ANNALS OF MEDICINE & SURGERY

=
Therapeutic effect of ferrous sulfate in diabetic
patients with iron deficiency anaemia: a randomised

controlled trial
Bahareh Taati, PharmD?, Reza Ganji, PharmD**, Leila Moradi, MD®, Tina Vosoughi, MD°, Amir Gisouei, MD°

IRandomised Controlled Trial

Abstract \
Iron deficiency anaemia (IDA) and diabetes mellitus (DM) are most prevalent disease, that diabetic patients are more prone to IDA.
Therefore, the main aim of this study was to investigate the relationship between patients with diabetes and IDA in relation to taking
iron pills daily and every other day to reduce the effects related to it. Ninety-one participants were enroled and randomly divided into
two groups, with a final analysis cohort of 72 patients. The primary focus was on changes in serum Hb and Ferritin levels. The
screening phase lasted 24 weeks, leading to 72 eligible participants meeting the criteria for entry into the study. Additionally, the
study examined alternations in Hb and Hb A1C levels after treating patients with iron deficiency. The Hb and ferritin level contrasts
between groups were not significant (P = 0.096 and P = 0.500, respectively). The relationship between Hb A1C and Hb levels
before and after treatment was positive and significant (r 2 = 0.187). The results of the present study show that although the
effectiveness of using oral iron supplements did not have a significant difference in terms of increasing haemoglobin and ferritin, the
use of oral iron once every other day was more effective than the use of oral iron every day, and also in this study Like other studies,
this result concluded that there is a negative correlation between Hb A1C and Hb, and to check the status of Hb A1C in diabetics, the

level of Hb should be considered first.
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Introduction

Iron deficiency anaemia (IDA) is the most prevalent type of
anaemia, impacting over 2 billion individuals worldwide to
varying extents'' ], One of the primary challenges in public
health today is the increasing global trend of longer life expec-
tancy and changing lifestyle patterns, which has resulted in a
simultaneous increase in the prevalence of diabetes'™. Moreover,
among diabetic patients, the coexistence of IDA exacerbates the
condition, making it more pronounced and severe in individuals
with different levels of glomerular filtration rate compared to
those without diabetes!™. Among the cases of anaemia
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HIGHLIGHTS

e Diabetes and iron deficiency anaemia are two significant
and interconnected health concerns.

e Treating iron deficiency anaemia every other day may
prove more effective than daily treatment, not only for
healthy individuals but also for diabetic patients.

e Additionally, there exists a direct correlation between
changes in haemoglobin A1C levels and the treatment of
iron deficiency anaemia.

worldwide, a significant 50% can be attributed to inadequate
iron levels. This deficiency in iron reserves is closely associated
with the increased glycation process involving haemoglobin A1C
(Hb A1C). IDA can have severe implications for health and
overall well-being, leading to symptoms such as fatigue, weak-
ness, pale skin, shortness of breath, chest pain, headache, and
more. It is worth noting that there is a significant prevalence of
IDA among individuals with type 2 diabetes mellitus, particularly
those affected by nephropathy. The coexistence of IDA and dia-
betes can have a synergistic effect, leading to worsened health
outcomes for patients. Diabetes can contribute to the exacerba-
tion of anaemia by reducing iron absorption and causing gas-
trointestinal bleeding. Additionally, IDA can impair insulin
secretion by the pancreatic beta cells responsible for producing
insulin. Meanwhile, IDA can be associated with oxidative stress
and disruptions in glucose regulation, which can potentially
compromise glycemic control and increase the risk of complica-
tions in individuals with diabetes!>™®!. The oral administration of
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iron supplementation using ferrous sulfate (FeSO4) is a widely
endorsed strategy for treating IDA. Despite its recommendation,
the absorption of iron from supplemental sources in individuals
with IDA remains limited. To overcome this suboptimal
absorption, higher doses of iron are commonly prescribed.
However, this practice raises concerns regarding the exacerbation
of gastrointestinal symptoms and potential challenges in patient
adherence. Remarkably, oral administration of supplementary
iron leads to acute escalations in serum hepcidin levels, plays a
crucial role in iron metabolism!®"!,

Hepcidin plays a critical role in maintaining iron balance in
mammals. As a hormone produced by the liver, it regulates the
expression and function of ferroportin, the primary iron exporter
in cells. Hepcidin binds to ferroportin, leading to its internaliza-
tion and degradation, thereby reducing the amount of iron that
can be transported from the duodenum to the bloodstream!* %11,
This mechanism has a significant impact on the absorption of
dietary iron in the intestines, as enterocytes express ferroportin on
their basolateral membrane to facilitate the transfer of iron from
the intestinal lumen to the blood. High levels of hepcidin inhibit
ferroportin function in enterocytes and decrease iron absorption,
whereas low levels of hepcidin stimulate ferroportin function and
increase iron absorption. Hepcidin regulation is essential for
maintaining iron balance and preventing iron deficiency or
overload, as well as for controlling iron availability during
infection and inflammation!'*!2, Therefore, owing to its con-
venient availability, cost-effectiveness, and enhanced safety pro-
file, oral iron stands as the primary therapeutic choice for
addressing iron deficiency anaemia. For optimal patient out-
comes, the prescribed dosage necessitates the division of the total
amount into multiple administrations across the course of a
day!3!, The administration of high doses of oral iron can lead to
an increase in the production of serum hepcidin (Shep) 2 by the
liver and maintains its level for at least 24 h. Notably, this
response is directly proportional to the iron dose, indicating that
higher iron dosages result in greater stability of serum hepcidin
levelst™'¢!. Accordingly, research has illuminated a unique
pattern observed in the consumption of 60 mg of oral iron
twice daily and a single 120 mg dose per day among women.
Dividing the dosage into two daily administrations led to a more
pronounced presence of serum Hepcidin compared to the once-
daily intake. The implications drawn from this study indicate
that among women with iron deficiency, the strategy of admin-
istering iron supplements as divided doses on a daily basis
heightens serum hepcidin levels while curbing iron absorption.
Alternatively, adopting an approach of administering iron sup-
plements every other day and in singular doses seems to optimize
iron absorption and may present a more favourable dosing
regimen!*, An additional study conducted on women with
IDA found that administering oral iron supplements in daily
divided doses leads to increased serum Hepcidin levels while
concurrently reducing iron absorption. Derived from prior
research involving a daily 60 mg dosage in iron-deficient, non-
anaemic women, these findings indicate that higher doses
(100-200 mg) administered every other day to women with IDA
exhibited increased Fractional Iron Absorption (FIA) and
potentially fewer gastrointestinal side effects in contrast to daily
administration”. In the context of patients afflicted with diabetes
and IDA, a research gap exists concerning the comparison
between daily and alternate-day intake of iron pills as a means to
mitigate Hepcidin-associated effects. Therefore, the primary aim
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of this study was to evaluate the comparative efficacy of daily
versus alternate-day oral iron supplementation in individuals
diagnosed with both diabetes and IDA. The study aims to
investigate the therapeutic effects of ferrous sulfate in patients
diagnosed with iron deficiency anaemia. Specifically, it assesses
the comprehensive impacts of daily versus alternate-day iron
supplementation on serum Hb and ferritin levels. This exam-
ination seeks to pinpoint the most effective method for oral iron
administration, addressing hepcidin-induced negative feedback.
This approach targets the improvement of hepcidin-induced
negative feedback, potentially this approach is intended to ame-
liorate hepcidin-induced negative feedback, potentially optimiz-
ing the ability to absorb iron supplements in patients dealing with
both diabetes and IDA.

Method
Study design and participants

The study was carried out at the Diabetes Clinic of Golestan
Hospital, Ahvaz, from 19 February 2019, to 9 March 2020. It
was designed as a controlled clinical trial, utilizing a single-
blinded, phase II, parallel design with two groups: an intervention
group (16 weeks) and a control group (8 weeks). Inclusion cri-
teria encompassed individuals aged 18—65 with type 2 diabetes,
haemoglobin levels between 9 and 12 for women and 9 and 13 for
men, no requirement for blood transfusion or iron injection,
exclusive presence of iron deficiency anaemia without other
anemias, and Hb A1C levels below 9. Exclusion criteria encom-
passed lack of satisfaction with participation, transition from oral
diabetes treatment to insulin, and the presence of liver disorders
indicated by AST and ALT levels exceeding three times the upper
normal limit (AST, ALT > 3NL); due to a disorder in the pro-
duction of Hepcidin and a history of gastric surgery. All inclusion
criteria were considered according to the lack of urgency of the
patients for the treatment of iron deficiency anaemia until the end
of the evaluation of the sample size.

In this study, the informed consent form was completed by the
patients, and all costs, including blood tests and iron tablets, were
borne by the project manager, and this study was conducted after
obtaining the code of ethics from the research vice-chancellor of
the university and receiving a financial grant in the IRTC with the
code: IRCT20190202042591N1 was registered. Additionally,
the clinical pharmacy pharmacist worked with the project man-
ager to understand and explain to patients how to take the drugs
accurately. The patients included in the study were divided into 2
intervention and control groups in the ratio (1:1) in permutation
blocks that were designed on the web by the graghpad website.

The intervention group received 100 mg of elemental ferrous
sulfate (2 tablets of 50 mg from Rouz Daro Company) every other
day in a morning in and the control group received 100 mg of
elemental ferrous sulfate (2 tablets of 50 mg from Rouz Daro
Company) every day the form of a morning dose. To prevent
disruptions in the allocation of patients to the intervention and
control groups and to better implement random allocation, the
patients were assigned to each group according to the randomised
sequence under the supervision of the project manager. For more
accuracy in the study evaluation, the statistical data collector and
analyst was blinded in this study. The research has been
meticulously registered on www.researchregistry.com and its
unique identifying number (UIN) is researchregistry9801. For
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comprehensive verification and access to the registration details,
utilize the following link: https://www.researchregistry.com/
browse-the-registry#home/.

Procedures

Initially, the screening process of patients lasted for 24 weeks, and
after checking the entry and exit criteria, 72 people were selected
to enter the study. The selected patients were assigned to two
intervention (A) and control (B) groups according to the sequence
of permutation blocks. Patients in the intervention group con-
sumed 100 mg of ferrous sulfate every other day for 16 weeks,
and patients in the control group consumed 100 mg of ferrous
sulfate every day for 8 weeks.

The final tests to check the results of the study were performed
two weeks after the last dose of treatment (7) and at the end of the
obtained data, codes A (intervention) and B (control) the person
in charge of data collection and analysis was sent to indicate
which treatment group each code belonged to.

Outcomes

The expected primary outcome was changes in the serum level of
Hb and Ferritin up to two weeks after treatment, as well as the
secondary outcome according to studies conducted in the past
investigating the relationship between Hb and Hb A1C changes
after treatment of iron deficiency patients.

Statistical analysis

Considering that no before similar study on conducted the differ-
ence in response to treatment of diabetic patients suffering from
iron deficiency every day and every other had been day, this study
was started as a pilot with 91 patients evaluated in Golestan
Hospital of Ahvaz. Out of these 91 people, 72 people were screened
and finally allocated into two groups of 36 people, intervention and

control, in the form of randomised permutation blocks. Mean and
standard deviation were used to describe the data in quantitative
variables, and frequency and percentage were used to describe the
data in qualitative variables. The normality of the data was checked
using the Golmogorov—Smirnov test. Analysis of covariance was
used to analyze the data. A significance level of 0.05 was con-
sidered. All analyses were done with SPSS software version 22.

Results

The study was conducted from in February 2019 to 9 March
2020 the Diabetes Clinic of Golestan Hospital in Ahvaz. Out of
the initial 91 patients included in the study, 19 were subsequently
excluded due to various reasons. These exclusions comprised
three individuals who did not sign the ethical consent form, two
who changed their residence, one who had passed away, three
with a Hb A1C level exceeding nine, one with a history of iron
injection, two over the age of 65, two requiring iron injections,
two with a history of surgery and stomach bleeding, and finally,
three with unbalanced liver enzymes levels. Seventy-two people
were screened and two groups of thirty-six people entered the
follow-up phase. From the intervention group of thirty-six people,
three were excluded from the study in the follow-up phase, and
five were excluded from the control group of thirty-six people.
Additionally, due to the spread of the COVID-19 pandemic, nine
patients refused to cooperate (four people from the control group
and five people from the intervention group). The patients inclu-
ded in the study were divided into two intervention and control
groups in a ratio of 1:1 in permutation blocks that were designed
online using the GraphPad website. The intervention group
received 100 mg of ferrous sulfate (2 tablets of 50 mg from Rouz
Daro Company) every other day in the morning, and the control
group received 100 mg of ferrous sulfate (2 tablets of 50 mg
from Rouz Daro Company) every day in the morning (Fig. 1).

91 patients screened

19 patients excluded
"~ 8 did not meet inclusion criteria

" 8 met exclusion criteria
" 3 Other reasons

72 patients randomly assigned

36 Allocated to consecutive-day supplementation
“ 31 completed allocated treatment
4 patients discontinued consecutive-day
supplementation

4 patients discontinued treatment due to
covid-19

27 included in Analysis

Figure 1. Trial profile.

36 Allocated to alternate-day supplementation
33 completed allocated treatment
" 3 patients discontinued alternate-day
supplementation

5 patients discontinued treatment due
to covid-19

28 included in Analysis
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The details pertaining to specific treatment groups are separately
outlined, and for additional investigation, Tables 1 to 7 offer
relevant information.

In this research, people were placed in two separate categories
in terms of age: the lowest frequency (13 people, equal to
23.63%) was assigned to those aged 18-40, and the highest
frequency (42 people, equal to 76.36%) was allocated to those
aged 40-65. Of the participants, 39 were women and 16 were
men, and the distribution of the subjects was random in terms of
gender. In terms of job status, people were placed in four separate
classes. The lowest frequency (8 people, equal to 14.54%) was
assigned to the worker group, and the highest frequency (21
people, equal to 38.18%) was assigned to the housewives. The
educational status is divided into three classes. The lowest fre-
quency, with ten people is assigned to the diploma group, which is
equivalent to 18%. The highest frequency, with 23 people, is
assigned the illiterate group, which is equivalent to 42%. This
study involved participants fluent in two distinct languages,
Persian and Arabic. Among the participants, the Arab group,
comprising 14 individuals, represents the lowest frequency at
26%, while the Persian speakers, totalling 41 individuals,
account for the highest frequency at 74.5%. Remarkably, these
groups are situated separately from one another based on their
respective tea consumption patterns. Concerning smoking habits,
these groups are categorized into two distinct groups. The lowest
frequency, with eight people, is assigned to the group of cigarette
users, equal to 14.54%. The highest frequency, with 44 people,
equal to 85.45%, is assigned to those who do not smoke. In
relation to gastritis disease, the participants are divided into two

Demographic information

No. intervention group  No. control group

A, n (%) B, n (%) Total, n (%)
AGE
40-18 6 (11) 7(12/7) 13 (23/63)
65-40 22 (40) 20 (36/3) 42 (76/36)
Sex
Male 9 (16/3) 7(12/7) 16 (29/09)
Female 19 (34/5) 20 (36/3) 39 (70/9)
Occupation
Jobless 7(12/7) 10 (18/18) 17 (30/9)
Housewife 12 (21/81) 9 (16/3) 21 (38/18)
Worker 5(9) 3 (5/4) 8 (14/54)
Clark 4(7/2) 509 9 (16/36)
Education
Illiterate 11(20) 12 (21/81) 23 (41/81)
Under diploma 12 (21/81) 10 (18/18) 22 (40)
Diploma 509 509 10 (18/18)
Language
Persian 23 (41/81) 18 (32/72) 41 (74/54)
Arab 5(9) 9 (16/3) 14 (25/45)
Tea consumption
Yes 14 (25/45) 6 (29) 30 (54/54)
No 14 (25/45) 11 (20) 25 (45/45)
Smoking
Yes 3 (5/4) 59 8 (14/54)
No 25 (45/45) 22 (40) 47 (85/45)
History of gastritis
Yes 16 (29/09) 15 (27/27) 31 (56/36)
No 12 (21/81) 12 (21/81) 24 (43/63)
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distinct groups: those diagnosed with gastritis and those without
the disease. The lowest frequency, with 24 people, is assigned to
the group without gastritis, equal to 43.63%. The highest fre-
quency, with 31 people, equal to 56.36%, is assigned to those
with gastritis. Table 1 showcased detailed analyses of the entirety
of the data utilized in this study. It is important to highlight that
the distribution of the data within the groups is randomised.

The fasting blood sugar (FBS) levels of the participants under-
went evaluation, and a comprehensive overview of the findings is
outlined in Table 2, sorted by group. In group A, the average FBS
level was recorded at 180 mg/dl. Statistical analysis revealed
consistency in the FBS data within this group, with readings con-
sistently at 140 mg/dl both before and after the test. Similarly,
group B also demonstrated uniformity. These results emphasize a
persistent and unchanging FBS level, irrespective of when the
measurements were taken whether before or after the test.

Hb A1C test purpose is to diagnose prediabetes and diabetes,
along with the ongoing monitoring of blood sugar levels in dia-
betic individuals. Typically, a healthy A1C level rests below
5.7%, while a range from 5.7 to 6.4% indicates the presence of
prediabetes, and a measurement of 6.5% or higher confirms
diabetes. Furthermore, an A1C levels within the range of
5.7-6.4% recognize as an elevated risk for diabetes, com-
plementing impaired fasting glucose (IFG) and impaired glucose
tolerance (IGT) 7181, Haemoglobin levels in blood, measured in
grams per decilitre (g/dl), typically range from 14 to 18 g/dl for
males and 12 to 16 g/dl for females. Using the latest American
Diabetes Association criteria, participants’ glucose tolerance was
categorized based on baseline | fasting plasma glucose (FPG)
values: normal fasting glucose (NFG) at 5.6 mmol/l (100 mg/dl),
impaired fasting glucose (IFG) between 5.6 and 6.9 mmol/l
(100-125 mg/dl), and IFG or diabetes starting at greater than or
equal to 7 mmol/l (126 mg/dl)!**2%, Tables 3 and 4 present the
A1C and Hb levels across separate treatment groups, respec-
tively, offering a detailed depiction of the variations and corre-
lations observed within each group. Additionally, Table 5
provides a comprehensive overview of Ferritin level variations
across treatments. Collectively, these findings underscore the
consistent patterns observed in both primary and secondary
outcomes (Tables 3 and 5 - Fig. 2).

To evaluate and compare the efficacy of treatment A versus
treatment B, we meticulously examined the adjusted averages and
performed a comparative analysis of Hb and ferritin levels
across both treatment groups. Haemoglobin, serving as a pivotal

Description of fasting blood sugar (FBS) amount by
treatment group

Treatment A Treatment B

Type of Before After Before After
treatment treatment treatment treatment treatment
Mean 180.73 148.60 147.09 152.82
Standard 56.99 38.10 38.19 56.65

deviation
Minimum 111.00 84.00 101.00 101.00
Maximum 320.00 203.00 244.00 302.00
Variation range 209.00 119.00 143.00 201.00
Frequency 28 28 27 27
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Description of A1C (%) levels by treatment group

Description of the level of ferritin (mg/dl) by treatment group

Treatment A Treatment B Treatment A Treatment B

Type of Before After Before After Type of Before After Before After
treatment treatment treatment treatment treatment treatment treatment treatment treatment treatment
Mean 8.123 7.989 7122 7.311 Mean 11.732 20.333 17.875 19.188
Standard 1.791 2.201 1.612 2.106 Standard 1.361 5199 5.572 4,736

deviation deviation
Minimum 6.00 6.00 5.60 5.00 Minimum 10.20 9.00 12.00 8.00
Maximum 12.10 11.90 10.80 10.80 Maximum 14.90 31.00 28.00 26.00
Variation range 6.10 5.90 5.20 5.80 Variation range 4.70 22.00 16.00 18.00
Frequency 28 28 27 27 Frequency 28 28 27 27

variable of this investigation, is one of the primary outcomes.
Based on the findings presented in Table 6, the p value = 0.096
indicates a lack of a statistically significant difference between
treatments A and B. Examining Table 7, where the impact on
ferritin levels was assessed for both treatments, the obtained p
value = 0.5 further supports the absence of a significant dis-
tinction between these treatment groups. In essence, while the
data from Tables 6 and 7 hint at a potential efficiency advantage
for the one-day treatment regimen, it’s crucial to note that this
observed difference doesn’t achieve statistical significance as
anticipated.

Discussion

Diabetes causes significant changes in most of the body’s systems
and can immediate or onset delayed of the disease, which can
ultimately cause lead to death, disability and high medical
costs”?!. This disease can lead to complications such as cardio-
vascular complications, nephropathy, neurological complica-
tions, ischaemic heart diseases, hypertension, retinopathy,
neuropathy, and cataracts. In general, the complications asso-
ciated with diabetes originate from extended periods of elevated
glucose levels, impacting blood vessels and causing constriction in
both small and large vessels. This constriction leads to issues such
as diminished foot circulation, and an increased risk of amputa-
tion as well as kidney dysfunction. Furthermore, diabetes
amplifies the probability of developing cardiovascular conditions
like coronary artery disease and heart failure!??!. In a 10-year
cohort study in America, it was observed that a low level of
education is associated with a decrease in physical activity, and
the higher the level of education, the more physical activity

Description of Hb (g/dl) levels by treatment group

increases significantly. Additionally, the relationship between
literacy, health awareness, and the prevalence of type 2 diabetes is
a complex issue. Evidence indicates that heightened health lit-
eracy correlates with enhanced understanding of diabetes and
improved self-care behaviours. This association may potentially
result in better glycemic control, contributing to a potential
decline in the prevalence of type 2 diabetes!3!.

The current guidelines for treating iron deficiency recommend
a daily iron supply divided throughout the day to enhance
absorption. However, daily dosing might elevate serum hepcidin
levels and subsequently reduce iron absorption. In a clinical trial
study, iron absorption from oral supplements was compared
between doses administered on consecutive days versus alternate
days, delivered either as a morning dose once daily or as an
experimental divided dose, among women aged 18-40 years.
Switzerland was the site of the study. In this study, one group was
given ~60 mg of iron on consecutive days for 14 days, and the
other group was given similar doses on alternate days for 28 days.
Fourteen days after the final dose, each group was transferred to
another diet. Within-person comparisons were made. The results
of the bioavailability study were the availability of iron, which
was evaluated by measuring the abundance of isotopic labels in
red blood cells Fourteen days after administration and serum
hepcidin. The results of the study showed that divided doses twice
a day resulted in a higher serum hepcidin concentration than the
once-a-day dose, and no Grade 3 or 4 side effects were reported.
Therefore, the authors concluded that in women suffering from
iron deficiency, daily iron supplements in the form of divided
doses increase serum hepcidin and decrease iron absorption.
Providing iron supplements on alternate days and in a single dose
optimizes iron absorption and may be a therapeutic regimen with
an optimal dose**,

Ferritin plays an important role in maintaining intracellular
iron balance. In a steady state, the serum ferritin level is related to
the total body iron sources. Therefore, the measurement of serum

Treatment A Treatment B ferritin level is the most suitable laboratory test for estimating
Type of Before After Before After
treatment treatment treatment treatment treatment Table 6
Mean 11.270 12.383 11.582 11.732 Adjusted averages and Hb (g/dl) comparison of treatment groups
Standard 0.920 1.371 1.658 1.361

deviation Type of Adjusted  Standard Difference of  Standard
Minimum 9.50 10.75 9.60 10.20 treatment mean error means error P
Maximum 12.90 15.40 15.90 14.90 TreatmentA  11.696 0.286 —0.731 0428 0.0
Variation range 3.40 4.65 6.30 4.70 Treatment B 12.497 0.316
Frequency 28 28 27 27
Hb, haemoglobin.
1993

Hb, haemoglobin.
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Adjusted averages and comparison of ferritin (mg/dl) of treatment
groups

Type of Adjusted Standard  Difference of  Standard
treatment mean error means error P
Treatment A 19.147 1.312 -1.217 1.784 0.500
Treatment B 20.364 1.137

iron storage®l. An insufficiency of iron commonly leads to
anaemia, particularly among adolescents. This condition during
adolescence results in decreased physical and mental abilities,
leading to reduced focus and performance in both work and
education**°!, Consequently, along with serum ferritin, the
measurement of haemoglobin level is considered a suitable
laboratory test for evaluating iron reserves and sources in the
body. The body needs iron for cell growth and function. Iron
participates in many enzyme systems in the body"°!. The main
form of glyco haemoglobin is Hb A1C; the lack of this type of
haemoglobin in chronic diabetic patients causes an abnormal
increase in blood sugar and, therefore has a positive relationship
with blood sugar control. Previous studies indicate that iron
deficiency anaemia affects the level of Hb A1CP'.

In the study of Coban and colleagues, the effect of iron defi-
ciency anaemia on Hb A1C was determined. Fifty patients with
iron deficiency anaemia and fifty healthy individuals, matched in
terms of age and sex, were studies. Haematology measurements,
fasting and postprandial glucose levels, and Hb A1C were per-
formed in all subjects before iron therapy. All patients with iron
deficiency anaemia were treated with 100 mg per day for three
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months and the laboratory tests were repeated after iron therapy.
The results showed that the average level of Hb A1C in patients
with iron deficiency anaemia was higher than of the healthy
group. In patients with iron deficiency anaemia, haemoglobin
Alcdecreased after iron treatment. Their results showed thatiron
deficiency anaemia is associated with higher concentrations of Hb
A1C, and replacement with iron leads to a decrease in Hb
A1CPY, Iron concentration should be considered when inter-
preting of Hb A1C concentration in diabetes mellitus. Therefore,
iron replacement is especially important in diabetic patients with
iron deficiency, because it increases the reliability of Hb A1C
determination. Similarly, Brooks et al.®?! showed higher hae-
moglobin Alc concentration in non-diabetic adults with iron
deficiency, which has decreased to normal after iron replacement.

Hansen et al. showed normal Hb A1C concentrations in iron
deficiency, which decreased to abnormal levels after iron
supplementation'®>!. On the contrary, Van Heiningen and Dalton
reported no change in Hb A1C concentration in non-diabetic
patients with iron deficiency anaemia before and after iron
treatment. They pointed out that the reported differences in Hb
A1C concentration before and after iron supplementation are due
to differences in the laboratory methods used to measure Hb
A1C. The cause of high Hb A1C in iron deficiency anaemia is still
unclear®¥!, El Aguza and colleagues explained it in terms of the
mechanism of Hb A1C production. The level of Hb A1C reflects
the balanced relationship between the concentration of Hb A1C
and serum glucose. Therefore, if serum glucose is allowed to
remain constant, a decrease in haemoglobin concentration may
lead to an increase in the glycemic deficit>*.,

Tarem and colleagues speculated that the appearance of red
blood cells in the circulation after iron therapy could lead to the
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Figure 2. Hemoglobin (Hb) and A1C relationship graph. The relationship between A1C and Hb before treatment is positive and significant. In the following, the

scatter diagram of the points of these correlations is reported.
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dilution and reduction of the concentration of Hb A1C already
formed"®!. Future studies may reveal the mechanism of increased
Hb A1C level in iron deficiency anaemia. Therefore, iron defi-
ciency must be corrected before any diagnostic or therapeutic
decision based on Hb A1C. Additionally, Hb A1C is usually used
to measure long-term blood sugar control in patients with dia-
betes, as it has been shown that the amount of Hb A predicts the
risk of many chronic complications in diabetes*”!. Kuban and
colleagues’ study shows that iron deficiency is associated with a
higher proportion of Hb A1C, which can cause problems in the
diagnosis of uncontrolled diabetes in patients with iron defi-
ciency. Iron status should be considered during the interpretation
of Hb A1C concentration in diabetes mellitus. Therefore, iron
mellitus, and replacement is especially important in diabetic
patients with iron deficiency, as it increases the reliability in
determining Hb A1C?®! In the current study, fasting blood sugar
did not change significantly with the increase in haemoglobin
during the treatment, so the relationship between Hb A1C and
haemoglobin was such that the higher the haemoglobin after the
treatment; the lower the level of Hb A1C.

Conclusion

The results of the present study show that, although the effec-
tiveness of using oral iron supplements did not have a significant
difference in terms of increasing haemoglobin and ferritin, the use
of oral iron once every other day was more effective than the use
of oral iron every day. Like other studies, this result concluded
that there is a negative correlation between Hb A1C and Hb, and
to check the status of Hb A1C in diabetics, the level of Hb should
be considered first.
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