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Abstract

A haemoglobin A1c (HbA1c) is an essential marker for assessing long-term glycemic control and diagnosing
diabetes mellitus. However, iron deficiency anaemia (IDA), one of the most common nutritional disorders
worldwide, may alter HbA1c levels evenin non-diabetic individuals, leading to misinterpretation of glycemic status.
This study aims to examine the effect of IDA on HbA1c levels in Libyan patients with and without diabetes, while
also exploring the correlation between HbA1c levels and the iron profile. A cross-sectional study was conducted in
a period from March to June 2026. The study included 90 participants: 30 diabetic individuals with IDA, 30 non-
diabetic individuals with IDA, and 30 healthy individuals. Venous blood samples were collected under sterile
conditions, including CBC, blood glucose measurements (Fasting blood glucose (FBS) and HbA1c), and an iron
profile assessment. Data were analysed using SPSS v27 and significance was set at p < 0.05. The results showed
that HbA1c levels differed significantly among the three groups (p < 0.001), increasing from the control (5.16%) to
non-diabetic IDA participants (5.55%) and reaching the highest values in diabetic IDA patients (8.31%). Notably,
HbA1c was significantly higher in non-diabetic IDA subjects than in healthy controls despite normal FBS levels.
HbA1c correlated negatively with serum iron and ferritin and positively with total iron-binding capacity (TIBC) (p <
0.001). After adjustment for fasting glucose, serum iron remained the strongest independent correlate of HbA1c (r
=-0.30, p=0.004). IDA was associated with significantly higher HbA1c levels, even in non-diabetic individuals with
normal fasting glucose, indicating that iron status can influence HbA1c independently of glycemia. These findings
suggest that HbA1c results should be interpreted carefully in patients with IDA to avoid potential misclassification
of glycemic status. Assessment of iron parameters alongside HbA1c may improve diagnostic accuracy, and further
large-scale studies are recommended to clarify the underlying mechanisms and clinical impact of this independent

relationship.
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Introduction

Diabetesmellitusisachronic disease linked tounusually high levels of the sugar glucose in the bloodstream, characterised
by chronic hyperglycemia with disruption of carbohydrate metabolism leading to deficiency in insulin secretion, insulin
action or both[1]. The international diabetes federation (IDF) has announced that diabetes mellitusimpacts over 634.8
million individuals in 2024, and this number shows a rapid increase over time, with a prevalence rate of 15.8% of adults
(ages 20-79), and about 90% of total diabetes cases are type 2 diabetes [2]. Furthermore, IDF has reported that the
incidence of diabetesis expected toreachone million cases by the year 2050 [2]. Likewise, the World Health Organisation
(WHO) reported that the prevalence and incidence of diabetes in Libya have increased significantly over the past two
decades[3]. Unfortunately, a previous publication conducted by A. Eltobgi (2009) has indeed reported that Libya has the
highest prevalence oftype 2diabetesinNorth Africaand in the Arab world as well. This studyinparticularexamined around
4000 cases and found that around 73% of these individualswere encountering typell diabetes[4]. Mainly, there are three
types of diabetes mellitus: type | diabetes mellitus (T1DM), type Il diabetes mellitus (T2DM) and gestational diabetes
mellitus (GDM). TIDMis a condition in which the immune system destroys insulin-making cells in the pancreas [5], while
T2DM starts when the cells become unable to use the amount of insulin produced by the pancreas, leading to
hyperglycemia. Finally, GDM occurs during pregnancy inwomen and can end after birth or develop into type I [6].

There is no argument that early diagnosis is crucial for managing diabetes effectively. The condition can be identified
throughmeasurements of HbA1c or plasmaglucose levels [4,5]. Actually, HbA1c serves as a key biomarkerinthis context,
asitis widely recognised for diagnosing, monitoring, and controlling diabetes[6]. This glycated haemoglobinreflects blood
glucose levels over a period of 2-3 months, formed when glucose bondsirreversibly tohaemoglobin, makingit an essential
tool for evaluating long-term glycemic control [7,8]. HbA1c reflects glucose attached to haemoglobin over the lifespan of
the erythrocyte (~ 120 days). Thus, significant changes in HbA1c can be clinically identified over a period exceeding 120
days[9]. The AmericanDiabetes Association (ADA) categorisesindividualswithHbA1c levelsranging from 5.7%to0 6.4% as
prediabetic, while a value of = 6.5% is considered the diagnostic cutoff for diabetes mellitus [10]. Monitoring these levels
playsanimportantroleinmanagingthe disease and preventingits progression. Itisan essentialmethod for assessinglong-
term glycemic control, which informs treatment approaches and patient education[11].

The lifespan of erythrocytessignificantly influences HbA1c levels. Conditions thatreduce erythrocyte lifespanor increase
red cellturnover, suchasacute orchronic blood loss and hemolytic anaemia, lead tolower HbA1c levelsdueto decreased
exposure to glucose [12]. Conversely, conditions that extend erythrocyte lifespan or decrease red cell turnover allow for
prolonged glucose exposure, resultingin elevated HbA1c levels. Iron anaemia (IDA) has been observed to cause falsely
elevated levels of HbA1c in both diabetic and non-diabetic patients[11]. Research indicatesthat addressingIDA can lead
toareductionin HbA1c levels [12].
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Anaemia is a major global health concern, affecting approximately 1.6 billion people worldwide, with a significant
proportion suffering from iron deficiency [13]. Hence, there is a potential risk of misclassification or misdiagnosis of
diabetesin many populations [14]. Anaemia, particularly IDA, accounts for 50% of global cases [15]. Research examining
theimpactof IDA on HbA1c levels yieldsinconsistent findings; some studiesindicatethat IDA is associated with elevated
HbA1c levels, whereas others report a significant reductionin HbA1c among individuals suffering from iron deficiency
anaemia when compared to non-anaemic patients. [16,17,18]. IDA can be determined by examining the Complete Blood
Count (CBC) to identify anaemia and a serum ferritin test as the most accurate indicator of iron stores. To confirm iron
deficiency, itispossibletofurtherassessthe serumironlevels, totaliron-binding capacity (TIBC), and transferrin saturation
[19].

IDA is known to artificially raise HbA1c levels, potentially resulting in the misdiagnosis of diabetes or prediabetes and
creatinga misleadingimpressionof glycemic controlinindividualswith an established diabetes diagnosis[20]. Consistent
with previous findings, IDA has been shown to influence the levels of HbA1c, highlighting a potential correlation between
this nutritionaldeficiency and glycemic control markers[20, 21, 22]. Accordingly, it is necessary to investigate the impact
of IDA on HbA1c levels, as it may lead to potential errors in patient diagnosis or disease monitoring. In Libya, the current
situationregardingthe effect of IDA on HbA1c levels among Libyandiabetic patientsis scarce. This study aimsto examine
the impact of IDA on HbA1c levels in Libyan patients, both with and without diabetes, while also correlating HbA1c levels
of HbA1c with the iron profile.

Material and Methods

Study Design

A cross-sectionalstudywasconducted inseveralcomprehensive primary healthcaresettings and clinicsin Tripoli between
March and July 2026. The research included a total of 90 participants of both genders, aged from 18 to 75, evenly divided
into three groups: 30 individuals with diabetes and IDA, 30 non-diabetic individuals with IDA, and a control group of 30
healthy individuals.

Clinical and Laboratory Parameters

Accordingtothe ADA, diabetesisdiagnosed throughfastingblood glucose (FBS) levels, withanormalrange of 70-99 mg/dL,
pre-diabetesat 100-125mg/dL, and diabetesatlevels above 126 mg/dL. The HbA1c test classifies results as normal (less
than 5.7%), pre-diabetes (5.7% to 6.4%), and diabetes (more than 6.5%) [5]. On the other hand, IDA is characterised by
reduced haemoglobin concentration accompanied by evidence of depleted iron stores. In adults, anaemia is generally
defined as ahaemoglobin concentrationbelow 13 g/dL in menand below 12 g/dL in non-pregnant women. Complete blood
count (CBC) parameterscanprovide supportive evidence of IDA; a meancorpuscularvolume (MCV) below 80 fLindicates
microcytosis. However, red-cellindices are not specificfor IDA, and assessment of iron status, particularly serum ferritin,
is important for confirming iron deficiency. Normaliron-profile values are approximately 60-150 pg/dL for serum iron, 30-
300 ng/mL forferritin, and 250-450 pg/dL for totaliron-binding capacity (TIBC), althoughreference ranges may vary between
laboratories. In established IDA, the typicallaboratory patternincludes low haemoglobin, low MCV, low serum ferritinand
serum iron, with increased totaliron-binding capacity (TIBC) [23].

Inclusion Criteria

Eligible participants were Libyan adults (aged from 18 to 75) attending participating healthcare facilities. Subjects with
confirmed iron deficiency anaemia, with or without diabetes mellitus, were included. Diagnosis of IDA was based on
haematologicaland biochemicalparameters, includinglow haemoglobinconcentrationand reduced serumferritin levels.
All participants provided informed consent and had available HbA1c and relevant laboratory data.

Exclusion Criteria

Patientswere excluded from the study if they had conditions such as thalassemia, coagulation disorders, or had received
a blood transfusion within the last three months. Those taking iron supplements, vitamin B12, or folic acid, as well as
individuals with chronic kidney disease, liver disease, uncontrolled thyroid disorders, or who were pregnant, were also
excluded. Additionally, factorsthatmight influenceblood glucose levels, including corticosteroid use, severe psychological
stress, and acute illnesses at the time of sample collection, were considered as criteria for exclusion.

Data Collection

After receiving informed consent from participants, venous blood samples were obtained from participants, and
demographicand clinical datawere documented, including sex, age, medicalcondition, participantidentification number
(Patient ID), along with the date and time of sampling, particularly for fasting blood sugar (FBS) analysis.

Blood Investigations

This study conducted various blood tests, including CBC, blood glucose measurements (FBS and HbA1c), and an iron
profile assessment (serum ferritin, TIBC, and serum iron levels). Blood samples were collected after an overnight fast,
specifically 8-12 hours, to accurately estimate fasting blood glucose levels. Different blood collection tubeswere utilised:
EDTAtubesfor CBC and HbA1c analysis, fluoride tubesfor fasting blood sugar, and plain tubesfor serumiron, ferritin, and
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TIBC measurements. CBC was performed usinganautomated haematology (Sysmex) analyser. FBS, serumiron, TIBC, and
HbA1c were measured using the Mindray BS-430 Clinical Chemistry Analyser. Lastly, serum ferritin was measured using
the Mindray CL-1200i Chemiluminescence Immunoassay (CLIA) Analyser.

Statistical Analysis

Statistical analysis was performed using appropriate parametric and non-parametric tests to assess differences and
associations among the study variables. Data were analysed using SPSS v27. Continuous variables were presented as
mean = standard deviation (SD), and differences among the three study groups were assessed using one-way analysis of
variance (ANOVA) and the Kruskal-Wallis test. For significant Kruskal-Wallisresults, pairwise comparisons were performed
using Dunn’s test with Bonferroni adjustment. Comparisons between the control and non-diabetic IDA groups were
performed using Welch’s independent-samples t-test and the Mann-Whitney U test. Pearson and Spearman correlation
coefficients were calculated to assess the relationships between HbA1c and iron-profile parameters, while partial
correlation analysis was used to control for fasting blood glucose. Multiple linear regression analysis was performed to
determinetheindependentassociations of fasting blood glucose and iron-profile parameterswithHbA1c. Significance was
set at p <0.05.

Results

Baseline Characteristics of the Study Groups

To examine how IDA affects HbA1c and how HbA1c relates to the body's iron status. Ninety participants were studied in
three equalgroups of thirty: ahealthy controlgroup, a group of non-diabetic patientswithIDA, and a group of patientswho
had bothtype 2 diabetes and IDA. For each participant, the analysis drew on HbA1c, FBS and a full iron profile including
serum iron, ferritin and TIBC, along with the haematologicalindices. First, the meanvalues of the mainvariables for each
group were calculated and shown in Table 1. The two anaemic groups showed the laboratory picture expected of iron
deficiency: their serumironand ferritinwere markedly lower than in the controls, their TIBC was raised, and their MCV was
reduced, consistent with a microcytic anaemia. Fasting glucose confirmed the clinical grouping, being normal in the
controls and the non-diabetic IDA group and clearly elevated in the diabetic IDA group. The contrast in the iron markers
across the three groupsis shownin (Figure 1).

Table 1. Mean (£ SD) values of the study variables by group (n =30 per group).

Variable Control IDA non-diabetic | IDA diabetic
HbA1c (%) 5.16+0.29 5.55+0.48 8.31+2.11
Fasting glucose(mg/dL) | 89.0+6.5 81.8+13.8 158.9+51.4
Serumiron (pg/dL) 76.4£21.1 40.5+14.3 36.9+19.3
Ferritin (ng/mL) 49.7+20.4 10.4+5.1 16.0+11.3
TIBC (pg/dL) 327.8+38.8 408.4+52.8 412.3+62.9
Haemoglobin (g/dL) 13.8+0.7 8.8+3.9 10.5+2.2
MCV (fL) 87.4+£4.3 75.5+£6.6 77.6+£7.5
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Figure 1. Serumiron, ferritin, TIBC and haemoglobin across the three groups. Both anaemic groups show the
characteristic pattern of iron deficiency: lowiron, low ferritin, raised TIBC and reduced haemoglobin.
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HbA1c Across the Three Groups

Next, the Kruskal-Wallis test was performedtoevaluate HbA1c leveldifferencesamong three groups, revealing significant
variations (H = 64.5,df= 2, p< 0.001). This finding was further confirmed by a one-way ANOVA test, which showed that the
differencesin HbA1c levels were both statistically and substantially significant (F =55.6, p <0.001). One-way ANOVA also
showed that the effect size was very large (n° = 0.56), indicating that group status explained approximately 56% of the
variability in HbA1c values. This suggests that differences in HbA1c were strongly associated with participant group, with
HbA1c increasing progressively from controls (5.16%), to non-diabetic IDA participants (5.5%), and reaching the highest
levels in diabetic IDA participants (8.31%) (Table 1). Having established significant variationsin HbA1c levels among the
three groupsusing the Kruskal-Wallistest, it was necessary to verify which specific groupsdiffered from each other. Thus,
Pairwise comparisons (Dunn's test, Bonferroni-adjusted) were performed. As presented in (Figure 2) and (Table 2), the
diabeticIDAgroup differed from both other groupsat p<0.001, as expected.More notably, the non-diabeticIDAgroup also
differed significantly from the controls (p = 0.026), even though these patients had normal fasting glucose.
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Figure 2. HbA1c by group. The shaded band marks the normalrange; dashedlines indicate the 5.7% (pre -diabetes)
and 6.5% (diabetes) thresholds. Brackets show the adjusted significance of each pairwise comparison.

Table 2. Pairwise comparison of HbA1c between groups (Dunn's test, Bonferroni-adjusted).

Comparison Adjusted p | Significance
Controlvs IDA non-diabetic 0.026 Significant
Controlvs IDA diabetic <0.001 Significant
IDA non-diabetic vs IDA <0.001 Significant
diabetic

The Independent Effect of Iron Deficiency on HbA1c

Because the control and non-diabetic IDA groups both had normal fasting glucose, comparing them isolates the effect of
iron deficiency on HbA1c from any effect of hyperglycaemia. Despite their similar and normal glucose levels (89.0 vs 81.8
mg/dL), the non-diabetic IDA patients had a significantly higher HbA1c than the controls (5.55% vs 5.16%). The difference
was confirmed by both the Mann-Whitney test (p < 0.001) and the Welch t-test (t = -3.82, p < 0.001), and the effect was
large (Cohen's d = 0.99). In a regression of HbA1c on fasting glucose and ferritin, glucose was a strong positive predictor
while ferritin showed aninverse associationthat approached significance (p =0.066), meaningthatloweriron storestended
to accompany higher HbA1c even after glucose was taken into account. Taken together, these results indicate that iron
deficiency raises HbA1c inits ownright, independently of blood glucose.

Association Between HbA1c and the Iron Profile

To look at the association between HbA1c and the iron profile, across the whole sample, HbA1c was significantly
associated with all three iron markers (Figure 3 and Table 3). It correlated negatively with serum iron and ferritin and
positively with TIBC, so that lower iron stores and a higher TIBC went hand in hand with higher HbA1c. Serumironshowed
the strongest relationship (Pearsonr=-0.45; Spearman p = —-0.54), followed by TIBC and then ferritin.
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Association between HbAlc and iron profile parameters (n = 90)
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Figure 3. Scatter plots of HbA1c against serumiron, ferritin and TIBC, with the fitted regression line and Pearson

Table 3. Correlation of HbA1c with the iron-profile parameters (n =90).

Parameter Pearsonr p Spearman p | Partialr (adj. FBS)
Serumiron -0.45 <0.001 | -0.54 -0.30 (p =0.004)
TIBC +0.35 <0.001 | +0.44 +0.26 (p =0.012)
Ferritin -0.31 0.003 -0.40 -0.20 (p =0.064)

In order to separate the iron effect from the influence of glucose, the correlations were repeated as partial correlations
controlling for fasting glucose (last columnof Table 3). Serumiron remained a robust correlate of HbA1c (partialr = -0.30,
p = 0.004), with TIBC also remaining significant and ferritin falling just short. The relative strength of the three markers is
shown in Figure 4. Ina multiple regressionincludingglucose and allthree iron markers (R*=0.59), glucose was the dominant
predictor and, among the iron markers, serum iron came closest to independent significance (p =0.067).

mmm Pearson r (unadjusted)

0.31 Partial r (adjusted for FBS)

Ferritin -
0.20
TIBC 1
+0.26
-0.45 _
Serum iron -
-0.30
-0.6 -0.4 -0.2 0.0 0.2 0.4

Correlation with HbAlc (r)

Figure 4. Strength of the association between HbA1cand each iron marker, shown before and after adjustment for
fasting glucose. Serumiron is the strongest correlate in both analyses.

HbA1c and the Severity of Iron Deficiency

Finally, the relationship between HbA1c and the degree of iron deficiency was assessed in the non-diabetic IDA group,
where the impact of glycaemiais absent. HbA1cwas not significantly correlated withferritin (r=+0.17, p = 0.36) or serum
iron (r=+0.21, p = 0.26), and its correlation with haemoglobin was weak (r = +0.38, p = 0.038), suggesting that no clear
relationship was found between HbA1c and the severity of the deficiency.

Discussion

This study aimed to evaluate the effect of IDA on HbA1c levels among Libyan diabetic and non-diabetic patients and to
investigate therelationship between HbA1cand variousiron parameters. The findings demonstrated significant differences
among the three study groups, with the highest HbA1c levels observed in diabetic patients with iron deficiency, while
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elevated HbA1c levelswere alsodetectedinnon-diabetic patientswithirondeficiencydespite normalfastingblood glucose
levels, suggesting that iron deficiency may influence HbA1c independently of blood glucose concentration.

The results of this study revealed differences between the three groups in HbA1c levels and iron status indicators. The
diabetic group with IDArecorded the highest mean HbA1clevel (8.31+2.11) compared tothe non-diabetic IDAgroup (5.55
*+ 0.48) and the healthy group (5.16 £ 0.29) (Table 1). Both IDA groups showed lower haemoglobin, serum iron, and ferritin
levels, along with elevated TIBC and decreased MCV compared to the control group. The mean haemoglobin levels were
8.8 +3.9g/dLand 10.5 £ 2.2 g/dL in the non-diabetic and diabetic anaemic groups, respectively, comparedto13.8+ 0.7
g/dL in healthy individuals (Table 1). This confirms the presence of microcytic anaemia due to iron deficiency, which
explains the characteristic laboratory findings. These results are consistent with the Coban and Madhu studies, which
found that patients with IDA had higher HbA1c levels compared to healthy individuals, and that HbA1c decreased
significantly after iron deficiency treatment. The researchers interpreted these results as suggesting that iron deficiency
may increase haemoglobin's susceptibility to non-enzymatic glucose binding, in addition to prolonging red blood cell life,
leadingtoan elevated HbA1cthat doesnotreflectthe true state of blood glucose controlin the patient[24, 25]. In contrast,
the results of Sinha and co-workersin 2012 differed from those of the current study. They found thatthe mean HbA1c level
in patients with IDA was lower than in the control group (4.6% vs. 5.5%), and that HbA1c levels increased after iron
deficiencytreatment. Theresearchers suggested that otherfactors, such as dietary differences, anaemia severity, and red
blood cell production rate, might influence HbA1c measurement [26].

Furthermore, the studyresults showed highly significant differencesin HbA1c levels among the three groups. The Kruskal-
Wallis test demonstrated a strong statistical significance difference between the groups (H = 64.5, df = 2, p < 0.001),
confirming a clear difference in HbA1c distribution among the three groups. The results of the one-way ANOVA further
supported thisconclusion, showing highly significant differences betweenthe groups(F =55.6, p <0.001) with averylarge
effect size (r]2 = 0.56). This suggests that group status explains approximately 56% of the variance in HbA1c values, while
the remaining 44% is attributed to other potentialfactors such as age, nutrition, genetics, and normalindividualvariation.
Obviously, the clearupward trend inmeanHbA1c levels starts withthe lowest valuesin the controlgroup (5.16%), followed
by IDAnon- diabetic (5.55%),thenIDAdiabetic (8.31%,reflectinga strongcorrelationbetweenironstatusand HbA1c levels,
in additionto the influence of diabetes status. In fact, some studies support the current findings and confirm that the
difference in HbA1c between the groups is not only a statistical difference but also a clinically meaningful difference. For
example, Kim etal. (2010) reported thatirondeficiency was associated with higher HbA1c levels, even amongnon-diabetic
individuals, with iron-deficient women showing an increased likelihood of HbA1c values above 5.5% [27]. Conversely, a
systematicreview by English and colleagues concluded thatthe associationbetweenIDA and HbA1cremainsblurred. The
review reported inconsistent findings across studies, suggesting that the influence of iron deficiency on HbA1c may vary
according to anaemia severity and other clinical factors [28].

Pairwise comparisons showed that HbA1c levels were significantly higher in diabetic patientswithIDAthan in both healthy
controls and non-diabetic IDA patients (p < 0.001) (Table 2). Interestingly, non-diabetic individuals with IDA also had
significantly higher HbA1c levels than controls despite having normal glucose levels, supporting anindependent effect of
iron deficiency on HbA1c. These findings are consistent with previous studies reporting an inverse relationship between
iron status and HbA1c, possibly due to prolonged red blood cell lifespan and increased haemoglobin glycation in iron
deficiency [29, 30]. Regression analysis further confirmed that while fasting blood glucose was the strongest predictor of
HbA1c, reduced iron stores remained associated with higher HbA1c values after adjustment for glucose, indicating that
iron deficiency may contribute independently to elevated HbA1c levels. These results agree with those of Soliman et al.,
who reported thatIDA is associated with elevated HbA1clevels in both diabetic and non-diabeticindividuals. The authors
suggested that altered RBC turnoverinirondeficiency may increase haemoglobin glycation, leadingto higher HbA1cvalues
independent of actual blood glucose levels [31].

To determine whetherthese associations were solely dueto differences in glucose levels, partialcorrelation analysis was
performed after adjustingfor FBS. The negative association betweenHbA1c and serum iron remained significant (partialr
=-0.30, p = 0.004), and the positive association with TIBC also persisted (partialr=+0.26, p = 0.012) (Figure 4). Although
the association with ferritin did not reach statistical significance (p = 0.064) (Table 3), it approached significance. These
findings suggest that the effect of iron statuson HbA1cis not entirelydependent onglucose levels and thatiron deficiency
may have a partially independent effect on HbA1c values. Moreover, Multiple regression analysis (R* = 0.59) showed that
the studied variables explained 59% ofthe variationin HbA1c levels, whereasthe remaining 41% may be attributedto other
unmeasured factors. FBG remained the strongest predictor of HbA1c, while serum iron was closest to independent
significance (p = 0.067), indicatinga possible relationship that did not reachfull statisticalsignificance. Collectively, these
findings were contradicted by Cetinkaya et al. (2021) and consistent with El-Agouza et al. (2002) [32, 33].

In regard to the relationship between severity of IDA and HbA1c, no statistically significant associations were observed
betweenHbA1cand iron parametersamongnon-diabeticindividuals. Neither ferritin (r =+0.17, p = 0.36) nor serumiron (r
=+0.21, p =0.26) showed significant correlationswithHbA1c, whereas haemoglobin demonstrated aweakbut statistically
significant association (r =+0.38, p = 0.038). These findings suggest that, in the absence of hyperglycemia, therelationship
between iron deficiency and HbA1c may be less pronounced and may be influenced by other factors in non-diabetic
individuals with iron deficiency.

In conclusion, this study demonstrated that IDA is associated with higher HbA1c levels in both diabetic and non-diabetic
individuals, withthe highest values observed in diabetic patientswithIDA. Importantly, elevated HbA1cwas also detected
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in non-diabetic IDA patients despite normal fasting glucose, and statistical analyses confirmed a significant overall
difference betweengroups, withironstatus explaininga meaningfulproportion of HbA1c variability. These findingsindicate
thatiron deficiency mayindependently influence HbA1c, potentially leadingto misinterpretation of glycemic controlifiron
statusis not considered. Routine assessment of iron parameters alongside HbA1c is advised, particularly in anaemic or
borderline glycemic patients. Larger, well-controlled studies are needed to confirm causality and further clarify the
underlying mechanisms linking iron metabolism to HbA1c formation.
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