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Abstract
Background: Hepcidin (HP) is an important regulator of iron homeostasis. Iron status and IL-6 have been shown to regulate 

the expression of HP. Serum iron (SI), HP, and IL-6 have a highly significant role in inflammation since inflammation elevates the 
levels of HP for expressing the ischemic condition. The present study was carried out to investigate the impact of an interactive 
association between HP, SI, and IL-6 in non-anemic women with acute ischemic stroke (AIS).

Methods and Results: The present case-control, descriptive study comprised 25 non-anemic women with AIS and 25 
healthy non-anemic women controls. The age range of AIS and control subjects was 50 to 54 years. Non-anemic AIS women 
within 8 hours after AIS onset (AIS<8 hrs) and 72 hours after onset of AIS (AIS-72 hours) were examined. The patients underwent 
assessment of traditional risk factors, physical examination, CBC, blood biochemistry test, 12-lead ECG, CT scans, MRI, CT or 
MR angiogram, carotid ultrasound of the arteries, transcranial doppler ultrasound, and EEG. Office blood pressure was measured 
using a mercury sphygmomanometer. Significantly increased values were obtained for systolic blood pressure and diastolic blood 
pressure in AIS women, compared to the control subjects: 137.44±12.35 vs. 130.88±7.30 mmHg (P=0.0267) and 86.72± 8.48 vs. 
81.80± 5.42 mmHg (P=0.0183), respectively. Serum C-reactive protein and low-density lipoprotein cholesterol levels in AIS were 
significantly higher than in healthy control women (P<0.0001). 

A significant increase in serum HP, SI, and IL-6 for AIS<8 hrs was found, compared to AIS-72 hrs (P<0.001 in all cases). 
Comparison for AIS<8 hrs vs. controls showed a highly significant increase in serum HP, SI, and IL-6 for AIS<8 hrs (P<0.001 in all 
cases). On the other hand, AIS-72 hrs vs. controls indicated a significant increase in SI (P=0.0028) and IL-6 (P=0.0065) but a non-
significant increase in serum HP (P>0.05) in AIS-72 hrs. Linear regression expressed a high strength of the relationship between 
serum HP and SI for AIS<8 hrs (R2=0.82, P<0.0001) and AIS-72 hrs (R2=0.73, P<0.0001), but a negligible linear association for 
controls (R2=0.01, P=0.5990). There was a high relationship between HP and IL-6 for AIS<8 hrs (R2=0.67, P<0.0001) and AIS-72 
hrs (R2=0.67, P<0.0001), but a small linear association for controls (R2=0.28, P=0.0063). The R2 value of 0.47 (P<0.0002) and 
0.42 (P<0.0004) was found between SI and IL-6 for AIS<8 hrs and AIS-72 hrs, and a negligible linear association (R2=0.006, 
P=0.7250) for controls.

Conclusion: The present study provides evidence of the association of AIS in non-anemic women with increased hepcidin. 
The interactive pathophysiological role of HP, IL-6, and SI in non-anemic women with AIS has also been shown.(International 
Journal of Biomedicine. 2024;14(2):260-264.)
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Introduction
Stroke is one of the leading causes of disability and death 

in adults(1) suffering from diabetes, heart disease, hypertension, 
and chronic kidney disease.(2,3) Despite enormous research 
that has been conducted, an incomplete understanding of the 
pathophysiology of stroke is the one main barrier limiting the 
research progress. 

The majority of stroke cases (about 90%) are ischemic.(4) 
Several conditions or risk factors(5) predisposing to ischemic 
stroke (IS) include high blood pressure (BP), high cholesterol 
levels, and cardiovascular diseases, among other causes.
Patients with acute ischemic stroke (AIS) present with the 
most common symptoms of the sudden occurrences of 
abnormal functions and deficits in the nervous system, making 
it harder to diagnose during the initial 24 hours properly. The 
AIS is caused by sudden obstruction or blockage of arteries by 
a thrombus or embolus and leads to almost immediate loss of 
oxygen and glucose supply to the brain. It causes irreparable 
neuronal damage within just a few minutes after onset.    

The symptoms of IS progress swiftly in just a few 
hours.(6) A transient ischemic attack is considered at least one 
risk factor.(7)  Several of the risk factors can be managed by 
changing lifestyle activities, including mainly the control of 
high BP, high cholesterol levels, heart disease, diabetes, and 
smoking.(8)

Iron status is suggested as one major factor or cause 
involved in the occurrence and progression of various 
diseases.(9-12) Hepcidin (HP), produced in the liver, is a factor 
associated with iron status. It is the main antimicrobial 
regulatory hormone/peptide for iron metabolism.(13) In 
association with IL-6 and other inflammatory cytokines, HP 
has been recognized as having a significant involvement in the 
homeostasis of systemic iron, and it serves as a bridge or link 
between iron regulation and inflammation.(4)

Iron status and IL-6 have been shown to regulate the 
expression of HP.(14) Serum iron (SI), HP, and IL-6 have a 
highly significant role in inflammation since inflammation 
elevates the levels of HP for expressing the ischemic 
condition.(15)

Several therapeutic products have been introduced in 
the past decade to reduce the disability and death associated 
with stroke. Still, only a little progress has been made in 
understanding the neuronal mechanisms involved.(15,16)

Despite the mentioned reports providing evidence for the 
role of HP in stroke patients, serum levels of HP in association 
with IL-6 and SI are still not known. Hence, the present study 
was carried out to investigate the impact of an interactive 
association between HP, SI, and IL-6 in non-anemic women 
with AIS. It is hoped that further research may clarify the role 
of HP in AIS prognosis and therapeutic approaches.(17,18)

Materials and Methods
The present case-control, descriptive study comprised 

25 non-anemic women with AIS and 25 healthy non-anemic 
women controls. The age range of AIS and control subjects 
was 50 to 54 years. Baseline characteristics of the subjects are 

presented in Table 1. A detailed questionnaire was prepared 
to contain information about clinical, biochemical, and 
hematological estimations. After obtaining ethical approval, 
the research was carried out in affiliated hospitals from 
January 2022 to January 2023. The consent of the women 
patients and healthy women subjects was obtained before 
the start of the consultation. The subjective and objective 
information for AIS patients and control subjects was obtained 
following the regulations and guidelines of the Biomedical 
Ethics Committee.

The present work is the next step to our previous 
study.(19) For the present study, the specialist neurologists and 
other medical experts helped in the differential diagnosis of 
patients with AIS, using CT scans, MRI, CT or MR angiogram, 
carotid ultrasound of the arteries, transcranial doppler (TCD) 
ultrasound, EEG, and other techniques. The data for the 
present report was collected from properly diagnosed patients 
with AIS. Blood tests were CBC, coagulation, blood glucose, 
blood protein, C-reactive protein (CRP), cholesterol, serum 
electrolytes, and other lab tests (Table 1). 

The subjects (normal control and AIS subjects) selected 
for the present report had a normal range BMI of 18.5 to <25 
kg/m2 for the healthy Saudi population.(20) BMI was calculated 
as weight (kg) divided by height (m) squared.(21) Hence, the 
patients and healthy control subjects with higher or lower 
BMI values than the mentioned levels were not included in 
the present work. 

Iron status was defined properly,(22) and the AIS and 
control subjects without anemia were included in the present 
study, following the definition of anemia as Hb<12 g/dL.(23,24) 
According to ACC/AHA, SBP/DBP below 120/80 mmHg 
was considered normal, and SBP/DBP ≥130/80 mmHg 
was considered hypertension.(25) Office blood pressure was 
measured using a mercury sphygmomanometer.(26) The 
subjects with hypotension and hypertension stage 2 were not 
included in the study.

The SI, IL-6, HP, HDL-C, and LDL-C levels were 
measured. The ELISA method was used to determine serum 
IL-6, SI, and HP, and a fully automated method was employed 
to measure serum HDL-C and LDL-C. (27,28)

A comprehensive analysis was conducted using GraphPad 
Prism (version 6.0) software, San Diego, CA, USA. For the 
descriptive analysis, results are presented as mean (M) ± standard 
deviation (SD). Student’s unpaired and paired t-tests were used to 
compare two groups for data with normal distribution. The one-
way analysis of variance (ANOVA) and related Tukey-Kramer 
post-hoc test was carried out. The coefficient of determination R2 
was estimated to measure the strength of the linear relationship. 
A probability value of P<0.05 was considered statistically 
significant. The results were compared and analyzed statistically 
following general statistical principles/concepts.(29)

Results
The age, Hb, and HDL-C in the women patients with 

AIS did not differ significantly from the healthy control 
subjects (Table 1). However, significantly increased values 
were obtained for SBP (P=0.0267) and DBP (P=0.0183) in 
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AIS women, compared to the control subjects. Serum CRP 
and LDL-C levels in AIS were significantly higher than in 
healthy control women (P<0.0001). 

A significant increase in serum HP, SI, and IL-6 for 
AIS<8 hrs was found, compared to AIS-72 hrs (P<0.001 in 
all cases) (Table 2) Comparison for AIS<8 hrs vs. controls 
showed a highly significant increase in serum HP, SI, and 
IL-6 for AIS<8 hrs (P<0.001 in all cases). On the other hand, 
AIS-72 hrs vs. controls indicated a significant increase in SI 
(P=0.0028) and IL-6 (P=0.0065) but a non-significant increase 
in serum HP (P>0.05) in AIS-72 hrs (Table 2). 

One-way analysis of variance (ANOVA) for serum HP, 
IL-6, and iron in women with AIS (AIS<8 hrs and AIS-72 
hrs) and healthy women controls showed a highly significant 
difference (P<0.0001, Table 3).

The coefficient of determination (R2) was estimated 
to measure the strength of the linear relationship (Table 4). 
The strength of the relationship between serum HP and SI for 
AIS<8 hrs (R2=0.82, P<0.0001) and AIS-72 hrs (R2=0.73, 
P<0.0001) was high, but a negligible linear association for 
controls (R2=0.01, P=0.5990). There was a high relationship 
between HP and IL-6 for AIS<8 hrs (R2=0.67, P<0.0001) 

and AIS-72 hrs (R2=0.67, P<0.0001), but a small linear 
association for controls (R2=0.28, P=0.0063). The R2 value of 
0.47 (P<0.0002) and 0.42 (P<0.0004) was found between SI 
and IL-6 for AIS<8 hrs and AIS-72 hrs, and a negligible linear 
association (R2=0.006, P=0.7250) for controls.Table 1. 

Baseline characteristics of the study participants  

Baseline 
characteristics

Serum levels (mean ± SD)
t-value P-valueAIS 

(n = 25)
C 

(n = 25)

Age (years) 52.72±1.07 52.34±1.44 1.08 0.2847

SBP (mmHg) 137.44±12.35 130.88±7.30 2.29 0.0267

DBP (mmHg) 86.72±8.48 81.80±5.42 2.44 0.0183

Hb (g/dL) 13.67±1.15 13.31±1.09 1.13 0.2621

CRP (mg/dL) 9.58±1.26 3.49± 0.97 19.15 <0.0001

HDL-C (mg/dL) 55.71±7.08 57.42±5.88 0.93 0.360

LDL-C (mg/dL) 111.85±17.17 95.47±6.40 4.47 <0.0001

Table 2. 
Serum hepcidin, IL-6, and iron in women with acute ischemic stroke. 

Variables

Serum levels and statistical analysis
AIS 

C 

AIS vs. C

AIS < 8 hrs AIS-72 hrs
AIS < 8 hrs vs. AIS-72 hrs AIS < 8 hrs vs. C AIS-72 hrs vs. C

t* P t** P t** P

Serum HP (ng/ml) 28.01±13.78 18.63±10.53 8.88   <0.0001   13.92±7.00 4.56 <0.0001   1.86 0.0684

SI (µg/dL) 122.12± 31.88 96.21± 25.46 12.64 <0.0001  76.20±19.00 6.19 <0.0001 3.15 0.0028

Serum IL-6 (pg/ml) 16.21± 7.07 9.66± 3.98 9.14 <0.0001  7.10± 2.13 6.17 <0.0001   2.85 0.0065

*- paired t-test; ** - unpaired t-test; C - control.

Variables
One-way ANOVA*
F P

Serum HP (ng/ml) 11.028 <0.0001

Serum iron (µg/dL) 19.629 <0.0001

Serum IL-6 (pg/ml) 23.556 <0.0001

* - Tukey-Kramer post-hoc test indicates a highly significant difference 
for the comparisons for AIS< 8 hrs and AIS-72 hrs.

Table 3.
One-way ANOVA for serum hepcidin, IL-6, and iron in women 
with AIS (AIS < 8 hrs and AIS-72 hrs) and control women. 

Table 4.
The strength of the relationship between serum hepcidin, IL-6 and 
iron in women with AIS and control. 

Variables             R2                 P-value

HP and SI
AIS 

AIS < 8 hrs 0.8242 <0.0001

AIS-72 hrs 0.7341 <0.0001

C 0.0122   0.5990

HP and IL-6
AIS

AIS < 8 hrs 0.6692 <0.0001

AIS-72 hrs 0.6778 <0.0001

C 0.2820   0.0063

SI and IL-6
AIS

AIS < 8 hrs 0.4680 <0.0002

AIS-72 hrs 0.4230 >0.0004

C 0.0055   0.7250

C - control; R2 - coefficient of determination. 
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Discussion
Inflammation increases the HP level and may express 

the ischemic condition (14,30) that has been confirmed in the 
present study. Elevated levels of free SI have also been 
documented in IS, though its mechanism is unclear.(31) The 
present study confirms the increased levels of SI in non-
anemic women with AIS.

Another important factor related to inflammation is IL-
6. It is quite well established that IL-6 is the main important 
cytokine involved in the inflammatory responses that control 
the HP levels, and it is elevated in brain tissues in ischemia 
and IS.(30)

The present study shows significantly increased levels 
of serum HP in non-anemic women with AIS, especially 
during the first 8 hours, compared to controls.(17,18) This 
corresponds to other studies reporting similar changes and 
emphasizes the role of HP and SI in causing brain ischemia. 
It seems quite interesting that serum HP level might serve as 
a strong factor for predicting the status of an IS and future 
therapeutic approaches.(17) It is also necessary to pay attention 
to iron transport proteins. 

Higher levels of SI in AIS patients compared to controls 
in the present study are like those found in a study by Chi 
et al.(32) Moreover, Rouault and Cooperman consider the 
possibility that iron accumulation contributes to the formation 
of free radicals and oxidative damage to brain tissue.(33) 
According to Adibhatla and Hatcher,(34) free iron can react 
with H2O2 via the Fenton reaction, a primary cause of lipid 
peroxidation, and may be particularly important for these 
brain injuries. 

The present study found a significant positive 
correlation between SI and HP, SI and IL-6, and HP and IL-6 
in AIS. Several aspects of these findings are in accordance 
with the published studies (35,36) that help explore the HP role 
in iron-dependent damage and neurotoxicity and the role of 
SI in hypoxia via HP and concomitant changes occurring 
in IS.(30,37) Further studies may explore ways to develop 
novel therapeutics for controlling iron toxicity in IS and to 
understand the pathophysiological mechanisms whereby iron 
causes neurotoxicity in patients with AIS.(4)

 A major limitation of the present report is that the patients 
consulted have a quite limited age range. Future studies need 
extensive research work in both male and female subjects/
patients of a wider age range and a larger and multicentre-
based sample size. 

Conclusion
The present study provides evidence of the association 

of acute ischemic stroke in non-anemic women with increased 
hepcidin. The interactive pathophysiological role of hepcidin, 
IL-6, and serum iron in non-anemic women with acute 
ischemic stroke has also been shown. Furthermore, the present 
study discusses the introduction of better treatment modalities 
for modulating the signaling pathways for hepcidin expression 
and modifying neuronal iron homeostasis in patients with 
acute ischemic stroke.
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