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Abstract: Background: Several studies have reported that iron-deficiency anemia (IDA) and its
treatment might lead to a distorted reading of glycated hemoglobin (HbA1c) value. Hence, this
review aims to systematically investigate the effect of iron replacement therapy (IRT) on HbA1c levels,
as the literature is deficient in assessing this clinical phenomenon. Methods: An electronic search
of the Cochrane, MEDLINE, and Embase databases was conducted by four independent authors.
Results: Among the 8332 articles identified using the search strategy, 10 records (with a total of
2113 participants) met the inclusion criteria and were analyzed. In nine of the studies, IRT was found
to decrease HbA1c levels; in the remaining study, IRT was found to increase HbA1c levels. The effect
size of the pooled standardized mean difference in HbA1c levels between the treatment and control
groups with IDA was 1.8 (95% CI = −0.5, 2.31). Heterogeneity was assessed using the I2 and χ2 tests,
and the resultant values were 98.46% and p = 0.09, respectively. Additionally, the mean difference
between the HbA1c levels (pre-IRT and post-IRT) showed a drop in the HbA1c levels which ranged
from 1.20 to 0.43 mg/dL. Conclusions: The results suggest that IRT decreases HbA1c levels, and
it is helpful in treating IDA patients with poor glycemic control. Accordingly, the results provide
an added perspective on antidiabetic medication dosing and physicians’ interpretation of initially
elevated HbA1c values.
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1. Introduction

Hemoglobin is a major component of blood and includes heme, an iron-binding
porphyrin. The essentiality of iron in human physiology is evident by its complex mul-
tifunctionality. For example, the iron content of pancreatic islet beta cells is intimately
connected to blood glucose levels; therefore, iron plays a role in the onset and progression of
diabetes mellitus (DM) [1–3]. Hence, increasing our understanding of the iron metabolism
process helps us to better comprehend the effects of iron deficiency or anemia on an indi-
vidual’s glycemic status. More specifically, individuals with conditions which affect their
ability to metabolize iron may have low iron levels and develop iron-deficiency anemia
(IDA), which may subsequently affect their glycemic status, particularly their glycated
hemoglobin (HbA1c) levels [4–6].

HbA1c is generated when the valine in the hemoglobin beta chain is glycated in the
serum, and is the most important component of the HbA1 group in the monitoring of DM.
The practice of using the HbA1c level as a diagnostic indicator of the estimated mean blood
glycation level over the previous two to three months was approved and introduced in the
1980s [7,8]. More recently, the American Diabetes Association (ADA) has approved the
assessment of HbA1c levels as a gold standard diagnostic test for DM and a follow-up tool
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for assessing glycemic control; hence, it has become a keystone of clinical practice [9,10].
Although testing for HbA1c is more practical than conducting other tests in clinical settings,
there are several circumstances which can affect the accuracy of its outcome [7–9].

IDA is one of the most important factors affecting HbA1c levels. In 1965, Horton
and Huisman published the first study on the correlation between IDA and HbA1c levels,
and several other studies have since been published on the influence of IDA on HbA1c
levels [11]. While most of these studies found that IDA led to falsely elevated HbA1c
levels [12–17], others found that it resulted in falsely reduced HbA1c levels [18–22] or had
no effect on HbA1c levels [23,24]. Furthermore, several studies found that the severity of
IDA is directly proportional to its effect on HbA1c levels [25–28]. Therefore, caution should
be taken when diagnosing prediabetes or DM in patients with IDA and HbA1c levels which
are close to the diagnostic threshold for DM.

Appropriate and timely management of IDA is vital to improve the patient’s quality
of life, reduce the need for blood transfusions, and alleviate symptoms. Both oral and
intravenous iron replacement therapy (IRT) are treatment options; however, oral IRT is
ineffective for treating some diseases (e.g., malabsorptive gastrointestinal diseases) [29].
The correlation between IDA and HbA1c levels has been extensively studied in patients
with IDA before and after IRT, and while most of the studies found that IRT led to a
reduction in HbA1c [30–36], some studies found increases in HbA1c levels after IRT [19,37].
Nevertheless, these studies were conducted with relatively small samples, and the IRT
protocols varied among the studies. Thus, this study aims to elucidate the impact of IRT on
HbA1c levels and provide practical recommendations for managing individuals with IDA
and inadequate glycemic control in clinical practice.

2. Materials and Methods
2.1. Protocol and Registration

All researchers involved in this study followed the Cochrane Review methods and the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines.
In addition, the study was registered on Prospero (registration no. CRD42022312203) [38].

2.2. Eligibility Criteria

Articles which described studies conducted with humans of any age, gender, or race
with an IDA diagnosis were included. For inclusion, the described studies needed to
include pre- and postintervention data on iron and HbA1c parameters from IDA patients
treated with IRT. Studies with the following types of study design were eligible for inclu-
sion: case—control, cross-sectional, cohort, and randomized controlled trials, published in
any language.

When any of the following criteria were met, the articles were excluded from the
study: duplicated clinical data published in different periodicals, poor quality manuscripts,
nonprimary studies, inclusion of participants with coexisting non-iron-deficiency anemias,
no use of HbA1c as an indicator of DM, or no IDA measurement included.

2.3. Information Sources

The electronic search for eligible studies was conducted using the Cochrane Central
Register of Controlled Trials (OvidSP), MEDLINE (ProQuest, Ann Arbor, MI, USA), and
Embase (OvidSP) databases. In each case, the publication date range was set as January
1956 to October 2022. Furthermore, we surveyed the reference lists of all eligible records
and searched Google Scholar to identify any additional eligible records.

2.4. Search Strategy

Two main keyword groups were used in the search strategy. One group included all
words related to IDA, while the other group included all words related to HbA1c. The full
list of the keywords used is provided in Supplementary Table S1. These search terms were
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determined by inspecting the titles and abstracts, subject indexing relevant studies, and
using the PubMed PubReMiner word frequency analysis tool.

2.5. Selection Process

The search process involved importing articles and reference lists into Mendeley,
where duplicates were identified, reviewed manually, and eliminated. Subsequently, a
three-step filtering process was employed, which entailed evaluating the records based on
their title, abstract, and full text. The records were divided into two groups. One group was
independently evaluated by O.A.B. and M.A.Y., while the other was evaluated by H.J.J and
A.H.A. In cases of disagreement, consensus was reached by discussion, and if necessary, a
fifth researcher (A.A.G) was consulted. Non-English records were translated using Google
Translate to determine their eligibility. Further information was sought from the authors of
seven studies to clarify necessary details and acquire the needed data.

2.6. Data Collection Process

The designed data extraction form included the following fields: (1) study identifiers
and characteristics of the study design (i.e., authors, country, study design, sample size,
median age of participants, and percentage of female participants); (2) characteristics of
the exposure and comparator groups related to IDA before and after IRT (i.e., hemoglobin,
ferritin, transferrin, iron level, total iron-binding capacity [TIBC], mean corpuscular volume
[MCV], mean corpuscular hemoglobin [MCH], mean corpuscular hemoglobin concentra-
tion [MCHC], red blood cell [RBC] count, hematocrit, and red blood cell distribution width
[RDW]); and (3) characteristics of the exposure and comparator groups related to DM and
HbA1c before and after IRT (i.e., number of DM patients in case groups, number of DM
patients in control groups, and methods used to measure HbA1c levels and postprandial
blood sugar). The form was pilot tested by all study team members using three known rele-
vant records, and after confirming its functionality, the reviewers worked independently to
extract the data from the selected records.

2.7. Study Risk of Bias Assessment

To assess the quality of the included studies, Joanna Briggs Institute critical appraisal
checklists were utilized [39,40]. These checklists are used to evaluate the appropriate bias
category (information bias, selection bias, confounding) and the quality of the study design
and the statistical analysis. Then, based on the risk of bias, each study was classified as
low, intermediate, or high risk. Further details of the assessment of bias are provided in
Supplementary Tables S2 and S3.

2.8. Statistical Analysis

STATA version 18 was used to calculate the Hedge g standardized mean difference
in the HbA1c levels between the treatment and control groups, using a random effect
model with restricted maximum likelihood (REML) estimation. A forest plot was generated
to visually represent the distribution of the mean difference in the HbA1c levels before
and after treatment with IRT and the standardized mean difference (SMD) meta-analysis
results. The presence and magnitude of any heterogeneity were assessed using the χ2 and
I2 tests and a Galbraith graph. A funnel plot was generated to evaluate the presence of
publication bias.

3. Results
3.1. Study Selection

A thorough search of the literature resulted in the collection of 8332 unique articles
(Supplementary Table S4). After reviewing the titles and abstracts, 139 studies were found
which met the eligibility criteria. Among these 139 studies, only 10 were ultimately deemed
suitable for our purposes and included in the study, while the others were excluded for the
reasons outlined in the PRISMA diagram shown in Figure 1.
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Figure 1. PRISMA flow diagram of the search process.

3.2. Bias Assessment

In Supplementary Table S5, a detailed evaluation of the appropriate bias category
(information bias, selection bias, confounding) and the quality of the statistical analysis
of each study is provided. Among the 10 included studies, seven were found to have a
low risk of information bias, and three studies were found to have an intermediate risk.
Regarding selection bias, four studies were labeled as low risk, four as intermediate risk,
and two as high risk. In terms of confounding, three studies were found to have a low risk,
four studies were found to have an intermediate risk, and one study was labeled as high
risk. Furthermore, all the included studies were found to have a low risk of bias in terms of
the quality of the statistical analysis, except for two studies, which had a high risk of bias.

3.3. Study and Population Characteristics

The 10 studies obtained after the literature search and filtering were completed in-
cluded 2113 participants who had received IRT as part of their treatment strategy. Of these
patients, 877 had IDA. The 10 studies were heterogeneous in terms of study design, year of
publication, number of cases and controls, mean participant age, and participant gender, as
well as the countries where the studies were conducted. Table 1 shows the details of these
variables for each individual study. The included studies were published between 1990
and 2022, and most (n = 7) were published from 2017 onward. Six studies were prospective
case—control studies [15,19,31,32,41,42], two were prospective cohort studies [33,43], one
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was a quasi-experimental study [44], and one was a randomized clinical trial [45]. Further-
more, three studies were conducted in India [15,41,42], three in Turkey [19,32,43], and one
in each of Denmark [31], Egypt [33], Pakistan [44], and Iran [45]. Regarding the partici-
pants’ gender distribution, among both the cases and the controls, 69% of the participants
were female and 31% were male on average. However, three articles did not report the
participants’ gender distribution [32,33,41]. The mean participant age in the case groups
was 39.2 years, and it was 40.8 years in the control groups.

Table 1. Baseline characteristics of included articles.

# Author Country Study Design Sample Size:
(Control; Cases)

Median Age in Years
Female (%)

Cases Control

1 Altuntaş, et al.
(2021) [19] Turkey

Prospective
case—control

study
(132; 131) 39 ± 10 41 ± 9 89

2 Pilla, et al. (2020)
[41] India

Prospective
case—control

study
(100; 100) 38 40 -

3 Varshney, et al.
(2018) [42] India

Prospective
case—control

study
(50; 100) 32.14 ± 3.11 35.60 ± 4.57 54

4 Madhu, et al.
(2016) [15] India

Prospective
case—control

study
(60; 62) 31.4 ± 11.3 32.5 ± 10.1 Case = 87.1

Control = 85

5 Coban, et al.
(2004) [32] Turkey

Prospective
case—control

study
(50; 50) 35.7 ± 11.9 60

6 Gram-Hansen,
et al. (1990) [31] Denmark

Prospective
case—control

study
(10; 10) 52 ± 13.5 60 ± 5.5 -

7 Aydın, et al.
(2022) [43] Turkey Prospective

cohort study (0; 146) 45 ± 2.5 82.1

8 El-agouza, et al.
(2002) [33] Egypt Prospective

cohort study (0; 51) University school age -

9 Mustafa, et al.
(2021) [44] Pakistan

Quasi-
experimental

trial
(0; 182) 54.84 ± 8.69 45

10 Nasli-Esfahani,
et al. (2017) [45] Iran Randomized

clinical trial (45; 45) 51.47 ± 7.07 52 ± 7.35 70

3.4. IDA and DM Parameters before IRT

This section provides details of participants’ IDA and DM parameters before they
began IRT. Components of the complete blood counts (CBCs) and iron profiles demon-
strated a range of positive and negative correlations, respectively, with HbA1c levels. One
CBC parameter, the hematocrit level, positively correlated with the HbA1c level [19].
In contrast, the parameters which negatively correlated with HbA1c levels included
hemoglobin [15,32,33,41,43], MCV [15,42,43], MCH [33], and RBC count [15,33,43]. The
correlation between the RDW and HbA1c levels was indeterminate [42]. Nonetheless, some
iron profile parameters positively correlated with HbA1c levels, such as TIBC [43] and
serum iron level [15,42,43], while some negatively correlated, such as ferritin [15,19,32]
and transferrin [15]. In a subsequent study, the correlation between transferrin and HbA1c
levels was found to be insignificant [42]. Furthermore, the methods for measuring HbA1c
levels varied among the studies included, with High Performance Liquid Chromatography
(HPLC) being the most commonly used technique in five of the studies [15,19,42,43,45].
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Other methods used were Fast Protein Liquid Chromatography (FPLC) [31], Turbidimet-
ric Inhibition Immunoassay (TINIA) [32], and Exchange Microcolumn Chromatography
(EMC) [33], while two studies did not specify the method used to measure HbA1c [41,44].
In addition, the severity of IDA has been correlated with HbA1c levels, and several studies
variously concluded that as the severity increases, the HbA1c level increases [41], de-
creases [19,32], or insignificantly changes [31]. For instance, Pilla et al. revealed a positive
correlation between the severity of IDA and HbA1c levels as they observed HbA1c levels
of 5.5 and 6.1 in cases of mild to moderate and severe IDA, respectively [41]. On the other
hand, Altuntaş et al. revealed that the severity of IDA was negatively correlated with
HbA1c levels as they observed HbA1c levels of 5.6, 5.5, and 5 in cases of mild, moderate,
and severe IDA, respectively [19]. However, the exact mechanisms behind this phenomenon
are still being investigated. (for further analysis see Supplementary Table S6).

3.5. IRT and its Effect on HbA1c Levels

This section discusses the results of the 10 included studies which assessed the effect of
IRT on HbA1c and the different IDA parameters. Nine of the studies found that IRT led to
a decrease in HbA1c levels in IDA patients [15,31–33,41–45], while one study demonstrated
the opposite [26]. In 1990, Gram-Hansen et al. treated 10 IDA patients with a mean
HbA1c value of 4.9% with IRT. They found that the HbA1c levels had decreased after
three weeks and observed that it had further reduced after nine weeks, reaching a mean
of 4.6% [31]. In 2004, Coban et al. demonstrated the same outcome on a larger scale
(50 patients). They treated a group of patients with IDA with daily oral ferrous sulfate
(100 mg) for three months, and the mean HbA1c decreased from 7.4% to 6.2% [32]. In
Medhu et al.’s study, higher doses of IRT (equivalent to 100 mg of elemental iron) were
administered daily for three months, and the authors noted that there was a reduction in
HbA1c from 5.51% before treatment to 5.04% after treatment [15]. Varshney et al. increased
the IRT dosage to 100 mg of elemental iron twice a day and found that HbA1c reduced
from 5.49% to 4.88% in 50 IDA patients [42]. In the most recently published case–control
study, which was conducted in 2021, patients with IDA were stratified according to disease
severity into “severe” and “mild to moderate” IDA subgroups. After treatment, the
mean HbA1c level decreased from 6.1% and 5.5% to 5.1% and 4.6% in the severe IDA
subgroup and mild to moderate IDA subgroup, respectively [41] (for further analysis see
Supplementary Table S7).

These findings were also confirmed by a further two studies: a quasi-experimental trial
and a randomized controlled trial. In 2002, El-agouza et al. followed 51 individuals treated
for IDA with 325 mg/day of oral ferrous sulfate for 20 weeks and noted a reduction in the
mean HbA1c level from 6.15% to 5.25% [33]. Aydin et al.’s findings reported in 2021 were
consistent with El-agouza et al.’s results—they reported that treating IDA with 270 mg/day
of oral ferrous sulfate for three months led to a reduction in the mean HbA1c of the IDA
patients from 7.09% to 6.69% [43]. The quasi-experimental trial was undertaken by Mustafa
et al., and they reported a decrease in the HbA1c level from 6.99% (pretreatment) to a mean
level of 6.29% (post-treatment) after providing 182 IDA patients with oral ferrous sulfate at
a dose of 200 mg/day for three months [44]. The strongest evidence was generated by Nasli-
Esfahani et al., who conducted a randomized controlled trial in which the intervention
group received 200 mg/day of oral iron for three months, and the control group received an
oral placebo for the same period. They reported that the mean HbA1c decreased from 7.59%
and 7.40% to 6.80% and 7.14% in the intervention and placebo groups, respectively [45].
Contradictory findings were reported by Altuntas et al. in 2021, who conducted a case–
control study in which 131 IDA patients were administered elemental iron at a dose of
100 mg/day for three months and reported an increase in mean HbA1c values from 5.4%
to 5.5% [19].
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3.6. Meta-Regression Analysis

The effect size of the pooled SMD in HbA1c levels between the treatment groups and
the control groups of patients with IDA was 1.8 (95% confidence interval [CI] = −0.5, 2.31).
Heterogeneity was assessed using the χ2 and I2 tests, and the results were 98.46% and
p = 0.09, respectively. In addition, a Galbraith plot was generated and showed that three of
the included studies were distant from the 95% CI of the effect size (Figure 2). Moreover,
(Figure 3) shows the mean difference between the HbA1c levels in cases with IDA pretreat-
ment and post-treatment. All studies except that of Altuntas et al. showed a drop in the
HbA1c level which ranged from 1.20 mg/dL to 0.43 mg/dL. The generated funnel plot
shows that there was a fair distribution of the studies; however, this cannot be definitively
concluded due to the limited number of included studies (Figure 4).
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4. Discussion

The current literature depicts a spectrum of effects of IRT on HbA1c levels in di-
abetic and nondiabetic patients with IDA. Most of the relevant studies have used a
prospective case–control design, and most of the studied cases have been middle-aged
(mean age = 39.2 years) females. Nonetheless, in the majority of studies, HbA1c and IDA
parameter values have been recorded pre-IRT and post-IRT to reflect any chronological
correlation. In the current study, we collected and analyzed available published data to
generate findings which practitioners can use to aid their decision making and to counter
the notion that the HbA1c level can be used as the sole diagnostic marker for DM. The
decision-making process targeted by this study involves determining which antidiabetic
medications or IRT should be prescribed first for a patient with IDA and DM.

Although the HbA1c level is used as a diagnostic tool, there are several factors which
must be considered prior to clinical judgment which affect the reliability of the HbA1c test.
These factors range from conditions affecting erythropoiesis (e.g., IDA-associated increases
in RBC half-life with HbA1c elevation), hemoglobinopathies (i.e., associated extravascular
and intravascular hemolysis can have varying effects on the HbA1c content analyzed), and
drugs (e.g., Ribavirin induces hemolysis and decreases HbA1c) [46–50]. In addition, it has
been postulated that the variation in the IDA–HbA1c correlation results reported in the
literature may be related to the analytical equipment and techniques used. For example,
HPLC is commonly used, a technique that relies on ion concentration differences to separate
hemoglobin variants. Hence, it is possible that clinical or subclinical hemoglobinopathies
could interfere with HPLC-based analysis [51].

4.1. IDA and HbA1c (Clinical Overview and Pathophysiology)

IDA is a disorder that results in reduced iron stores and leads to an impaired capacity
to produce RBCs, erythropoiesis, causing anemia [52]. IDA can be diagnosed when there is
laboratory evidence of low hemoglobin, low serum iron, low serum ferritin, low transferrin
saturation, and high TIBC [51]. Clinically, patients might experience fatigue, weakness,
chest pain, shortness of breath, dizziness or light-headedness, cold extremities, or pica [53].

IDA and other types of anemia may affect the levels of HbA1c by altering the RBC
turnover [54–56]. For instance, vitamin B12 deficiency anemia affects the lifespan of
RBCs and decreases their turnover, eventually leading to higher HbA1c levels [41,46,57].
Conversely, in conditions associated with decreased RBC lifespan (i.e., hemolysis), such
as hemoglobinopathies, splenomegaly, and rheumatoid arthritis, or the use of certain
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medications, it was proposed that the HbA1c level will be lower than expected, as glycated
RBCs are removed from the circulation at a faster rate than normal [46,49,50,58–62].

The consequences of IDA are far-reaching, as RBCs constitute a significant part of
many physiological processes, including DM diagnosis. In DM, monitoring the HbA1c
level is integral to the diagnostic and follow-up evaluation. However, researchers have
suggested that since RBCs and hemoglobin are abnormal in nature in IDA, HbA1c may
also be affected [63]. It has been speculated that the IDA-induced turnover of RBCs and the
changes in the hemoglobin configuration could play roles in the falsely elevated HbA1c
concentrations in IDA patients [46]. However, a clear explanation of the mechanism
responsible for the changes in HbA1c has yet to be provided, warranting further studies to
confirm and elucidate the role of IDA.

4.2. IRT Effect on HbA1c

The aim of IDA management is to correct RBC production and turnover, which in turn
normalizes the HbA1c level and corrects the abnormality. As reported here, several studies
have indeed shown significant decreases in HbA1c in IDA cases after the administration
of the appropriate therapy [15.31–33.41–45.57]. These studies used different daily doses
of oral ferrous sulfate (100–350 mg) and different treatment periods (3–20 weeks) with
no clear explanation as to why a specific dose or treatment period was selected. It is
therefore unsurprising that the reduction in HbA1c varied among the studies. Interestingly,
neither higher amounts of iron supplementation nor longer durations of therapy resulted
in further improvement in HbA1c levels, implying that the relationship between iron
supplementation and HbA1c may be more complex than initially thought [15,31–33,41–45].
Moreover, there was a consistent rise in hemoglobin levels across all studies, ranging from
0.7 to 5.1, after IRT. This trend could potentially serve as a future measure of the impact
of IRT on HbA1c levels. It is worth noting that the study reporting the smallest increase
in hemoglobin following IRT also demonstrated an increase in HbA1c levels, possibly
explaining its divergence from the findings of other studies. In addition, this variance of
results in this study may be attributed to the inhomogeneous distribution of the sample in
their study, such as having only two severe IDA patients out of 131 participants [19].

Although this study is the first to provide a thorough review of this significant subject,
and the findings could impact current practices, it has some limitations. First, clinical trial
studies can have unmeasured confounders, along with the selection bias that is already
acknowledged in cohort studies. Second, the studies analyzed in this systematic review
exhibited significant heterogeneity in several aspects, such as the study design, sample
characteristics, recruitment methods, IRT doses, and follow-up duration. Furthermore, our
study is limited by the over-representation of female participants (69%) and the small sam-
ple sizes of the included studies. Therefore, the findings should be considered preliminary
and cannot be applied to any particular population. Third, the included studies have used
four distinct methods to measure the HbA1c level, potentially affecting the accuracy of
the results. Fourth, the studies included did not establish a correlation between the root
cause of IDA and HbA1c levels, leaving an unanswered question of how each cause of
IDA could affect HbA1c levels and their response to IRT. Fifth, the lack of research that
compares HbA1c levels with other diagnostic tests has hindered our ability to accurately
assess the impact of IRT on the tests used for diagnosing DM. Finally, we must consider the
limited number and scope of the studies analyzed, which may introduce a potential bias in
the results of the systematic review due to potential publication and reporting biases.

5. Conclusions

The results discussed lead to the following clinical recommendations:

1. Clinicians should not rely only on HbA1c measurements when determining the
treatment course for diabetic or nondiabetic patients with IDA, but rather should
perform a comprehensive assessment.
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2. HbA1c measurements should be considered when planning a diabetic patient’s
glycemic control strategy, and compliance with prescribed medications must be
fully encouraged.

3. It is necessary to treat IDA in diabetic patients prior to determining their daily
doses of antidiabetic medications, as the presence of IDA may result in a prema-
ture elevation in the doses of these medications, which could increase the risk of
drug-related complications.

However, the findings of this study are not statistically significant and are inconclusive
due to the small number of studies analyzed. Consequently, there is an urgent need to
conduct more studies with robust methodologies to establish the relationship between IDA,
HbA1c, and IRT.
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