 million people world-wide. It has become epidemic in a
number of countries in Asian-Pacific region, particularly in
newly industrialized nations. In Malaysia the prevalence of
diabetes has steadily increased over the years. Kelantan is
one of the states in Malaysia has shown that the prevalence
of diabetes was 10.5%.1

Methodology
This was a cross sectional study, to determine HbA1c as a
diagnostic test for type 2 diabetes mellitus in a high risk
group of patients attending Family Medicine Clinic,
Hospital Universiti Sains Malaysia (HUSM) from March
2005 till January 2006. All subjects who fulfilled the
inclusion and exclusion criteria were instructed to fast
overnight from 10 pm or 10-12 hours and 3 days on normal
diet (more than 150 g of carbohydrate daily) and usual
physical activity. Venous blood for HbA1c and OGTT were
withdrawn from forearm area on appointment day.

The usefulness of glycosylated haemoglobin (HbA1c) in the
screening and diagnosis of diabetes has been widely
debated, and it is criticized primarily for its lack of
sensitivity and for the confounding aspects of assay and
reference-range standardization and of inadequate quality
control.2,3 Indeed large epidemiological studies have
suggested that HbA1c testing is less sensitive than fasting
plasma glucose (FPG) measurement in terms of its
diagnostic capabilities.4,5 However data from the study by
Perry et al in 2001 which was obtained in a well defined at
risk population, and data from previous reports obtained in
more general populations indicate that the combination of
FPG and HbA1c measurement is more predictive than either
parameters alone.6
____________________________________

Inclusion Criteria
1. Subject with age 35 years or older
2.Subject with one or more risk factors for developing type
2 diabetes mellitus; BMI > 23kg/m², history of gestational
diabetes mellitus (GDM), history of big baby > 4.0 kg,
history of type 2 diabetes mellitus in first degree relatives,
Hypertension (>140/90), hyperlipidaemia and dyslipidaemia
(HDL < 0.9 or Triglyceride > 2.3 mmol/L).
3. Positive screen using capillary blood glucose ≥ 5.6
mmol/L
Exclusion Criteria
1. Previous diagnosis of diabetes.
2. Pregnancy
3. History of haemolytic anaemia, haemoglobinopathies and
renal failure.
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Table 1: Diagnostic values for type 2 Diabetes Mellitus /
Glucose Intolerance- OGTT (WHO, 1999 and ADA 2003)
OGTT Plasma Glucose Values (mmol/L)
category
0-hour
2-hour
Normal
< 5.6
< 7.8
IFG
5.6-6.9
IGT
7.8-11.0
DM
≥7.0
≥ 11.1

Study protocol
The protocol for this study was approved by the School of
Medical Sciences Research and Ethical Committee. All
subjects gave written informed consent and OGTT was
performed following the WHO guideline.
High risk subjects
Fulfilled inclusion and exclusion criteria

Table 2: Classification of subjects for ROC analysis
Screen for diabetes

Plasma glucose
Normal
and
IFG/IGT ( FPG <
7.0 or 2h-PP < 11.1
mmol/l
TN

<5.6 mmol/L

Capillary blood glucose ≥ 5.6 mmol/L

HbA1c < cut off
level
HbA1c ≥ cut off
FP
TP
level
FN, false negative; FP, false positive; TN, true negative; TP,
true positive.

Consent for study
Fast for 10 hours

Table 3: The sensitivity and specificity at each cut off of
HbA1c based on OGTT

HbAlc, OGTT performed

Normal

IGT/IFG

classification
Diabetes ( FPG ≥
7.0 or/and 2h PP
≥ 11.1 mmol/l
FN

HbA1c*, %
Sensitivity (%)
Specificity (%)
5.9
84
74
6.0
81
78
6.1
78
83
6.2
74
85
6.3
71
88
6.4
68
90
6.5
64
91
*This cut off and above values, result as DM.

Diabetes mellitus

Data entry and analysis
Fig 1: Protocol of the Study
Statistical analysis
All the data were analyzed using statistic program for Social
Sciences (SPSS) Program Software version 11.5. WHO’s
criteria for diagnosis of diabetes with oral glucose tolerance
test (OGTT) was used as the “gold standard” (Table 1). The
results were summarized with receiver operating
characteristic (ROC) analysis to examine the sensitivity and
specificity of HbA1c cutoff level. The ROC curve plots the
sensitivity against 1 minus the specificity at all possible
HbA1c cut off levels. The bigger the area under the curve
(AUC), the better the predictive value of HbA1c. An AUC
value of 0.500 would indicate no predictive value, whereas
a value of 1.000 would indicate perfect predictive value
with no false positive or false negative. Table 2
summarizes the classification of subjects for the ROC
analysis.

predictive value to detect diabetes was 76% and negative
predictive value was 86%. The likelihood ratio that HbA1c
> 6.4% to come from patient with diabetes mellitus was 6.8
times (Table 3).
Discussion
The American Diabetic Association recommended using the
FPG level as the preferred test for screening and diagnosis
of diabetes because the OGTT is construed as being
cumbersome and highly variable.7 Indeed, surveys have
shown that practicing physician seldom obtain an OGTT to
diagnose diabetes.8 Because epidemiological data suggest
that an FPG level of 7.0 mmol/l closely corresponds to post
glucose challenges level of 11.1 mmol/l, the expert
committee recommended an FPG level of 7.0 mmol/l
(confirmed on a separate occasion) as the diagnostic criteria
for diabetes.9 However, many individuals demonstrate
abnormal responses to glucose challenge before the onset of
fasting hyperglycaemia. Indeed, numerous reports have
indicated that up to 50% of patients with diabetes who were
diagnosed by OGTT criteria would have been missed by
current FPG criteria.10,11,12

Results
The sensitivity and specificity of HbA1c in detecting
diabetes based on OGTT at each cut off level were shown
by the area under the curve that was 0.870. HbA1c of 6.4%
has moderate sensitivity (68%) and highly specificity
(90%). With HbA1c cut off level of 6.4%, the positive
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Table 4: Predictive value and Likelihood ratio for cut off level of HbA1c to detect type 2 diabetes
HbA1c
≥ 6.4
< 6.4
Total

Normal
DM
Total
Predictive values
Likelihood ratio
27
88
115
PPV 76%
6.8
246
41
287
NPV 86%
273
129
402
Sensitivity
Specificity
68%
90%
Abbreviations: DM= Type 2 diabetes. PPV= positive predictive value, NPV= negative predictive value.
all stafs in Family Medicine Clinic for their support and
cooperation during the study.

Thus, improved methods to detect diabetes are particularly
needed for high-risk individuals. Several studies have
examined
the
relationship
between
glycosylated
haemoglobin (GHb) and OGTT.13,14 Results of these studies
are difficult to compare because each used different criteria
for diagnosis of diabetes based on OGTT results as well as
different methods for measuring GHb. In general, studies
have shown that GHb is correlated with various parameters
of OGTT. With a highly precise high performance liquid
chromatography (HPLC) method in population with high
prevalence of diabetes (32.6% in this study), the author
found that HbA1c was highly specific (90%) and
moderately sensitive (68%) in identifying subjects with
diabetes (as diagnosed by OGTT). The specificity is almost
similar to the study by Little et al., 1988 (91% specificity)
where HbA1c was used as a screen for a diabetes in 381
adults from a population with a high prevalence of type 2
diabetes (Pima Indians). The study also gave a higher
sensitivity of 85% as compared to 68% in this study. 15
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In other study by Simon et al., OGTT and measurement of
HbA1c were performed in 333 outpatients with high
prevalence of diabetes mellitus (7.5%).16 The sensitivity
was 60% and specificity was 90.9% with HbA1c cut off
level of 6.0%. This was comparable to results in this current
study. However the predictive value for a positive diagnosis
was only 34.9%. Hence they suggest using combination of
HbA1c and FPG to diagnose diabetes mellitus that gave
sensitivity of 40%, but high specificity of 99.4% and high
positive predictive value of 83.3%.16 It seems better for
diagnosis to use test with a high degree of specificity and a
high predictive value for a positive diagnosis than test with
a good sensitivity but poor specificity.
The positive predictive value in this study was good, 76%
and negative predictive value was 86%. This means that
among those individuals with an HbA1c ≥6.4%, 76% would
be diagnosed with diabetes based on OGTT measurement.
This is higher than a study by Rohlfing et al, 2000 that gave
a positive predictive value of 42% using HbA1c cut off
level of 6.1%.17 Therefore HbA1c is a highly specific and
convenient alternative to OGTT for diagnosis of diabetes in
high-risk group.
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