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- Thereis a false increase in glycated hemoglobin (HbATc) concentrations in patients with iron deficiency anemia
« There s a false increase in HbATc concentrations in patients with latent iron deficiency

« Iron deficiency anemia and latent iron deficiency interfere with the HbATc test

Abstract

Introduction: Concentration of glycated hemoglobin (HbA1c) may be influenced by different types of anemia. This systematic review and meta-
analysis aimed to evaluate the effect of iron deficiency anemia (IDA) and latent iron deficiency (LID) on HbATc concentrations.

Materials and methods: A search was conducted in Medline/PubMed, Web of Science, Embase, and LILACS up to May 2026. Eligible studies inclu-
ded cross-sectional, cohort, case-control, non-randomized intervention studies and clinical trials assessing the impact of IDA or LID on HbATc con-
centrations. Methodological quality was evaluated using the ROBINS-I V2 tool for intervention studies and the Newcastle-Ottawa Scale for cross-
sectional studies. Meta-analyses were performed using Review Manager 5 (The Cochrane Collaboration, Copenhagen, Denmark).

Results: Among 43 studies evaluating IDA, 33 reported falsely elevated HbATc concentrations. Of six studies assessing LID, two observed increased
HbA1c concentrations. All four studies evaluating iron deficiency regardless of anemia status found elevated HbAlc. Among 19 intervention studies,
14 showed a reduction in HbA1c following iron supplementation. Meta-analyses including 30 studies confirmed increased HbAlc concentrations in
patients with IDA (0.66% (0.31 to 1.00) or 7.21 mmol/mol (3.39 to 10.93), P < 0.001). Meta-analysis of four studies verified increased HbAlc in indivi-
duals with LID (0.66% (0.01 to 1.32) or 7.21 mmol/mol (0.11 to 14.43), P = 0.05). Meta-analysis of 14 intervention studies demonstrated a reduction
in HbA1c following iron therapy (- 0.50% (- 0.92 to - 0.09) or 5.46 mmol/mol (- 10.05 to - 0.98), P = 0.02). Heterogeneity was mainly related to HbA1c
assay methods and diagnostic criteria for anemia and iron deficiency.

Condlusions: Iron deficiency anemia interferes with HbA1c measurement, leading to falsely elevated values, while LID may also increase HbAlc
concentrations.
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Introduction

According to the World Health Organization  miain 2019, considering all age groups, was 22.8%,
(WHO), anemia is defined by low hemoglobin con-  equivalent to 1.74 billion people, with children un-
centration in the bloodstream (1). Gardner et al.  der five being the most affected group, and that
2020 estimated that the global prevalence of ane-  iron deficiency was the most common cause of
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anemia (2). Iron deficiency anemia (IDA) may result
from gastrointestinal bleeding and menstruation
in women, as well as from inadequate dietary iron
intake and impaired iron absorption (3).

Laboratory diagnosis of IDA is made through he-
matological and biochemical tests, and there are
three stages of iron deficiency. The first is iron de-
pletion, which consists of a decrease in the body’s
reserves. The best method for identifying this stage
is a serum ferritin test, which is responsible for iron
storage in the body. In the second stage, iron defi-
ciency occurs, leading to iron-deficient erythro-
poiesis generated by the reduction of circulating
minerals, resulting in decreased production of iron
components and hemoglobin, but without de-
creasing their concentration. The tests that may be
requested at this stage are serum iron and trans-
ferrin saturation. Finally, there is IDA, characterized
by reduced hemoglobin concentrations that can
be observed in the blood count (4).

There is substantial evidence indicating that IDA
can interfere with glycated hemoglobin (HbAlc)
measurements, leading to falsely elevated results
(5). This effect is primarily attributed to the pro-
longed lifespan of erythrocytes observed in IDA,
which increases their exposure time to circulating
glucose and consequently enhances hemoglobin
glycation. In addition, iron deficiency may alter the
structure of hemoglobin and promote oxidative
processes, such as hemoglobin peroxidation, fur-
ther accelerating non-enzymatic glycation (6). This
falsely elevated HbAlc could suggest poor glyce-
mic control for patients with diabetes mellitus
(DM) or lead to an incorrect diagnosis. Some stud-
ies have demonstrated that the clinical use of
HbAIlc, especially for diagnosis, should be associ-
ated with a complete blood count and markers of
iron metabolism to assess whether the increase
was being induced by iron deficiency (7,8).

In this context, it is important to conduct a system-
atic review and meta-analysis to carefully assess
the interference of latent iron deficiency (LID) and
IDA on HbA1c concentrations and the real impact
of this deficiency on the interpretation of HbAlc
test results for the diagnosis of DM and for moni-
toring glycemic control in patients with DM. There-
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fore, the PICOS-based research question is wheth-
er patients with IDA or LID exhibit higher HbAlc
concentrations compared to those without iron
deficiency.

Materials and methods

Systematic review and meta-analysis conducted in
accordance with the Preferred Reporting Items for
Systematic reviews and Meta-Analyses (PRISMA)
recommendations (9). This systematic review was
not registered in the international PROSPERO da-
tabase.

Selection of articles in Medline/PubMed, Web of
Science, Embase, and LILACS using the descriptors
“glycated hemoglobin” and their respective entry
terms, in combination with the descriptors “ane-
mia, iron- deficiency” and “iron deficiencies” and
their respective entry terms using “AND” between
the terms (Appendix) until May 2, 2026.

The eligibility criteria were established in accord-
ance with the PRISMA recommendation and con-
sist of observational cross-sectional, cohort, case-
control, clinical trial or non-randomized interven-
tion studies that evaluate the interference of LID
or IDA in HbAI1c testing (9).

Only studies whose experimental design allowed
for the distinction of the following points, accord-
ing to the acronyms PECOS (Table 1) and PICOS
(Table 2), were included in the systematic review.

We also included studies comparing patients with
different severities of IDA (severe, moderate and

TasLe 1. PECOS strategy for study selection in the systematic
review

Patients Patients with LID or IDA
Exposure Iron deficiency

Control Patients without LID or IDA
Outcome Interference in the HbA1c test
Study design Cross-sectional observational, cohort, or

case-control

LID - latent iron deficiency. IDA - iron deficiency anemia.
HbA1c - glycated hemoglobin.
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TaBLE 2. PICOS strategy for study selection in the systematic re-
view

Patients Patients with LID or IDA

Intervention Iron supplementation

Control Patients with LID or IDA before intervention
Outcome Interference in the HbA1c test
Study design  Clinical trial or non-randomized intervention

study

LID - latent iron deficiency. IDA - iron deficiency anemia.
HbA1c - glycated hemoglobin.

mild IDA). Studies that were not cross-sectional
observational, cohort, case-control, non-rand-
omized intervention or clinical trial were excluded,
including systematic reviews, narrative reviews,
conference abstracts, letters, editorials, case re-
ports, notes, meta-analyses, and preclinical stud-
ies. Studies that did not assess at least one marker
of iron metabolism (ferritin, transferrin saturation,
serum iron, or total iron-binding capacity (TIBC))
to define IDA or LID were also excluded. In addi-
tion, studies evaluating the association between
elevated ferritin concentrations and HbAlc were
excluded. Articles published in Russian were also
excluded.

The selection of studies was performed in two
stages, both of which were carried out indepen-
dently by two people. In the first stage, duplicate
articles were excluded, and then a preliminary
reading of the title and abstract of the articles was
performed with the aim of including only those
that are observational cross-sectional, cohort,
case-control, clinical trials or non-randomized in-
tervention studies and that assessed the interfer-
ence of LID or IDA in the HbAIlc test. In the second
stage, the preselected articles were read in full to
assess their inclusion in the study according to the
eligibility criteria. A flowchart was then construct-
ed summarizing the number of articles included
and excluded in each stage according to the es-
tablished criteria, in accordance with the PRISMA
recommendation (9).

The following data were extracted from the select-
ed articles to construct tables: author, year of pub-
lication, country, study design, administered iron
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dose, method used to measure HbA1lc, main exclu-
sion criteria, diagnostic criteria for anemia, bio-
markers/diagnostic criteria for iron deficiency,
sample size, patient characteristics (gender, age
group, presence or absence of diabetes mellitus,
etc.), main results, effect of iron supplementation
on HbAIlc, interference of IDA or LID in HbA1c test-
ing, interference in the risk of classification as pre-
diabetes or diabetes mellitus by HbA1lc testing.

The methodological quality of the non-rand-
omized studies included in the systematic review
was assessed using the ROBINS-I V2 tool (10). This
tool assesses the following domains of bias: con-
founding, classification of interventions, selection
of participants into the study, missing data, meas-
urement of outcomes, selection of the reported
result. An overall risk of bias judgment was formu-
lated based on the weakest component principle:
the overall risk followed the ranking of the domain
with the highest level of bias identified. Studies
were categorized as having low, moderate, serious
or critical risk.

The methodological quality of the cross-sectional
studies included in this systematic review was as-
sessed using the Newcastle-Ottawa Scale (NOS)
adapted for cross-sectional studies (11). According
to the NOS, a maximum of nine stars can be
awarded to each study. One star could be assigned
for each of the following criteria: representative-
ness of the sample, selection of controls, sample
size, diagnosis, and statistical test. Up to two stars
could be awarded for comparability and for the
accuracy of the method used to measure HbA1lc
concentrations. Studies were classified as low qual-
ity if they received up to three stars, as moderate
quality if they received four to six stars, and as high
quality if they received seven or more stars.

Statistical analysis

Meta-analyses were performed on studies that: (i)
compared HbATc concentrations before and after
iron supplementation; (ii) compared HbAlc con-
centrations between patients with and without
IDA; and (iii) compared HbAlc concentrations be-
tween patients with and without LID. Studies that
did not report mean values, standard deviations,
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or sample sizes were excluded from the meta-
analyses. Studies were also excluded if they did
not include an appropriate control group.

The mean, standard deviation, and sample size be-
fore and after iron supplementation, or of patients
with and without IDA or patients with and without
LID in each study were used in the meta-analyses,
and the difference between the means was calcu-
lated, P < 0.05 was considered statistically signifi-
cant. Some studies reported results exclusively as
subclassifications; therefore, overall combined
mean and standard deviation estimates were cal-
culated to enable their inclusion in the analysis.
Heterogeneity between studies was assessed us-
ing the I test, with studies presenting I > 50% and
P < 0.10 being considered heterogeneous. Fixed-
effect and random-effect models were used in the
meta-analysis calculations in the presence of ho-
mogeneity and heterogeneity, respectively. The
statistical program Review Manager (RevMan) ver-
sion 5 (The Cochrane Collaboration, Copenhagen,
Denmark) was used to perform the meta-analyses.

Subgroup analyses were performed to explore po-
tential sources of heterogeneity among the includ-
ed studies and to assess the consistency of the re-
sults across different clinical and methodological
contexts. The predefined subgroups included sex
(studies including both sexes, those restricted to
nonpregnant women, and those including preg-
nant women), age group (children and adolescents
vs. adults), and diabetes status (presence of DM vs.
exclusion of patients with DM). Additional sub-
group analyses considered studies excluding pa-
tients with chronic kidney disease (CKD), those ex-
cluding individuals with inflammation and/or ele-
vated C-reactive protein (CRP) and those excluding
patients with anemia not caused by iron deficiency.
Methodological subgroups were defined according
to the laboratory method used for HoAlc measure-
ment (high-performance liquid chromatography
(HPLC) vs. immunoturbidimetry), the criteria used
to define anemia according to the WHO, and the
criteria used to define iron deficiency according to
the WHO (12,13). Publication bias was assessed by
visual inspection of funnel plots.

Biochem Med (Zagreb) 2026;36(3):030503

Results

Figure 1 shows the flowchart of article selection for
this systematic review. After evaluating the eligibil-
ity criteria, 61 articles were included in the system-
atic review. Table 3 shows the location, study de-
sign, main exclusion criteria, HbAlc measurement
method, diagnostic criteria for anemia and bio-
markers/diagnostic criteria for iron deficiency in
the studies included in the systematic review.

Among the 61 studies included in the systematic
review, most were cross-sectional (N = 42, 0.69),
followed by non-randomized intervention studies
(N =17, 0.28), with only two clinical trials (N = 2,
0.03). The included studies were conducted across
diverse geographic regions, with the highest repre-
sentation from India (N = 27, 0.44), followed by Turkey
(N =6, 0.10), the United States (N = 4, 0.06), and Japan
(N =3, 0.05). Regarding the methods used for HbAlc
measurement, most studies employed HPLC (N = 33,
0.54), immunoturbidimetry (N = 9, 0.15), enzymatic
assays (N = 3, 0.05), and cation exchange chromato-
graphy (N = 3, 0.05).

The main exclusion criteria reported across studies
included CKD (N = 34, 0.56), DM (N = 29, 0.48), he-
moglobinopathies or hemoglobin variants, inclu-
ding thalassemia and sickle cell disease (N = 30,
0.49), hemolytic anemia (N = 21, 0.34), and acute or
chronic blood loss (N = 17, 0.28), recent blood
transfusion (N = 10, 0.16), non-IDA (N = 10, 0.16), in-
flammatory diseases (N = 7, 0.11), infectious or acu-
te conditions (N = 6, 0.10), elevated CRP concentra-
tions (N = 6, 0.10), macrocytic anemia or vitamin
B12/folate deficiency (N = 4, 0.06). Notably, 12 stu-
dies (0.20) did not report exclusion criteria neces-
sary to rule out anemia unrelated to iron deficien-
cy or inflammation or DM.

The criteria used to diagnose anemia varied across
studies. Twenty-four studies (0.39) applied the
WHO definition, while 18 (0.30) used alternative
criteria (12). Nineteen studies (0.31) did not report
the diagnostic criteria. The biomarkers used to as-
sess IDA and LID also varied across studies. Ferritin
was the most frequently reported marker (N = 53,
0.87), followed by serum iron (N = 20, 0.33), TIBC (N
= 14, 0.23), and transferrin saturation (N = 13, 0.21).
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Identified records from databases
(N=1174)

LILACS:N=5

PubMed/Medline: N = 142
Web of Science: N = 181

}

}

retrieval (N = 100)

}

eligibility (N = 79)

}

Publications included in the

)

Embase: N = 846 »

Records removed before screening:

Duplicate records removed (N = 192)

Screened records (N = 982) —»

Excluded records (N = 882)
- 489 do not assess the interference of iron deficiency anemia in HbA1c
measurement
- 390 are not case-control or cross-sectional or cohort or clinical trial or non-
randomized intervention studies (15 systematic reviews and/or meta-analysis,
124 narrative reviews, 29 conference reviews, 39 letters, 11 editorials, 163
case reports, 4 protocols, 4 notes, 1 preclinical trial)
- 4 written in Russian

Publications sought for »

Publications not retrieved (N = 21)

Publications assessed for —»

Publications excluded (N = 18)
- 11 did not evaluate the interference of iron deficiency anemia in HbA1c
dosage
- 4 did not use any marker of iron metabolism (ferritin, transferrin saturation,
serum iron, iron-binding capacity to transferrin) to define iron deficiency
anemia
- 2 evaluated the association between increased ferritin concentrations and
HbA1c concentrations
- 1 compares patients with DM and anemia with individuals without DM and
without anemia, making it impossible to know if the increase in HbA1c is due
to anemia or to DM

systematic review (N = 61) —»

Publications included in the meta-analysis that
compared HbA1c concentrations before and after
iron supplementation (N = 14)

Publications included in the meta-analysis that
compared HbA1c concentrations in patients with
and without iron deficiency anemia (N = 30)

Publications included in the meta-analysis that
compared HbA1c concentrations in patients with
and without latent iron deficiency (N = 4)

Publications excluded from the meta-analysis comparing HbA1c concentrations
before and after iron supplementation (N = 47)
- 42 did not evaluate HbA1c concentrations before and after iron supplementation
- 5 did not present mean and/or standard deviation values and/or sample size

Publications excluded from the meta-analysis comparing HbA1c concentrations
of patients with and without iron deficiency anemia (N = 31)
- 18 did not compare HbA1c concentrations of patients with and without iron
deficiency anemia
- 12 did not present mean and/or standard deviation values and/or sample size
- 1 compared women with severe and moderate anemia, but did not compare with
women without iron deficiency anemia

Publications excluded from the meta-analysis comparing HbA1c concentrations
in patients with and without latent iron deficiency (N = 57)
- 53 did not compare HbA1c concentrations in patients with and without latent iron
deficiency
- 4 did not present mean and/or standard deviation values and/or sample size

Ficure 1. Flowchart of the selection of articles evaluating the interference of iron deficiency in glycated hemoglobin (HbA1c) mea-

surement that were included in the systematic review

The WHO criteria for defining iron deficiency
based on ferritin concentrations were applied in
17 studies (0.28) (13).

The methodological quality of the intervention
studies included in the systematic review, as as-
sessed using the ROBINS-I V2 tool, is presented in
Supplementary Table 1. Of the 19 studies, five

https://doi.org/10.11613/BM.2026.030503

were classified as having a moderate risk of bias,
while 14 were classified as having a serious risk of
bias.

The methodological quality of the cross-sectional
studies, as assessed using the NOS adapted for
cross-sectional studies, is presented in Supple-
mentary Table 2. Of the 42 articles, 24 (0.57) re-
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TasLE 3. Location, study design, main exclusion criteria, HbA1c measurement method, diagnostic criteria for anemia and biomark-
ers/diagnostic criteria for iron deficiency in the studies included in the systematic review

Study design/ HbA1c Diagnostic Biomarkers/
Author, year Country Irondose Main exclusion criteria measurement criteria for diagnostic criteria
administered method anemia for iron deficiency
Mukasa et al., Cross-sectional/ Anemia, Enzymatic .
2026 (14) Uganda NA hemoglobinopathies, CKD method NI Ferritin <70 ug/L
Hemolytic anemia,
hemoglobinopathies, G6PD -
Tedong etal., Cameroon Cross-sectional/ deficiency, thalassemia, Immuno- Hb < 130 g/L (M) ii::';'; << 31'2 “g;t ?:)‘)
2026 (15) NA malaria, infections, turbidimetry ~ or < 120 g/L (F) > hg/-E
. . serum iron, TIBC
inflammation, elevated CRP
concentrations
Deepalietal., h Cross-sectional/ DM, hemoglobmopathles, Ferritin, serum iron,
2025 (16) India NA recent blood transfusion, HPLC NI TIBC
severe non-IDA anemia, CKD
Koga and Cross-sectional/ HPLCand Ferritin, serum iron
Ishibashi, 2025 Japan NI enzymatic Hb <80 g/L " !
NA TIBC
17) method
DM, hemolytic anemia, Ferritin < 15 pg/L,
. hemoglobinopathies, acute serum iron > 30 g/
ﬁg)tta etal, 2024 India Cross ss;tlonal/ blood loss, vitamin B12/folate a Ibatfsztion '1'? : Bg g;t E:Y)l) dL, TIBC > 360 pg/dL,
deficiency, treatment with 99 g transferrin saturation
erythropoietin, CKD <15%
Hemoglobinopathies,
. . vitamin B12/folate
Firat et al,, 2024 Turkey Cross-sectional/ deficiency, chronic HPLC Hb <110 g/L Ferritin < 15 pg/L
(19) NA ) .
inflammatory diseases,
elevated CRP concentrations
DM, Anemia not caused
Haseenaetal., . Cross-sectional/ byiron dgﬁuency, Immuno- -
2024 (20) India NA hemoglobinopathies, turbidimetr NI Ferritin
vitamin B12/folate deficiency, Y
acute blood loss, CKD
Kanojia etal., . Non-randomized DM, hemolytic anemia, -
2024 (21) India intervention/ NI hemoglobinopathies NI NI Feritin
Kesharwanietal., India Cross-sectional/ DM, hemoglobinopathies, HPLC Hb < 130 g/L (M) Ferritin < 30 ug/L,
2024 (22) NA blood transfusion, CKD or<1209g/L (F) serum iron, TIBC
Krishnan et al., India Cross-sectional/ Dr'\‘/‘e';;lft;?:)ncﬁr:?ass’ Immuno- Hb < 130 g/L (M) Ferritin < 15 ua/L
2024 (23) NA Y X ! turbidimetry or<1209g/L (F) Hg
hemoglobinopathies
DM, anemia not caused
Kumar etal., India Cross-sectional/ by iron deficiency, sickle Cation exchange  Hb < 130 g/L (M) Ferritin. serum iron
2024 (24) NA cell disease, thalassemia, chromatography  or < 120 g/L (F) !
prolonged blood loss, CKD
Nakum et al., . Cross-sectional/ Ferr|.t|'n <22pg/L (M),
India NI NI NI ferritin < 10 pg/L (F),
2024 (25) NA .
serum iron, TIBC
Non-randomized
Patel et al., 2024 . intervention/ 100 "
26) India ma/day of iron for DM NI NI Ferritin
3 months
Suvethasri et al., ) Cross-sectional/ DM, hemoglobinopathies, .
2024 (27) India NA hemolytic anemia, CKD NI Hb <100 g/L Ferritin
i’\rlmi):r_\:zzggnm/lizg DM, hemolytic anemia,
Shubham etal., India ma/day of ferric hemoglobinopathies, acute NI Hb < 130 g/L (M) Ferritin
2024 (28) g/day or chronic blood loss, recent or<120g/L (F)

ammonium citrate
for3 months

blood transfusion, CKD
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TaBLE 3. Continued

Study design/ HbA1c Diagnostic Biomarkers/
Author, year Country Irondose Main exclusion criteria measurement criteria for diagnostic criteria
administered method anemia for iron deficiency
Clinical trial/ 100
Taati etal., 2024 ran mg/day of ferrous ~ Anemia not caused by iron NI Hb < 130 g/L (M) Ferritin
(29) sulfate for 8 or 16 deficiency or<120g/L(F)
weeks
Non-randomized
Thakker et al., . intervention/ 100 . . Immuno- Serum iron, TIBC,
2024 (30) India mg/day of iron for DM, bleeding disorders, CKD turbidimetry Hb<10g/L transferrin saturation
4 weeks
Anemia not caused by iron
Alzahani et al., ’ .. Non-randomized deficiency, recent blood loss, Hb < 130 g/L (M) .
2023 (31) Saudi Arabia intervention/ NI recent blood transfusion, HPLC or<1209g/L (F) Ferritin <30 ug/L
CKD
Elsheikh et al., Cross-sectional/ Acute or chrqnlc bloqd Hb < 130 g/L (M) "
2023 (32) Egypt NA loss, hemolytic anemia, NI or<120g/L (F) Ferritin < 15 pg/L
hemoglobinopathies, CKD
DM, anemia not caused by
Ghardeetal., India Cross-sectional/ iron deficiency, sickle cell NI Hb <130 g/L (M) Ferritin, serum iron,
2023 (33) NA disease, thalassemia, acute or<120g/L(F) TIBC
or chronic blood loss, CKD
Kumar et al. Cross-sectional/ Acute blood loss, Serum iron < 59
M Pakistan NA hemolytic anemia, HPLC NI ug/dL, transferrin
2023 (34) hemoglobinopathies, CKD saturation < 15%
Nosheen et Pakistan Non-randomized NI NI Hb <140 g/L (M)or  Ferritin, serumiron,
al., 2023 (35) intervention/ NI <120 g/L (F) TIBC
F\lon-ran(:!omlzed Elevated CRP concentrations,
Aydinetal., 2022 intervention/270 anemia not caused by iron
Y v Turkey mg/day of ferrous - Y HPLC Hb <120 g/L Ferritin < 15 ug/L
(36) deficiency, recent blood
sulfate for 3 .
transfusion, CKD
months
Non-randomized
El-Agouzaetal., . intervention/ 325 Cation exchange -
2022 (37) Palestine mg/day of ferrous NI chromatography NI Ferritin
sulfate
Hb <137 g/L (M
20 to 49 years) or
<133 g/L(M50to Ferritin < 27 pg/L,
. . 69 years) or < 124 serum iron < 10.7
gztzrgl(lgse;t al, LSJ:aIEZ(sj Cross Sﬁ;tlonal/ CKD HPLC g/L (M = 70 years) umol/L, TIBC > 77
or<120g/L(F20 pmol/L, transferrin
to 69 years) or < saturation < 15%
118 g/L(F =70
years)
g;\;ce etal, 2022 India Cross—s’\e:;tlonal/ Acute blood loss, CKD Nephelometry Hb <100 g/L Ferritin < 90 pg/L
Hb < 137 g/L (M 20
to 49 years) or <
DM, inflammatory disease, 133 g/L (M 50 to 69 -
- - ) Ferritin <12 pg/L,
Jyothsnaetal., India Cross-sectional/ acute illness, anemia not HPLC years) or < 124 g/L transferrin saturation
2022 (40) NA caused by iron deficiency, (M =70 years) or < <15%
CKD 120 g/L (F 20to 69
years) or < 118 g/L
(F =70 years)
LID:Hb >130g/L
Pradeepaetal., . Cross-sectional/  Acute or chronic blood loss, (M) or =120 g/L (F), -
2022 (41) India NA hemoglobinopathies HPLC IDA:Hb < 130 g/L Ferritin <70 pg/L

(M) or <120 g/L (F)
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TaBLE 3. Continued

Study design/ HbA1c Diagnostic Biomarkers/
Author, year Country Irondose Main exclusion criteria measurement criteria for diagnostic criteria
administered method anemia for iron deficiency
Raoetal, United Cross-sectional/ Enzymatic Ferntm,. serum ron,
NI NI transferrin saturation,
2022 (42) States NA method TIBC
Non-randomized
Altuntas etal., intervention/ 100 DM, hemoglobinopathies, Hb <120 g/L (F) or -
2021 (43) Turkey mg/day of iron for hemolyticanemia, CKD HPLC <1309/L (M) Ferritin
3 months
Bindayel, 2021 . . Cross-sectional/ DM, anemia not caused by -
(44) Saudi Arabia NA iron deficiency, CKD HPLC Hb <120 9g/L Ferritin < 15 pg/L
Kanchanaand Cross-sectional/ Immuno- Ferritin < 15 pg/L (M)
Pushpa, 2021 India DM, hemolytic anemia, CKD - Hb < 110g/L k9
45) NA turbidimetry or<9ug/L (F)
Ferritin < 15 pg/L if
Lyons etal, Cross-sectional/  Hb variants HbAS and HbAC, CRP <5 mg/mL or
2020 (46) Netherlands NA CKD HPLC NI ferritin < 30 pg/L if
CRP =5 mg/mL
Mahgoob and . Anemia not caused by iron Ferritin< 12 ug/L (< 5
Cross-sectional/ . . .
Moussa, 2020 Egypt deficiency, recent blood loss, ~ Colorimetric NI years) or < 15 ug/L (=
NA . )
(47) hemoglobinopathies 5 years)
Pilla etal, 2020 . Non-randomized DM( hemoly.t|c anem@, Hb <120 g/L (F) or - .
India X X aplastic anemia, anemia of NI Ferritin, serum iron
48) intervention/ NI ™ <130g/L (M)
chronic diseases
.Non—rand‘om|zed DM, hemoglobinopathies,
intervention/ 160 R .
Purbey etal, India ma/day of ferric hemolytic anemia, acute or NI Hb < 120 g/L (F) or Ferritin
2020 (49) 9 y K chronic blood loss, recent <130g/L(M)
ammonium citrate .
blood transfusion, CKD
for 3 months
. . Serum iron < 50 ng/
Sabitha etal, India Cross-sectional/ Inflammatory disease HPLC NI dL and transferrin
2020(50) NA .
saturation < 14%
Intra et al, 2019 | Cross-sectional/ DM, infectious disease, Hb<130g/L(M)  Ferritin < 17 pg/L (M)
51) Italy NA hematological disease, HPLC or< 110 g/L (F) or < 10 ug/L (F)
blood transfusion, CKD - =
Silvaetal, 2019 ) Cross-sectional/ HPLC and Hb < 130 g/L (M) -
52) Brazil NA DM Immuno- or < 120 /L (F) Ferritin < 15 pg/L
turbidimetry 9
Quartile of
Wei et al, 2019 . Cross-sectional/ transferrin and
(53) China NA N HPLC NI transferrin saturation
concentrations
IDA/Absolute LID:
Ferritin <12 pg/L (< 5
) IDA: Hb 2 standard yearsjor <15 ug/L (=
Non-randomized . . o 5 years)
) ; Acute infection and/or deviations below . )
intervention/ 9 X R Functional LID: zinc
Akkermans et al., Netherlands ma/ka/day of inflammation (CRP > 10 HPLC the mean for rotoporphyrin > 61
2018 (54) g/kg/day mg/L), hemoglobinopathies, children of the ~ PrOtoPOrPIY
ferrous fumarate . pumol/mol heme (<
recent blood transfusion same age, LID: Hb
for 2 months 5years) or 70 pmol/
normal
mol heme (= 5 years)
or RDW-CV > 14% or
RDW-SD > 43.39 fL
Hb <110 g/L
in the first and
third trimesters
Eseretal, 2018 Non-randomized ) ) Enzymatic -
55) Turkey intervention/ NI DM, hemoglobinopathies method of pregnancy or Ferritin <30 pg/L

<105g/Linthe
second trimester
of pregnancy
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Coimbra Souza EM. et al.

Interference of iron deficiency in HbATc

TaBLE 3. Continued

Study design/ HbA1c Diagnostic Biomarkers/
Author, year Country Irondose Main exclusion criteria measurement criteria for diagnostic criteria
administered method anemia for iron deficiency
Hashimoto and Cross- sectional/  Elevated CRP concentrations, -
Koga, 2018 (56) Japan NA CKD HPLC NI Ferritin < 15 pg/L
DM, infectious disease,
Intra et al, 2018 Ital Cross- sectional/ hematological disease, HPLC Hb <130 g/L (M) Ferritin <17 pg/L (M)
(57) Y NA anemia not caused by iron or<115g/L(F) or< 10 pg/L (F)
deficiency, CKD
IDA:Hb < 130 g/L
) ) Acute phase reaction (CRP (M) or <120 g/L -,
tjsg;xhaga' 20018 gpan  CTOSS Le;“ma'/ > 5.0 mg/L), macrocytic HPLC (F), LID: Hb > 130 Fer;'r“: ;050 ‘jf/(t)(M)
anemia g/L (M) or =120 H9
g/L(F)
Non-randomized DM, chronic inflammatory Ezrrﬁtrlnnirsollsf%l;
Madhuetal., India intervention/ 100 disease (CRP.> 0.6 mg/ HPLC Hb < 100 g/L umol/L, TIBC > 71.6
2017 (59) mg/day of Fefor3 dL), hemolytic anemia, R
months hemoglobinopathies, CKD wmol/L, transferrin
9 P ! saturation < 16%
Hemoglobinopathies,
Clinical trial/ 200 treatment with
Nasli-Esfagani et Iran mg/day of ferrous erythropoietin, active HPLC Hb <130g/L (M) Ferritin < 9 pg/L (M) or
al., 2017 (60) sulfate for 3 infection, recent blood loss or or<120g/L (F) < 15 pg/L (F)
months blood transfusion, hemolytic
anemia, CKD
Rajagopaletal., India Cross-sectional/ DM, hemolytic anemia, HPLC Hb < 130 g/L (M) Ferritin < 15 pg/L,
2017 (61) NA blood loss, CKD or<1209g/L(F) serum iron < 60 pg/dL
Attard et al., . Cross-sectional/ Hb <130 g/L (M) -
2015 (62) China NA NI HPLC or < 120 g/L (F) Ferritin <15 pg/L
. Ferritin < 15 pg/L,
Hongetal, South Korea Cross-sectional/ NI HPLC Hb <130g/L (M) transferrin saturation
2015 (63) NA or<120g/L(F) <10%
Christy etal., India Cross-sectional/ DM, hemoglobinopathies, HPLC Hb <120 g/L(M) or  Ferritin < 29 pg/L (M)
2014 (64) NA hemolytic anemia, CKD <1109g/L(F) or< 20 pg/L (F)
Shanthi etal., India Cross-sectional/ DM, hemoglobinopathies, Immuno- Hb < 110 /L Ferritin < 15 pg/L (M)
2013 (8) NA hemolytic anemia, CKD turbidimetry 9 or <9 ug/L (F)
Hardikar et al., : Cross-sectional/ Hb < 130 g/L (M) "
2012 (65) India NA NI HPLC or <120 g/L (F) Ferritin < 15 pg/L
Rafatetal, h Cross-sectional/ DM, blood transfusion, . Ferritin, serumiron,
India NA acute blood loss, hemolytic HPLC NI TIBC
2012 (66) anemia, Hb variants
Satriawibawa et Cross-sectional/ Chronicinflammation, Immuno-
Indonesia chronic bleeding, hemolytic - NI Serum iron < 50 pg/dL
al., 2012 (67) NA - - turbidimetry
anemia, thalassemia, CKD
Sinhaetal., 2012 h Non-randomized DM, acute'blood I.OSS' Cationexchange  Hb < 130 g/L (M) -
(68) India intervention/ NI hemolytic anemia, chromatograph or<120g/L (F) Ferritin <30 pg/L
hemoglobinopathies, CKD graphy g
Hb < 137 g/L (M 20
to 49 years) or < At least two of:
133g/L(M50t069  ferritin < 12.1 pug/L,
Ford etal, 2011 United Cross-sectional/ NI HPLC years) or < 124 g/L  transferrin saturation
(69) States NA (M =70years) < < 15%, erythrocyte
120 g/L(F20to 69 protoporphyrin>1.24
years) or < 118 g/L pmol/L
(F = 70years)
At least two of: ferritin
. . . < 15 pg/L, erythrocyte
Kimetal, United Cross-sectional/ R
2010 (70) States NA CKD HPLC NI protoporphyrin >

70 pg/dL, transferrin
saturation < 16%
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Coimbra Souza EM. et al.

Interference of iron deficiency in HbA1c

TasLE 3. Continued

Study design/ HbA1c Diagnostic Biomarkers/
Author, year Country Irondose Main exclusion criteria measurement criteria for diagnostic criteria
administered method anemia for iron deficiency
Kogaetal, Cross-sectional/ LID:Hb>114 g/L -
2010 (71) Japan NA NI HPLC IDA: Hb < 114 g/L Ferritin < 15 pg/L
Non-randomized
Cobanetal, intervention/ DM, hemoglobinopathies, Immuno- Ferritin < 15 pg/L (M)
Turkey 100 mg/day of ; 5 - NI
2004 (72) ferrous sulfate for hemolytic anemia, CKD turbidimetry or <9 ug/L (F)
3 months
Non-randomized Ferritin, serum iron
Tarim etal, 1999 Turkey intervention/ 6 NI HPLC NI transferrin saturation,

(73) mg/kg/day of oral

Fe for 3 months

TIBC

HbA1c - glycated hemoglobin. CKD - chronic kidney disease. CRP - C-reactive protein. DM - diabetes mellitus. F - female. Fe - elemental
iron. Hb -hemoglobin. HPLC - high performance liquid chromatography. ID - iron deficiency. IDA - iron deficiency anemia. LID - latent
iron deficiency. M - male. NI - not informed. NA - not applicable. RDW-CV - red cell distribution width. CV - coefficient of variation.
RDW-SD - red cell distribution width. SD - standard deviation. TIBC - total iron-binding capacity.

ceived four to six stars and were therefore classi-
fied as having moderate quality, 17 (0.40) received
one to three stars and were classified as having
low quality, and only one (0.02) received seven or
more stars and was classified as having high quali-
ty.

Table 4 shows sample size and characteristics of
the patients, main results, and effect of iron sup-
plementation on HbAlc concentrations in the stud-
ies included in the systematic review that assessed
HbA1c concentrations before and after iron sup-
plementation. Among the 19 studies, most includ-
ed adults (15/19), two included pregnant women,
one children and adolescents, and another adults
and adolescents. Some studies included patients
with type 1 diabetes mellitus (T1DM) (3/19) and
type 2 diabetes mellitus (T2DM) (3/19). Overall,
HbAlc concentrations decreased following iron
supplementation in the majority of studies (14/19),
increased in two studies - reflecting normalization
of initially low HbAlc concentrations - and re-
mained unchanged in three studies.

Table 5 shows sample size and characteristics of
patients, main results, and interference of IDA or
LID in the HbAI1c test in the studies included in the
systematic review that evaluated HbA1c concentra-
tions in patients with and without IDA or LID.

Among the 43 studies evaluating the interference
of IDA on HbA1c, most included adults of both sex-

Biochem Med (Zagreb) 2026;36(3):030503

es (31/43), with smaller proportions assessing preg-
nant women (5/43), women only (3/43), children
and adolescents (3/43), or adults and adolescents
(1/43). Diabetes status varied, with some studies
including patients with TIDM (3/43), T2DM (3/43),
or unspecified DM (5/43). Overall, IDA was associ-
ated with increased HbA1c concentrations in the
majority of studies (33/43), while a few reported
decreased (4/43) or unchanged values (6/43). Addi-
tional findings indicated that greater anemia se-
verity was linked to higher HbA1c, and that the ef-
fect of IDA on HbA1c may vary according to factors
such as pregnancy status, glycemic status and sex.

Among the 10 studies evaluating the effect of LID
(without anemia) (6/10) or iron deficiency (with or
without anemia) (4/10) on HbAlc, most included
adults of both sexes (8/10), with smaller propor-
tions assessing women only (1/10), and children
and adolescents (1/10). Diabetes status varied,
with some studies including patients with T2DM
(3/10), TIDM (2/10), and unspecified DM (2/10).
Overall, LID was associated with increased HbAlc
concentrations in two studies (2/6), whereas four
studies (4/6) reported no significant effect. In con-
trast, iron deficiency was consistently associated
with increased HbA1lc concentrations across all
four studies. Notably, the effect of LID and iron de-
ficiency on HbA1c may vary according to factors
such as glycemic status and sex.
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Interference of iron deficiency in HbATc

TaBLE4. Sample size and characteristics of patients, main results, and effect of iron supplementation on HbA1lc concentrations in stud-
iesincluded in the systematic review that assessed HbA1c concentrations before and after iron supplementation

Sample size and

.. HbA1c before iron HbA1c after Effect of iron supplementation
Author, year characteristics of . . P
. supplementation supplementation on HbA1c test
patients
Kanojia etal, 2024 21)  °° ad“\';ist‘}:":g‘:“t DM 7.16 + 0.88% 5.48 +0.31% <0001 Decreased in adults without DM
Patel et al., 2024 (26) 92 ad“\';ist‘r’]":g‘:”t DM 4.63 +0.32% 5.82 +0.34% <0001  Increased in adults without DM
shubham etal, 2024 50 adults without DM 592 +0.37% 5.49 +0.42% <0001 Decreased in adults without DM
(28) with IDA
27 adults with T2DM with
. IDA (16 weeks) 8123 +1.791% 7.989 £+ 2.201% >0.05 . .
Taatietal, 2024 (29)  »g . quits with T2 DM with 7122+ 1.612% 7311 = 2.106% 005 Nochangeinadults with T2DM
IDA (8 weeks)
Thakker et al., 2024 155 pregnant women o N Decreased in pregnant women
(30) without DM with IDA 5.53 £ 0.48% 5.23£0.44% <0.001 without DM
(A3'1Z)ahra“' etal, 2023 104 adults with IDA 5.75% 5.44% <0.001 Decreased in adults
i i (V) 0,
Nosheen etal., 2023 60 adults with TIDM with 8'60.3 %o o 7'60.8 %o 5 <0010 Decreasedin adults (women and
(35) IDA Women: 9.43% Women: 8.09% <0.010 men) with TIDM
(30 women and 30 men) Men: 7.79% Men: 7.12% <0.010
Aydinetal,202236)  '4° ad\‘,‘v'ittsh"l"[')t: T2DM 7.09+0.51% 6.69 +0.53% <0001  Decreased in adults with T2DM
(E;;/)\gouza etal, 2022 730 adults with IDA 615 +0.62% 5.25+0.45% <0.001 Decreased in adults
Altuntas et al., 2021 131 adults without DM 5.4+0.5% 5.5+0.3% 0057  No change in adults without DM
(43) with IDA
100 adults without Mild and moderate  Mild and moderate IDA: <0.001
Pilla etal., 2020 (48) DM with IDA (mild and IDA: 6.1 £0.23% 5.1 +£0.14% < 0'001 Decreased in adults without DM
moderate IDA x severe IDA) SeverelDA:5.5+0.24%  Severe|DA:4.6 + 0.2% ’
Purbey etal, 2020 (49) 0 ad“\':/?tmg‘: utDM 5.92+0.37% 5.49 + 0.42% <0001 Decreased in adults without DM
Akkermans et al., 2018 13 children an.d . Mean HbAlc No changein children and
(54) adolescents with NI difference=-0.12 + 0.611 adolescents with TIDM
T1IDMwith LID 0.58%
37 pregnant women o o Decreased in pregnant women
Eseretal., 2018 (55) without DM with IDA 5.01 £0.39% 4.69 +0.38% <0.05 without DM
60 adults without DM 5.0 +£0.6% (decrease of . .
0,
Madhu etal., 2017 (59) with IDA 5.5+0.7% 0.47%) <0.05 Decreased in adults without DM
45 adults with T2DM with su Ielnrﬁoer;tation' Iron supplementation: Decreased in adults with T2DM
Nasli-Esfaganietal., IDA who receivediron pe o pp o * <0.001 (iron supplementation reduced
2017 (60) supplementation and 45 7:59£1.16% 6.80£0.85% <0.001 more HbA1c than placebo, p =
; Placebo: 740 £ 1.01%  Placebo: 7.14 £ 0.95% ’ !
who received placebo 0.005)
) 50 adults and adolescents Increased in adults and
0, 0,
sinha et al, 2012 (68) without DM with IDA 4.6% 5.9% <0.001 adolescents without DM
Cobanetal, 2004 (72)  °° ad“\';ft‘r’lv:g‘:“t DM 74+0.8% 6.2+0.6% 0001  Decreased in adults without DM
11 adults with TIDM with 915+£2,47% 7,35+ 2,27% <0.001 Decreased in adults with TIDM
Tarim etal., 1999 (73) ID and 11 adults without ~ WithTIDM: 10.6 £+2.6%  WithT1DM: 8.3 + 2.6% <0.05 and without DM
DM with ID Without DM: 7.7 £1.3% WithoutDM:6.4+1.2% <0.05

DM - diabetes mellitus. Hb - hemoglobin. HbA1lc - glycated hemoglobin. ID - iron deficiency. IDA - iron deficiency anemia. LID - latent
iron deficiency. TIDM - type 1 diabetes mellitus. T2DM - type 2 diabetes mellitus. P < 0.05 was considered statistically significant.
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Interference of iron deficiency in HbA1c

TasLE 5.Sample size and characteristics of patients, main results, and interference of iron deficiency anemia or latent iron deficiency in
the HbAI1c test of the studies included in the systematic review that evaluated the HbA1c concentrations of patients with and without
iron deficiency anemia or latent iron deficiency

Author. vear Sample size and characteristicsof HbA1cof IDA/LID/ID  HbA1c of control P Interferencein
24 patients group group HbA1c testing
IDA did not alter
135 adults with DM with IDA . .
0 0,
Tedong et al., 2026 (15) 75 adults with DM without IDA 9.11 +2.72% 9.08 + 2.05% 0.91 HbA1c mDa’\(;IluIts with
50 adults without DM with IDA IDA increased HbA1c
i 0 {v)
Deepali et al., 2025 (16) 50 adults without DM without IDA 6.1+£04% >7£0.3% <005 in adults without DM
Koga and Ishibashi, 15 adults with IDA o N IDA did not alter
2025 (17) 12 adults without IDA 6.2%(5.3-9.1) 7.8%(7.2-8.4) 0.157 HbA1c in adults
60 adults without DM with IDA IDA increased HbA1c
0 (V)
Dutta et al., 2024 (18) 60 adults without DM without IDA 6.5+ 0.5% 513+0.8% <0.001 in adults
240 pregnant women with DM (67 5.67 = 1.03% 5.41 +£0.83% <0010 IDA increased HbA1c
Firat et al,, 2024 (19) with IDA and 173 without IDA) With DM: 6.4 + 0.7% With DM 6.0 + 0.4% < 0'010 in pregnant women
v 430pregnant women without DM Without DM: 5.2 + Without DM: 5.1 = S (')05 with DM, but not in
(103 with IDA and 327 without IDA) 0.9% 0.8% : those without DM
50 pregnant women without DM .
Haseena et al.,, 2024 with IDA 4.54 +0.66% IDA increased HbATc
. 6.21 +0.36% <0.001 in pregnant women
(20) 50 pregnant women without DM without DM
without IDA °
50 adults without DM with IDA IDA increased HbATc
i 0, 0
Kanojia et al., 2024 (21) 50 adults without DM without IDA 716 +0.88% 5:49+0.27% <0.001 in adults without DM
Kesharwani et al., 2024 100 adults without DM with IDA IDA increased HbA1c
! 0 0
22) 100 adults without DM without IDA 6.0£0.5% 5:4£0.4% <0001 4 adults without DM
Krishnan et al., 2024 50 adults without DM with IDA IDA decreased HbA1c
4 0, [v)
(23) 50 adults without DM without IDA 4.67+0.39% >42:£0.29% <0001 in adults without DM
60 adults without DM with IDA and IDA increased HbA1c
0, 0,
Kumar et al., 2024 (24) without IDA 6.8+ 1.1% 5.6 +0.9% 0.003 in adults without DM
88 adults with T2DM with IDA IDA decreased HbA1c
(V) 0
Nakum etal, 2024 (25) g . 4ults with T2DM without IDA 6.17£1.58% 775 £1.82% <0001 %) adults with T2DM
Suvethasri et al., 2024 100 adults without DM with IDA IDA increased HbA1c
4 0, 0
(27) 100 adults without DM without IDA >-87£1.25% 497 £1.59% <0.001 in adults without DM
Shubham et al., 2024 50 adults without DM with IDA o o IDA increased HbAlc
28) 50 adults without DM without IDA 5:92£0.37% >11£0.3% <0001 adults without DM
155 pregnant women without DM liaA lrzcrr?:zfdwg:snc
Thakker etal. 2024 With IDA (120 mild IDA x 30 moderate 5.44 +0.65% 4.87 +0.42% <0.010 Witf]oft oML e
(30) Y’ IDA x 5 severe IDA) Moderate IDA: 6.24% Mild IDA: 5.31% <0.001 worsenin 'of DA
155 pregnant women without DM Severe IDA: 6.52% Mild IDA: 5.31% <0.001 ening
without IDA severity increased
HbA1c
Alzahanietal., 2023 103 adults with IDA IDA increased HbA1c
’ 0, 0,
(31) 104 adults without IDA 275 +0.35% 3.32£048% 0.001 in adults
41 with DM (11 with IDA and 30 IDA increased HbA1c
Elsheikh et al., 2023 without IDA) With DM: 7.9% With DM: 6.91% <0.001 inadults with DM, but
(32) 404without DM (130 withIDAand 274  Without DM: 5.46% Without DM: 5.1% 0.249 not in adults without
without IDA) DM
55 adults without DM with IDA 491 £ 0.65% IDA increased HbA1c
0
Ghardeetal, 2023(33) ;o7 4. s without DM without IDA 6.04:£0.74% <0001 4 S dults without DM
) Greater severity of IDA
. 31 women with moderate IDA Severe IDA: 4.50 + Moderate IDA:5.18 . .
Janice etal, 2022 (39) 8 women with severe IDA 0.34% +0.35% <0.001 increased HbA1cin
women
Jyothsnaetal., 2022 30 adults without DM with IDA o o IDA increased HbA1c
(40) 30 adults without DM without IDA >8+0.40% 4.9£0.55% <0001 i1 adults without DM
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Interference of iron deficiency in HbATc

TaBLE 5. Continued

Sample size and characteristics of

HbA1c of IDA/LID/ID

HbA1c of control

Interferencein

Author, year patients group group P HbA1c testing
Raoetdl, 2022 (42 12,320 adults with IDA Men 5.7% Men: 5.4% < 0,001 'Di/: 'Sg{iﬁi‘:\:gg“
M 21,440 adults without IDA Women: 6.0% Women: 5.6% :
women
131 adults without DM with IDA (29 5.9+0.5%
Altuntasetal., 2021 mild IDA x 31 moderate IDA x 2 severe 5.4+ 0.5% HbA1c did not alter < 0.001 IDA decreased HbA1c
43) IDA) AETO as the severity of > 0.05 in adults without DM
132 adults without DM without IDA anemia worsened
. Mild IDA:5.39£0.38%  Without IDA 5.15 + HbA1cin women < 50
Bindayel, 2021(44) moderate and severe IDA) > 0.05 .
Moderate and severe 0.36% years of age without
38 women aged 20 to 50 years IDA: 5.40 + 0.35% DM
without DM without IDA PN RS
Kanchanaand Pushpa, 50 adults without DM with IDA o o IDA increased HbA1c
2021 (45) 50 adults without DM without IDA 74%0.5% >:2£08% <0001 in adults without DM
Mahgoob and Moussa, 72 children with TIDM with IDA 5 o IDAincreased HbA1c
2020 (47) 75 children with TIDM without IDA 8.04=1.59% 7:21£1.47% <0001 i1 hildren with TIDM
50 adults without DM with IDA o o IDA increased HbA1c
Purbey etal, 2020 (49) 50 adults without DM without IDA >.92£0.37% >11+£0.2% <0.001 in adults without DM
86 adults and adolescents without IDAincreased
DM with IDA HbA1cin adults and
V) V)
Intra et al, 2019 (51) 2,745 adults and adolescents without 5.59% 3.34% <0.001 adolescents without
DM without IDA DM
IDA: 5.6 + 0.4% (HPLC)
and 5.7 £ 0.4%
Mild IDA: 5.5 + 0.4% <0.001
. . o .
61 édults without DM with IDA (19 (HPLC) ar.1d. 5.5+0.3% 5.3 +0.4% (HPLC) <0001
mild IDA x 26 moderate IDA x 16 (turbidimetry) .
. and 5.3+ 0.3% IDA increased HbA1c
Silva etal., 2019 (52) severe IDA) Moderate IDA: 5.6 + (turbidimetry) 5005 in adults without DM
61 adults without DM without IDA 0.4% (HPLC) and 5.7 = Y :
0.4% (turbidimetry)
Severe IDA: 5.7 +0.4% > 005
(HPLC) and 5.9 + 0.4%
(turbidimetry)
42 pregnant women with IDA and <0.001 IDAincreased
Hashimoto and Koga, without IDA NI NI N HbA1cin pregnant
>0.05 .
2018 (56) 42 pregnantand nonpregnant NI NI women, but not in
women with IDA and without IDA nonpregnant women
109 adults and adolescents without
DM with IDA IDA increased HbA1c
0 0
Intra et al, 2018 (57) 2,516 adults and adolescents without 2-53% >-34% <0001 in adults without DM
DM without IDA
62 adults without DM with IDA IDA increased HbA1c
0 0
Madhu etal, 2017 (59) 60 adults without DM without IDA 35£07% 49£0.5% <0001 in adults without DM
75 adults without DM with IDA (40 5.12 £0.04% IDA increased HbATc
Rajagopaletal., 2017 mild IDA x 30 moderate IDA x 5 HbA1c increased < 0.001 . .
6.84 £0.07% . concentrations in
61) severe IDA) as the severity of <0.05 adults
75 adults without DM without IDA anemia worsened
476 adults with IDA 5.70 £ 0.02% 5.44 + 0.03% <0.001 .
) IDA increased
414 adults without IDA HbA1C in adults with
Hong et al., 2015 (63) Normoglycemia (FPG < 100 mg/dL) 5.59 + 0.02% 5.40 + 0.03% <0.001 normoglycemia
Prediabetes (100 < FPG < 126 mg/dL) 6.00 = 0.05% 5.75 + 0.06% 0.005 rediabe%e); and D’M
DM (FPG = 126 mg/dL) 7.40 £ 0.46% 6.81+0.23% 0.003 p
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Interference of iron deficiency in HbA1c

TaBLE 5. Continued

Sample size and characteristicsof HbA1c of IDA/LID/ID HbA1c of control Interferencein
Author, year . P R
patients group group HbA1c testing
5.65 + 0.69%
6.87 £ 1.4% Women: 5.82 +
Women: 7.02 + 1.58% 0.53%
Men: 6.67 + 1.06% Men: 5.59 + 0.85% <0.05
Normoglycemia: 6.43 Normoglycemia: <0.05
0, 0 i
120 adults (70 women and 50 men) ‘i- 1.07% 5.'46 +0.62% <0.05 IDA |ncreasefi HbA1c
R - B Prediabetes: 7.33 + Prediabetes: 5.89 + <0.05 concentrationsin
. without DM with IDA and without IDA .
Christy et al,, 2014 (64) . 1.55% 0.75% <0.05 women and men with
Normoglycemia (FPG < 100 mg/dL) . . .
Prediabetes (100 < FPG < 126 mg/dL) Normoglycemia: 6.47 Normoglycemia: <0.05 normoglycemia and
- +1.19% (women) and 5.61 +0.58% <0.05 prediabetes
6.36 + 0.88% (men) (women) and 5.45 + <0.05
Prediabetes: 7.63 + 0.67% (men) <0.05
1.76% (women) and Prediabetes: 5.96 +
6.95 + 1.15% (men) 0.46% (women) and
5.83 + 1.00% (men)
. 50 adults without DM with IDA IDA increased HbA1c
0, 0,
Shanthietal, 2013(8) 55 - jults without DM without IDA 76+0.5% >->+08% <0001 3 dults without DM
4,58 +0.33%
30 pregnant women without DM with 4.56 +0.36% (first <0.001
IDA trimester) < 0'001 IDAincreased HbA1c
Rafat et al., 2012 (66) 90 pregnant women without DM 5.19+0.32% 4.48 +0.34% < 0'001 in pregnant women
without IDA (30 in the first, 30 in the (second trimester) < 0'001 without DM
second, 30 in the third trimester) 4.69 +0.28% (third :
trimester)
6 children and adolescents with TIDM IDA did not alter
Satriawibawa et al., with IDA 11.3+2.5% 10.2+2.4% 0373 HbA1lcin children
2012 (67) 27 children and adolescents with : and adolescents with
TIDM without IDA T1DM
50 adults agt}j\/‘a\tjgﬁs;éints without IDA decreased
Sinha et al., 2012 (68) . 4.6% 5.5% <0.001 HbA1cin adults and
50 adults and adolescents without adolescents
DM without IDA
50 adults without DM with IDA IDA increased HbA1c
Coban etal, 2004 (72) 50 adults without DM without IDA NI NI < 0.001 in adults
447 adults with T2DM with IDA . o IDA and LID increased
(F:{f)deepa etal, 2022 123 adults with T2DM with LID :_IIDDA.~99.A11 : i%" 8.7+0.8% S g'ggl HbA1cin adults with
117 adults with T2DM without IDA/LID P E LR ’ T2DM
13 children and adolescents with Without absolute
T1IDM with absolute LID 211 without Absolute LID: 7.7 + LID: 8.1 £3.7%
absolute LID 3.1% Without funcional 0.360 IDA and LID did not
Akkermansetal., 2018 100 children and adolescents with Funcional LID: 8.2 + LID: 8.1 £3.7% 0.618 alter HbAlcin children
(54) T1DM with functional LID 104 without 3.6% Without IDA: 8.2 + 0'947 and adolescents with
functional LID IDA: 8.2 +3.1% 3.7% ’ T1IDM
7 children and adolescents with TIDM
with IDA and 220 without IDA
IDA (women < 50 years Women < 50 years
and FPG < 7.0 mmol/L): and FPG< 7.0
6.4+ 1.4% mmol/L: 5.5+ 0.9%
IDA (women >50years Women > 50 years 0.005
136 adults with T2DM with IDA Y Y IDAincreased HbA1c
. . oldand FPG < 7.0 oldand FPG < 7.0 . X
157 adults with T2DM with LID <0.001 in women with T2DM,
X X mmol/L): 7.0 £ 1.2% mmol/L: 6.0 + 0.8% . K
368 adults with T2DM without LID/ IDA (women < 50 Women < 50 vears but not in men with
Urrechaga, 2018 (58) IDA . =0y <0.001 T2DM
yearsoldand FPG>7.0 oldand FPG > 7.0 .
M > 50 and < 50 years and F > 50 and LID did not alter
mmol/L): 7.5 + 1.5% mmol/L:6.6 + 1.2% .
< 50years 0.004 HbATc in women or
FPG < 7.0 mmol/L and > 7.0 mmol/L IDA (women > 50 years . Women > 50 years men with T2DM
’ ’ old and FPG > 7.0 old and FPG > 7.0 005

mmol/L): 8.5 + 1.5%
LID (women), IDA
(men), LID (men)

mmol/L: 7.8 + 1.3%
Without LID/IDA
(women and men)
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TaBLE 5. Continued

Sample size and characteristicsof HbA1cof IDA/LID/ID  HbA1c of control Interferencein
Author, year . P R
patients group group HbA1c testing
With DM: 7.85% (IDA)
. - ; - . o
818 adults with DM with LID, with With DM: 7.54% (LID) With DM: 7.71% 005 IDA and LID did not

Ford etal, 2011 (69) IDA, and without LID/IDA

Without DM: 5.30%

alterHbA1cin adults

7,478 adults without DM with LID, (IDA) . . o R I
with IDA, and without LID/IDA Without DM: 5.39%  'VithoutDM:5.31% —>005  with and without DM
(LID)

50 women aged 20 to 50 years with
LID
Koga et al, 2010 (71) 17 women aged 20 to 50 years with
57 women aged 20 to 50 years
without LID/IDA

IDA:5.1 £0.2%
IDA LID:5.0+0.2% <0.05

IDA and LID increased
HbA1cin women < 50
years of age

4.8+0.2% <0.001

43 adults with T2DM with LID

Mukasa etal., 2026 (14) 37 4 its with T2DM without LID

7.82% (6.36-9.74)

LID did not alter

8.46% (6.82-9.93) >0.05 HbA1c in adults with

T2DM
Kumar et al, 2023 (24) 230 adults with and without ID 5.80 +0.43% 5.52 +0.50% <0001 P '”Crezzi‘?t:'bmc n
520 women with ID and 1,612 without 5.61 £0.53% 5.50 £ 0.64% <0.001 IDincreased HbA1c

Lyons et al., 2020 (46) ID
68 men with ID and 1,177 without ID

5.6 £ 0.5% (women)
5.7 £0.7% (men)

inwomen, but not
in men

5.5+ 0.6% (women) 0.002
5.5+ 0.7% (men) 0.088

53 adults with DM and good glycemic
control (33 with LID and 20 without

LID) DM (poor glycemic
control): 9.90 + 1.10%
DM (good glycemic
LID) control): 6.82 + 0.63%
Without DM: 5.46 +

33 with DM and poor glycemic

sabitha et al, 2020 (50) control (20 with LID and 13 without

50 without DM (10 with LID and 40

With DM: 8.74 + 1.82%

6.40 £ 1.33%

With DM: 8.07 £
6.80+ 1.82% 1.25% <0.01 ID increased HbA1c
DM (poor glycemic 0.04 in patients with DM
control): 8.90 £ 0.03 with poor glycemic
0.98% control, but not in

patients with DM
with good glycemic

DM (good glycemic 0.92
control): 6.80 =

; 0.44% 0.63 control or without DM
(V)
without LID) 0.38% Without DM: 5.38 +
0.49%
0,
37 adults with TIDM (11 with ID and 9.15+2.41% Wit8r.13T91i|S:/l.'8120/03 . 0.05 IDincreased HbAlcin
A ) ) o 1103+ . .
Tarimetal,, 1999 (73) 26 without ID) With TIDM: 10.6 + 2.6% 3.9% 0.05 adults without T1IDM,

31 adultswithout TIDM (11 with ID and
20 without ID)

Without TIDM: 7.7 +
1.3% T1DM

Without TIDM:5.9 005  Putnotinthosewith

+1.3%

DM - diabetes mellitus. F - female. FPG - fasting plasma glucose. GDM - gestational diabetes mellitus. Hb - hemoglobin. HbA1c - glycated
hemoglobin. ID - iron deficiency. IDA - iron deficiency anemia. LID - latent iron deficiency. M - male. NI - not informed. TS - transferrin saturation.
TIBC - total iron-binding capacity. TIDM - type 1 diabetes mellitus. T2DM - type 2 diabetes mellitus. FPG - fasting plasma glucose. P < 0.05 was

considered statistically significant.

Table 6 shows sample size and characteristics of
patients, main results, and interference in the risk
of classification as prediabetes or DM by HbATlc
test in the studies included in the systematic re-
view that assessed this risk.

Among these nine studies, most were conducted in
adults of both sexes (8/9), with only one including
children and adolescents. Overall, IDA was associat-
ed with an increased risk of HbAlc-based classifica-
tion as prediabetes in all four studies that assessed
this outcome and as DM in two of these studies. La-

https://doi.org/10.11613/BM.2026.030503

tent iron deficiency was associated with an in-
creased risk of classification as both prediabetes
and DM in two studies (2/3). Similarly, iron deficien-
cy was associated with an increased risk of classifi-
cation as prediabetes in two studies (2/3) and as
DM in one study (1/3). Some studies reported an in-
creased risk limited to prediabetes, whereas others
observed elevated risks for both prediabetes and
DM, with certain findings suggesting sex-specific
effects, particularly among women.
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TaBLE 6. Sample size and characteristics of patients, main results, and interference in the risk of classification as prediabetes or diabe-
tes mellitus by HbA1c testing in the studies included in the systematic review that assessed this risk

Sample sizeand

Interferencein therisk of

Author, year characteristics of Main results classification as prediabetes and
patients DM by HbA1c test
Each unit decrease in Hb increased the likelihood of
HbA1c values in the prediabetic and diabetic range by 2.61
(1.65-3.50) times and 2.40 (1.81-3.77) times, respectively (P
Dutta etal., 60 adults without DM < 0.001) IDA increased the risk of classification
2024 (18) with IDA and without IDA  Each unit decrease in serum ferritin increased the likelihood as prediabetes and DM in adults

of HbA1c values in the prediabetic and diabetic range by
1.02 (1.01-1.04) times and 1.01 (1.01-1.05) times, respectively
(P <0.001)

Estrellaetal.,
2022 (38)

12,151 adults with
DM, prediabetes and
normoglycemia with LID,
with IDA, and without
LID/IDA

IDA increased the risk of classification
as prediabetes and DM by HbATc in
women, but not in men

Women with IDA had a higher risk of classification as
prediabetes (OR = 2.35 (1.68-3.28)) and DM [OR
=3.60 (1.60-8.08)] by HbA1c
The increased risk of classification as prediabetes and DM LID did not alter the risk of
was not observed in women with LID orin men with IDAor  classification as prediabetes and DM
LID by HbA1c in women or men

Lyons etal.,

3,088 adults with DM or
normoglycemia with and

Women with ID had a higher risk of HbAlc > 5.5% to <6.5%
than women without ID [OR: 1.43 (1.08-1.87), P < 0.01]
There was no association between ID and increased risk of

ID increased the risk of classification as
prediabetes by HbAlc in women, but
notin men ID did not alter the risk of

2020 (46) ; HbA1c > 5.5% to <6.5% in men, and there was no association . R
without LID X . X classification as DM
between ID and increased risk of HbA1c > 6.5% in men or .
by HbA1c in women or men
women
50 adults with
nor‘:r:?)dllai)::\fizc\)/\r/ith The proportion of patients with prediabetes by HbA1c was
oA befofeyand teriron  higher in those with IDA (80%) than in those without IDA
Purbey etal, supplementation (0%) (P < 0.001) IDA increased therisk of classification
2020 (49) 5%padults with In the group of patients with IDA, the proportion of as prediabetic by HbA1c in adults
; prediabetic patients decreased from 80% to 30% after iron
prediabetesor ;
S supplementation (P < 0.001)
normoglycemia without
IDA
Regression analysis demonstrated that transferrin
689 children and concentrations and transferrin saturation were significantly . . . )
R . ) - . ID increased the risk of classification
Weietal, adolescents with DM associated with HbA1c concentrations (P < 0.05) X R
) . . - . as DM or prediabetes by HbA1cin
2019 (53) or prediabetes or The highest risk of HbA1c > 5.7% was found in the highest children and adolescents
normoglycemia serum transferrin quartile and lowest transferrin saturation
quartile in girls and boys
The proportion of individuals diagnosed with DM by HbA1c
was lower in those with LID (M: 12.9% and W: 19.1%) than in
those without LID (M: 25.1% and W: 38.3%) (P < 0.05)
227 adults with DM The proportion of individuals diagnosed with prediabetes
Attard etdl. or prediabetes or by HbA1c was higher in those with LID (H: 63% and M: 55.2%) LID decreased the risk of classification
N normoglycemia with LID,  than in those without LID (F: 42.6% and M: 49.0%) (P < 0.05) as DM by HbA1c in women, but not
2015 (62) with IDA and without Women with LID had a lower relative risk of being classified in men
LID/IDA as having DM by HbA1c than by FPG [RRR =
0.37 (0.15-0.88)] after adjusting for covariates
Among women with LID, a lower percentage was predicted
to have DM by HbA1c (0.5%) than by FPG (1.5%)
The weighted proportions of HbAlc concentrations = 5.7%
o ) . . . .
. an.d > 6.1% were hlgher |p patients with IQA thanin those IDAincreased the risk of classification
9,775 adults with DM or without IDA after adjusting for confounding factors (P < . :
Hongetal, L . as prediabetes by HbATc in adults
normoglycemia with IDA 0.001 and P < 0.012, respectively) . .
2015 (63) and 476 without IDA IDA did not alter the risk of

The weighted proportion of an HbAlc level = 6.5% did
not differ between patients with and without IDA after
adjusting for confounding factors

classification as DM by HbA1c in adults
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TABLE 6. Continued

Sample sizeand
characteristics of
patients

Author, year

Main results

Interference in therisk of
classification as prediabetes and
DM by HbA1c test

116 adults aged 21 years
with DM or prediabetes
or normoglycemia

Hardikar etal.,
2012 (65)

The prevalence of prediabetes was 7.8% by OGTT and 23.3%
by HbA1c, and the prevalence of DM was 2.6% by OGTT and
2.6% by HbA1c
Twenty-four patients who were normoglycemic by OGTT
were misclassified as having prediabetes or DM by HbA1c,
and six patients with prediabetes or DM by OGTT were
misclassified as normoglycemic by HbA1c
Patients classified as having prediabetes or DM by HbA1c
had lower ferritin concentrations (23.2 (6.6-46.7)) ng/mL]
than those classified as normoglycemic by HbA1c (25.8
(7.9-53.8)) ng/mlLl].

Lower ferritin concentrations were significantly associated
with higher HbA1c concentrations in the multivariate
analysis

LID increased the risk of classification
as prediabetes and DM by HbA1c in
adults aged 21 years

1,225 adults with DM or
prediabetes or DM
with IDand 9310 adults
without ID

Kim et al., 2010
(70)

ID was associated with an increased risk of HbA1c > 5.5%
and = 6.5% in women before and after adjustment for
covariates
ID was not associated with an increased risk of HbAlc >
5.5% in men after adjusting for covariates The difference in
the predicted prevalence of HbAlc > 5.5% between women
with and without ID was significant after adjusting for
covariates (P < 0.05)

The difference in the predicted prevalence of HbAlc = 6.5%
between women with and without ID and of
HbA1c > 5.5% between men with and without ID was not
significant after adjusting for covariates

ID increased the risk of classification
as prediabetes and DM by HbATc in
women, but notin men

DM - diabetes mellitus. F - female. HbA1lc - glycated hemoglobin. ID - iron deficiency. IDA - iron deficiency anemia. LID - latent iron
deficiency. M - male. FPG - fasting plasma glucose. OGTT - oral glucose tolerance test.

TaBLE 7. Subgroup analysis of the meta-analysis that compared HbA1c concentrations before and after iron supplementation

Mean difference of HbA1c

Subgroup (95% Cl) P
Both sexes -0.54% (- 1.05 to - 0.04) 0.04
Pregnant women -0.31% (- 0.39 to - 0.22) < 0.001
Only patients with DM -0.56% (- 0.94 to - 0.18) 0.004
Patients with DM were excluded - 0.46% (- 1.02 to 0.09) 0.10
HbA1c was determined by HPLC -0.45% (- 0.81 to - 0.08) 0.02
HbA1c was determined by immunoturbidimetry -0.74% (- 1.62 to 0.14) 0.10
Patients with anemia not caused by iron deficiency were excluded -0.35% (- 0.52 to - 0.18) <0.001
Patients with CKD were excluded -0.36% (- 0.56 to - 0.17) <0.001
Patients with inflammation or elevated CRP were excluded -0.42% (- 0.53 t0 - 0.32) <0.001
Anemia was defined by Hb < 120 g/L (F) and < 130 g/L (M) -0.34% (- 0.68 to 0.00) 0.05

Cl - confidence interval. CKD - chronic kidney disease. CRP - C-reactive protein. DM - diabetes mellitus. F - female. Hb -
hemoglobin. HbA1c - glycated hemoglobin. HPLC - high performance liquid chromatography. M - male. P < 0.05 was considered

statistically significant.
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A Afteriron Before iron Mean Difference Mean Difference
Study Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Altuntas et al., 2021 55 03 13 54 05 131 7.7% 0.10[0.00, 0.20] =~

Aydin etal., 2022 6.69 053 146 709 051 146 76% -040[-052,-0.28] -

Coban etal,, 2004 6.2 06 50 7.4 0.8 50  7.4% -1.20[1.48,-082] -

El-Agouza etal, 2022 525 045 730 615 062 730 7.7% -0.80[-096,-0.84) -

Eseretal, 2018 468 038 37 501 039 37 T6% -0.32[-0.50,-0.14] -

Kanojia etal., 2024 548 031 50 716 0.88 50 75% -1.68[1.94,-1.42] i

Madhu et al., 2017 5 06 62 5.5 0.7 62 75% -050[-0.73,-027] -
MNasli-Esfagani etal., 2017 6.8 085 45 7589 1.16 45  T7T1% -0.78[1.21,-0.37] e

Patel et al., 2024 5.82 0.34 92 463 0.32 92 77% 1.19[1.08, 1.29)] -
Purbeyetal., 2020 549 042 50 592 0.37 50 76% -043[-059,-027] -
Shubham et al,, 2024 549 042 50 592 037 50 76% -0.43[0.59,-027] -

Taati etal, 2024 7.989 220 27 8123 179N 27 51%  -0.13[1.20,0.94] . E—
Tarim et al., 1999 735 227 22 815 247 22 41%  -1.80[3.20,-0.40]

Thakker et al., 2024 523 044 155 553 048 155 7.7% -0.30[-040,-0.20] -

Subtotal (95% CI) 1647 1647 100.0% -0.50 [-0.92, -0.09] e
Heterogeneity: Tau®=0.59; Chi*= 1606.62, df=13 (P < 0.00001); F= 99%

Test for overall effect Z=2.36 (P=0.02)

Total (95% CI) 1647 1647 100.0% -0.50[-0.92, -0.09] —
Heterogeneity: Tau*=0.59; Chi*=1606.62, df=13 (P < 0.00001); F= 99% t

Testfor overall effect: Z=2.36 (P =0.02)
Testfor subdroup differences: Not applicable
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FIGURE 2. A) Meta-analysis of studies evaluating glycated hemoglobin (HbA1c) concentrations before and after iron supplementa-

tion. B) Funnel plot

The results of the meta-analyses are shown in Fig-
ures 2A, 3A, and 4A and funnel plots in Figures 2B,
3B, and 4B. Fourteen studies were included in the
meta-analysis that compared HbAlc concentra-
tions before and after iron supplementation (Fig-
ure 2A). The random model was used to perform
the meta-analysis, as the studies were heterogene-
ous (P < 0.001 and I> = 99%). The meta-analysis
showed that HbAlc concentrations decreased by
an average of - 0.50% (- 0.92 to - 0.09) or 5.46 mmol/
mol (- 10.05 to - 0.98) after iron supplementation (P
= 0.02). HbAlc concentrations decreased after iron

Biochem Med (Zagreb) 2026;36(3):030503

supplementation across multiple subgroup analy-
ses (Table 7), including both sexes, pregnant wom-
en, studies including patients with DM, and those
excluding individuals with CKD, anemia not caused
by iron deficiency, or inflammation and/or elevated
CRP, as well as when HbAlc was measured using
HPLC and when anemia was defined according to
the WHO (12). However, this effect was not ob-
served in the subgroup in which HbA1c was meas-
ured by immunoturbidimetry, or in studies that ex-
cluded patients with DM.
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Thirty studies were included in the meta-analysis
comparing HbAlc concentrations in patients with
and without IDA (Figure 3A). A random model was
used to perform the meta-analysis, as the studies
were heterogeneous (P < 0.001 and I2= 100%). The

meta-analysis showed that HbAlc concentrations
were higher in patients with IDA than in those
without IDA, with a mean difference of 0.66% (0.31
to 1.00) or 7.21 mmol/mol (3.39 to 10.93) (P < 0.001).
Concentrations of HbAlc were higher in patients

A Iron Deficiency Anemia Control Mean Difference Mean Difference
Study Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Akkermans etal., 2018 8.2 31 7 82 37 220 1.3% 0.00[-2.35, 2.35]

Altuntas et al., 2021 54 0.5 13 59 05 132 35% -0.50[062,-0.38] -

Azahanietal., 2023 575 0.35 103 532 048 104 35% 0.43[0.32,0.54] -
Bindayel, 2021 5.4 0.36 21 515 0.36 38 35% 0.25[0.06, 0.44] —
Deepalietal, 2025 6.1 0.4 50 57 03 50 3.5% 0.40[0.26, 0.54] -

Dutta et al., 2024 6.5 0.5 60 513 0.8 B0  35% 1.37[1.13,1.61] -
Firatetal, 2024 5.67 1.03 170 541 083 500 35% 0.26[0.09, 0.43] ™

Gharde et al,, 2023 6.04 0.74 55 491 065 56 3.5% 1.13[0.87,1.39] -
Haseenaetal,, 2024 6.21 0.36 50 454 0686 50 35% 1.67 [1.46,1.88] -
Hong etal., 2015 5.7 0.02 476 544 003 414 35% 0.26 [0.26, 0.26] '

Jyonthsna et al., 2022 58 0.4 30 49 055 30 35% 0.90[0.66,1.14] -
Kanchana e Pushpa, 2021 T4 0.5 50 52 08 50 3.5% 2.20[1.94, 2.46) -
Kanojia et al,, 2024 716 0.88 50 549 027 50 35% 1.67[1.41,1.93] -
Kesharwani et al., 2024 B 0.5 100 54 04 100 35% 0.60[0.47,0.73] -
Kogaetal, 2010 5.1 0.2 17 48 0.2 57 35% 0.30[0.19,0.41] -

Krishnan et al,, 2024 4 67 0.39 50 542 029 50 35% -0.75[0.88,-0.62] -

Madhu et al., 2017 55 0.7 62 49 05 B0  35% 0.60[0.38,0.82) -
Mahgoob e Moussa, 2020 8.04 1.59 727 147 75 33% 0.83[0.33,1.33] I
MNakum et al., 2024 617 1.58 88 7.75 1.82 88 33% -1.58[2.08,-1.08] I

Pradeeopa et al., 2022 9.1 1.7 447 87 08 M7 35% 0.40[0.19, 0.61] -

Purbey et al., 2020 592 0.37 50 511 0.2 50 3.5% 0.81 [0.69, 0.93] -
Rafatetal, 2012 519 0.32 30 458 033 90  3.5% 0.61 [0.48, 0.74) -
Rajagopal etal., 2017 6.84 0.07 75 512 004 75 35% 1.72[1.70,1.74)

Saietal, 2024 5.87 1.25 100 497 159 100 3.4% 0.90 [0.50,1.30] -
Satriawibawa etal., 2012 1.3 25 6 102 24 27 1.4% 1.10 [1.10, 3.30)

Shanthietal., 2013 76 0.5 50 55 08 50  35% 2.10[1.84, 2.36) -
Shubham et al., 2024 592 0.37 50 511 03 50  3.5% 0.81 [0.68, 0.94) -

Silva etal., 2019 56 0.4 61 53 04 61 3.5% 0.30 [0.16, 0.44] -

Tedong et al., 2026 9.11 272 135 9.08 205 75 31% 0.03 [[0.62, 0.68) T
Thakker et al., 2024 5.44 0.65 155 487 042 155 35% 0.57 [0.45, 0.69) -
Subtotal (95% Cl) 2801 3034 100.0% 0.66 [0.31, 1.00] &
Heterogeneity. Tau®= 0.86; Chi®= 25234.92, df= 29 (P < 0.00001); F=100%

Test for overall effect. Z=3.75 (P=0.0002)

Total (95% CI) 2801 3034 100.0% 0.66 [0.31, 1.00] <
Heterogeneity: Tau®= 0.86; Chi*= 25234.92, df= 29 (P =< 0.00001); F=100% t t

Test for overall effect: Z= 3.75 (P = 0.0002)
Test for subaroup differences: Not applicahle
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FiGure 3. A) Meta-analysis of studies evaluating the interference of iron deficiency anemia in glycated hemoglobin (HbA1c) concen-

tration. B) Funnel plot
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TasLE 8. Subgroup analysis of the meta-analysis that compared HbA1c concentrations in patients with and without iron deficiency

anemia
Subgroup Mean difference of HbA1c p
(95% ClI)

Adults 0.66% (0.31 to 1.01) <0.001
Children and adolescents 0.81% (0.34 to 1.28) < 0.001
Both sexes 0.67% (0.27 to 1.06) 0.001
Nonpregnant women 0.29% (0.19 to 0.38) <0.001
Pregnant women 0.77% (0.30 to 1.24) 0.001
Only patients with DM 0.09% (- 0.45 to 0.62) 0.75
Patients with DM were excluded 0.85% (0.37 to 1.32) <0.001
HbA1c was determined by HPLC 0.45% (- 0.04 to 0.95) 0.07
HbA1c was determined by immunoturbidimetry 0.91% (0.17 to 1.65) 0.02
Patients with anemia not caused by iron deficiency were excluded 0.69% (0.32 to 1.06) <0.001
Patients with CKD were excluded 0.94% (0.53 to 1.34) < 0.001
Patients with inflammation or elevated CRP were excluded 0.63% (0.33 t0 0.93) <0.001
Anemia was defined by Hb < 120 g/L (F) and < 130 g/L (M) 0.49% (- 0.02 to 1.00) 0.06
Iron deficiency was defined by ferritin < 15 ug/L (= 5 years old) and < 12 0.44% (- 0.17 to 1.05) 016

Mg/L (< 5 years old)

CKD - chronic kidney disease. CRP - C-reactive protein. DM - diabetes mellitus. F - female. Hb - hemoglobin. HbA1c - glycated
hemoglobin. HPLC - high performance liquid chromatography. M - male. P < 0.05 was considered statistically significant.

with IDA compared with controls across several
subgroup analyses (Table 8), including adults, chil-
dren and adolescents, both sexes, nonpregnant
women, pregnant women, and studies excluding
individuals with DM, CKD, anemia not caused by
iron deficiency, or inflammation and/or elevated
CRP, as well as when HbA1c was measured by im-
munoturbidimetry. In contrast, this association
was not observed in subgroups in which HbAlc
was measured by HPLC, when iron deficiency and
anemia were defined according to WHO criteria, or
in studies including patients with DM (12,13).

Four studies were included in the meta-analysis
comparing HbAlc concentrations in patients with
and without LID (Figure 4A). The random model
was used to perform the meta-analysis, as the
studies were heterogeneous (P < 0.001 and I? =
89%). The meta-analysis showed that HbA1lc con-
centrations were higher in patients with LID or iron
deficiency than in those without these conditions,
with a mean difference of 0.66% (0.01 to 1.32) or
7.21 mmol/mol (0.11 to 14.43) (P = 0.05).
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Discussion

Iron deficiency anemia interferes with HbA1c meas-
urement, leading to elevated HbAlc concentra-
tions, as reported in most studies included in this
systematic review, and corroborated by meta-
analysis. Latent iron deficiency may also be associ-
ated with increased HbAlc concentrations, as indi-
cated by meta-analysis (8,16,18-22,24,27,28,30-
33,39-42,45,47,49,51,52,56-59,61,63,64,66,71,72).
However, few studies evaluated this issue, and this
finding was not consistently observed across the
studies included in the systematic review, since
only two of the six studies reported an association
between LID and increased HbAlc concentrations
(41,71). Furthermore, all studies that evaluated the
interference of iron deficiency, regardless the pres-
ence of anemia, on HbAlc found increased HbAlc
concentrations (24,46,50,73).

The elevation of HbAlc concentrations observed
in patients with IDA or LID may be attributed to
prolonged red blood cell survival. In iron deficien-
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A
Iron deficiency Control Mean Difference Mean Difference

Study Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

Akkermans et al., 2018 7.7 31 13 81 37 21 98% -0.40[-2.15,1.35]

Koga etal., 2010 5 02 50 48 0.2 57 33.7% 0.20[0.12,0.28]

Pradeeopa et al., 2022 9.4 2 123 87 08 117 303% 0.70[0.32,1.08] ——

Sabitha etal,, 2020 8.22 197 63 6.6 1.61 73 26.1% 1.62[1.01,2.23] S E—
Subtotal (95% CI) 249 468 100.0% 0.66 [0.01, 1.32] — T
Heterogeneity. Tau®= 0.33, Chi*= 26.76, df= 3 (P < 0.00001); F= 89%

Test for overall effect. Z=1.99 (P = 0.05)
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FiGURE 4. A) Meta-analysis of studies that evaluated the interference of latent iron deficiency on glycated hemoglobin (HbA1c) con-

centrations. B) Funnel plot

¢y, erythropoiesis is reduced, leading to an in-
creased lifespan of circulating erythrocytes. Be-
cause the red blood cell membrane is highly per-
meable to glucose, this prolonged exposure en-
hances hemoglobin glycation, resulting in falsely
elevated HbA1c concentrations (6,74). Additionally,
iron deficiency may alter the structure of hemo-
globin and promote hemoglobin peroxidation, ac-
celerating hemoglobin glycation (6). This interfer-
ence of IDA and LID on HbATlc concentrations was
corroborated by studies showing that treatment
of iron deficiency reduced HbA1c concentrations,
a finding that was confirmed by meta-analysis
(21,28,30,31,35-37,48,49,55,59,60,72,73).

Among the eleven studies included in this system-
atic review that evaluated the interference of IDA
on HbATc testing in patients with DM, six reported
falsely elevated HbAlc concentrations (19,32,41,
47,58,63). The remaining five studies did not report

https://doi.org/10.11613/BM.2026.030503

falsely elevated HbA1lc concentrations (15,25,54,
60,67). Among the four studies that evaluated the
interference of LID on HbA1lc testing in patients
with DM, only one reported falsely elevated HbAlc
concentrations (41). The remaining three studies
did not report falsely elevated HbAlc concentra-
tions (14,54,58). Furthermore, both studies that
evaluated the interference of iron deficiency, re-
gardless of the presence of anemia, on HbA1c test-
ing in patients with DM found increased HbA1lc
concentrations (50,73). Therefore, while IDA ap-
pears to interfere with HbA1lc test in patients with
DM, leading to falsely elevated results, LID does
not appear to result in significant interference in
these patients. Some studies have also shown that
the severity of IDA can intensify the false increase
in HbA1c concentrations (30,39,61).

The false elevation of HbAlc caused by interfer-
ence from IDA has important implications for clini-
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cal practice, as HbAlc values may not accurately
represent actual glycemic status (75). The Ameri-
can Diabetes Association and the European Asso-
ciation for the Study of Diabetes recommend that
HbA1c remain below the target of 7.0% for patients
with TIDM and T2DM in order to avoid long-term
complications (76). When HbAlc concentrations
remain > 7% despite treatment with oral antidia-
betic drug or insulin, clinicians often intensify ther-
apy by increasing dosages or introducing addi-
tional medications to achieve adequate glycemic
control. However, in the presence of falsely elevat-
ed HbAI1c values, this approach may lead to over-
treatment and a higher risk of hypoglycemia (75).
Therefore, HbA1c results in patients with DM and
IDA should be interpreted with caution. In clinical
scenarios where HbATc reliability is compromised,
alternative glycemic markers, such as self-monitor-
ing of blood glucose, continuous glucose monitor-
ing, fructosamine, or glycated albumin, are recom-
mended (77).

Overestimation of HbAlc may also affect individu-
als without DM, leading to potential misdiagnosis
of DM or prediabetes when values are falsely ele-
vated due to IDA or LID. This issue was evaluated
in nine studies (18,38,46,49,53,62,63,65,70). Among
these, four studies reported that IDA increased the
risk of classification as prediabetes (18,38,49,63).
Two of these studies also reported an increased
risk of classification as DM (18,38). Latent iron defi-
ciency was associated with an increased risk of
classification as both prediabetes and DM in one
study (65). Iron deficiency, regardless of the pres-
ence of anemia, was associated with an increased
risk of classification as prediabetes in three studies
(46,53,70). Two of these studies also reported an
increased risk of classification as DM (53,70). These
findings indicate that HbAlc testing may lead to
misdiagnosis of DM and prediabetes in individuals
with IDA or LID. Given the high prevalence of these
conditions, caution is warranted when interpret-
ing HbA1c values. In patients with suspected iron
deficiency, evaluation with a complete blood
count to detect anemia, along with biomarkers of
iron metabolism, preferably serum ferritin, should
be considered. When iron deficiency is present, its
correction and the use of alternative glycemic
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markers may be appropriate before establishing a
definitive diagnosis (7,8). According to the Ameri-
can Diabetes Association, in clinical conditions as-
sociated with an altered relationship between
HbA1c and glycemia, including disorders affecting
red blood cell turnover, such as IDA, the diagnosis
of DM should be based on plasma glucose criteria
rather than HbA1c (77).

Furthermore, some studies have shown that IDA
and LID increased the risk of classification as pre-
diabetes and/or DM only in women, but not in
men (38,46,70). In addition, two studies reported
that women with iron deficiency had higher HbAlc
concentrations compared to the control group,
whereas no significant difference was observed
among men (46,58). This may be explained by
higher prevalence of IDA and LID in women, which
is related to menstrual blood loss and nutritional
deficiencies, particularly among those of repro-
ductive age, and is associated with shifts in HbAlc
distribution to higher concentrations (38,46,70).

Although most studies report falsely elevated
HbA1c concentrations in IDA, some investigations
have observed lower HbAlc values and increased
concentrations  after iron supplementation
(23,25,26,43,68). These conflicting findings may be
explained by differences in the diagnostic criteria
used to define IDA, laboratory methods used for
HbA1c measurement, and the presence of associ-
ated conditions, such as CKD, hemoglobinopa-
thies, and other non-IDAs, which may reduce
HbAlc concentrations, as well as inflammatory
conditions, which may increase ferritin concentra-
tions and interfere with the diagnosis of iron defi-
ciency (78,79).

The assessment of publication bias, conducted
through visual inspection of the funnel plots (Fi-
gures 2B, 3B, and 4B), demonstrated patterns of
dispersion that suggest potential biases, with the
analysis of Figure 4B being particularly limited by
the small number of studies included in the meta
-analysis of LID. This perception is corroborated by
the methodological quality analysis, which revea-
led that most intervention studies (14/19) have a
serious risk of bias according to the ROBINS-I V2
tool, while cross-sectional studies were mostly of
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moderate (24/42) or low (17/42) quality according
to the NOS. Among the main factors that compro-
mised the scientific rigor of the included studies
were the absence of rigorous control for confoun-
ding variables, such as the presence of CKD and
anemia not caused by iron deficiency, the non-s-
trict adherence to the WHO diagnostic criteria for
anemia and iron deficiency, and the use of labora-
tory methods for HbAlc without National Glycohe-
moglobin Standardization Program (NGSP) certifi-
cation. These methodological weaknesses explain
the high statistical heterogeneity detected in the
meta-analyses and impose caution in generalizing
the findings.

The American Diabetes Association recommends
that HbA1c should be measured in a laboratory us-
ing methods certified by the NGSP and traceable to
the International Federation of Clinical Chemistry
(IFCC) reference system, ensuring alignment with
the Diabetes Control and Complications Trial
(DCCT) assay (77). However, the NGSP recognize
that HbA1c results may be affected by biological
factors, regardless of the analytical method used
(78). Thirty-three studies used HPLC to measure
HbA1c (16,17,19,22,31,34,36,38,40,41,43,44,46,50-
54,56-66,69-71,73). However, only eight studies re-
ported using an NGSP-certified method
(18,51,52,56,57,59,65,70). Subgroup analysis sugges-
ted that immunoturbidimetric methods may be
more susceptible to interference from IDA, resul-
ting in more pronounced elevations in HbAlc com-
pared to HPLC. One possible explanation is that tur-
bidimetric methods rely on antibodies to recognize
the glycated fraction of hemoglobin. In the presen-
ce of IDA, structural alterations in hemoglobin may
promote cross-reactivity or exaggerated antibody
binding, potentially leading to falsely elevated re-
sults. In contrast, HPLC separates hemoglobin frac-
tions based on ionic charge, which may make it less
sensitive to certain structural changes that do not
significantly affect the isoelectric point of the mole-
cule (6,80).

According to the WHO, anemia is defined by hemo-
globin concentrations < 120 g/L in nonpregnant
women and < 130 g/L in men aged 15-65 years,
with specific reference values also established for
children and pregnant women (12). Iron deficiency
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is defined by serum ferritin concentrations < 12
pg/L in children under 5 years of age and < 15 ug/L
in individuals aged 5 years or older (13). However,
only a subset of the included studies applied these
criteria for the diagnosis of anemia and/or iron defi-
ciency, which contributed to the heterogeneity ob-
served across studies (15,18,19,22-24,28,29,31-
33,36,41,43,44,46-49,51,52,54-56,58-63,65,68,71).
This finding was supported by subgroup analysis,
which showed that the associations between IDA
and increased HbA1c was not observed in studies
that strictly applied the WHO criteria to define ane-
mia and iron deficiency. This indicates that HbAlc
elevation may be less consistent when more strin-
gent diagnostic criteria are employed.

Another limitation of this systematic review is that
exclusion criteria varied widely across the included
studies. Several studies excluded patients with
anemia not caused by iron deficiency, such as
hemoglobinopathies, hemoglobin variants, thalas-
semia, hemolytic anemia, acute or chronic blood
loss, which is important since these can result in
falsely reduced HbA1c concentrations (8,14-16,18-
24,27-34,36,39-41,43-49,51,54,55,57-61,64,66-
68,72,78). Patients with CKD were also excluded in
many studies, which is relevant because CKD may
lead to anemia of chronic disease and falsely re-
duced HbAlc concentrations (8,14,16,18,20,
22,24,27,28,30,31-34,36,38-40,43-46,49,51,56,57,
59-61,64,67,68,70,72,81). Subgroup analysis dem-
onstrated that IDA was associated with increased
HbA1c concentrations, and iron supplementation
was associated with a reduction in HbA1c concen-
trations in studies that excluded patients with CKD
or anemia not caused by iron deficiency. However,
these findings should be interpreted with caution,
given the considerable heterogeneity across stud-
ies in the definition of anemia not caused by iron
deficiency.

Some studies excluded patients with inflammato-
ry or infectious conditions and/or elevated CRP
concentrations (15,19,36,40,50,51,54,56-60,67). This
is an important consideration, as ferritin is an
acute-phase reactant, and its concentration in-
crease in the presence of inflammation, potentially
interfering with the diagnosis of IDA and LID when
assessed by ferritin concentrations (13,79). Sub-
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group analysis demonstrated that IDA was associ-
ated with increased HbA1c concentrations, and
iron supplementation was associated with a re-
duction in HbAlc concentrations in studies that
excluded patients with inflammation and/or ele-
vated CRP.

Subgroup analysis also showed that the associa-
tion between IDA and elevated HbA1lc remained
significant across various population groups, in-
cluding adults of both sexes, nonpregnant and
pregnant women, children and adolescents, and
individuals without DM. Therefore, the findings of
this study consolidate and expand the evidence
on the interference of iron deficiency in HbAlc
measurement, demonstrating, based on a meta-a-
nalysis of 30 studies, that IDA is associated with a
significant increase in HbAlc concentrations, in
contrast to previous systematic reviews that in-
cluded a smaller number of studies (82,83). Fur-
thermore, these results corroborate prior evidence
that iron supplementation reduces HbA1c concen-
trations (5,84). However, the methodological quali-
ty assessment and subgroup analyses indicate
that these findings should be interpreted with
caution, as the methods used to measure HbAlc
and the diagnostic criteria for anemia and iron de-
ficiency represent important sources of bias.

Some additional relevant aspects of this study in-
clude the analysis of the effect of LID on HbAIlc
concentrations, which may also be associated with
increased HbA1c concentrations. However, this
finding is limited by the small number of available
studies. Another relevant aspect was the assess-
ment of the risk of diagnostic error, suggesting
that iron deficiency may increase the likelihood of
misclassifying individuals as prediabetic or diabet-
ic, although the current evidence remains incon-
clusive.

References

1. World Health Organization. The global prevalence of anae-
mia in 2011. Geneva: World Health Organization; 2015.

2. Gardner W, Kassebaum N. Global, regional, and national
prevalence of anemia and its causes in 204 countries and
territories, 1990-2019. Current Developments in Nutrition.
2020;4:830. https://doi.org/10.1093/cdn/nzaa053_035

Biochem Med (Zagreb) 2026;36(3):030503

In conclusion, IDA interferes with HbAlc measure-
ment, leading to falsely elevated HbA1c concentra-
tions. This effect was observed in most of the stu-
dies included in the systematic review and was
corroborated by the meta-analysis results. Howe-
ver, these findings should be interpreted with cau-
tion, particularly because the HbAlc assay used,
including NGSP-certified HPLC methods, and the
diagnostic criteria for anemia and iron deficiency,
such as WHO definitions, may influence the mag-
nitude of this effect. Latent iron deficiency may
also be associated with increased HbAlc concen-
trations, as indicated by meta-analysis. However,
this finding is limited by the small number of avail-
able studies.

Given the high prevalence of IDA and LID in the
general population, it is important that HbA1lc tes-
ting be accompanied by a complete blood count
and assessment of iron status, preferably ferritin.
This approach may help ensure a more accurate
interpretation of HbAlc results in individuals with
iron deficiency.

Author contributions

EM Coimbra Souza - Conceptualization, Methodo-
logy, Writing - original draft; Formal analysis; C Pe-
reira Domingueti - Conceptualization, Methodolo-
gy, Writing - review & editing; Project administra-
tion; Formal analysis.

Potential conflict of interest

None declared.

Data availability statement

The data generated and analyzed in the presented
study are available from the corresponding author
on request.

3. Kumar A, Sharma E, Marley A, Samaan MA, Brookes MJ. Iron
deficiency anaemia: pathophysiology, assessment, practical
management. BMJ Open Gastroenterol. 2022;9:e000759.
https://doi.org/10.1136/bmjgast-2021-000759

4. Paiva AA, Rondé PH, Guerra-Shinohara EM. Pardme-
tros para avaliagdo do estado nutricional de ferro [Para-

https://doi.org/10.11613/BM.2026.030503

24


https://doi.org/10.1093/cdn/nzaa053_035
https://doi.org/10.1136/bmjgast-2021-000759

Coimbra Souza EM. et al.

Interference of iron deficiency in HbATc

10.

11.

12.

13.

4.

15.

16.

17.

meters for the assessment of iron status]. Rev Saude Pu-
blica.  2000;34:421-6.  https://doi.org/10.1590/50034-
89102000000400019

. English E, Idris I, Smith G, Dhatariya K, Kilpatrick ES, John

WG. The effect of anaemia and abnormalities of erythrocyte
indices on HbATc analysis: a systematic review. Diabetolo-
gia. 2015,58:1409-21. https://doi.org/10.1007/500125-015-
3599-3

. Guo W, Zhou Q, Jia Y, Xu J. Increased Levels of Glycated

Hemoglobin Alc and Iron Deficiency Anemia: A Review.
Med Sci Monit. 2019;25:8371-8. https.//doi.org/10.12659/
MSM.916719

. Simmons D, Hlaing T. Interpretation of HbATc: associati-

on with mean cell volume and haemoglobin concentrati-
on. Diabet Med. 2014,31:1387-92. https://doi.org/10.1111/
dme.12518

. Shanthi B, Revathy C, Manjula Devi AJ, Subhashree. Effect of

iron deficiency on glycation of haemoglobin in nondiabe-
tics. J Clin Diagn Res. 2013;7:15-7. https.//doi.org/10.7860/
JCDR/2012/4881.2659

. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann

TC, Mulrow CD et al. The PRISMA 2020 statement: an
updated guideline for reporting systematic reviews. BMJ.
2021;372:n71. https://doi.org/10.1136/bmj.n71

Cochrane Bias Methods Group. ROBINS-I V2: Risk Of Bias In
Non-randomized Studies of Interventions. Version 2, 2025.
Available from: https://www.riskofbias.info/welcome/ro-
bins-i-v2. Accessed November 10th 2025.

Wells GA, Shea B, O’Connell D, Peterson J, Welch V, Losos M,
et al. The Newcastle-Ottawa Scale (NOS) for assessing the
quality of nonrandomized studies in meta-analysis. Ottawa
Hospital Research Institute. Canada: University of Ottawa,
Department of Epidemiology and Community Medicine.
Publications. 2026;14:4.

World Health Organization. Guideline on haemoglobin cu-
toffs to define anaemia in individuals and populations.
World Health Organization, Geneva, 2024.

World Health Organization. WHO guideline on use of ferri-
tin concentrations to assess iron status in individuals and
populations. World Health Organization, Geneva, 2020.
Mukasa RJ, Mubiru N, Sekitoleko |, Makanga R, Nkabura H,
Ongaria T, et al. Comparative assessment of the impact of
iron deficiency on HbA1c accuracy in non-anaemic indivi-
duals with type 2 diabetes: A secondary data analysis. PLoS
One. 2026,21:e0323034. https://doi.org/10.1371/journal.
pone.0323034

Tedong L, De Manfouo RT, Djeukamgang MM, Tchoum-
ke MM, Koul PBWW, Mekieje MPT, Simo JL, et al. Prevalen-
ce and Determinants of Anemia and Iron Deficiency Ane-
mia Among Patients With Diabetes Mellitus in Came-
roon: An Analytical Cross-Sectional Study. Health Sci Rep.
2026;9:e71999. https://doi.org/10.1002/hsr2.71999

Deepali, Priya, Kumar D. Impact of Iron Deficiency Anemia
on Hemoglobin Alc Levels: A Cross-Sectional Study. IJPQA.
2025;16:268-272. https://doi.org/10.25258/ijpqa.16.1.40
Koga M, Ishibashi M. Effect of sampling position of eryt-
hrocytes on HbATc levels in iron deficiency anemia: Com-
parison between enzymatic assay and HPLC. Diabetol Int.

https://doi.org/10.11613/BM.2026.030503

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

2024,16:86-91. https://doi.org/10.1007/513340-024-00769-
8

Dutta N, Khatun B, Das I, Ghosh A, Roy S. Effect of iron defici-
ency anemia on HbATc in non-diabetics: an analytical stu-
dy from eastern India. Endocrinol Res Pract. 2024,28:216-3.
https://doi.org/10.5152/erp.2024.507

Firat A, Katlan DC, Uzunay N. Impact of Iron Deficiency Ane-
mia on Hemoglobin Alc Levels in Diabetic and Non-Diabe-
tic Pregnant Women. Clin Exp Obstet Gynecol. 2024,;51:24.
https://doi.org/10.31083/j.ceog5101024

Hassena C, Aruna Y, Sireesha T, Durga T, Amulya. A Compa-
rative Study of HbA1c Levels and Serum Ferritin among Iron
Deficient Anemic Pregnant Women and Normal Pregnant
Women in a Tertiary Hospital. Int J Toxicol Pharmacol Res.
2024;14:146-151.

Kanojia SC, Singh S, Mittal A, Patel A, Kausar H. Iron defici-
ency anemia and its effect on HbA1c levels in patients above
30 years. PIMHS. 2024;18:14-17. https://doi.org/10.53350/
pjimhs020241812.14

Kesharwani A, Patoudi VH, Vishwakarma N, Sasmal P. Un-
veiling the Impact of Iron Deficiency Anemia on HbATc in
Non-Diabetics: Insights from a Case-Control Study. [JPCR.
2024;16:479-83.

Krishnan NR, Geetha PA, Ju Nath M, Eranhikkal H, Raseema
AK. To estimate the HbAc levels in patients with iron defici-
ency anemia and to compare this with healthy individuals.
JAMP. 2024,6:885-9.

Kumar S, Muzaffar MA, Ahmad I. Cross-Sectional Investiga-
tion on Haemoglobin HbA1c Levels in Iron-Deficiency Ane-
mia. Int J Curr Pharm Rev Res. 2024,16:91-5.

Nakum D, Chokshi J, Haideri S, Parikh U, Gohil M, Rajguru
H, Patel Y. Effect of iron deficiency anemia on HbATc levels
in diabetic patients at tertiary care centre. J Cardiovasc Dis
Res. 2024;15:1375-84.

Patel A, Pundkar A, Agarwal A, Gadkari C, Vasavada Y. Asso-
ciation Between Glycated Hemoglobin (HbA1c) Levels in Pa-
tients With Iron Deficiency Anemia in a Tertiary Care Hos-
pital in Central India. Cureus. 2024;16:e66121. https://doi.
org/10.7759/cureus.66121

Suvethasri SK, Prasad MK, Banthavi SP, Sivakumar K. A stu-
dy of effect of iron deficiency anemia on glycosylated he-
moglobin in non-diabetic patients. Natl J Physiol Pharm
Pharmacol. 2024;14:1708-11.

Shubham, Labrez MZ, Prasad R. Study on the Effect of
Iron Deficiency Anaemia on HbATc Levels in Non-Diabetic
Adults. Int J Pharm Clin Res. 2024;16:19-224.

Taati B, Ganji R, Moradi L, Vosoughi T, Gisouei A. Thera-
peutic effect of ferrous sulfate in diabetic patients with
iron deficiency anaemia: a randomised controlled trial.
Ann Med Surg. 2024,86:1989-96. https://doi.org/10.1097/
MS9.0000000000001838

Thakker KS, Mohanapu S, Sen M. A comparative stu-
dy to assess Hbalc levels in antenatal non diabetic wo-
men with anemia and without anemia. Clin Epidemi-
ol Glob Health. 2024;30:101777. https://doi.org/10.1016/].
cegh.2024.101777

Alzahrani BA, Salamatullah HK, Alsharm FS, Baljoon JM,
Abukhodair AO, Ahmed ME, Malaikah H, Radi S. The effect of

Biochem Med (Zagreb) 2026,36(3):030503

25


https://doi.org/10.1590/S0034-89102000000400019
https://doi.org/10.1590/S0034-89102000000400019
https://doi.org/10.1007/s00125-015-3599-3
https://doi.org/10.1007/s00125-015-3599-3
https://doi.org/10.12659/MSM.916719
https://doi.org/10.12659/MSM.916719
https://doi.org/10.1111/dme.12518
https://doi.org/10.1111/dme.12518
https://doi.org/10.7860/JCDR/2012/4881.2659
https://doi.org/10.7860/JCDR/2012/4881.2659
https://doi.org/10.1136/bmj.n71
https://www.riskofbias.info/welcome/robins-i-v2
https://www.riskofbias.info/welcome/robins-i-v2
https://doi.org/10.1371/journal.pone.0323034
https://doi.org/10.1371/journal.pone.0323034
https://doi.org/10.1002/hsr2.71999
https://doi.org/10.25258/ijpqa.16.1.40
https://doi.org/10.1007/s13340-024-00769-8
https://doi.org/10.1007/s13340-024-00769-8
https://doi.org/10.5152/erp.2024.507
https://doi.org/10.31083/j.ceog5101024
https://doi.org/10.53350/pjmhs020241812.14
https://doi.org/10.53350/pjmhs020241812.14
https://doi.org/10.7759/cureus.66121
https://doi.org/10.7759/cureus.66121
https://doi.org/10.1097/MS9.0000000000001838
https://doi.org/10.1097/MS9.0000000000001838
https://doi.org/10.1016/j.cegh.2024.101777
https://doi.org/10.1016/j.cegh.2024.101777

Coimbra Souza EM. et al.

Interference of iron deficiency in HbA1c

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

different types of anemia on HbA1c levels in non-diabetics.
BMC Endocr Disord. 2023;23:24. https://doi.org/10.1186/
§12902-023-01280-y

Elsheikh E, Aljiohani SS, Alshaikhmubarak MM, Alsubaie AW,
Alhawl MA, Alsultan NH, et al. Effect of iron deficiency ane-
mia on HbAc in diabetic and non-diabetic patients. JPTCP.
2023;30:732-47.

Gharde C, Atkar CM, Tayade A, Kungar T. To study the effect
of iron deficiency anaemia on HbATc levels in non diabe-
tics at Tertiary Care Centre of Central India: A cross sectional
study. JAMP. 2023;5:1446-50.

Kumar D, Rasheed T, Zuberi BF, Sadaf R, Ali FS. Correlati-
on of HbATc with Serum Iron & Transferrin Saturation in
Non-Diabetic Patients with Iron Deficiency. Pak J Med Sci.
2023;39:956-60. https://doi.org/10.12669/pjms.39.4.6964
Nosheen A, Ahmad SA, Fayyaz M, Mohydin M, Zaidi WH, Ma-
lik MHBA et al. Effect of Iron Supplementation on HbATc le-
vels in Type 1 Diabetic patients. Pakistan Journal of Medical
& Health Sciences. 2023;17:149. https.//doi.org/10.53350/
pjmhs2023174149

Aydin B, Ozcelik S, Kilit TP, Eraslan S, Celik M, Onbasi K. Re-
lationship between glycosylated hemoglobin and iron de-
ficiency anemia: A common but overlooked problem. Prim
Care Diabetes. 2022;16:312-7. https://doi.org/10.1016/j.
pcd.2022.01.002

El-Agouza I, Abu Shahla A, Sirdah M. The effect of iron de-
ficiency anaemia on the levels of haemoglobin subtypes:
possible consequences for clinical diagnosis. Clin Lab Hae-
matol.  2002;24:285-9.  https://doi.org/10.1046/].1365-
2257.2002.00464.x

Estrella ML, Pérez CM, Sudrez E, Fuentes-Paydn W, Thyaga-
rajan B, Goldsmith JC, Daviglus ML, Avilés-Santa ML. Sex-
Specific Associations of Iron-Anemia Status With Hemo-
globin A1C Levels Among Hispanics/Latinos Without Self-
Reported Diabetes Mellitus: The Hispanic Community He-
alth Study/Study of Latinos. Endocr Pract. 2022,28:282-91.
https://doi.org/10.1016/j.eprac.2021.11.086

Janice D, Prathima MB, Sushith S, Narayanan R, Reshma
S, Nair S, Kalal BS. Effect of iron deficiency anaemia over
glycated hemoglobin in non-diabetic women. Int J Biochem
Mol Biol. 2022;13:23-7.

Jyothsna P, Suchitra MM, Kusuma Kumari M, Chandra-
sekhar C, Rukmangadha N, Alok S, Siddhartha Kumar, B.
Effect of Iron Deficiency Anemia on Glycated Albumin Le-
vels: A Comparative Study in Nondiabetic Subjects with
Iron Deficiency Anemia. Journal of Laboratory Physicians.
2022;15:253-8. https.//doi.org/10.1055/5-0042-1757589
Pradeepa R, Shreya L, Anjana RM, Jebarani S, Raj NK, Ku-
mar M, et al. Frequency of iron deficiency anemia in type 2
diabetes-Insights from tertiary diabetes care centres acro-
ss India. Diabetes & Metabolic Syndrome: Clinical Resear-
ch & Reviews. 2022;16:102632. https://doi.org/10.1016/j.
dsx.2022.102632

Rao LV, Pratt GW, Bi C, Kroll MH. Large-scale retrospective
analyses of the effect of iron deficiency anemia on hemo-
globin Alc concentrations. Clin Chim Acta. 2022;529:21-4.
https://doi.org/10.1016/j.cca.2022.02.005

Biochem Med (Zagreb) 2026;36(3):030503

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Cetinkaya Altuntas S, Evran M, Giirkan E, Sert M, Tetiker T.
HbATc level decreases in iron deficiency anemia. Wien Klin
Wochenschr.  2021;133:102-6.  https://doi.org/10.1007/
500508-020-01661-6

Bindayel IA. Influence of iron deficiency anemia on glyca-
ted hemoglobin levels in non-diabetic Saudi women.
J Int Med Res. 2021;49:300060521990157. https://doi.
0rg/10.1177/0300060521990157

Kanchana R, Pushpa K. Vitamin D and glycated he-
moglobin levels in non-diabetic anemic patients. Na-
tional Journal of Physiology, Pharmacy and Phar-
macology. 2021;11:904-7. https://doi.org/10.5455/
njppp.2021.11.06191202120062021

Lyons J, van der Linden EL, Meeks K, Beune E, Smeeth L, Ba-
hendeka S, Spranger J, Klipstein-Grobusch K, Mockenha-
upt FR, Danquah I, Agyemang C. Inverse Association betwe-
en Iron Deficiency and Glycated Hemoglobin Levels in Gha-
naian Adults-the RODAM Study. J Nutr. 2020;150:1899-908.
https://doi.org/10.1093/jn/nxaa109

Mahgoob MH, Moussa MM. Glycated albumin versus HbA1c
as indicators of glycemic control in type | diabetic chil-
dren with iron deficiency anemia. Clin Pediatr Endocrinol.
2020;29:151-7. https.//doi.org/10.1297/cpe.29.151

Pilla R, Palleti SK, Rayana R, Skss SR, Razzack AA, Kalla S.
Glycated haemoglobin (HbATc) variations in nondiabetics
with nutritional anemia. Cureus. 2020;12:e11479. https://
doi.org/10.7759/cureus.11479

Purbey R, Agrawal BK, Kaushal P, Kela R, Thomas A. A Stu-
dy on the Effect of Iron Deficiency Anaemia on Haemoglo-
bin Alc Levels in Non-Diabetic Adults. Journal of Evolution
of Medical and Dental Sciences. 2020;9:1649-54. https.//doi.
0rg/10.14260/jemds/2020/362

Sabitha D, Dawson E, Tiwari SNK, Swetha P, Naushad SM,
Baba KS, et al. Study of Glycation of Transferrin and its
Effect on Biomarkers of Iron Status in Uncontrolled Dia-
betes Mellitus Patients. Journal of Clinical & Diagno-
stic Research. 2020;14:BC06-9. https://doi.org/10.7860/
JCDR/2020/44506.13909

Intra J, Limonta G, Cappellini F, Bertona M, Brambilla P.
Glycosylated Hemoglobin in Subjects Affected by Iron-De-
ficiency Anemia. Diabetes Metab J. 2019;43:539-44. https.//
doi.org/10.4093/dmj.2018.0072

Silva JF, Pimentel AL, Camargo JL. Effect of iron defici-
ency anaemia on HbAIc levels is dependent on the de-
gree of anaemia. Clin Biochem. 2016,;49:117-20. https://doi.
0rg/10.1016/j.clinbiochem.2015.09.004

Wei J, Luo X, Zhou S, He X, Zheng J, Sun X, Cui W. Associa-
tions between iron status and insulin resistance in Chinese
children and adolescents: findings from the China Health
and Nutrition Survey. Asia Pac J Clin Nutr. 2019;28:819-25.
Akkermans MD, Mieke Houdljk ECA, Bakker B, Boers AC, van
der Kaay DCM, de Vries MC, Claire Woltering M, Mul D, van
Goudoever JB, Brus F. Iron status and its association with
HbATc levels in Dutch children with diabetes mellitus type
1. Eur J Pediatr. 2018;177:603-10. https.//doi.org/10.1007/
s00431-018-3104-3

Eser C, Deniz E, Neslihan Y, Aytac T, Omer K, Serdar Y. The
effect of iron supplementation on HBATc levels in non-dia-

https://doi.org/10.11613/BM.2026.030503

26


https://doi.org/10.1186/s12902-023-01280-y
https://doi.org/10.1186/s12902-023-01280-y
https://doi.org/10.12669/pjms.39.4.6964
https://doi.org/10.53350/pjmhs2023174149
https://doi.org/10.53350/pjmhs2023174149
https://doi.org/10.1016/j.pcd.2022.01.002
https://doi.org/10.1016/j.pcd.2022.01.002
https://doi.org/10.1046/j.1365-2257.2002.00464.x
https://doi.org/10.1046/j.1365-2257.2002.00464.x
https://doi.org/10.1016/j.eprac.2021.11.086
https://doi.org/10.1055/s-0042-1757589
https://doi.org/10.1016/j.dsx.2022.102632
https://doi.org/10.1016/j.dsx.2022.102632
https://doi.org/10.1016/j.cca.2022.02.005
https://doi.org/10.1007/s00508-020-01661-6
https://doi.org/10.1007/s00508-020-01661-6
https://doi.org/10.1177/0300060521990157
https://doi.org/10.1177/0300060521990157
https://doi.org/10.5455/njppp.2021.11.06191202120062021
https://doi.org/10.5455/njppp.2021.11.06191202120062021
https://doi.org/10.1093/jn/nxaa109
https://doi.org/10.1297/cpe.29.151
https://doi.org/10.7759/cureus.11479
https://doi.org/10.7759/cureus.11479
https://doi.org/10.14260/jemds/2020/362
https://doi.org/10.14260/jemds/2020/362
https://doi.org/10.7860/JCDR/2020/44506.13909
https://doi.org/10.7860/JCDR/2020/44506.13909
https://doi.org/10.4093/dmj.2018.0072
https://doi.org/10.4093/dmj.2018.0072
https://doi.org/10.1016/j.clinbiochem.2015.09.004
https://doi.org/10.1016/j.clinbiochem.2015.09.004
https://doi.org/10.1007/s00431-018-3104-3
https://doi.org/10.1007/s00431-018-3104-3

Coimbra Souza EM. et al.

Interference of iron deficiency in HbATc

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

betic pregnant women. Biomedical Research. 2020;29:1033-
6. https://doi.org/10.4066/biomedicalresearch.29-17-3550
Hashimoto K, Koga M. Influence of Iron Deficiency on HbA1c
Levels in Pregnant Women: Comparison with Non-Pregnant
Women. J Clin Med. 2018;7:34. https.//doi.org/10.3390/
jcm7020034

Intra J, Limonta G, Cappellini F, Bertona M, Brambilla P.
Glycated haemoglobin and iron deficiency anaemia: a case-
control study. Practical Diabetes 2018;35:90-6a. https.//doi.
0rg/10.1002/pdi.2170

Urrechaga E. Influence of iron deficiency on HbA1c levels in
type 2 diabetic patients. Diabetes & Metabolic Syndrome:
Clinical Research & Reviews. 2018;12:1051-5. https.//doi.
0rg/10.1016/j.dsx.2018.06.024

Madhu SV, Raj A, Gupta S, Giri S, Rusia U. Effect of iron de-
ficiency anemia and iron supplementation on HbATc le-
vels - Implications for diagnosis of prediabetes and diabe-
tes mellitus in Asian Indians. Clin Chim Acta. 2017;468:225-
9. https://doi.org/10.1016/j.cca.2016.10.003

Nasli-Esfahani E, Larijani B, Amini P, GHASEMABADI RG,
Razmandeh R. Effect of treatment of iron deficiency anemia
on hemoglobin Alc in type 2 diabetic patients. Turk J Med
Sci. 2017;47:1441-6. https://doi.org/10.3906/sag-1601-27
Rajagopal L, Ganapathy S, Arunachalam S, Raja V, Ramraj
B. Does Iron Deficiency Anaemia and its Severity Influence
HbA1C Level in Non Diabetics? An Analysis of 150 Cases. J
Clin Diagn Res. 2017;11:EC13-5. https://doi.org/10.7860/
JCDR/2017/25183.9464

Attard SM, Herring AH, Wang H, Howard AG, Thompson AL,
Adair LS et al. Implications of iron deficiency/anemia on
the classification of diabetes using HbATc. Nutr Diabetes.
2015;5:e166. https://doi.org/10.1038/nutd.2015.16

Hong JW, Ku CR, Noh JH, Ko KS, Rhee BD, Kim DJ. Associati-
on between the presence of iron deficiency anemia and he-
moglobin Alc in Korean adults: the 2011-2012 Korea Na-
tional Health and Nutrition Examination Survey. Medi-
cine (Baltimore). 2015;94:e825. https://doi.org/10.1097/
MD.0000000000000825

Christy AL, Manjrekar PA, Babu RF, Hegde A, Rukmini MS. In-
fluence of iron deficiency anemia on hemoglobin Alc levels
in diabetic individuals with controlled plasma glucose le-
vels. Iran Biomed J. 2014,18:88-93.

Hardikar PS, Joshi SM, Bhat DS, Raut DA, Katre PA, Lubree
HG, Jere A, Pandit AN, Fall CH, Yajnik CS. Spuriously high
prevalence of prediabetes diagnosed by HbA(1c) in young
indians partly explained by hematological factors and iron
deficiency anemia. Diabetes Care. 2012;35:797-802. https://
doi.org/10.2337/dc11-1321

Rafat D, Rabbani TK, Ahmad J, Ansari MA. Influence of iron
metabolism indices on HbATc in non-diabetic pregnant
women with and without iron-deficiency anemia: effect of
iron supplementation. Diabetes Metab Syndr. 2012,;6:102-5.
https://doi.org/10.1016/j.dsx.2012.05.011

Satriawibawa IWE, Arimbawa IM, Ariawati K, Suparyatha
IBG, Putra IGNS, Hartawan INB. Serum iron is negatively
correlated with the HbATc level in children and adoles-
cents with type 1 diabetes mellitus. Clin Pediatr Endocrinol.
2022;31:242-9. https.//doi.org/10.1297/cpe.2022-0012

https://doi.org/10.11613/BM.2026.030503

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Sinha N, Mishra TK, Singh T, Gupta N. Effect of iron defici-
ency anemia on hemoglobin Alc levels. Ann Lab Med.
2012;32:17-22. https.//doi.org/10.3343/alm.2012.32.1.17
Ford ES, Cowie CC, Li C, Handelsman Y, Bloomgarden ZT.
Iron-deficiency anemia, non-iron-deficiency anemia and
HbATc among adults in the US. J Diabetes. 2011,3:67-73.
https://doi.org/10.1111/j.1753-0407.2010.00100.x

Kim C, Bullard KM, Herman WH, Beckles GL. Association
between iron deficiency and A1C Levels among adults wit-
hout diabetes in the National Health and Nutrition Exami-
nation Survey, 1999-2006. Diabetes Care. 2010;33:780-5.
https://doi.org/10.2337/dc09-0836

Koga M, Saito H, Mukai M, Matsumoto S, Kasayama S. In-
fluence of iron metabolism indices on glycated haemoglo-
bin but not glycated albumin levels in premenopausal wo-
men. Acta Diabetol. 2010;47:65-9. https://doi.org/10.1007/
500592-009-0123-6

Coban E, Ozdogan M, Timuragaoglu A. Effect of iron defi-
ciency anemia on the levels of hemoglobin Alc in nondia-
betic patients. Acta Haematol. 2004;112:126-8. https.//doi.
org/10.1159/000079722

Tarim O, Kiiclikerdogan A, Gtinay U, Eralp O, Ercan I. Effects
of iron deficiency anemia on hemoglobin Alc in type 1
diabetes mellitus. Pediatr Int. 1999,;41:357-62. https://doi.
org/10.1046/].1442-200X.1999.t01-1-01083.x

Radin MS. Pitfalls in hemoglobin Alc measurement: when
results may be misleading. J Gen Intern Med. 2014,29:388-
94. https://doi.org/10.1007/s11606-013-2595-x

Davies MJ, Aroda VR, Collins BS, Gabbay RA, Green J, Ma-
ruthur NM, et al. Management of Hyperglycemia in Type 2
Diabetes, 2022. A Consensus Report by the American Diabe-
tes Association (ADA) and the European Association for the
Study of Diabetes (EASD). Diabetes Care. 2022;45:2753-86.
https://doi.org/10.2337/dci22-0034

American Diabetes Association Professional Practice Com-
mittee for Diabetes. 6. Glycemic Goals, Hypoglycemia, and
Hyperglycemic Crises: Standards of Care in Diabetes-2026.
Diabetes Care. 2026;49:5132-49. https://doi.org/10.2337/
dc26-5006

American Diabetes Association Professional Practice Com-
mittee for Diabetes. 2. Diagnosis and Classification of Dia-
betes: Standards of Care in Diabetes-2026. Diabetes Care.
2026,49:527-49.

National Glycohemoglobin Standardization Program. Fac-
tors that interfere with HbATc test results, 2024. Available
from https://ngsp.org/factors.asp. Accessed 25th April 2026.
Rusch JA, van der Westhuizen DJ, Gill RS, Louw VJ. Diagno-
sing iron deficiency: controversies and novel metrics. Best
Pract Res Clin Anaesthesiol. 2023;37:451-67. https://doi.
0rg/10.1016/j.bpa.2023.11.001

Weykamp C. HbAlc: a review of analytical and clini-
cal aspects. Ann Lab Med. 2013;33:393-400. https://doi.
0rg/10.3343/alm.2013.33.6.393

Kidney Disease: Improving Global Outcomes (KDIGO) Dia-
betes Work Group. KDIGO 2020 Clinical Practice Guide-
line for Diabetes Management in Chronic Kidney Disea-
se. Kidney Int. 2020;98:1-115. https://doi.org/10.1016/].
kint.2020.06.019

Biochem Med (Zagreb) 2026,36(3):030503

27


https://doi.org/10.4066/biomedicalresearch.29-17-3550
https://doi.org/10.3390/jcm7020034
https://doi.org/10.3390/jcm7020034
https://doi.org/10.1002/pdi.2170
https://doi.org/10.1002/pdi.2170
https://doi.org/10.1016/j.dsx.2018.06.024
https://doi.org/10.1016/j.dsx.2018.06.024
https://doi.org/10.1016/j.cca.2016.10.003
https://doi.org/10.3906/sag-1601-27
https://doi.org/10.7860/JCDR/2017/25183.9464
https://doi.org/10.7860/JCDR/2017/25183.9464
https://doi.org/10.1038/nutd.2015.16
https://doi.org/10.1097/MD.0000000000000825
https://doi.org/10.1097/MD.0000000000000825
https://doi.org/10.2337/dc11-1321
https://doi.org/10.2337/dc11-1321
https://doi.org/10.1016/j.dsx.2012.05.011
https://doi.org/10.1297/cpe.2022-0012
https://doi.org/10.3343/alm.2012.32.1.17
https://doi.org/10.1111/j.1753-0407.2010.00100.x
https://doi.org/10.2337/dc09-0836
https://doi.org/10.1007/s00592-009-0123-6
https://doi.org/10.1007/s00592-009-0123-6
https://doi.org/10.1159/000079722
https://doi.org/10.1159/000079722
https://doi.org/10.1046/j.1442-200X.1999.t01-1-01083.x
https://doi.org/10.1046/j.1442-200X.1999.t01-1-01083.x
https://doi.org/10.1007/s11606-013-2595-x
https://doi.org/10.2337/dci22-0034
https://doi.org/10.2337/dc26-S006
https://doi.org/10.2337/dc26-S006
https://ngsp.org/factors.asp
https://doi.org/10.1016/j.bpa.2023.11.001
https://doi.org/10.1016/j.bpa.2023.11.001
https://doi.org/10.3343/alm.2013.33.6.393
https://doi.org/10.3343/alm.2013.33.6.393
https://doi.org/10.1016/j.kint.2020.06.019
https://doi.org/10.1016/j.kint.2020.06.019

Coimbra Souza EM. et al. Interference of iron deficiency in HbATc

82. Cavagnolli G, Pimentel AL, Freitas PAC, Gross JL, Camargo 84. AlQarni AM, Alghamdi AA, Aljubran HJ, Bamalan OA, Abu-

JL. Factors affecting A1C in non-diabetic individuals: Re- zaid AH, Alyahya MA. The effect of iron replacement the-

view and meta-analysis. Clin Chim Acta. 2015;445:107-14. rapy on HbATc levels in diabetic and nondiabetic pati-

https://doi.org/10.1016/j.cca.2015.03.024 ents: a systematic review and meta-analysis. J Clin Med.
83. Kuang L, Li W, Xu G, You M, Wu W, Li C. Systematic review 2023;12:7287. https://doi.org/10.3390/jcm 12237287

and meta-analysis: influence of iron deficiency anemia on
blood glycosylated hemoglobin in diabetic patients. Ann
Palliat Med. 2021;10:11705-13. https://doi.org/10.21037/
apm-21-2944

Biochem Med (Zagreb) 2026,36(3):030503 https://doi.org/10.11613/BM.2026.030503
28



https://doi.org/10.1016/j.cca.2015.03.024
https://doi.org/10.3390/jcm12237287

Coimbra Souza EM. et al. Interference of iron deficiency in HbAT1c

APPENDIX

The articles were selected using the following combination of descriptors, which were defined according
to Medical Subject Headings (MeSH): (“Glycated hemoglobin” or “Hemoglobin, Glycated” or “Glycohemo-
globin” or “Glycohemoglobins” or “Glycated Hemoglobins” or “Hemoglobins, Glycated” or “Hemoglobin,
Glycosylated” or “Glycosylated Hemoglobin” or “Glycated Hemoglobin Alc” or “Hemoglobin Alc, Glycat-
ed” or “Glycosylated Hemoglobin Alc” or “Hemoglobin Alc, Glycosylated” or “Hb Ala-2" or “Hemoglobin,
Glycated Ala-2” or “Ala-2 Hemoglobin, Glycated” or “Glycated Ala-2 Hemoglobin” or “Hemoglobin, Gly-
cated Ala 2" or “Glycated Hemoglobin A" or “Hemoglobin A, Glycated” or “Hb Ala+b” or “Hb Alc” or
“HbA1” or “Glycosylated Hemoglobin A” or “Hemoglobin A, Glycosylated” or “Hb A1” or “Glycohemoglobin
A” or “Hemoglobin A(1)” or “Hemoglobin, Glycosylated Ala-1" or “Ala-1 Hemoglobin, Glycosylated” or
“Glycosylated Ala-1 Hemoglobin” or “Hemoglobin, Glycosylated Ala 1” or “Hb Ala-1” or “Hemoglobin,
Glycated A1b” or “A1b Hemoglobin, Glycated” or “Glycated Alb Hemoglobin” or “Hb A1b” or “Hemoglobin,
Glycosylated A1b” or “Alb Hemoglobin, Glycosylated” or “Glycosylated Alb Hemoglobin” or “Fructated
Hemoglobins” or “Hemoglobins, Fructated”) and (“anemia, iron-deficiency” or “Anemia, Iron Deficiency”
or “Iron-Deficiency Anemia” or “Iron Deficiency Anemia” or “Anemias, Iron-Deficiency” or “Anemias, Iron
Deficiency” or “Iron-Deficiency Anemias” or “Iron Deficiency Anemias” or “Iron Deficiencies” or “Deficien-
cies, Iron” or “Deficiency, Iron” or “Sideropenia” or “Sideropenias” or “Iron Deficiency” or “Hypoferritine-
mia” or “Hypoferritinemias” or “Latent Iron Deficiency” or “Deficiencies, Latent Iron” or “Deficiency, Latent
Iron” or “Iron Deficiencies, Latent” or “Iron Deficiency, Latent” or “Latent Iron Deficiencies”).
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