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ABSTRACT

Introduction: Iron deficiency anemia (IDA) is a prevalent nutritional
deficiency worldwide, particularly affecting vulnerable groups with chronic
illnesses, such as type 2 diabetes mellitus (T2DM). T2DM, characterized by
insulin resistance and hyperglycemia, impacts numerous physiological
processes and is linked with increased oxidative stress.

Obijective: This study aims to examine the prevalence of iron deficiency
anemia in T2DM patients taking metformin and to investigate its association
with oxidative stress.

Methodology: Conducted at Shalamar Hospital, Lahore, this cross-sectional
study took place from September 2023 to September 2024 and included 255
patients aged 30—70 years. Exclusion criteria were patients with chronic
kidney disease, liver dysfunction, gastrointestinal disorders affecting
nutrient absorption, or those taking iron supplements or medications
influencing iron metabolism.

Results: Among the participants, 40.9% (92 patients) were diagnosed with
IDA, with a mean hemoglobin level of 11.5 g/dL. In contrast, 59.1% (133
patients) without IDA had a higher mean hemoglobin of 14.3 g/dL. IDA
patients showed significantly elevated malondialdehyde (MDA) levels at 3.8
umol/L, compared to 2.5 pmol/L in non-IDA patients (p < 0.05), suggesting
increased lipid peroxidation. Antioxidant enzyme levels were also lower in
the IDA group, with superoxide dismutase (SOD) and glutathione peroxidase
(GPx) at 150 U/mL and 80 U/mL, respectively, versus 200 U/mL and 100
U/mL in non-1DA patients.

Conclusion: This study concludes that iron deficiency anemia is common
among T2DM patients on metformin and is significantly associated with
increased oxidative stress.

INTRODUCTION

Iron deficiency anemia (IDA) is one of the most
common nutritional deficiencies globally, affecting
millions, especially in vulnerable populations with
chronic diseases such as type 2 diabetes mellitus
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(T2DM). This metabolic disease accompanied by
insulin resistance and persistent hyperglycemia, affects
different physiological processes and is characterized by
increased level of oxidative stress [1]. Most people with
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T2DM treat their illness with metformin which is an oral
antidiabetic agent effective in regulating the levels of
glucose in the blood. However, some newly published
researches claim that metformin can diminish the
molecular uptake of iron thus aggravating the state of
IDA with long-term application of the drug [2]. A
particular concern in the present study relates to
heightened risk of IDA next to metformin in T2DM
patients, while considering the compound effects of IDA
affecting all aspects of metabolism and life quality. Iron
is an essential nutritional element in the human body as
it has duties in typing of oxygen and production of
energy [3]. When iron is low it compromises the ability
of the body to move oxygen hence getting fatigue,
weakness, decreased exercise tolerance, which is very
crucial in the life of a diabetic patient and tends to
worsen the complications of the disease [4]. Moreover,
IDA can even exacerbate existing complications in
T2DM patients because it is well documented that low
iron level is pro-oxidative, and oxidative stress is
directly related to insulin resistance. Oxidative stress is
the condition in which there is excessive formation of
ROS compared to the ability of the body to scavenge
these radicals and cause injury to lipids, proteins and
DNA [5]. This oxidative damage is very vital in the
development of diabetes complications; cardiovascular
complications, neuropathy, and retinopathy [6].
Previous studies done on metformin use in T2DM
patients with IDA showed several possible mechanisms.
There was one suggestion that metformin may have an
impact or interact with vitamin B12 vitamin which is
involved with iron as well as with the creation of red
blood cells [7]. The decrease in vitamin B12 level
caused by the use of metformin could relatively cause
IDA in patients in the long run. Another theory relative
with metformin is its effect on the gut microbiota, and,
therefore, on the absorption of nutrients, such as iron.
Some of the research has indicated that the effects that
metformin has on the GI may reduce the assimilation of
iron by the small Intestine, which only compounds the
problem of Iron Deficiency in such patients [8]. Such an
interaction between IDA and oxidative stress in T2DM
patients is more alarming given that the two states
involve linked biochemical processes, including
inflammation and endothelial dysfunction. IDA may
increase levels of oxidative stress and therefore increase
challenges in T2DM patients already at risk of oxidative
damage [9,10].

OBJECTIVE

The main objective of the study is to find iron deficiency
anemia in type 2 diabetic patients taking metformin and
its association with oxidative stress.
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METHODOLOGY

This cross-sectional study was conducted at Shalamar
Hospital, Lahore from September 2023 to September
2024. Data were collected from 255 patients. Patients
aged 30-70 years were included, and those with chronic
kidney disease, liver dysfunction, gastrointestinal
disorders affecting nutrient absorption, or individuals
taking iron supplements or other medications known to
influence iron metabolism were excluded.

Data Collection

Each patient underwent a comprehensive clinical
assessment to document their medical history, duration
of diabetes, and metformin use. Demographic data,
including age, gender, BMI, and lifestyle factors, such
as smoking and dietary habits, were also collected. The
assessment included routine physical examinations and
laboratory tests, with special emphasis on hemoglobin,
hematocrit, and serum ferritin levels to evaluate iron
status. IDA was determined based on hemoglobin levels
below 13 g/dL for men and 12 g/dL for women, coupled
with low serum ferritin (less than 15 ng/mL). Additional
parameters, including mean corpuscular volume (MCV)
and mean corpuscular hemoglobin (MCH), were
analyzed to classify the anemia type and confirm iron
deficiency. To assess oxidative stress, blood samples
were collected from each participant for MDA levels
were measured to assess lipid peroxidation, an indicator
of oxidative stress. Superoxide Dismutase (SOD) and
Glutathione Peroxidase (GPx) activity antioxidant
enzymes were measured to evaluate the body’s
antioxidant defense against ROS. CRP was analyzed to
identify systemic inflammation, which can contribute to
oxidative stress.

Statistical Analysis

Data were analyzed using SPSS v29. Descriptive
statistics were used to summarize demographic and
clinical characteristics of the sample. The prevalence of
IDA was calculated as a percentage of the total sample.

RESULTS

Data were collected from 255 patients. Mean age of the
patients was 57.89+2.45 years. 92 (40.9%) were found
to have iron deficiency anemia (IDA), with a mean
hemoglobin level of 11.5 g/dL. In contrast, 133 patients
(59.1%) did not exhibit IDA, with a higher mean
hemoglobin level of 14.3 g/dL. This significant
difference in hemoglobin levels highlights the
prevalence of IDA in T2DM patients and suggests a
potential impact of metformin use on iron status.
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Table 1
Prevalence of Iron Deficiency Anemia (IDA)
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IDA Status
With IDA 92 40.9 11.5
Without IDA 133 59.1 14.3

Patients with IDA had significantly higher levels of
malondialdehyde (MDA) at 3.8 umol/L compared to 2.5
pmol/L in non-IDA patients (p < 0.05), indicating
increased lipid peroxidation. Antioxidant enzyme levels,
specifically  superoxide dismutase (SOD) and
glutathione peroxidase (GPx), were notably lower in
IDA patients, with SOD at 150 U/mL and GPx at 80
U/mL, compared to 200 U/mL and 100 U/mL in those
without IDA, respectively. Additionally, C-reactive
protein (CRP), an inflammation marker, was doubled in
IDA patients at 6.0 mg/L compared to 3.0 mg/L,
highlighting an elevated inflammatory state associated
with IDA.

Table 2
Oxidative Stress Markers (IDA vs. Non-IDA Patients)
With  Without

Marker IDA IDA p-value
Malondialdehyde
(MDA) (umol/L) 3.8 2.5 <0.05
Superoxide
Dismutase (SOD) 150.0 200.0 N/A
(U/mL)
Glutathione
Peroxidase (GPx) 80.0 100.0 <0.01
(U/mL)
C-Reactive Protein
(CRP) (mg/L) 6.0 3.0 N/A

A positive correlation (r = 0.45, p < 0.01) was observed
between malondialdehyde (MDA) levels and
hemoglobin, suggesting that lower hemoglobin levels
are associated with increased oxidative stress.
Conversely, superoxide dismutase (SOD) and
glutathione peroxidase (GPx) showed negative
correlations with IDA, with correlation coefficients of -
0.38 and -0.40, respectively (both p <0.01).

Table 3
Correlation Analysis between IDA and Oxidative Stress
Markers

] Correlation
Variable st () p-value
Malondialdehyde
(MDA) vs 0.45 <0.01
Hemoglobin
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Superoxide Dismutase

(SOD) vs IDA -0.38 <0.01
Glutathione

Peroxidase (GPx) vs -0.4 <0.01
IDA

Patients with IDA had a 2.5 times higher likelihood of
experiencing elevated oxidative stress (OR = 2.5, 95%
CIL: 1.6-4.1, p <0.01). Additionally, metformin use was
independently linked to an increased risk of IDA, with
an odds ratio of 1.8 (95% CI: 1.2-2.7, p = 0.03). These
findings suggest that both IDA and prolonged metformin
therapy may contribute to oxidative stress in T2DM
patients.

Table 4
Multivariable Logistic Regression Results
Odds 95% :
Risk Factor Ratio Confidence vflue
(OR) Interval (CI)
Iron <
Deficiency 2.5 1.6-4.1
. 0.01
Anemia
Lleeiri 18 1227 0.03
Use
DISCUSSION

The association between metformin use and IDA aligns
with prior research suggesting that metformin may
reduce iron and vitamin B12 absorption, potentially
exacerbating the risk of anemia. Furthermore, our results
demonstrate that there is a highly significant relation
between IDA and OSI pointing out the interaction
between the iron metabolism, oxidative stress, and
diabetic process [11]. In IDA patients, significantly
increased MDA - the indicator of the level of lipid
peroxidation was detected, and decreased SOD and GPx
activity — the enzymes of antioxidant protection of cells.
These observations indicate that iron deficiency may
worsen oxidative stress in diabetic patients, perhaps as a
result of a decreased ability to scavenge ROS [12]. The
increased OS in patients with IDA can exacerbate IR and
put T2DM patients at risky for cardiovascular and
neurological afflictions. When the multivariable logistic
regression model was performed, after controlling for
age, BMI, and diabetes duration, both IDA and
metformin use were found to predispose to raised
oxidative stress in diabetes independently [13]. These
results highlight the significance of assessment of iron
status in diabetic patients taking metformin since
longevity of treatment may enhance susceptibility to
IDA, added to escalated oxidative stress [14]. This risk
could be especially true for patients who already have
higher levels of ROS because of hyperglycemia. Both
low levels of hemoglobin and ferritin and increased
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oxidative stress markers suggest that iron deficiency
anemia implicates the entire body, not only by causing
fatigue and pale skin [15]. Hemoglobin synthesis being
a process that iron deficiency affects may mean that as a
result of hypoxia, a state of oxidative stress is created
due to the up regulation of ROS production in an effort
to compensate for oxygen shortage in the tissues. In
T2DM, this may worsen the diabetic complications
because oxidative stress is a principle origin of vascular
and metabolic disorders [16]. The results are in parallel
with various established studies that have examined the
effects of metformin on micronutrient concentration.
Nevertheless, no data exists regarding oxidative stress
status in T2DM patients with either IDA or only anemia
[17]. The present study gives additional information on
the possible oxidative stress that IDA puts on diabetic
patient using metformin, which call for early therapies.
Implementation of early diagnosis of iron deficiency in
diabetic patients especially on long term metformin
therapy could assist in identification of those at risk and
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