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A B S T R A C T

Aims: To investigate the effect of heterozygous β-thalassemia on HbA1c levels in a population without diabetes
mellitus (DM).
Methods: Using a cross-sectional design, HbA1c levels were compared between two groups of 100 consecutive
carriers of β-thalassemia and 100 healthy controls matched for age, gender and BMI, taking into account fasting
serum glucose and fructosamine levels. The effect of hemoglobin concentration on HbA1c was also examined.
Results: The mean HbA1c level was almost identical in the two groups (33.6mmol/mol [5.23%] vs. 33.6mmol/
mol [5.22%], p=0.857). Within the group of β-thalassemia, there was a positive correlation between HbA1c
and hemoglobin concentration (r=0.455, p < 0.001), which was not observed in controls. β-thalassemia
carriers without anemia had slightly higher HbA1c levels compared to those with anemia (34.9mmol/mol
[5.35%] vs. 32.5mmol/mol [5.12%] p < 0.001, absolute difference (2.4mmol/mol [0.23%]). In multivariable
analysis, hemoglobin concentration, BMI and 1st degree family history of T2DM were significant predictors of
HbA1c, while β-thalassemia carrier state was non-significant (p=0.07).
Conclusions: In individuals without DM, heterozygous β-thalassemia has a borderline effect on HbA1c levels,
while the impact of β-thalassemia trait-associated anemia on HbA1c is of negligible clinical significance. These
findings advocate for the clinical use of HbA1c as a diagnostic criterion for diabetes mellitus in this population.

1. Introduction

Since its discovery in the 1960s, glycated hemoglobin (HbA1c) has
emerged as a valuable tool for diagnosing and monitoring individuals
with diabetes mellitus (DM) in clinical practice. HbA1c was recently
introduced as a novel diagnostic criterion for identifying new cases of
DM, with values of ≥48mmol/mol (6.5%) establishing the diagnosis
[1].

Nevertheless, HbA1c as an indicator of recent glycemic levels may
be compromised in certain clinical scenarios. Since the interpretation of
HbA1c is based on a typical average erythrocyte lifespan of 120 days,
conditions associated with a reduced red blood cell survival tend to
lower its levels [2]. Typical conditions associated with reduced ery-
throcyte survival are included in the spectrum of congenital or acquired
hemolytic conditions.

Thalassemia consists of a group of hereditary conditions associated
with ineffective erythropoiesis and chronic hemolysis. Among

thalassemias, heterozygous β-thalassemia (frequently referred to as β-
thalassemia minor, β-thalassemia carrier state or β-thalassemia trait) is
estimated by the World Health Organization to affect 1 to 5% of the
world population. It is frequently encountered within the
Mediterranean region, Middle and Far East, central and south East Asia
[3]. Nevertheless, migratory flows from areas with inherently high
prevalence of the condition to those with a low prevalence (e.g. North
America, Northern Europe, Australia) during recent years have begun
to alter the epidemiology of β-thalassemia with an increasingly wide-
spread distribution worldwide [4].

Affected individuals usually present with elevated HbA2 in he-
moglobin electrophoresis, hemoglobin levels/hematocrit ranging from
normal to mildly reduced, as well as hypochromy and microcytosis in
the peripheral blood smear. Gene mapping of the HBB gene can reveal
the specific underlying mutation and aid to the diagnosis of cases with
ambiguous screening results [5].

The presence of β-thalassemia trait could affect HbA1c levels.
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Ineffective erythropoiesis as well as peripheral hemolysis may decrease
HbA1c levels due to the reduced erythrocyte lifespan in β-thalassemia
carriers. Additionally, extremely elevated fetal hemoglobin (HbF) levels
(> 10–15%), occasionally encountered in β-thalassemia carriers [6],
could have an effect on the reported result for HbA1c in certain la-
boratory methods of HbA1c determination, resulting in falsely low
HbA1c values [7,8].

There has been a paucity of published papers to address the effect of
β-thalassemia trait on HbA1c [9–12]. In the case of alpha-thalassemia
that shares a similar pathophysiologic background with β-thalassemia,
HbA1c levels are affected in a degree dependent upon the number of
missing α-chain genes and the severity of the resulting hemolytic con-
dition [13]. In sickle-cell trait, HbA1c levels appear lower, with po-
tential clinical significance, presumably due to the lower than normal
erythrocyte lifespan associated with the trait [14].

The aim of the present study was to investigate whether HbA1c
levels are affected by the presence of heterozygous β-thalassemia in a
population of individuals without known diabetes mellitus, which is the
population used for DM screening purposes.

2. Participants and methods

2.1. Study design and eligibility criteria

Two groups of consecutive healthy individuals were examined, one
consisting of β-thalassemia carriers and another of non-carriers (con-
trols), who were matched for age (± 1 year), gender and BMI (± 1 kg/
m2). None of the participants were suffering from DM.

The study population was recruited from two sites, belonging to the
same University hospital (Laiko General Hospital, Athens, Greece):

1. The outpatient Internal Medicine clinic.
2. The Reference Center of Thalassemia and Sickle Cell Disease, where

individuals of the general population are referred for screening.

The following conditions were considered as criteria of exclusion
from the study:

• DM of any duration, based on medical history or fasting serum
glucose (FSG) ≥7mmol/L
• Age lower than 18 years or> 65 years
• Any hospitalization or voluntary blood donation during the previous
4months
• Iron deficiency causing anemia or abnormal erythrocyte indices
• A history of iron supplementation during the previous 4months
• Other acute or chronic hemolytic conditions
• Pregnancy of any age and the 4-month postpartum period
• Chronic Kidney Disease stage III (eGFR<60ml/min/1.73m2) or
more advanced
• Hemoglobinopathies (S, C, etc), other thalassemias (alpha-tha-
lassemia, homozygous β-thalassemia) and extreme elevations of
HbF (> 10% of total hemoglobin).
• Major co-morbidities (malignancies, heart failure of clinical stage
NYHA ≥II, chronic hypoxemic states, chronic liver disease, chronic
inflammatory states).
• Any other clinical condition that could potentially affect hemopoi-
esis and/or erythrocyte turnover.

Written informed consent was obtained from all participants. The
study was carried out in accordance with the principles of the
Declaration of Helsinki [15] and approved by the hospital's ethics
committee.

2.2. Screening for heterozygous β-thalassemia

All participants underwent screening for β-thalassemia trait.

Diagnosis of β-thalassemia trait was based on the finding of elevated
HbA2 (> 3.5% of total hemoglobin) along with typical hematologic
abnormalities in the complete blood count (mean corpuscular volume -
MCV<75 fl and mean corpuscular hemoglobin - MCH<27 pg) and
the peripheral blood smear (hypochromy, microcytosis, anisopoikilo-
cytosis) [16]. HbA2 was quantified by high resolution liquid chroma-
tography (HPLC) using a Bio-Rad Variant II analyzer (Bio-Rad Labora-
tories, Hercules, California, USA) [17].

2.3. Laboratory measurements

A venous blood sample after overnight fasting (> 10 h) was col-
lected. If the fasting condition was not satisfied at the time of enroll-
ment, a new visit was rescheduled.

A 5ml fraction of the collected sample was centrifuged after al-
lowing 15–20min for clotting, and serum samples were obtained for
FSG, fructosamine, ferritin, creatinine and high sensitivity C-reactive
protein (hsCRP). HbA1c determination was carried out in 2ml whole-
blood EDTA specimens using the Tina-quant® HbA1c 2nd Generation
Turbidimetric Inhibition Immunoassay (TINIA) on a Cobas Integra 800
Analyzer (overall precision and repeatability CV for whole-blood de-
termination is< 2%, F. Hoffman-La Roche AG, Basel, Switzerland
[18]). The analytical principle of TINIA includes the use of monoclonal
antibodies targeted against the pepsin-cleaved glycated N-terminus of
the β-globin chain. The excess unbound antibody reacts with poly-
haptins to form insoluble complexes that change the solution turbidity,
which is then measured to indirectly quantify HbA1c. The result is re-
ported as a ratio to total hemoglobin concentration which is determined
colorimetrically [19,20].

FSG and fructosamine measurements were utilized as indicators of
glycemia. Creatinine was measured to exclude kidney disease, while
ferritin levels were obtained to assess iron stores. hsCRP levels were
measured in order to ensure the accuracy of ferritin levels as an in-
dicator of iron stores, by excluding the presence of a potential in-
flammatory state.

2.4. Statistical analysis

2.4.1. Data were analyzed using IBM SPSS statistical Package, version 21
Qualitative parameters were compared between groups by X2-

square analysis. Group means of continuous normally distributed
variables were compared by unpaired two-sided t-test. For comparisons
of non-normally distributed variables, the Mann-Whitney non-para-
metric test was used. The estimated marginal means were calculated
using general linear models in order to adjust the means for possible
confounders. Subsequently, a multivariable linear regression model was
used to explore the independent contribution of an individual predictor
to HbA1c variability.

A priori power analysis was conducted to calculate the required
population size with an estimated power of 80% to detect a true dif-
ference in HbA1c of 0.3% (3.3mmol/mol) between the groups, at the
5% level of statistical significance.

3. Results

3.1. Study participants

A total of 233 individuals were screened. Thirty-three participants
were excluded (19 due to heterozygous alpha-thalassemia, 2 due to
extremely elevated HbF levels [> 10%], 2 had Lepore hemoglobino-
pathy, 4 had extreme iron deficiency with affected erythrocyte indices
or anemia attributed to iron deficiency, 1 admitted blood donation, 1
had a metallic aortic valve which was considered a potential site of
hemolysis and 4 had anemia of unknown cause). Ultimately, 200 in-
dividuals (100 with the β-thalassemia trait - group A, and 100 without
it - group B) were included in the analysis.
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The two groups were comparable in terms of their demographic and
somatometric characteristics (Table 1).

3.2. Laboratory results

The key laboratory variables, including hematologic indices are
shown in Table 2. The mean HbA1c value was almost identical in the
two groups (group A: 33.6 ± 3.2mmol/mol [5.23 ± 0.30%] vs.
group B: 33.6 ± 2.7mmol/mol [5.22 ± 0.25%], p=0.857). Serum
glucose, fructosamine, ferritin and hsCRP did not differ between the
two groups, whereas serum creatinine levels were lower in the β-tha-
lassemia group. As expected, the mean hemoglobin concentration was
significantly lower in the β-thalassemia group compared to controls
(Table 2). Accordingly, the erythrocyte indices, HbA2 and HbF per-
centage were significantly different between the two groups.

3.3. Hemoglobin concentration and HbA1c levels

Since alterations in the erythrocyte turnover that are reflected upon
hemoglobin concentration are considered to have a significant impact
on HbA1c levels [21], the association of hemoglobin levels with HbA1c
was further investigated. There was a significant positive correlation
between HbA1c and hemoglobin concentration within the β-tha-
lassemia group (r=0.455, p < 0.001). There was no correlation be-
tween HbA1c and hemoglobin levels in the control group (r=0.024,
p=0.815).

The group of β-thalassemia carriers was further subdivided ac-
cording to the presence of anemia, as defined by the World Health
Organization (hemoglobin concentration < 120 g/L for women
and < 130 g/L for men [22]). Subsequently, HbA1c was compared
between individuals with β-thalassemia trait and anemia (group A1)
and β-thalassemia trait without anemia (group A2) (Table 3). Mean
HbA1c was slightly but significantly higher in Group A2 compared to
group A1 (34.9 ± 2.6mmol/mol [5.35 ± 0.24%] vs.
32.5 ± 3.3mmol/mol [5.12 ± 0.30%], absolute difference 2.4 mmol/

mol [0.23%], p < 0.001, Table 3). The two subgroups also differed in
terms of gender and certain laboratory parameters, other than he-
moglobin concentration (Table 3). The difference, however, in HbA1c
between the subgroups remained statistically significant after adjust-
ment for gender, BMI, FSG and serum ferritin levels.

3.4. Association of HbA1c with β-thalassemia carrier status and other
predictors

As depicted in Table 4, from the multivariable linear regression
model applied to all study participants, the only significant independent
predictors of HbA1c (dependent variable) were hemoglobin levels, BMI
and 1st degree family history of T2DM (all p < 0.05) while β-tha-
lassemia carrier state was of borderline statistical significance
(p=0.07). No significant associations emerged regarding age, gender,
FSG and serum ferritin levels.

4. Discussion

4.1. Chief study findings

To our knowledge, this is the first study to investigate the effect of β-
thalassemia trait on HbA1c, comparing two matched populations of
pre-calculated size. The study was carried out in a sample of individuals
without known diabetes mellitus, who constitute the population in
which HbA1c is used for the purpose of screening for diabetes mellitus.
It is furthermore the first attempt to attribute any effect to the distinct
unique laboratory features of the trait.

In the present study, non-diabetic individuals with heterozygous β-
thalassemia presented a similar mean HbA1c value to those without the
thalassemia trait. However, carriers of the trait exhibited a greater
variance of HbA1c values, the latter being significantly associated with
their hemoglobin levels.

A review of the literature regarding the effect of β-thalassemia trait
on HbA1c levels reveals a paucity of relevant published papers. Existing
data primarily focus on the differential effect of the trait on various
HbA1c laboratory measuring methods, comparing small and likely
heterogenous populations. There has been a case report of extremely
low HbA1c in an individual with DM and β-thalassemia trait with ex-
cessively diminished erythrocyte lifespan [9]. By contrast, elevations of
HbA1c to diagnostic ranges of DM have been demonstrated among β-
thalassemia carriers, when a Synchron LX20 immunoassay was used for

Table 1
Demographic and somatometric characteristics of the study participants. Group
A: β-thalassemia trait, Group B: Control. Data are shown as mean ± SD or n
(%).

Group A (n=100) Group B (n=100) P value

Age (Years) 32.5 ± 8.0 32.0 ± 7.6 0.640
Gender (Males, n [%]) 45 (45.0) 47(47.0) 0.777
Body Mass Index (kg/m2) 25.1 ± 4.0 24.5 ± 3.9 0.290
Smoking (Yes, %) 22 (22) 22 (22) 1.000
Family History of Τ2DM

(Yes, %)
24 (24) 23 (23) 0.868

Table 2
Key laboratory measurements in the two study groups. Data are shown as
mean ± SD or median (25–75 interquartile range) or n (%).

Group A (n= 100) Group B (n= 100) P value

HbA1c [mmol/mol (%)] 33.6 ± 3.2
(5.23 ± 0.30)

33.6 ± 2.6
(5.22 ± 0.25)

0.857

Glucose (mmol/L) 4.79 ± 0.61 4.88 ± 0.42 0.221
Fructosamine (μmol/L) 221.2 ± 17.2 221.8 ± 17.4 0.798
Hemoglobin

concentration (g/L)
123 ± 13 142 ± 13 <0.001

MCV (fl) 63.8 ± 4.9 86.3 ± 3.3 < 0.001
MCH (pg) 20.6 ± 1.6 29.3 ± 1.2 < 0.001
MCHC (g/dl) 32.3 ± 0.7 33.9 ± 1.0 < 0.001
HbA2 (% of total Hb) 5.0 (4.6–5.4) 2.7 (2.6–2.8) < 0.001
HbF (% of total Hb) 1.0 (0.5–1.2) 0.3 (0.2–0.65) < 0.001
Creatinine (μmol/L) 64.27 ± 13.08 69.75 ± 13.97 0.005
hsCRP (mg/l) 0.95 (0.43–1.78) 0.8 (0.3–1.7) 0.345
Ferritin (pmol/L) 72.0 (35.5–137.8) 55 (29.5–126.3) 0.183

Table 3
Comparison of HbA1c and potential confounders among β-thalassemia carriers
with and without anemia (groups A1 and A2 respectively). Data are shown as
mean ± SD, mean (95% confidence interval), median (25, 75 percentile) or n
(%).

Group Α1 Group Α2 P value

Ν 53 47
HbA1c [mmol/mol, (%)] 32.5 ± 3.3

(5.12 ± 0.30)
34.9 ± 2.6
(5.35 ± 0.24)

<0.001

Adjusted HbA1c
[mmol/mol, (%)]a

32.6 (31.9–33.4)
[5.14 (5.07–5.21)]

34.8 (33.9–35.6)
[5.33 (5.26–5.41)]

0.001

Gender [males, n (%)] 14 (26.4) 31 (65.9) <0.001
Hemoglobin concentration

(g/L)
113 ± 8.0 134 ± 8.0 <0.001

Age (years) 32.9 ± 7.9 32.1 ± 8.3 0.606
BMI (kg/m2) 24.4 ± 3.8 25.9 ± 4.3 0.079
Serum ferritin (pmol/L)# 119.1 (60.7, 258.4) 235.9 (110.1,

429.2)
0.008

Fasting Serum Glucose
(mmol/L)

4.76 ± 0.59 4.88 ± 0.62 0.201

As mean (95% confidence interval).
# Presented as median (25th, 75th percentile).
a Mean HbA1c adjusted for age, gender, BMI, FSG and serum ferritin.

Presented.
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measurement [10,11] due to a positive bias for the analyzer at lower
hemoglobin concentrations [11]. A positive bias among carriers has
also been demonstrated when using the Variant II turbo HPLC analyzer
for HbA1c estimation [12].

In the present study, carriers and non-carriers had the same FSG and
fructosamine levels, findings that are strongly suggestive of similar
glycemic levels between the two groups. In addition, there were no
differences between the compared groups in a number of potentially
important (with respect to their effect on HbA1c) parameters (i.e. age,
BMI, gender, smoking habits and family history of T2DM). Trends and
differences between the two groups in certain laboratory tests are
highly attributable to the presence of the β-thalassemia trait per se;
hence, hemoglobin concentration, MCV, MCH and MCHC were higher
in controls as compared to the carriers, while the opposite was true for
the HbF percentage. Serum creatinine levels were lower in the β-tha-
lassemia carriers' group, a finding that has been previously reported
[23].

Fructosamine concentration, an alternative glycemic indicator for
hemoglobinopathies, was not different between the two groups.
Noteworthy, fructosamine determination is not standardized compared
to HbA1c. No guidelines or goals are established on glycated protein
values in these populations that can be followed by clinicians or in-
dividuals with DM. These methods assess the degree of glycemia over a
period of approximately 2 to 3weeks, as opposed to 2 to 3months for
HbA1c and they have not been correlated with the development of
long-term diabetic complications, as was shown for HbA1c in the DCCT
or UKPDS [24].

4.2. β-thalassemia trait, hemoglobin concentration and HbA1c

The presence of β-thalassemia trait may be implicated in causing
both biological and analytical interference on HbA1c measurement. In
the case of biological interference, the increased erythrocyte turnover
due to the slightly diminished erythrocyte lifespan associated with the
trait has the potential to affect HbA1c levels in a downward manner in
affected individuals. Since the lower erythrocyte survival is also re-
flected upon hemoglobin concentration, the degree of anemia would be
expected to correlate with the deviation of HbA1c, irrespectively of the
laboratory method used for HbA1c measurement. There is also the
possibility that alterations in erythrocyte metabolism, as observed in β-
thalassemia trait (e.g. differentiated intracellular oxidative status or
2,3-biphosphoglycerate levels [25,26]) may have an impact on HbA1c
formation compared to non-carriers [27], although the magnitude of
these phenomena is difficult to be quantified in everyday clinical
practice. As per analytical interference, β-thalassemia trait represents a
quantitative, rather than a qualitative defect of beta globin synthesis. As
such, it is not related to hemoglobin structural abnormalities which
could potentially bias certain measurement methods. HbF levels are
occasionally elevated in affected individuals, albeit rarely at levels as
high as those expected to have a significant effect on HbA1c measure-
ment [6–8]. Therefore, optimally a National Glycohemoglobin Stan-
dardization Program (NGSP) -certified method that would lack

interference from HbF elevations may be a more reasonable choice
when measuring HbA1c in carriers of β-thalassemia trait [7].

According to the principal hypothesis of this study, hemoglobin
concentration in β-thalassemia carriers might, at least partly, reflect the
degree of mild hemolysis, being thereby linked to lower HbA1c levels.
The ascertainment of the independent significant positive correlation of
hemoglobin concentration and HbA1c values among thalassemia car-
riers in our study seems to strengthen that hypothesis. From a different
point of view, significantly lower HbA1c levels are found in carriers
with true anemia compared to those without anemia (Table 2). The
absence of a corresponding correlation in the control group is probably
the result of a more homogenous erythrocyte turnover among normal
subjects.

Nevertheless, this phenomenon did not suffice to translate into
lower mean HbA1c levels for the carrier group as a whole when com-
pared to controls. Furthermore, in a multivariable linear regression
model that included key determinants of HbA1c, such as FSG, BMI,
hemoglobin concentration and family history of T2DM, the presence of
β-thalassemia trait was associated with higher HbA1c levels, although
the association did not reach statistical significance (standardized beta
coefficient: 0.167, p=0.07) (Table 4). Therefore, additional factors,
other than anemia and serum glucose, may affect HbA1c in an upward
manner in the population of β-thalassemia carriers.

A possible explanation would implicate interference of altered HbF
levels on the HbA1c laboratory measurement. However, elevations of
HbF are known to influence HbA1c in a downward rather than an up-
ward manner [7,8]. Consequently, an attempt to attribute the elevated
HbA1c values to a potential laboratory interference of HbF would, by
itself, be contradictory. Alterations in erythrocyte metabolism in β-
thalassemia trait may provide an alternative explanation; elevated le-
vels of 2,3-biphosphoglycerate ([2,3]-BPG) have been consistently ob-
served among carriers [26,28]. The principal physiologic role of this
molecule is shifting the hemoglobin‑oxygen dissociation curve to the
right. Increases of [2,3]-BPG are also known to accelerate hemoglobin
glycation for a given level of glucose concentration [29] and further-
more, elevated levels of this compound are encountered in “high”
compared to “low” glycators [30]. Thus, elevated [2,3]-BPG levels in β-
thalassemia trait could provide a pathophysiologic mechanism
“pushing” the HbA1c towards higher levels and counteracting the
HbA1c lowering effect of hemolysis. However, mechanistic studies are
required to investigate this hypothesis.

4.3. Strengths and limitations

The present study has a number of strengths. It is an appropriately
powered study, which was sufficient to document significant associa-
tions with HbA1c. The two compared groups originate from the same
population and are carefully weighed in terms of a number of major
clinical and demographic parameters that could potentially confound
the targeted comparisons. Additionally, the study design was oriented
towards excluding individuals with causes of anemia other than β-
thalassemia trait (including iron deficiency anemia, but not isolated

Table 4
Model of multiple linear regression analysis portraying independent predictors of HbA1c (dependent variable) in 100 β-thalassemia carriers and 100 controls;
regression coefficients with corresponding p-values.

Independent Predictors Unstandardized B Coefficient (95% CI) Standardized beta coefficient P value

Age (years) 0.004 [0.000, 0.009] 0.119 0.077
Gender (female vs. male) 0.040 [−0.074, 0.153] 0.072 0.493
β-thalassemia trait (yes vs. no) 0.091 [−0.008, 0.191] 0.167 0.072
BMI (kg/m2) 0.021 [0.011, 0.031] 0.314 <0.001
Hemoglobin concentration (g/l) 0.005 [0.001, 0.008] 0.278 0.015
Fasting Serum Glucose (mmol/L) 0.051 [−0.023, 0.126] 0.089 0.176
Serum ferritin (pmol/L) 0.000 [0.000, 0.000] −0.098 0.201
1st degree family history of T2DM (yes vs. no) 0.119 [0.037, 0.200] 0.184 0.004
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iron store deficiency) or other conditions that could affect erythrocyte
turnover. However, this study presents noteworthy limitations. No data
on reticulocyte counts are available, which could serve as a surrogate
for erythrocyte turnover rate; however, this approach has not been
previously shown to yield meaningful information on the effect of er-
ythrocyte turnover on HbA1c among normoglycemic individuals [31].
HbA1c was measured using a single method, namely TINIA which is
currently the most frequently used method among the laboratories
participating in the College of American Pathology (CAP) proficiency
testing program for HbA1c [24] and second only to HPLC among the
reported HbA1c methods in the European HbA1c trial (EurA1c) [32].
There is an excellent concordance between HbA1c results yielded from
TINIA and other available methods [33,34]. Despite the adequate sta-
tistical power to detect significant differences between the groups,
minor existing differences during post-hoc analysis may not have sur-
faced due to small sample size. Therefore, the possibility exists that
observed correlation trends could potentially reach statistical sig-
nificance in a larger sample regarding the independent association of β-
thalassemia trait with higher HbA1c levels. However, the small mag-
nitude of the actual quantitative effect of this phenomenon
(± 2.4mmol/mol or ± 0.23%, less than the standard deviation of
HbA1c in the sub-population of β- thalassemia carriers, Table 2) would
render its clinical significance negligible.

5. Conclusion

In summary, it was shown for the first time that the presence of β-
thalassemia trait per se displays a borderline significant impact on
HbA1c levels. In carriers of the trait, the HbA1c value seems to depend
on their hemoglobin levels, with anemic individuals presenting slightly
lower HbA1c values than non-anemic (−2.4mmol/mol or− 0.23%,
less than the standard deviation of HbA1c in this population). Though
statistically significant, this magnitude of difference would be of small
impact from a clinical point of view. Consequently, until further re-
search is carried out, the findings of the current study advocate against
the exclusion of HbA1c for the diagnosis of DM and long-term mon-
itoring of glycemia in individuals with heterozygosity for β-tha-
lassemia.
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