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Objective: To establish HbA, _ reference intervals according to DCCT/NGSP (HbA, . DCCT/NGSP) and IFCC
(HbA, _ IFCC) in adults.

Study Design: The study was a descriptive study.

Material and Method: The study was done in 144 subjects, with 99 males and 45 females, aged between 19
to 78 years old. All subjects had normal vital signs, physical examination, chest X-ray. Subjects who had
hyperglycemia, renal problem, liver problem, anemia, and/or hemoglobinopathy were excluded from the
present study.

Results: Reference intervals of HbA . (DCCT/NGSP) is 5.47% (4.79-6.15) and HbA . (IFCC) is 3.66%
(2.88-4.44). The authors also found very high correlation between HbA, . (DCCT/NGSP) and HbA, . (IFCC)
of total, male, female, < 35 years old, and > 35 years old, r = 0.9995, 09997, 0.9992, 0.9988, and 0.9999,
respectively.

Conclusion: The authors found that HbA, . (DCCT/NGSP) and HbA . (IFCC) are not affected by sex but are
influenced significantly by age group. Since HbA, . (IFCC) will be widely used in routine diabetes manage-
ment, the authors recommend all laboratories provide the results of HbA, _in both DCCT/NGSP and IFCC

methods during this interim period.
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The measurement of hemoglobin A, . (HbA, )
in blood is meanwhile well established as the most
important parameter for monitoring a long-term control
of diabetic patients®?. Many different routine
methods (>20) claiming to measure HbA, _are currently
used by clinical laboratories. Furthermore, there is a
very large variability in the performance of those
different methods. However, there had not been any
internationally reference material, to which the routine
assays could be standardized® with. Until the Inter-
national Federation of Clinical Chemistry and Labora-
tory Medicine (IFCC) working group had developed
a reference method®. To overcome the problem of
poor standardization, the working group of IFCC has
established a uniform, scientifically well found inter-
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national standardization. The group decided to
develop a reference system in which routine methods
can be traced®®. Although the method of determina-
tion of HbA _had not been standardized until the
IFCC working group developed a reference method
in 2002®, they had already been studied for several
decades by many groups of researchers due to diabetes
mellitus (DM) being one of the major health problems
that need early management. Thus, the information of
studies about DM from the Diabetes Control and
Complications Trial Research Group (DCCT)W, the
National Glycohemoglobin Standardization Program
(NGSP)"® and UK Prospective Diabetes Study
(UKPDS) Group® have been provided for worldwide
practice for several years before HbA, _according to
IFCC (HbA . IFCC) reference method and reference
material had been established. Since the IFCC values
can be converted into values of the various established
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national standardization methods, such as DCCT,
NGSP, UKPDS, etc, the authors designed to implement
the method that standardized against the IFCC
reference assays. Furthermore, HbA, _(IFCC) is
expected to take place of HbA _according to DCCT/
NGSP (HbA,  DCCT/NGSP) in the near future. In
addition, as most biochemical substances in circula-
tion are influenced by many factors, therefore
individual laboratories are recommended to establish
their own reference intervals of laboratory tests even
if the manufacturers have provided them. In order to
establish proper reference intervals of laboratory tests
for worldwide laboratories, the National Committee for
Clinical Laboratory Standards (NCCLS) had provided
a standard method to determine reference intervals®.

In purpose of establishing HbA, _reference
intervals according to DCCT/NGSP that have been
worldwide used and the method that standardized
against the IFCC reference assays for Central Labora-
tory of King Chulalongkorn Memorial Hospital
(KCMH), the authors designed a descriptive study
using a recommendation method of NCCLS.

Material and Method

The present study protocol was approved
by the Ethical Committee, Faculty of Medicine,
Chulalongkorn University. All subjects are checked
for vital signs, blood pressure, and physical examined
by doctors. Individual with abnormal vital signs or
abnormal blood pressure or abnormal doctoral
inspection were not included. In addition, chest X-ray
(CXR) and laboratory investigation were also added
in the exclusion criterion. After informed consent was
obtained, blood was collected by venipuncture using
EDTA as anticoagulant for HbA, .. Two hundred and
seven volunteers were randomly selected, composed
of 148 males and 59 females, aged between 19 and 81
years old. Most of them were employees of private
and governmental organizations who had enrolled in
the annual checkup program, at KCMH, from July to
November 2003. All volunteers had normal CXR and
were investigated for complete blood count (CBC),
fasting plasma glucose (FPG), blood urea nitrogen
(BUN), creatinine (Cr), aspartate aminotransferase
(AST), and alanine aminotransferase (ALT). CBC was
analyzed by Advia 1209, while blood chemistry such
as; FPG, BUN, Cr, AST, and ALT were determined by
Hitachi 91219, In addition, all samples were screened
for hemoglobinopathy®? by automated blood cell
analyzer and dichlorophenol-indophenol precipita-
tion test (DCIP) using a reagent kit, KKU-DCIP-
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Clear®. All subjects who had hyperglycemia, renal
problem, liver problem, anemia and/or hemoglobino-
pathy were excluded from the present study. After
investigation, only 144 subjects were accepted for
the present study, compiled of 99 males and 45
females, aged between 19 and 78 years old. AIlEDTA
samples were kept at -20°C and analysis of HbA
was performed in the same batch within 12 weeks.
HbA,  was determined by immuno-turbidity using
COBAS INTEGRA® 700, standardized against the
IFCC reference assays®. The results of HbA, (DCCT/
NGSP) and HbA, . (IFCC) were received for further
analysis. Pool of fresh plasma was analysed as intra-
assay coefficiency.

To cover for 95% of the population (95%
reference intervals or ranges) according to NCCLS
recommendation, the reference intervals were calcu-
lated using mean + 2 standard deviation (mean + 2SD)
for those laboratory parameters that have Gaussian
distribution®. Furthermore, study was done by
comparison of the results between male and female,
as well as age groups (< 35 years old and > 35 years
old) using Student’s t-test (unpaired samples, two
tailed). The p value < 0.05 was considered statistically
significant.

Results

The distribution of HbA  (DCCT/NGSP) and
HbA_ . (IFCC) were the same, Gaussian pattern, and
shown in Fig. 1 and 2. Characteristics of subjects and
results of HbA . (DCCT/NGSP) and HbA _ (IFCC)
according to sex are shown in Table 1. Characteristics
of subjects and results of HbA . (DCCT/NGSP) and
HbA . (IFCC) according to age group are shown in
Table 2. Reference interval of HbA, . (DCCT/NGSP)
was 4.79-6.15% and HbA _ (IFCC) was 2.88-4.44%. The
authors found that HbA, . (DCCT/NGSP) and HbA .
(IFCC) were not affected by sex, but were influenced
by age group. Correlation between HbA, . (DCCT/
NGSP) and HbA . (IFCC) of total, male, female, < 35
years old, and > 35 years old are shown in Fig. 3. The
intra-assay CV of HbA . (DCCT/NGSP) and HbA
(IFCC) of the present study were 1.3% and 2.4%,
respectively. Correlation coefficient (r) between HbA
(DCCT/NGSP) and HbA, _(IFCC) of total, male, female,
< 35 years old, and > 35 years old are calculated and
shown in Fig. 3 as well.The authors found very high
correlation between HbA, . (DCCT/NGSP) and HbA
(IFCC) of total, male, female, < 35 years old, and > 35
yearsold, r=0.9995,09997,0.9992, 0.9988, and 0.9999,
respectively.
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Fig. 1 The distribution pattern of HbA1C (DCCT/NGSP)
was Gaussian pattern

Discussion

The distribution of HbA, . (DCCT/NGSP)
and HbA_ _ (IFCC) is shown in Fig. 1 and 2. The
authors’ reference intervals of HbA, . (DCCT/NGSP)
and HbA _ (IFCC) of total, male, female, < 35 years old,
and > 35 years old are shown in Table 1 and 2. HbA .
(DCCT/NGSP) and HbA, _(IFCC) reference levels of
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Fig. 2 The distribution pattern of HbA1C (IFCC) was
Gaussian pattern

total (n = 144) were 5.47% (4.79-6.15) and 3.66% (2.88-
4.44), respectively. The reference values of HbA .
(DCCT/NGSP) and HbA _(IFCC) were 5.4% (4.8-5.9)
and 3.5% (2.9-4.2)@21Y_ From these data, The results
are close to the Western data. However, the reference
values of HbA _are slightly higher than reference
values in a Western population. These data support

Table 1. Characteristics of subjects and results of HbA . (DCCT/NGSP) and HbA, . (IFCC) according to sex

Characteristics Total Male Female p value
Number 144 99 45 -
Age (years)

average (+SD) 40 (+13) 40 (+13) 40 (+13)

range 19-78 19-78 21-66 -
HbA, . (DCCT/NGSP)

average (+ SD) 5.47 (+0.34) 5.44 (+0.33) 5.55 (+0.35)

interval (average + 2SD) 4.79-6.15 4.78-6.10 4.85-6.25 0.0795

Table 2. Characteristics of subjects and results of HbA . (DCCT/NGSP) and HbA . (IFCC) according to age

Characteristics Total < 35 years > 35 years p value
Number 144 57 87 -
Age (years)

average (+SD) 40 (+13) 29 (+4) 48 (+11)

range 19-78 19-34 35-78 -
HbA, . (DCCT/NGSP)

average (+ SD) 5.47 (+0.34) 5.36 (+0.33) 5.55 (+0.33)

interval (average + 2SD) 4.79-6.15 4.70-6.02 4.89-6.21 <0.0007*
HbA  (IFCC)

average (+ SD) 3.66 (+0.39) 3.52 (+0.37) 3.75(+0.37)

interval (average + 2SD) 2.88-4.44 2.78-4.26 3.01-4.49 <0.0005*

*p value < 0.05 was considered statistically significant
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Fig. 3 Correlation between HbA1C (DCCT/NGSP) and HbA1C (IFCC) of a) total (n = 144), b) male (n = 99), c) female (n = 45),
d) < 35 years old (n = 57), and e) > 35 years old (n = 87)

the recommendation of NCCLS in encouragement
laboratories to establish their own reference inter-
vals of those provided parameters. In addition, the
variability of reference intervals of those provided
parameters could have occurred from important
factors such as; the difference of population, race,
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and environment®. The authors also studied HbA
(DCCT/NGSP) and HbA, . (IFCC) in males, females, <
35 years old, and > 35 years old, the authors found
that age group was an important factor effect
significantly (p = 0.0007, and 0.0005) to the HbA .
(DCCT/NGSP) and HbA, _(IFCC) levels. The authors
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found a higher trend level of HbA, . (DCCT/NGSP)
and HbA__ (IFCC) in females compared to males
(Table 1). However, the authors could not demonstrate
the statistical significance of the difference between
reference intervals of HbA . (DCCT/NGSP) and HbA
(IFCC) by sex. The present results are different from
a previous study performed by Hitachi 912 and
COBAS INTEGRA® 800, which found that age and
sex had no statistical significance®®. The difference
may be due to age group classification being different
from the present study. That study age group was
classified into 5 classes, 18-30 (n = 26), 30-39 (n = 62),
40-49 (n = 24), 50-59 (n = 14), and > 60 (n = 18) years
old. However, the results of reference intervals are
not notified of difference. They found that HbA
(DCCT/NGSP) by Hitachi 912 and COBAS INTEGRA®
800 were 4.45% (4.92-6.04), and 5.28% (4.74-5.84),
respectively. As well as, HbA, (IFCC) by Hitachi 912
and COBAS INTEGRA, were 3.63% (3.02-4.30), and
3.43% (2.82-4.01), respectively.

From the present results, all the SD for the
reference intervals shown in Table 1 and 2 are less
than 0.5% that demonstrated the small deviation of
intervals®®, These suggested that the present result
are results are close to the recommendation of NGSP.
In order to analyze for precision, the authors found
that intra-assay CV of HbA  (DCCT/NGSP) and
HbA _(IFCC)were 1.3% and 2.4%, respectively. These
intra-assay CV were less than 3% according to the
recommendation for laboratory analysis in the
diagnosis and management of DM®?. Furthermore,
all reference intervals of HbA, _(IFCC) of total, male,
female, < 35 years old, and > 35 years old were lower
than reference intervals of HbA . (DCCT/NGSP),
these results are not over expectation. The values of
all previous routine methods were probably too high
since they lacked specificity in various methods®.
Therefore, the application of the new reference
system in laboratory practice will not only effect an
analytical problem, but also, a medical problem,
because reference ranges for non-diabetics, and
recommended values for optimal therapy in diabetic
patients have to be revised and adjusted to the new
reference values. The various commercial assays have
to be adjusted to the new international reference
(HbA, . IFCC) system, and new reference ranges and
target values have to be introduced into clinical
practice. In addition, there is a move towards stan-
dardization of analytical systems and harmonization
of standards. Nowhere has more evidence than medical
laboratory field with recent formation of ISO-TC 212
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and international efforts that are underway by IFCC,
World Health Organization (WHO), ISO, and NCCLS
to further the standardization process. The authors
suggested that additional studies in non-diabetics
and diabetic patients using HbA, . (IFCC) in Thailand
should be further performed to establish our own
diabetic management data.

In conclusion, reference intervals of
HbA . are different between age groups, the authors
suggested that evaluation of HbA _ level should be
considered according to patient age. Because of
HbA, . (IFCC) is expected to be used worldwide in
the future, the authors recommend all laboratories
provide the results of HbA, _in both DCCT/NGSP and
IFCC methods to facilitate the clinicians to evaluate
the results. In addition, reference intervals should
not only be established to standardize the service,
but also should support the patients’ care. The
authors agree with the recommendation of NCCLS®,
ISOUN, etc, that suggested every laboratory should
establish its reference intervals. In order to achieve
the standard requirement and need of patients’ care,
laboratory services in developing countries such as
Thailand, should consider establishing reference
intervals as basic requirement in every laboratory.
Supporting Grants to establish reference intervals
from the associated or research organizations should
be managed and available to the laboratories. In
addition, the authors recommend every laboratory
should establish reference intervals for all service
parameters according to age, and gender. Other sub-
populations may be set according to the requirement
of each region. The authors also suggest every
laboratory update reference intervals of all service
parameters at suitable periodic times.
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