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Abstract
Aim: To analyze the performance of HbAlc as a screening test for diabetes and pre-diabetes in a Tunisian population.

Methods: Two hundred five asymptomatic subjects with at least one risk factor for type 2 diabetes mellitus were enrolled in a cross-
sectional study. Oral glucose tolerance test (OGTT) and HbA1c were performed using the hexokinase method and a standardized assay by high
performance liquid chromatography, respectively. Sensitivities and specificities of HbAlc for predicting diabetes and pre-diabetes compared to
the diagnosis by OGTT were evaluated. A receiver operating characteristic (ROC) curve was used to determine the optimal cut-off values.

The results: Among 205 participants (mean age 43.4+9 years, sex-ratio (F/M) 3.18), 11 patients (5.4%) had diabetes and 24 patients had
pre-diabetes (11.7%) based on OGTT. For the screening of DM using HbA1lc, the area under the ROC curve was 0.95 (p < 0.001). With a cut-off
value 2 6.5%, HbA1c had a sensitivity of 54.5% and a specificity of 94.8%. HbAlc of 5.85 % gave an optimal sensitivity of 100 % and specificity
of 84.5% in the diagnosis of DM. For the screening of pre-diabetes using HbAlc, the area under the ROC curve was 0.665 (p = 0.009). HbAlc of
5.51 % gave an optimal sensitivity of 70.8% and specificity of 63.5% in the diagnosis of pre-diabetes.

Conclusion: Based on the present findings, using the ADA cut off values in our population can be associated with a low sensitivity which
translates into a missed diagnosis. Therefore, we suggest cut-off levels lower than the currently recommended values.
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Abbreviations: OGTT: Oral Glucose Tolerance Test; ROC: Receiver Operating Characteristic; FBG: Fasting Blood Glucose; DM: Diabetes Mellitus;
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Introduction

Thus, improved methods to detect diabetes and pre-diabetes
are particularly needed such as the HbAlc testing which is in
contrast with FBG and OGTT an easiest and most practical test as
itis not affected by prandial status allowing measurement at any
time of the day and it is only using a single blood sample [5,6].
Moreover, HbA1lc exhibits low intra-individual variation and is
relatively stable with no pre-analytic variabilities [7]. In 2010,

For many years, fasting blood glucose (FBG) and oral glucose
tolerance test (OGTT) have formed the basis for the screening
and the diagnosis of diabetes mellitus (DM). Although FBG is
a simple and a valid test, it requires patient compliance with
fasting and shows intra individual and pre-analytic variabilities
[1-4].

Fortheoral glucose tolerance test (OGTT) which s considered
as the gold standard, some disadvantages could limit its use such
as the necessity of a special pre test preparation by the patient
including an appropriate diet for 3 days before the test and a
satisfactory period of overnight fasting, its time consumption
taking at least 2 hours and the intolerance of the glucose load
by a significant number of people with nausea, vomiting and a
delayed gastric emptying.

the American Diabetes Association (ADA) proposed HbA1c=6.5%
for the diagnosis of diabetes and 5.7-6.4% for impaired glucose
tolerance [5]. However, the use of HbAlc as a screening test
for type 2 diabetes and pre-diabetes has been widely debated
in literature. Particularly, ethnic variations in HbAlc imply
different cut-off values for diabetes and pre-diabetes diagnosis.
The aim of the present study was to investigate the performance
of HbAlc as a screening test for diabetes and pre-diabetes in a
Tunisian population.
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Methods

The study was performed in a cross-sectional design. Study
population included non-diabetic male or female subjects with
the following inclusion criteria: Age=30 ans, presence of at least
one risk factor for developing type 2 diabetes mellitus (obesity or
overweight, familial history of type 2 diabetes, personal history
of gestational diabetes, hypertension, dyslipidemia, personal
history of cardiovascular disease...). Exclusion criteria were
personal history of diabetes mellitus, personal history of chronic
renal failure, anemia, hemoglobinopathies and pregnancy. After
giving written informed consent, selected subjects underwent
physical examination and laboratory investigations. Body height,
body weight, waist circumference and blood pressure were
measured. The body mass index (BMI) was calculated for each
participant. Blood samples were collected for the determination
of fasting plasma glucose, two hour plasma glucose levels (PG)
using a standard 75g oral glucose tolerance test (OGTT), HbAlc,
total cholesterol, triglycerides and HDLc levels.

Plasma glucose was measured by the hexokinase method
(Architect ci8200 ; Abbott), where as HbAlc was determined
in whole blood using ion-exchange high-performance liquid
chromatography HPLC (D-10TM; Bio-Rad). World health

Table 1: Clinical and biological Characteristics of the study population.

organization’s criteria for the diagnosis of diabetes with OGTT
were used as the gold standard.

Statistical analysis

All the data were analyzed using statistic program for Social
Sciences (SPSS) Program Software version 11.5. Continuous
variables were expressed as categorical
variables are expressed as percentages. The receiver operating
characteristic (ROC) analysis was used to determine the
sensitivity and specificity of HbAlc cut-off levels. The ROC
curve draws 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 HbAlc. A nominal

mean*SD, and

p value <0.05 was considered statistically significant.

Results

Atotal of 205 non-diabetic subjects participated in this study.
Their clinical and biological features are provided in Table 1. The
mean age was 43.4+9 years [extremes: 23-68]. The majority of
participants were female (76.1%). Overweight and obesity were
diagnosed in 46.8% and 25.4% of cases, respectively. OGTT
revealed diabetes in 11 patients (5.4%) and prediabetes in 24
patients (11.7%) (Figure 1). Mean HbAlc value was 5.55+0.86
% [extremes: 4.1-10.5].

General Population (n=205) Male (n=49) Female (n=156)

Age (years) 43.4%9 46.45+9.32 42.46+8.77
Familial history of diabetes (%) 56.6 46.93 59.61
Personal;f£2izso{(§)§statlonal 585 769

Weight (kg) 73.69+11.71 77.74%9.67 72.40+12.03

Body mass index (kg/m?) 27.68+4.54 26.24+3.29 28.13+4.78

Waist circumference (cm) 93.55+10.09 95.06+8.07 93.08+10.62
Obesity (%) 25.4 163 28.2
Overweight (%) 46.9 48.9 46.1

Systolic/diastolic blood pressure 122.7+13.3/78.2¢8.9

125.1+14/79 10 122+12.9/77.9+ 8.5

(mmHg)
Hypertension (%) 11.2 14.3 10.3
Fasting blood glucose (mmol/1) 5.2+0.78 5.12+0.47 5.23+0.86
2H-Glucose (mmol/1) 6.25%2.6 6.75+3.34 6.09+2.32
HbAlc (%) 5.55+0.86 5.71+0.84 5.23+0.86
Diabetes (%) 5.4 8.2 4.5
Prediabetes (%) 11.7 22.4 8.3
Total cholesterol (mmo/1) 4.74+0.94 4.59+0.81 4.79+0.97
Triglycerides (mmo/I) 1.5%1.22 1.8+1.17 1.41+1.22
HDL-c (mmol/1) 1.1+0.25 0.98+0.23 1.14+0.24
LDL-c (mmol/1) 2.97+0.76 2.81+0.64 3.02+0.79
Dyslipidemia (%) 43.4 41.6 48.9
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Figure 1: OGTT results.

Performance of HbA1c for the screening of DM (Table
2)

Table 2: HbA1c performances for the screening of diabetes and pre-
diabetes.

Diabetes (Cut- Pre-diabetes (Cut-
0ff26.5%) off 5.7-6.4)

Sensibility 54.5% 66.7%

Specificity 94.8% 63.5%

Positive predictive 37.5% 20.5%
value

Negative predictive 97.3% 93.1%
value

With a cut off value of 6.5%, HbA1c had a sensitivity of 54.5%
and a specificity of 94.8%. Figure 2 shows the ROC analysis for
HbAlc in the screening of DM. The area under the curve was
0.95 [95% confidence interval (CI): 0.914-0.988], p < 0.001.
According to the ROC analysis, the cut off level for HbAlc that
best predicted DM was 5.85 %, with a sensitivity of 100 % and
a specificity of 84.5 %. With a cut-off value of 6.05%, sensibility
and specificity were 81.8% and 90.2%, respectively.
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Figure 2: The ROC analysis for HbA1c in the screening of DM.

Performance of HbAlc for the screening of pre-
diabetes (Table 2)

Figure 3 shows the ROC analysis for HbAlc in the screening
of pre-diabetes. The area under the curve was 0.665 [95%

confidence interval (CI): 0.544-0.787], p < 0.009. According to
the ROC analysis, the cut off level for HbA1lc that best predicted
pre-diabetes was 5.51 %, with a sensitivity of 70.8 % and a
specificity of 63.5 %.
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Figure 3: ROC analysis for HbA1c in the screening of pre-
diabetes.

Discussion

In this cross sectional study, HbAlc testing was a highly
specific alternative to detect DM in asymptomatic subjects
with at least one risk factor for diabetes. However, an HbAlc
threshold value of 6.5% was associated with low sensitivity but
high specificity. Several studies have evaluated the performance
in terms of sensitivity and specificity of HbAlc for the diagnosis
of diabetes with reference to the OGTT. Their results were highly
consistent with our finding.

In fact, inarecentstudy, Shimodairaand all had demonstrated
that the sensitivity decreased, whereas the specificity increased
as the cut-off levels of HbAlc increased. In diabetes, the HbAlc
cut-off of 6.0% showed high sensitivity (83.7%) and specificity
(87.6%), with a low proportion of false-negative results in
disease identification [8].

In a systemic review, for a threshold value of 6.1%,
sensitivity ranging from 78 to 81% and specificity between 94
and 98% were observed [9]. In comparison to fasting plasma
glucose (FPG), HbA1c has better specificity but lower sensitivity
[9]. HbAlc values were also specifically studied in the elderly
and showed a sensitivity of only 57% with a good specificity
of 98% for a diagnostic threshold of 6.5% HbA1c [10]. In most
reviewed study, there is an argument for population-specific cut-
off points as optimum cut-offs vary by ethnic group, age, gender
and population prevalence of diabetes [7].

The role of HbAlc as a predictive tool for cardiovascular
diseases has been studied and it has been demonstrated that
HbA1c showed superiority as compared to fasting blood glucose,
but there is no threshold below which there is no risk [11,12].
Concerning pre-diabetes, our results revealed that HbAlc
had lower discriminatory power compared to its utility as a
diabetes screening tool. The results of the present study showed
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a modest performance of the HbAlc cut-off value of 5.7% in
identifying pre-diabetes defined by OGTT-based diagnosis with
low sensitivity (66.7%) and specificity (63.5%). These findings
would indicate that a great proportion of pre-diabetic subjects
would be missed during screening. Our results were similar to
that reported in literature.

In fact, in a study by Mann, HbAlc cut-off value of 5.7%
showed 27% sensitivity and 93% specificity in identifying pre-
diabetes [13]. This result was confirmed by Heinaza whereas
HbA1c of 5.5% gave the highest combination of specificity (76%)
and sensitivity (46%) [14]. In a further study by Tankova, the
optimal cut-off level of HbAlc for diagnosing prediabetes was
5.5% (sensitivity 71%, specificity 64%) [15].

As a diabetes and pre-diabetes screening tool, the HbAlc
seems to have an imperfect sensitivity which, in clinical practice,
implies a significant false-negative rate and in view of these
different results, several studies suggest that the level of HbAlc
should be lowered in order to have an optimal threshold with a
reasonable sensitivity and specificity to detect diabetes or pre-
diabetes at the earliest stage and thus establish an appropriate
management and delay vascular complications [16].

Conclusion

Using well standardized laboratory methods, HbAlc is
a reliable tool for screening DM and pre-diabetes in a high
risk population. However, using the ADA cut-off values in our
population can be associated with a low sensitivity which
translates into a missed diagnosis. Therefore, we suggest cut-off
levels lower than the currently recommended values.
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