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Abstract

Introduction American Diabetes Association (ADA) has
officially endorsed glycosylated haemoglobin (HbAlc) as a
diagnostic tool. The recommended cut-off for diagnosing
diabetes is > 6.5%.

Objectives To compare use of HbAlc and fasting plasma
glucose (FPG) to diagnose diabetes in an urban Sri Lankan
community.

Methods This cross-sectional study is based on baseline
data from a prospective study on non-communicable
diseases in randomly selected individuals aged 35-64 years
in a selected community. HbAlc was measured by National
Glycohaemoglobin Standardization Program certified Bio
Rad Variant HbAlc HPLC method. Diagnostic performance
of HbA1c was evaluated in those without previous diabetes.
Receiver Operating Characteristic Curve was used to identify
optimum HbA1c threshold.

Results We studied 2516 individuals with no previous history
of diabetes. Of these 53.8% were women. Mean age was
52 £ 7.9 years. FPG was =7mmol/l in 245 (9.7%). HbAlc
was = 6.5% in 173 (6.9%). Concordance between FPG and
HbAlc was 95% (both criteria positive: 5.8%; both criteria
negative: 89.2%). Compared to FPG, HbA1c cut-off of >26.5%
had specificity of 98.9% (95% CI 98.3-99.3) and sensitivity
of 60% (95% CI 53.6-66.2). Positive and negative predictive
values were 85% (95% CI 78.8-89.9) and 95.8% (95%
Cl 94.9-96.6), respectively. Compared to FPG, optimum
HbA1c threshold for diagnosing diabetes was 5.9%
(sensitivity: 84%; specificity: 88.8%; area under the curve:
0.91).

Conclusions In the study population, detection of diabetes
with ADArecommended HbA1ccriterion was 29% less than
with FPG criterion. Compared to FPG, HbAlc had high
specificity but sensitivity was low. Further research is needed
to refine the optimum HbA1c threshold in Sri Lankans.
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Introduction

Diabetes mellitus hasbecome aglobal epidemic[1].
During the last decade it emerged as an important health
concern in South Asian region [2]. In anationally repre-
sentative sample of Sri Lankan adults, prevalence of
diabetes was reported to be 10.3% in 2006 and an
increasing trend has been observed [2,3].

Macro and micro vascular complications of diabetes
cause high morbidity and mortality globally. Early
diagnosis would provide opportunities for prevention of
these complications and would be cost effective for the
individual aswell asfor the community [4].

There are several tools available for diagnosing
diabetes. Fasting plasmaglucose (FPG) measurement and
the oral glucose tolerance test (OGTT) have been used
for decades. Glycosylated haemoglobin (HbA1c) is a
well-established measure of glycaemic control in those
diagnosed with diabetes but until recent yearsit had not
been considered suitable as a diagnostic tool due to lack
of standardization of laboratory procedure. However,
during the last decade many studies have suggested that
HbA1c is a useful tool for diagnosing diabetes [5].
Furthermore, the measurement of HbA _has become
more accurate and standardized in recent years [6]. In
2009, an International Expert Committee, with members
appointed by the American DiabetesAssociation (ADA),
the European Association for the Study of Diabetes
(EASD) and the International Diabetes Federation (IDF),
recommended the use of (HbA1c) to diagnose diabetes
[7]. The following year ADA officially endorsed HbA
as a diagnostic test and recommended the cut-off value
of >6.5% for diagnosing diabetes[8]. However, the ADA
highlighted that the diagnostic test should be performed
using a method that is certified by the National Glyco-
haemoglobin Standardization Program (NGSP) and
standardized or traceable to the Diabetes Control and
Complications Tria reference assay.
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Themain limitationin using HbA 1cin resource poor
settings is its cost. In Sri Lanka, the cost of HbA1lc is
about 5 times the cost of FPG and about 1.5 times the
cost of OGTT. Nevertheless, HbA1c which is a marker
of chronic glycaemia has several advantages over FPG
and OGTT which are markers of acute glycaemia. Being
markers of acute glycaemia both FPG and OGTT can
show intra-individual variability due to factors like diet,
exercise, stress and illness. Such variability is minimal
with HbA1c. The HbA 1c assay does not require afasting
or timed sample and thus is more convenient for the
individual. There is evidence to suggest greater pre-
analytical stability of HbAlc over FPG and OGTT [9].
Furthermore, OGTT isless acceptableto individuals due
to the cumbersome procedure and it is more labour and
time consuming. Thereisevidencethat HbA1lc hasamore
consistent relationship with diabetic retinopathy than
does FPG [10].

However, there is controversy regarding applica-
bility of ADA recommended HbA 1c cut-off in different
ethnic groups. According to studies from different
countries, suggested cut-off to diagnose diabetes ranged
from >5.6% to >7.0% [11-24]. Age, ethnicity, genetic
makeup and erythrocyte life-span are likely to contribute
tointer-individual variability of glycosylation of haemo-
globin and could be responsible for observed differences
in the cut-offs in different populations [15, 19, 25-27].

With the increasing prevalence of non-com-
municable diseasesin Sri Lanka, thereisaneed to screen
the community for diabetes. Even though OGTT is
considered as the gold standard in diagnosing diabetes,
in actua clinical practice it is not often utilized except
during pregnancy. The most widely used diagnostic tool
inclinical practicein Sri Lankais FPG. However, access
to laboratories with standardized protocols for HbA1c
testing isincreasing and the use of HbA1c for diagnosis
of diabetes has become popular especialy in the private
sector. The performance of HbA 1c, in comparison to the
other diagnostic tools has been widely studied in many
countries. However, there is only limited data available
regarding its diagnostic utility among Sri Lankans. This
study aimsto explore the utility of HbA1c in diagnosing
diabetesin Sri Lankan adults compared to FPG whichiis
the most widely used diagnostic tool in Sri Lanka.

Methods

This study is based on the analysis of the baseline
data from a large prospective study on non-communi-
cable diseases in a selected community [Ragama Health
Study (RHS)] conducted by the Faculty of Medicine,
University of Kelaniya, Sri Lankain collaboration with
the National Center for Global Health and Medicine,
Tokyo, Japan. Baseline data collection was carried out
from January to September 2007. Detailed methodol ogy
of RHS has been previously described [28]. Study
methods in brief are given below.
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Sudy setting and participants

RHSwas conducted in the RagamaMedical Officer
of Health (MOH) area (area=25 km?, Grama Niladhari
divisions=21, housing units=15,137, population at the
time of study=75,591). Adultsaged between 35-64 years
were randomly selected using the electoral register of
each Grama Niladhari division as the sampling frame.
The selected individuals were visited at their homes and
invited to participate in the study.

M easurements and assays

The selected participants attended a special
screening clinic set up at the Faculty of Medicine,
University of Kelaniya. The participants were given
specific written and verbal instructions to attend this
clinic after an overnight fast of 12 hours. Demographic,
anthropometric and clinical data were recorded by
trained investigators. Ten milliliters of venousblood was
drawn for assay of HbA1c, FPG and lipid profile. The
collected blood samples were centrifuged and separated
immediately. FPG was measured according to the
hexokinase method. HbA 1¢c was measured by National
Glycohaemoglobin Standardization Program certified
ion exchange HPL C (Variant, Bio-Rad, USA) method.

Ethical aspects

Approval was obtained from the Ethical Review
Committee of Faculty of Medicine, University of
Kelaniya, Sri Lanka. Participants were recruited to the
study after obtaining informed written consent. A special
follow-up clinic was commenced at the Faculty of
Medicine, University of Kelaniya to provide treatment
and follow-up to those found to have abnormal findings.

Definitions

Self-reported medical history and information from
medical records such asdiagnosis cardsand clinic record
books was utilized to document presence of previously
diagnosed diabetes. In those without previous diabetes,
ADA recommended criteria (FPG >7mmol/l and HbAlc
>6.5%) were utilized to identify newly detected diabetes

[g].

Satistical analysis

Data were entered into a database developed in Epi
Info (Centers for Disease Control and Prevention,
Atlanta, GA, USA) and logical and range checks were
done. Statistical analysiswas done using Stata version 8
(Stata Corp, College Station, Texas 77845, USA). Con-
tinuous variables were summarized using means and
standard deviations. Categorical variables were sum-
marized as percentages. Individuals without previous
diabetes, were classified into four mutually exclusive
groups based on the ADA recommended FPG and HbA 1c
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criteria for diabetes; participants meeting both (FPG >7
mmol/l and HbA1c >6.5%), neither (FPG < 7 mmol/l
and HbA 1c < 6.5%), and only one of the criteria (FPG > 7
mmol/l and HbA1c < 6.5% or FPG < 7 mmol/l and HbA 1c
>6.5%). Sengitivity, specificity, positive predictive value
and negative predictive value were cal culated for HbA1c
as compared to FPG. Receiver Operating Characteristic
Curve (ROC) was used to identify the optimum HbA
threshold. FPG value of >7 mmol was considered as
diagnostic of diabetes and that was used as the gold
standard in undertaking ROC analysistoidentify theideal
cut-off value of HbA1c to diagnose diabetes mellitus.

Results

Out of the 4200 randomly selected individuals, 3012
participated in the Ragama Health Study (response rate
of 72%) and complete data were available for 2985
participants. Four hundred and sixty nine (15.7%) had
previously diagnosed diabetes.

Performance of HbA 1c criterion asadiagnostic tool
for diabetes was evaluated in 2516 participants without
previous diabetes. Among them 1353 (53.8%) were
women and the mean age was 52 (SD=7.9) years. The
characteristics of these individuals are described in table 1.

Table 1. Demographic, anthropometric and
clinical characteristics of subjects without
previously diagnosed diabetes (n=2516)

Mean [SD]

Characteristic All Men \Women

(n=2516) (n=1163) (n= 1353)
FPG (mmol/l) 6.0[1.5] 6.0[1.4] 6.0[1.6]
HbA1c (%) 5.6[1.0] 5.5[0.9] 56[1.0]
Systolic blood pressure
(mmHg) 1339[21.7] 1330[20.7] 134.7[225]
Diastolic blood pressure
(mmHg) 792[124]  791[127] 794[12.2]
Body MassIndex (kg/m?)  24.0[43] 230[40] 249[45
Total cholesterol (mmol/l)  55[1.1] 5.3[11] 5.6[1.1]
Triglyceride (mmol/l) 14[0.8] 15[0.9] 1.3[0.7]

FPG — Fasting Plasma Glucose; HbA 1¢c — Glycosylated Haemoglobin

Among those without previous diabetes, FPG was
>7 mmol/l in 245 (9.7%) and HbA 1c was >6.5% in 173
(6.9%). Hence detection rate of diabetes with HbAlc
criterion was 29% less than with FPG criterion. Both
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HbA1c and FPG criteriafor diabetes were positivein 147
(5.8%) and both were negative in 2245 (89.2%) thusthe
concordance between FPG and HbA 1c was 95%. Ninety
eight (3.9%) individuals who were positive for FPG
criterion were negative for HbA 1c criterion whereas 26
(1%) individuals who were positive for HbA 1c criterion
were negative for FPG criterion (Table 2). Compared to
FPG criterion, ADA recommended HbA 1c criterion had
a sensitivity of 60% (95% Cl 53.6-66.2) and specificity
of 98.9% (95% CI 98.3-99.3). The positive and negative
predictive values were 85% (95% CI 78.8-89.9) and
95.8% (95% Cl 94.9-96.6), respectively.

Table 2. Number of subjects with newly
detected diabetes based on ADArecommended
HbAlccriterion and FPG criterion (n=2516)

HbAlc
FPG <6.5% >6.5% Total
(n,%) (n,%) (n,%)
<7mmol/l 2245(89.2) 26(1) 2271(90.2)
>7mmol/l 98 (3.9) 147(5.8) 245(9.7)
Total 2343(93.1) 173(6.9) 2516 (100)

FPG — Fasting Plasma Glucose; HbA 1c — Glycosylated Haemoglobin

Figure 1 shows the ROC curve (area under curve —
0.91) for HbA1c using FPG =7 mmol/I as the gold
standard. Compared to FPG, the optimum HbA1lc
threshold for detecting diabetes in the study population
was 5.9%. This threshold has a sensitivity of 84%,
specificity of 88.8% (Table 3).

(s 8]

Sirisln Iy
os0 s
-

0.5

£

=, T T T
aon 035 a.50 0TS il

| - Spachicy

Berwm urder R0 orwn = EEIEE

Figure 1. Receiver operating characteristic
curve for detecting diabetes using FPG
and HbA1c criteria
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Table 3. Sensitivity and specificity of different
HbAlc cut-off compared to FPG criterion
(FPG =7mmoll/l)

HbA1C cut-off Sensitivity % Specificity %
>49% B4 116
> 54% B4 498
259 % 84.0 88.8
>26.2% 705 %3
>26.5% 599 989
>7.0% 434 9.7
>8.0% 271 99
>8.3% 250 100

Discussion

Even though HbA1c obtained endorsement as a
diagnostic tool for diabetes more than 5 years ago, data
regarding its diagnostic utility among Sri Lankans is
scarce. Our study provides val uable evidence comparing
HbA1c with FPG in diagnosing diabetes in Sri Lankan
adults. FPG is the most widely used diagnostic tool in
Sri Lanka. The main strength of our study isitsrandomly
selected community based large sample. This study is
based on the analysis of the baseline data from a pros-
pective study on non-communicable diseasesin randomly
selected individuals in a selected community. The
response rate for baseline data collection was high and
rate of missing information was low. Though a formal
sample size calculation was not done for the purpose of
assessing the validity of HbA1c, the narrow 95% con-
fidence intervals for the sensitivity, specificity and the
positive and negative predictive values indicate that the
sample size was adequate.

In the study population, prevalence of previously
undetected diabetes was high. Among those with no
previous history of diabetes, 5.8% fulfilled both HbA1c
and FPG criteria recommended by ADA for diagnosing
diabetes. 9.7% had FPG above the ADA recommended
cut-off while only 6.9% had HbA 1c above the ADA cut-
off. Accordingly, in this population the HbA 1c criterion
of >6.5% identified 29% fewer cases of diabetes than
the FPG criterion of >7mmol/l. Analysis of Nationa
Health and Nutrition Examination Survey (NHANES)
dataindicated that the HbA 1c cut-off of >6.5% identifies
one-third fewer cases of undiagnosed diabetes than the
FPG cut-off of >7mmol/l [8]. In the new Hoorn study,
Van't Riet et a showed that when using OGTT asthegold
standard for diagnosing diabetes, FPG had a higher area
under the ROC curve than HbA1c [12]. This indicates
that FPG is better than HbA1c in detecting previously
undiagnosed diabetes. In our study population, when both
positive and negative results were considered the two
tests were in agreement with each other in 95% of the
cases (concordance rate was 95%). When compared with
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the FPG criterion, HbA1c cut off of >6.5% had a high
specificity but the sensitivity waslow. These findings are
comparable with previous studies from different parts
of the world [13, 14, 17-19, 23].

A certain degree of discrepancy between the FPG
and HbA1c criteria was anticipated from the outset.
Which one does better remains an unresolved issue.
When these two are compared there is ho doubt that
HbA1c is more convenient and theoretically it should be
more accurate as a diagnostic tool because it is a marker
of chronic glycaemia whereas FPG and OGTT are
markers of acute glycaemia which are liable to intra-
individual variability dueto several factors. Even though
some evidence indicate that HbA1c is a better predictor
of vascular complications of diabetes, long term follow
up studies are needed to clarify the issue regarding the
most accurate diagnostic tool [10]. These studies would
be difficult to conduct and such evidence may not be
available for many years.

As compared with the FPG criterion, the optimum
HbA 1c threshold for detecting diabetesin this Sri Lankan
population was 5.9% which is lower than the ADA cut-
off. Thisis consistent with most of the studies from other
countries. AlImost similar thresholds have been reported
inKoreaand India[16, 17]. Thereare several other studies
from China, USA, Bulgaria, Bangladesh, Maaysia, and
inthe Middle East which found that the optimum HbA 1c
thresholdswerelower thanthe ADA cut-off [14,19-22,29,30].
However, one study of the indigenous population in
Australia reported an optimum cut-off of 7% [23]. A
systematic review of ninestudiesdonein Europeand Asia
reported that the optimum HbA 1c cut-off was 6.1% [5].
A recently published study donein 254 Sri Lankansusing
OGTT asthereference, has reported an optimum HbA1c
cut-off of 6.3% [31]. All these resultsincluding the result
from our study highlight that for better utilization of
HbA1c as a diagnostic tool it needs to be further refined
to suit different populations.

Limitations

There are several limitations to our study. The
reference investigation we used to assess the perfor-
mance of HbA 1cin diagnosing diabetes was FPG and not
the OGTT which is considered as the gold standard.
Therefore, we may have missed a group of people with
normal FPG but elevated 2-hour plasma glucose. The
actual optimum HbA 1c cut-off may have been different
if the diagnosis was based on OGTT instead of FPG.
Nevertheless, our findings are consistent with reportsthat
the optimum HbA1c cut-off is lower than the ADA
recommended cut-off. Theaim of the study wasto explore
the performance of HbA1lc as compared to the widely
used FPG and we believe that the other findings, such as
therate of detection of diabeteswith ADA recommended
HbA1c cut-off compared to FPG, concordance between
the two investigations and the sensitivity, specificity and

Ceylon Medical Journal



Paper

positive and negative predictive values of HbA1lc
compared to FPG areall useful information for individual
clinicians as well as policy makers. Confounders such
as severe iron deficiency anaemia and haemoglobin-
opathieswhich could alter the HbA 1c value have not been
excluded. Finally, this study was conducted in a single
urban community and these results may not be general-
isable to the entire country.

Conclusions

Our findings add evidence to the limited evidence
base regarding the utility of HbA1c as a diagnostic tool
for diabetes in Sri Lankans and it contributes to the
ongoing discussions worldwide regarding the potential
value and ideal cut-off of HbAlc in the diagnosis of
diabetes. In thisurban Sri Lankan adult population, ADA
recommended HbA1c criterion identified one-third
fewer cases of undiagnosed diabetes than the FPG
criterion. Compared to FPG, HbA 1c had high specificity
but the sensitivity was low which is similar to data from
severa studies from different countries. It is important
to consider these facts when HbAlc and FPG reports
are interpreted for the purpose of diagnosing diabetes.
Nationally-representative data from large scale studies
and long term follow up cohort studies are required to
refine the optimum HbA 1c threshold for Sri Lankans.
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