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Abstract

Aims The objectives of the study were to assess the predictive value of baseline HbA . for incident diabetes among the
participants with impaired glucose tolerance in the Indian Diabetes Prevention Programmes 1 and 2.

Methods Data at baseline and at 3-year follow-up were analysed in combined cohorts of the Indian Diabetes Prevention
Programmes 1 and 2. Within the 3 years, 324 of the 8435 participants developed diabetes (World Health Organization criteria).
The predictive value of baseline HbA . for incident diabetes was determined by logistic regression analysis.

Results Baseline HbA;. values had heterogenous distribution. The distribution was similar in isolated impaired glucose
tolerance or in impaired glucose tolerance in combination with impaired fasting glucose. A progressive increase in diabetes
occurred with increasing HbA .. HbA,. showed the strongest association with incident diabetes in the multiple logistic
regression analysis (odds ratio 3.548, P < 0.0001). The cut-off HbA . of 43 mmol/mol (6.05%) had 67% sensitivity and 60%
specificity to predict future diabetes. The diagnostic sensitivity of HbA;. of > 48 mmol/mol (> 6.5%) was only 51%, with a
specificity of 87%, when compared with the oral glucose tolerance glucose values.

Conclusions Baseline HbA | was highly predictive of future diabetes in Asian Indian subjects with impaired glucose tolerance
and nearly 60% of the incidence occurred with values > 42 mmol/mol (> 6.0). Diagnostic sensitivity of HbA.> 48 mmol/mol

(= 6.5%) for new diabetes was only 51% using the oral glucose tolerance test as the standard for comparison.
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Introduction

HbA . is shown to be significantly associated with the occurrence
of diabetic complications and is being recommended by an
International Expert Committee [1] and by the American
Diabetes Association [2] as a diagnostic tool for diabetes. The
American Diabetes Association also suggested that HbA . values
between 39 mmol/mol (5.7%) and 46 mmol/mol (6.4%)
identify pre-diabetes [2]. HbA;. is more convenient and
reproducible than blood glucose [3]. However, there is a great
deal of debate about its optimal cut-off for diagnosing diabetes,
as it shows considerable ethnic variations in its sensitivity [3-7].
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Indian diabetes prevention programmes [8,9] showed that a
moderate lifestyle modification or a small dose of metformin
(500 mg/day) were equally effective in reducing the risk of
diabetes in Asian Indian people with impaired glucose tolerance
[8,9]. A combination of lifestyle modification with either
metformin or pioglitazone did not improve the efficacy of
lifestyle modification in the population. In previous analyses, we
tested the predictive value of baseline insulin resistance and B-cell
function for incident diabetes [8,10]. The reduction in incident
diabetes with intervention occurred as a result of improved
insulin action and insulin secretion [11]. The predictive value of
baseline HbA . was not evaluated in these studies.

The primary objective of this analysis was to assess the
predictive value of baseline HbA . for incident diabetes. The
secondary objectives were to study the distribution of HbA;.
values in subjects with pre-diabetes and to find out whether there
were variabilities in HbA . values among people with isolated
impaired glucose tolerance and when impaired glucose tolerance
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and impaired fasting glucose coexisted. The diagnostic sensitivity
of HbA . cut-off value of 48 mmol/mol (6.5%) in comparison
with the results of an oral glucose tolerance test [12] as the
reference method was also studied.

The data from Indian Diabetes Prevention Programmes
(IDPP)1 and 2 were combined as the selection criteria and the
characteristics of the study participants in both studies were
identical. This helped to increase the sample size for the analysis.

Research design and methods

IDPP-1 [8] and IDPP-2 [9] were 3-year prospective, randomized,
controlled studies among Asian Indian subjects with persistent
impaired glucose tolerance (2-h post-glucose of 7.8-11.0
mmol/l). The IDPP-1 study consisted of: a control group, the
participants of which were given standard advice; a group
advised on lifestyle modification; and groups on treatment with
metformin and a combination of lifestyle modification and
metformin [8]. The IDPP-2 study was carried out in a different
cohort of subjects with impaired glucose tolerance using lifestyle
modification + placebo as the control group and using lifestyle
modification + pioglitazone as the intervention group [9]. In
both studies, no cases of isolated impaired fasting glucose
(fasting plasma glucose 6.1-6.9 mmol/I and 2-h post-glucose
< 7.8 mmol/1) were selected and presence of impaired fasting
glucose was not an inclusion criterion. In both studies, the
primary outcome was development of diabetes detected by a
standard oral glucose tolerance test (fasting plasma glucose
> 7.0 mmol/l and/or 2-h post-glucose > 11.1 mmol/1) [12]. All
subjects underwent annual oral glucose tolerance test. A semi-
annual postprandial capillary glucose test was performed.
Diabetes detected in any person was confirmed with an oral
glucose tolerance test.

HbA . was analysed using the immunoturbidimetric method
(Tina-Quant Reagents; Roche Diagnostics GmbH, Mannheim,
Germany). This procedure shows good correlation with the high-
performance liquid chromatography method (r = 0.9937) and is
an approved procedure by the International Federation of
Clinical Chemistry, certified by the National Glycohemoglobin
Standardization Procedure and traceable to the Diabetes Control
and Complications Trial assay procedure. The intra-batch
coefficient variation of HbA;. was < 5% and inter-batch
variation was < 7%.

In IDPP-1, the relative risk reductions with all interventions
were similar (varying from 26.4 to 28.5%) when compared with
the control group [8]. In the IDPP-2 study, the cumulative
incidence of diabetes at 36 months were similar in the
intervention and placebo group (29.8 and 31.6%, respectively)
[9]. BMI, waist circumference and blood pressure were measured
at baseline and during each review. Plasma glucose was measured
(glucose oxidase method) at fasting, 30 min and 2 h during the
oral glucose tolerance test and corresponding plasma insulin was
measured using a radioimmunoassay kit from DiaSorin
(Saluggia, Italy). Indices of insulin resistance [homeostasis
model assessment (HOMA-IR)] [13] and early insulin secretion
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[(30-min fasting insulin (pmol/1)) divided by 30-min glucose
(mmol/1) (AI/G)] were calculated [14]. Among the total of 869
followed up for 3 years in both studies, plasma insulin values
were not available for 24 individuals. Hence, this analysis was
carried out using data of 845 subjects (699 men; 146 women).

Statistical analysis

Mean and standard deviation are shown for normally distributed
variables. Student’s ¢-test was used for inter-group comparison.
The paired #-test was used for intra-group comparisons. Median
values were used for skewed variables and the Mann—-Whitney
U-test was used for the comparisons. Inter-group proportions
were compared using the y’-test. Multiple logistic regression
(Enter method) was used to identify the baseline variables that
predicted incident diabetes. The independent variables included
in the equation were baseline age, BMI, waist circumference,
fasting plasma glucose, 2-h post-glucose, HbA;. HOMA-IR,
A/G and all intervention vs. control. Receiver operating
characteristic curves were drawn with standard methods to
identify the cut-off value of baseline HbA . to predict incident
diabetes and also to compare its performance with that of the
baseline 2-h post-glucose value. Receiver operating characteristic
analysis was also performed to identify the sensitivity of an
HbA . cut-off of 48 mmol/mol (6.5%) to diagnose diabe-
tes, identified by the 2-h post-glucose measurement of
> 11.1 mmol/1 during the follow-up oral glucose tolerance test.

Analyses were carried out using SPSS version 10.0 (SPSS,
Chicago, IL, USA). A P-value of <0.05 was considered
significant.

Results

Table 1 shows the characteristics of the study group at baseline
and at the follow-up to 3 years. As expected, the glycaemic
variables, including HbA;., showed significant increases at
follow-up. Diastolic blood pressure increased while total
cholesterol and LDL cholesterol levels decreased significantly.
Baseline values of HbA . showed a heterogeneous distribution.
At baseline, 50.2% of subjects had HbA;. < 42 mmol/mol
(< 6.0%),29.5% had values between 42 mmol/mol (6.0%) and
< 48 mmol/mol (< 6.5%) and 20.2%
> 48 mmol/mol (2 6.5%). During the
percentage of those with < 42 mmol/mol (<6.0%) increased

showed values
follow-up, the

significantly. When the American Diabetes Association criteria
for HbA . for diagnosing pre-diabetes [10] were applied, 28.8%
had values < 39 mmol/mol (< 5.7%), 45.7% had values of
> 39 mmol/mol (= 5.7%) to < 46 mmol/mol (< 6.4%) and
25.6% had values > 46 mmol/mol (> 6.4%).

There was a progressive increase in incidence of diabetes with
increasing levels of baseline HbA .. The percentages of incident
diabetes (7 = 324) in HbA,. categories < 42 mmol/mol
(< 6.0%), 4246 mmol/mol (6.0-6.4%) and > 48 mmol/mol
(= 6.5%) of HbA ;. were 25.2% (107 of 426), 38.6% (96 of 249)
and 70.3% (121 of 172), respectively. The differences between

95



DIABETICMedicine

Table 1 Characteristics of the study group at baseline and follow-up
(1 = 845)

Variables Baseline Follow-up P-value
Age (years) 45.6 £5.9
Body mass 258+ 34 26.0 + 3.4 0.364
index (kg/m?)
Waist 90.0 £+ 8.2 90.2 £+ 8.1 0.235
circumference
(cm)
Blood pressure
(mmHg)
Systolic 120.2 + 13.4  120.6 + 12.1 0.450
Diastolic 751 £ 9.7 80.5 + 8.9 < 0.0001
Plasma glucose
(mmol/1)
0 min 5.5 +£0.7 8.7+ 0.8 < 0.0001
2-h plasma 6.1+ 1.4 9.8+ 3.4 < 0.0001
glucose
HbA . (%) 6.22 £ 0.55 6.73 £ 1.16 < 0.0001
< 42 mmol/mol 424 (50.2) 354 (41.9) 0.002
n (%) (< 6.0)
242 to < 48 249 (29.5) 245 (29.0) 0.977
mmol/mol 7 (%)
(2 6.0 to <6.5)
> 48 mmol/mol 172 (20.2) 234 (27.7) < 0.0001
(%) (2 6.5)
Lipid profile
(mmol/1)
Cholesterol 5.2 £0.97 51+1.0 0.003
Triglycerides* 1.59 1.57 0.302
HDL 1.1 £0.23 1.1 + 0.24 0.979
LDL 3.25 £ 0.80 3.10 £ 0.86 < 0.0001

Values are mean + sbD.
*Median value.

the first and second and the first and third categories were highly
significant (42 = 12.6, P < 0.0001, and > = 39.9, P < 0.0001,
respectively).

Increasing waist circumference, 2-h post-glucose and HbA .
were strongly predictive of incident diabetes. Increasing B-cell
function (AI/G) and preventive interventions had protective
effects (Table 2). Among these, baseline HbA . had the strongest
association with incident diabetes (odds ratio 3.548,
P < 0.0001)

The sensitivity of the baseline HbA;. to predict incident
diabetes was assessed by the receiver operating characteristic
analysis. As shown in Fig. 1, a cut-off value of 42 mmol/mol
(5.95%) had 67% sensitivity and 60.8% specificity to predict
incident diabetes. The analysis also showed that the baseline 2-h
post-glucose of 8.44 mmol/l (152 mg/dl) had both the
sensitivity and specificity at the 60% level. The area under the
HbA . curve was higher [0.700 + st 0.019 (95% CI 0.664—
0.737), P <0.0001] than the area for 2-h post-glucose
[0.0614 + sE 0.02 (95% CI0.575-0.653), P < 0.0001].

Among the 324 subjects who developed diabetes in the 3-year
period, 224 (69.1%) subjects had isolated impaired glucose
(30.9%) had

tolerance and 100 impaired  glucose
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Table 2 Results of multiple logistic regression analyses

Independent Odds  95%

variables B ratio  CI P-value

Waist 0.04 1.041  1.013-1.069 0.004
circumference
(cm)

2-h plasma 0.022  1.022 1.01-1.033 < 0.0001
glucose

HbA;. (%) 1.266  3.548 2.572-4.894 < 0.0001

Al/G -0.012  0.988 0.983-0.994 < 0.0001

Intervention -0.653 0.520 0.338-0.801 0.003
vs. control

Dependent variables—incident diabetes vs. others. Baseline data
were used as independent variables. Significant associations are
shown

Age, BMI, fasting plasma glucose and HOMA-IR were non-
significant.

Baseline HbA, , and 2-h plasma glucose
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FIGURE 1 Receiver operating characteristic curves showing predictive
performance of baseline HbA . (curve 1) and 2-h plasma glucose (curve 2)
for the 3-year incidence of diabetes, identified by oral glucose tolerance test
(World Health Organization criteria). HbA. area under the curve

(AUC) = 0.700 (95% CI 0.664-0.737) P < 0.0001. Two-hour plasma
glucose AUC = 0.614 (95% CI 0.575-0.653) P < 0.0001. Curve 3 is the

reference line.

tolerance + impaired fasting glucose, at the baseline. The
baseline and follow-up HbA,. values (%) were 6.20 + 0.55
and 6.66 + 1.09 for the group with isolated impaired glucose
tolerance group and 6.25 + 0.53 and 6.89 + 1.29 for the group
with impaired fasting glucose + impaired glucose tolerance
(P < 0.0001 between the groups at follow-up). The distribution
of baseline HbA . in the three categories, as shown in Table 1,
was similar in both groups (data not shown).

Among the 324 cases of incident diabetes diagnosed using the
oral glucose tolerance test glucose values, only 165 individuals
(51%) had HbA . values of > 48 mmol/mol (= 6.5%).
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Discussion

In the IDPP studies, baseline HbA . was strongly predictive of
incident diabetes among the subjects with impaired glucose
tolerance who were followed-up to 3 years. Among the baseline
variables which were predictive of incident diabetes, HbA ;. had
the highest odds ratio. The HbA;. values were highly
heterogeneous; one half of the participants (50.2%) had HbA .
values < 42 mmol/mol (< 6.0%), 29.8% had values between
42 mmol/mol (6.0%) and < 48 mmol/mol (< 6.5%) and the
remaining 20.0% had values > 48 mmol/mol (> 6.5%). The
baseline distribution of subjects with pre-diabetes was also
similar when the American Diabetes Association criteria [10] for
the diagnosis of pre-diabetes was applied.

The receiver operating characteristic analysis showed that
the majority of the incident cases would have occurred where the
baseline HbA . was > 42 mmol/mol (= 6.0%). However, the
interventions were also effective in the ranges of < 42 mmol/mol
(< 6.0%) or >48 mmol/mol (>6.5%). The power of any
prospective study in Asian Indian subjects with impaired glucose
tolerance is likely to be enhanced by selecting patients with an
HbA;. 2 6.0% (=42 mmol/mol) and/or a 2-h post-glucose
value of > 8.4 mmol/I (> 152 mg/dl).

The International Expert Committee [1] stressed the
continuum of risk for diabetes with all glycaemic variables and
did not specify an equivalent intermediate category of HbA; .. It
was noted that the people with HbA . in the suggested ranges for
‘normal’ and ‘diabetes’ cut-off [42 to < 48 mmol/mol (6.0 —
< 6.5%)] had a more than 10-fold higher risk of incident diabetes
than the people with lower levels [15-17].

In the Finnish Diabetes Prevention Study (DPS), 14% of the
participants had baseline HbA ;. values of 42-48 mmol/mol
(6.0-6.5%) and 7% had the > 48 mmol/mol
(= 6.5%)[18]. The presence of a higher percentage of subjects
with baseline HbA . of > 42 mmol/mol (> 6.0%) in the IDPP
studies probably was because of ethnic variations in glycation

values

rates. The rate of glycation may be highly variable among the
populations and the probability of ‘low’ and ‘high’ glycators exist
[19]. Among the participants in the Diabetes Prevention
Programme (DPP), mean HbA . levels were found to be higher
among the US racial and ethnic minority groups [4]. It was
suggested that haemoglobin glycation or red cell survival might
differ among racial and ethnic groups. It was concluded that,
among patients with impaired glucose tolerance, HbA . might
not be valid for assessing and comparing glycaemic control in
these groups [4].

The heterogeneous nature of HbA . values in subjects with
pre-diabetes have been reported in studies in varied ethnic
populations [4,18]. A systematic review had suggested that a cut-
off of HbA . > 43 mmol/mol (> 6.1%) might be the optimal for
diagnosis of diabetes [20]. The American Diabetes Association
criteria for HbA . in subjects with pre-diabetes did not apply in
all populations [21].

In our study, the diagnostic sensitivity of the suggested HbA .
cut-off of >48 mmol/mol (= 6.5%) was 51.0% when the
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standard oral glucose tolerance test values were used as the
reference method. The HbA . and plasma glucose criteria did not
identify the same group of subjects. These observations were in
concurrence with the recently published report by the Diabetes
Prevention Study group showing that nearly 60% of the incident
cases in the study would have been undiagnosed if the HbA . cut-
off of >48 mmol/mol (>6.5%) had been used [18]. The
heterogeneous nature of the HbA . values in subjects with pre-
diabetes was also highlighted in the report.

Using population-based cross-sectional data, Mohan ef al.
[22] suggested that the optimal cut-off point for diagnosing pre-
diabetes in Asian Indians was an HbA;. of 38 mmol/mol
(5.6%). They also suggested that HbA;. cut-off points of
43 mmol/mol (6.1%) and 46 mmol/mol (6.4%) were optimal
for identifying newly diagnosed diabetes in the population using
2-h post-glucose and fasting glucose, respectively, with an
accuracy of 2 90%. Several population-based studies have
shown that an HbA . cut-off of 48 mmol/mol (6.5%) is highly
specific, but has low sensitivity for identification of prevalent
undiagnosed diabetes [23-25]. In all these studies, the reference
method for diagnosis was the plasma glucose cut-off values.

Most factors that alter the plasma glucose values, such as intra-
individual variations, acute illness, recent exercise and food
ingestion, timing and type of sample used (whole blood, plasma)
and sample handling do not affect measurement of HbA . values.
Measurement of HbA . in a random blood sample is possible.
Intra-individual variations are minimal and HbA;. strongly
predicts development of microvascular complications. However,
the main disadvantages in measuring HbA . are the higher cost
and lack of widespread availability of standardized procedures in
many countries.

The strengths of this study are its prospective nature and the
fairly large sample size. As the different intervention methods
gave similar relative reductions vs. the control group, we did not
analyse the results separately in those groups.

In the IDPP studies, subjects positive for impaired glucose
tolerance on two oral glucose tolerance tests were selected,
whereby cases of transient impaired glucose tolerance were
eliminated [8,9]. Moreover, to a great extend we could also
exclude probable diabetic cases. Among the patients with values
of HbA{. > 48 mmol/mol (> 6.5%), diabetes was excluded by
two oral glucose tolerance tests, using the World Health
Organization criteria [12].

In conclusion, baseline HbA . values were the most powerful
predictors of incident diabetes in the 3-year study period. Asian
Indian subjects with impaired glucose tolerance have a
heterogenous distribution of HbA. values. Fifty per cent of
those subjects had values < 42 mmol/mol (< 6.0%), 30% had
values of 42 mmol/mol (6.0%) to < 48 mmol/mol (< 6.5%)
and 20% had values > 48 mmol/mol (> 6.5%). The distribution
of HbA ;. was similar in isolated impaired glucose tolerance and
impaired fasting glucose + impaired glucose tolerance.
Preventive interventions were effective in all subgroups.
Identification of subjects with abnormal HbA;. appears
valuable, as abnormal HbA ;. has a strong predictive value for
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diabetes and therefore identifies subjects with ‘true pre-diabetes’
requiring preventive interventions. Inclusion of subjects with
impaired glucose tolerance with baseline HbA ;. > 42 mmol/mol
(> 6.0%) would help to increase the power of prospective studies
among Asian Indian subjects.
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