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 Abstract
Background: Stroke is a leading cause of disability and death in adults. Hypertension, diabetes mellitus, 
hyperlipidaemia and atherosclerosis are reported to be the most common causes for stroke.  The World 
Health Organisation has reported that the most common  nutritional deficiency in the world is iron 
deficiency anaemia [IDA] affecting 30% of the world’s population. However, very little is known about 
the association between  IDA and stroke in adults. This systematic review aims to evaluate the association 
between IDA and ischemic stroke in adults.

Methods: The Preferred Reporting Items for Systematic Review and Meta-Analyses [PRISMA] was used to 
guide the review. The main databases such as CINAHL, PUBMED, MEDLINE, COCHRANE, HSE online library, 
and Wiley Online library were searched. Twelve relevant articles including  one case presentation, one case 
control study,  and ten case reports  were included in the review. Quality Appraisal was undertaken using 
the JBI [Joanna Briggs Institute] critical appraisal checklist. Following data extraction, a narrative analysis 
of the results was completed. 

Results: Total 107 participants were included in this review [females n = 58, males n = 49]. Patients in the 
included studies, were diagnosed with ischaemic stroke. They had low haemoglobin level. Their stroke  
symptoms improved with iron treatment and transfusions. From this review it appears that an association  
exists  between IDA and ischaemic stroke. Menorrhagia  was identified as the main cause of IDA in females. 
Among men, IDA was associated with rectal  bleeding. 

Conclusion: Considering this review, IDA should be considered as a possible risk factor for stroke. However, 
more primary research studies are necessary to authenticate this finding.
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Introduction and background

 The term “apoplexy” was used in the ancient Greco-Roman era to describe a condition in which the 
patient “suddenly falls with abrupt abolition of all activities of the mind while retaining pulse and respira-
tion “ [1]. The term “stroke” to symbolize apoplexy was first used by Mr. William Cole in 1689 [1].  Accor-
ding to World Stroke Organisation [WSO], Global stroke fact sheet 2022, there are over 12.2 million new 
strokes each year [2]. Globally, one in four people over 25 years of age will have a stroke in their lifetime [2]. 
Stroke is the second most important cause of death worldwide and a prominent cause of disability [3]. Two 
million brain cells die every minute in stroke increasing the risk of permanent brain damage, disability, 
or death [4]. Stroke is usually caused by hypertension and atherosclerosis [5]. In one-third of all ischemic 
strokes the cause will be cryptogenic [6].

 Anaemia accounts for 8.8% of the total global health burden [7]. World Health Organisation [WHO] 
reports anaemia as the most common nutritional deficiency in the world affecting 30% of the population 
[8]. Almost 50% of the anaemia worldwide is due to iron deficiency [9]. The association between iron defi-
ciency anaemia [IDA] and stroke was first reported by Alexander in 1983 [10]. But earlier in 1970 one study 
[11] reported an association between neurological symptoms and low haemoglobin. Dubyk et.al 2012 [12], 
explored the association between IDA and ischemic stroke in patients ≥65 years of age diagnosed with their 
first ischemic stroke or Transient Ischaemic Attack [TIA]. The overall prevalence of IDA associated ischemic 
stroke/TIA was 6.4% in the sample group. Similarly, the association between IDA and stroke based on the 
secondary data from the Taiwanese Longitudinal Health Insurance Database was reported in 2013 [13]. 
Anaemia may worsen regional hypoxia in the areas of decreased cerebral perfusion [so called “anaemic 
infarction”] [14]. An Asian study undertaken in Pakistan reported a significant association between anae-
mia and severity of stroke [15]. There are numerous studies that have reported a correlation between low 
haemoglobin and neurological symptoms [5,16,17,18,19]. Patients with anaemia have increased mortality 
with stroke [20] and there is significant association of anaemia and cerebral venous thrombosis [21].

 The above case reports draw attention to the increasing indication for a potential link between 
severe IDA and ischemic stroke. No systematic review [SR] has been completed on this topic. The impact 
of anaemia on stroke patients is unreasonably underestimated [22]. This SR aims to explore the complex 
relationship between IDA and ischemic stroke.

Abbreviations: WSO: World Stroke Organisation; IDA: Iron Deficiency Anaemia; TIA: Transient Ischaemic 
Attack; SR: Systematic Review; PRISMA: Preferred Reporting Items for Systematic Review and Meta Ana-
lyses; HSE: Health Service Executive; JBI: Joanna Briggs Institute; ED: Emergency Department; Hb: Haemo-
globin; TIBC: Total iron binding capacity; MRI: Magnetic Resonance Imaging; NIHSS: National Institutes of 
Health Stroke Scale; CINAHL: Cumulated Index to Nursing and Allied Health Literature; MCV: Mean Corpus-
cular Volume; MCH: Mean Corpuscular Haemoglobin; MCA: Middle Cerebral Artery; MRC: Medical Research 
Council; CT Scan: Computed Tomography Scan; TEE: Trans Oesophageal Echo; PAG: Periaqueductal Gray; 
pRBC: Packed Red Blood Cells; DM: Diabetes Mellitus; ASTRAL: Acute Stroke Registry and Analysis of Lau-
sanne; MRC: Medical Research Council.
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Methods

 The Preferred Reporting Items for Systematic Reviews and Meta-Analyses [PRISMA] [23] guidelines 
were followed in this review.

Aims and objectives: This SR aims to explore the link between IDA and ischemic stroke in adults.

SR question:  What is the impact of IDA on the clinical presentation and treatment outcome of patients 
with ischaemic stroke?

Search strategy: Between November 2020 and April 2023, a systematic literature search was undertaken 
to ensure that all the articles that met the inclusion criteria were incorporated in the review. The last search 
was carried out on 14th April  2023. The key search terms used were, iron deficiency anaemia, IDA, and is-
chaemic stroke. The main databases such as CINAHL, PUBMED, MEDLINE, COCHRANE, HSE online library, 
and Wiley Online library were used for the literature search.

Inclusion criteria: In this review, the target population is men and women ≥18 years with confirmed dia-
gnosis of ischaemic stroke. All published trials, observational studies, case reports, cohort studies, case pre-
sentations, case control studies mentioning IDA and ischaemic stroke in at least one patient are included in 
this review. Only English language studies are included in this SR.

Exclusion criteria: Patients <18 years, patients diagnosed with other stroke types like haemorrhagic 
stroke, consensus statements and foreign language studies were excluded from this SR.

Primary outcome

 Serum haemoglobin/iron level.

Secondary outcomes

•   Clinical presentation and treatment outcomes.

•   Predictors of IDA.

Data extraction: The available data was extracted from the included studies under the following headings 
using a data extraction table: Author and year, demographics and country, method of stroke diagnosis, type 
of study, haemoglobin level on admission, reason for IDA, diagnosis, treatment given and the outcome. The 
extracted data was reviewed and validated by the co-authors. Any disagreement in data extraction was re-
solved through discussions. Characteristics of the included studies is given in table 1.

Data synthesis: Most of studies included in this SR were case reports. Meta-analysis was not deemed 
suitable for this SR because of the wide-ranging variability of the studies in relation to their study design, 
study population, type of intervention and measured outcome. A narrative synthesis was carried out to 
synthesize the findings of the various studies. Firstly, a preliminary synthesis was carried out in the form of 
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thematic analysis. Then the results were structured into themes. Finally, the included studies were summa-
rised in a narrative synthesis within a structured framework. The framework consisted of the geographical 
location, demographics, serum haemoglobin level of the participants in the included studies, predictors of 
IDA, clinical presentation of the patients, method of stroke diagnosis, the treatment they received and the 
outcome.

Quality appraisal: Quality appraisal of the included studies were carried out using the JBI [Joanna Briggs 
Institute] critical appraisal checklists [24] (Supplementary Table 1). JBI critical appraisal tools has been  
peer reviewed approved by the JBI Scientific Committee [24]. The quality of the included studies was veri-
fied by two authors.

Results

Search results

 A total of 70 articles were identified through database searches. The reference lists of the retrieved 
articles were scrutinized to find more studies. The initial screening was carried out based on the title and 
abstract of the retrieved articles. After removing duplicates [n = 18] and irrelevant studies [n = 10], 42 ar-
ticles were screened for eligibility. Out of 42 articles, 22 articles were selected for full screening. Out of the 
22 full text articles, 10 were excluded as they did not meet the inclusion criteria. The excluded articles with 
reasons are included in Table 4.

 The full texts of the remaining studies were read in detail and assessed for suitability.  Twelve ar-
ticles that met the predefined inclusion were included in the review. One case presentation [16], ten case 
reports [5,6,9,15,25-30], and one case control study [12] were included in this SR. The PRISMA flowchart 
outlines the study selection process (Figure 1).

Description of the included studies

Geographical location: Nine case reports [5,6,9,15,25-30] and one case control study [12] were conduc-
ted in USA. Two cases were reported from Japan [17,28].

Demographic characteristics: A total of 107 participants were included in this review [Dubyk et al. [2011] 
n = 94,  Yakushiji et al. [2005] n = 2, Naito et al. [2014] n = 2 and rest of the included studies had one par-
ticipant each] of which 58 were females representing 54.2% of the total participants. Male participants 
accounted for 45.75%  of the study population [n = 49]. All participants were over 20 years of age. Demo-
graphic characteristics of the participants are included in Table 2.

Primary outcomes

Serum haemoglobin/ Iron level: The World Health Organization [32] defines anaemia as blood haemo-
globin values of less than 7.7 mmol/l [13 g/dl] in men and 7.4 mmol/l [12 g/dl] in women. IDA is characte-
rized by microcytic, hypochromic erythrocytes and low iron and ferritin with an elevation of total iron bin-
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Figure 1: PRISMA 2009 Flow Diagram (OVERALL SEARCH)

ding capacity [16]. Iron studies diagnostic for IDA consist of a low haemoglobin [<7.7 mmol/l in men and 
7.4 mmol/l in women], a low serum iron [<7.1 µg/l], a low serum ferritin [storage form of iron] [<30 ng/l], 
a low transferrin saturation [<15%], and a high total iron-binding capacity [>13.1 µmol/l] [33].

 Eleven of the included studies did give the haemoglobin/iron level of the patients on admission. 
[5,6,9,16,17,25-30]. In four studies [5,6,25,27], the peripheral blood smear displayed severely microcytic 
and hypochromic red blood cells indicative of IDA. Dubyk et al. [2012] [12] reported the mean value of  the 
iron/haemoglobin level of the patients in their study. In all the included studies patients presented with 
low haemoglobin level. The serum haemoglobin and iron levels in the included studies is shown in table 3.

Secondary Outcomes

Clinical presentation and treatment outcome: Kandinata et al. [2021] [30] presented the case of a 
34-year-old female who presented to the emergency department [ED] with difficulty in speaking and right 
arm weakness. Her initial physical examination revealed right facial droop. Laboratory analysis identified 
haemoglobin [Hb] of 9.1 g/dL, and haematocrit of 31.3%. Anaemia studies showed  iron of 10 ug/dL, fer-
ritin of 3.2 ng/mL, 3% iron saturation, and total iron-binding capacity [TIBC] of 338 ug/dL. Magnetic reso-
nance imaging [MRI] of the brain revealed acute ischaemic stroke. On further history, it was identified that 
she has been having issues with menorrhagia. The patient’s haemoglobin continued to drop from 9.1 g/
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dL on admission to 8.6 g/dL and then to 8.3 g/dL. She received multiple doses of intravenous iron infusion 
during her stay in the hospital, and her condition improved gradually. This study concluded that the stroke 
was caused due to IDA  secondary to menorrhagia as she was undergoing menstruation at the time of pre-
sentation and no other causes were identified.

 Zhang et al. (2020) [16] described the case of a 29-year-old lady who presented with left sided 
numbness, National Institutes of Health Stroke Scale [NIHSS ] Score of  2 ,  Hb of  7.2 gm/dl and ferritin level 
of <1 ng/ml. MRI of the brain revealed acute left occipital lobe infarction. Her past medical history was si-
gnificant for IDA associated with menorrhagia. Hb improved to 12.0 g/dl after receiving two units of packed 
red blood cell transfusions and a five-day course of iron transfusions. She was discharged with no residual 
neurological deficits. Her stroke was most likely secondary to IDA as her cardiovascular risk factors were 
low and her stroke work up was negative.

 Similarly, in another study, Awad et al. [2020] [6], reported the case of a 42-year-old-lady who pre-
sented to the ED following an unwitnessed fall. On examination, her NIHSS score was 13 with left hemi 
sensory loss, left upper and lower extremity drift, aphasia, left facial palsy, GCS 14/15, with altered mental 
status,  bilateral rightward eye deviation, Hb level of 7.7 gm/dl, ferritin level of 7 ng/ml and blood pressure 
of 200/113 mmHg. MRI of the brain  revealed infarct of her middle cerebral artery and anterior cerebral 
artery territories. She had history of menorrhagia. Although her blood pressure was elevated on admission, 
it was controlled with intravenous bolus of labetalol and intravenous nicardipine infusion. All her subse-
quent blood pressure readings during hospitalisation were within normal range and she didn’t require any 
blood pressure lowering therapy. Her symptoms improved with oral doses of 325 mg of ferrous sulphate 
every other day and the patient was discharged home on oral anticoagulant and iron supplements. Six 
months later her haemoglobin normalized to 13.2 gm/dl and the iron therapy was discontinued. Her stroke 
was likely secondary to IDA.

 Nisar and Hanumanthu [2019] [26] acknowledged the case of a 48-year-old lady with history of me-
norrhagia, Hb of 6.0 g/dl and ferritin level of 4 ng/dl, who presented to the ED with complaint of transient 
weakness and numbness in her left arm and leg lasting only two minutes.  MRI of the brain showed acute 
infarctions in the right frontal lobe and left cerebellar hemisphere. This patient received one unit of packed 
red blood cells and was commenced on anticoagulation. Repeat MRI brain four days later did not show any 
new strokes, and the patient’s neurological examination remained stable. No clinical events were reported 
in the eight months follow up, patient remained on warfarin and iron repletion.

 In another case report  Gopalratnam et al. [2017] [9] presented the case of  a  20-year-old  female 
with Hb of 5.8 mg/dl and ferritin level of 39ng/dl, presented to the hospital following a motor vehicle ac-
cident. History revealed severe IDA associated with menorrhagia. On arrival to the hospital, she reported 
chest pain, dizziness, blurred vision, photophobia, and weakness to her left arm and leg. Her neurological 
findings revealed worsening left upper extremity strength, bilateral dysmetria and a positive Romberg sign. 
MRI of the brain revealed bilateral cerebellar and left occipital lobe non haemorrhagic infarcts. Her neuro-
logical function improved over a period of two weeks after multiple blood transfusions, intravenous iron 
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infusion and ferrous sulfate 325 mg three times daily. In this case report, the author highlights the possibi-
lity that the stroke in this young patient was caused by severe IDA.

 Naito et al. [2014] [17] described the case of a 42-year-old woman who experienced a half hour 
episode of right upper and lower extremity weakness, numbness and aphasia which had occurred soon 
after the end of her menstrual period. Her MRI Brain revealed subacute cerebral infarction. She had no 
significant past medical history other than two-year history of menorrhagia. Laboratory testing showed a 
remarkable decrease in haemoglobin concentration [9.1 mg/dL], high platelet count [48.0 × 104 /μL], low 
serum iron concentration [14 μg/dL], high unsaturated iron-binding capacity [400 μg/dL], low serum fer-
ritin level [3.6 ng/mL], and a high transferrin saturation [329.0 mg/dL]. Based on these findings, she was 
diagnosed with IDA. In this case, her IDA was due to bleeding from  uterine fibroid , and it was removed 
surgically. Patient’s anaemia improved after surgery and there was no recurrence of ischemic stroke.

 In the same study  Naito et al [2014] [17] portrayed the case of another 42- year -old woman with low 
haemoglobin concentration of 5.3 g/dl who presented with left facial and left upper extremity weakness. 
Her neurological examination revealed mild dysarthria and left central facial weakness. She had three-year 
history of menorrhagia and one year history of IDA. Brain MRI showed an acute infarction in the right ce-
rebellar hemisphere, right frontal lobe and left frontal lobe. Based on the laboratory findings such as low 
haemoglobin level [5.3 gm/dl], low haematocrit [20.4%], low MCV [59.5 fL], low mean corpuscular hae-
moglobin [MCH] [15.5 pg/cell], low serum iron concentration [11 μg/dL], high unsaturated iron-binding 
capacity [359 μg/dL], and low serum ferritin level [4.0 ng/mL], she was diagnosed with IDA. In this case, 
patient refused blood transfusion and received intravenous iron therapy. Her anaemia and neurological 
functions improved, and no recurrence of stroke was reported. The two cases of ischaemic stroke reported  
by Naito et al. [2014] [17] among middle aged women were considered to be caused by IDA secondary to 
bleeding uterine fibroid.

 The case of a 47-year-old lady with hypoxia induced stroke secondary to IDA associated with me-
norrhagia was reported by Mehta et al. [2012] [5]. Her menorrhagia was due to uterine fibroid. Patient  
presented with mild dysarthria and decreased repetitive finger movements in her left upper extremity.  
Laboratory investigations showed Hb of 7.6 gm/dl, haematocrit 23%, ferritin 4.6 ng/ml, all below normal 
levels.  MRI of the brain revealed acute infarction in right middle cerebral artery [MCA] distribution. During 
the hospital stay, the patient had an unresponsive episode, with bowel incontinence, eyes deviated to the 
right side, left face weakness, and left upper extremity with 0/5 on MRC [Medical Research Council] scale 
for motor strength. She slowly became responsive over time. Her Hb at the time of this incident was 6.9 
gm/dl. A repeat CT scan of the head showed a larger right MCA infarction compared to the previous MRI. 
Patient’s haemoglobin improved between 9-10 g/dl after receiving two units of packed red blood cells. She 
was discharged on the fifteen day with residual left arm upper weakness. All the known causes of stroke 
including thrombus formation was investigated and ruled out in this case.  IDA was identified as the cause 
for her stroke.

 Bukharovich et al. [2012] [29] described the case of a 49-year-old lady with history of severe me-
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norrhagia who presented with new onset of left hemiparesis. MRI of the brain showed multiple small in-
farcts with restricted diffusion throughout the right cerebral white matter and cortex. Laboratory studies 
showed  IDA, with haemoglobin of 8.4 g/dL, MCV of 68 fL, MCH of 20, elevated platelets of 567,000/mL. 
Iron studies showed: ferritin of 15ng/mL, serum iron of 20 µg/dL, and transferrin of 263 mg/dL. Transoe-
sophageal echogram [TEE] showed a large mobile thrombus in the mid aortic arch. Patient received warfa-
rin anticoagulation and oral iron therapy. Her neurological symptoms improved and was able to ambulate 
independently. She was discharged home. In this case severe IDA was identified as the cause of the hyper-
coagulable state and acted as a co factor for thromboembolism.

 Yakushiji et al. [2005] [28]  reported the case of a 50-year-old pale and emaciated [Body mass in-
dex 15.2] lady who presented to the hospital with sudden onset of disturbance in consciousness.  She was 
drowsy, aphasic and had right sided hemiplegia. She had history of anorexia since the age of 17 and occasio-
nal haematochezia for 2 months before the admission. No risk factors were identified other than smoking.  
Laboratory examinations revealed haemoglobin  level of 5.5 gm/dl and ferritin level of 21 μg /dl. There was 
no identifiable cause for IDA except internal haemorrhoids.  Brain diffusion-weighted imaging showed an 
acute infarction in the left middle cerebral artery area. Her IDA improved with blood transfusion. She was 
discharged from hospital on warfarin therapy. Patient had no recurrence of stroke, IDA or thrombophilia 
after 2 years follow up.

 In the same study, Yakushiji et al. [2005] [28] reported another case of a 41-year-old female who 
presented with sudden onset of dysarthria  and right sided hemiplegia. She had epimenorrhagia since the 
age of 20 years. Laboratory examinations revealed haemoglobin level of 7.9 gm/dl and ferritin level of 2 
μg /dl. Adenomyosis uteri was identified as the cause of IDA. Brain diffusion-weighted imaging showed 
acute infarctions in the bilateral cerebellum and the territories of the left middle cerebral artery and the 
left anterior cerebral artery. Patient’s IDA was successfully treated with ferro therapy. She was discharged 
from hospital  with mild right sided hemiplegia on warfarin and ferro therapy. In the two cases reported by 
Yakushiji et al. [2005] [28], severe IDA was considered as a contributing factor of stroke.

 The case of a 28-year-old male who presented with severe fatigue, dizziness, blurred vision, eso-
tropia, diffuse retinal haemorrhage and Roth spots in the left eye was described in another case report 
[Fluss et al. 2019] [25]. Patient’s Hb level on admission was only 1.12 g/dl. Laboratory results also revealed 
thrombocytopenia with platelet count of 16000/µL. MRI brain revealed evidence of stroke in the right pe-
riaqueductal gray [PAG]. Patient had no past medical history of anaemia or thrombocytopenia. He endorsed 
heavy marijuana and alcohol use. After extensive workup, microcytic anaemia likely due to iron deficiency 
was found. Interestingly,  after receiving three units of packed red blood cells [pRBC], the patient’s presen-
ting clinical symptoms, including focal neurological deficit of esotropia began resolving. Haemoglobin level 
post treatment is not mentioned in the study. IDA was identified as the cause of stroke in this patient.

 The case of a 41-year-old man who developed acute stuttering, right upper extremity weakness and 
paraesthesia’s associated with mild slurred speech and right facial droop was reported in the case study  
of Roshal [2016] [27]. Patient also stated having several episodes of right upper extremity numbness and 
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Table 1: Characteristics of the included studies

Author &
year

Demographics
& Country

Method 
of stroke 
diagnosis

Type of study
Haemoglobin 

level on 
admission

Past medical 
History Diagnosis Treatment 

given
Duration  of 

follow up
Outcome of the 

study

Yakushiji et 
al (2005)

52 yr/F
Japan

41 yr /F
Japan

Brain diffusion 
weighted 
imaging

Brain diffusion 
weighted 
imaging

Case Report

Case Report

5.5 gm/dl

7.9 gm/dl

Haematochezia, 
anorexia, internal 

haemorrhoids, 
smoking

Epi -menorrhagia 
since the age of 20

Left MCA 
infarct.

Acute 
infarctions in 
the bilateral 
cerebellum 

and the 
territories of 

the left middle 
cerebral 

artery and the 
left anterior 

cerebral artery

Blood 
transfusion 
and heparin 

infusion.

Heparin 
Infusion, Ferro 

therapy

2 years

6 months

Discharged 
from hospital on 
warfarin therapy.

Patient was 
discharged from 

hospital with 
mild right sided 
hemiplegia  on 
warfarin and 
ferro therapy.

Dubyk et al. 
(2012)

Elderly patients 
≥ 65 years of age 

(n=94)
USA

Not mentioned
Case control 
Prospective 

study

Mean (SD)
F 132 (15)
M 147 (14)

Not mentioned Not mentioned Not mentioned 6 years

84% (n=79) 
of subjects 
presented 

with stroke. 
The overall 

prevalence of IDA 
in the sample of 
stroke and TIA 

patients was 
6.4% accounting 
for 40% of all the 
cases. Bivariate 

analysis was 
used to examine 
the association 
between single 

predictor 
variables 

and outcome 
measures of iron 

status.

Mehta et al 
(2012)

47 yr./F
USA MRI Brain Case Report 7.6 gm/dl

IDA and 
menorrhagia due 
to uterine fibroid.

Acute 
infarction 

in the right 
middle 

cerebral artery.

2 units of 
packed red 
blood cells

15 days
Discharged on 

day 15 with 
residual left arm 
upper weakness.

Bukharovich 
et al. (2012)

49 yr/F 
USA MRI Brain Case Report 8.4 gm/dl Severe 

Menorrhagia

Multiple small 
infarcts with 

restricted 
diffusion 

throughout the 
right cerebral 
white matter 

and cortex

Heparin, iron 10 days

The patient’s 
neurological 

status improved 
rapidly, and she 
was transferred 
to the inpatient 
rehabilitation 

unit. Ten 
days after 

admission she 
was discharged 

on warfarin 
anticoagulation 

and oral iron 
therapy and was 
able to ambulate 

independently

Naito et al. 
(2014)

Case 1
42 yr/F
Japan

Case 2
42yr/F
Japan

MRI Brain

MRI brain

Case Report

Case Report

5.3 gm/dl

9.1 mg/dl

3-year history of 
menorrhagia and 
one year history 

of IDA. 

Two-year history 
of menorrhagia

Acute ischemic 
stroke

Sub-acute 
cerebral 

infarction

Refused blood 
transfusion 
but received 
intravenous 
iron therapy, 

Uterine fibroid 
was surgically 

removed.

 Refused oral 
iron therapy 

Uterine fibroid 
was surgically 

removed.

15 months

Not 
mentioned

Discharged 
home. There was 

no evidence of 
ischemic stroke 

at her 15 months 
follow up.

Discharged with 
no recurrence of 
ischemic stroke.
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Roshal D 
(2016)

41 yr./M
USA MRI Brain Case Report 8.9 gm/dl Rectal bleeding. 

On no medications

Acute and 
subacute 
ischemic 

infarcts in the 
left middle 

cerebral 
arterial 

territory

Intravenous 
iron 

replacement, 
and warfarin.

3 months

Discharged 
home on oral 

anti thrombotic 
agents and 

aggressive iron 
replacement 

therapy with a 
plan for repeat 

vascular imaging 
in 3 months and a 

colonoscopy.

Gopalratnam 
et al. (2017)

20 yr/F
USA MRI Brain Case Report 5.8 mg/dl

Menorrhagia 
with multiple 

evaluations for 
near syncope and 

dizziness.

Bilateral 
cerebellar and 
left occipital 

lobe ischemic 
infarction

Multiple blood 
transfusion, 
intravenous 

iron infusion, 
and ferrous 

sulphate 325 
mg TID. She 
was enrolled 
into physical 
and speech 

therapy.

Two weeks

Discharged 
home on the 

fifteenth day with 
residual left arm 
upper weakness 
with follow up 

in resident’s 
continuity clinic.

Fluss et al. 
(2019)

28 yr. /M
USA MRI Brain Case Report 1.12g/dl

Heavy marijuana 
and alcohol 

consumption

Stroke in the 
periaqueductal 

gray

Six units of 
packed red 
blood cells 

(pRBC)and one 
unit platelet 

over next three 
days.

Not 
mentioned

After three 
units of pRBC, 
his presenting 

clinical 
symptoms 

including his 
focal neurologic 

deficit of 
esotropia began 

resolving.

Nisar & 
Hanumanthu

(2019)
48/F
USA MRI Brain Case Report 6.0 g/dl menorrhagia

Right frontal 
lobe and left 

cerebellar 
hemisphere 

infarction

One-unit red 
blood cells

anticoagulation
8 months

Discharged 
on warfarin, 

aspirin, and iron 
supplementation

Zhang et al. 
(2020)

29/ F
USA MRI Brain Case 

Presentation 7.8 gm/dl

 Obesity, gastric  
sleeve surgery, 

menorrhagia, IDA. 
She had a long 

history of IDA due 
to menorrhagia 

since she was 12.

Acute left 
occipital lobe 

infarction

Two units of 
red blood cells
IV iron infusion 

x 5 days
Folic acid daily

Not 
mentioned

Discharged home 
with outpatient 
haematologist 
follow up for 

iron transfusion 
hypercoagulable 

work up.

Awad et al. 
(2020)

42/F
USA MRI Brain Case Report 7.7gm/dl menorrhagia

Infarct of 
right middle 

cerebral artery 
and anterior 

cerebral artery 
territories

Commenced on 
oral doses of 

325 mg ferrous 
sulphate 

alternate days

6 months
Discharged 

home on aspirin, 
atorvastatin, and 
ferrous sulphate.

Kandinata et 
al. (2021)

34 yr/F
USA MRI Brain Case report 9.1gm/dl Menorrhagia Multifocal 

acute infarct
Intravenous 
iron infusion

Not 
mentioned

No adverse 
outcome.

Table 2: Demography of the participants.

Author and year Age of the participants in years Number of participants (n) Sex of the participant

Yakushiji et al. (2005) 50 and 41 n=2 Females

Dubyk et al. (2011) ≥ 65 
n= 94

(Males=47
Females= 47)

Both male and female

Bukharovich et al. (2012) 49 n=1 Female

Mehta et al (2012) 47 n=1 Female

Naito et al. (2014) 42
42 n=2 Female

Female

Roshal  (2016) 41 n=1 Male

Gopalratnam et al. (2017) 20 n=1 Female

Nisar & Hanumanthu (2019) 48 n=1 Female

Fluss et al. (2019) 28 n=1 Male

Zhang et al. (2020) 29 n=1 Female

Awad et al. (2020) 42 n=1 Female

Kandinata et al (2021) 34 n=1 Female
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Table 3: Serum haemoglobin and iron level in the included studies

Author and year Haemoglobin level
(Normal 12-16 gm/dl)

Iron level
(Normal 37-170 μg 

/dl)

Ferritin level
(Normal 8-250 

ng/ml)

Total iron 
binding 
capacity

(Normal 250-
550 μg /dl)

Haematocrit
(Normal 36-

48%)

Iron 
saturation

(Normal 18-
50%)

Yakushiji et al. 
(2005)

5.5 gm/dl
7.9 gm/dl

16 μg /dl
9 μg /dl

21 μg /dl
2 μg /dl Not mentioned 20%

25% Not mentioned

Dubyk et al. (2011) Mean (SD)
F 132 (15)
M 147 (14)

Not mentioned
Mean (SD)
F 90 (71)

M 210 (402)

Mean (SD)
F 56 (11)
M 50 (11)

Not mentioned Not mentioned

Bukharovich et al. 
(2012) 8.4 gm/dl 20 μg /dl 15 ng/ml Not mentioned Not mentioned Not mentioned

Mehta et al (2012) 7.6 gm/dl Not mentioned 4.6 ng/ml Not mentioned 23% Not mentioned

Naito et al. (2014) 5.3 g/dl
9.1 g/dl

11 μg /dl
14 μg /dl

4.0 ng/dl
3.6 ng/ml

359 μg /dl
400 μg /dl

20.4%
37.5% Not mentioned

Roshal D (2016) 8.9 gm/dl 14 μg /dl 21 ng/dl 480 μg /dl 30.8% 3%

Gopalratnam et al. 
(2017) 5.8 mg/dl 20 μg /dl 39 ng/dl 481 μg /dl Not mentioned 6%

Nisar & 
Hanumanthu

(2019)
6.0 gm/dl 11 μg /dl 4 ng/dl 425 μg /dl Not mentioned Not mentioned

Fluss et al (2019) 1.12 gm/dl Not mentioned Not mentioned Not mentioned Not mentioned Not mentioned

Zhang et al. (2020) 7.8 g/dl 11 μg /dl < 1 ng/ml 395 μg /gl 26.1% 3%

Awad et al. (2020) 7.7 gm/dl 16 μg /dl 7 ng/ml 373 μg /dl 27.3% 4%

Kandinata et al 
(2021) 9.1 gm/dl 10 ug/dL 3.2 ng/mL 338 ug/dL 31.3% 3%

Table 4: Excluded studies.

Author Article Reason for exclusion

Shar and Sadeh (1990) Severe anaemia associated with transient neurological deficits Does not fit the inclusion criteria.

Huang et al. 2008 The influence of anaemia on clinical presentation and outcome of patients 
with first -ever atherosclerosis- related ischaemic stroke Does not fit the inclusion criteria

Barlas et al.2016 Impact of haemoglobin levels and anaemia on mortality in acute stroke: 
Analysis of UK Regional Registry Data, Systematic Review, and Meta analysis Does not fit the inclusion criteria

Maguire et al.2007 Association between iron deficiency anaemia and stroke in young children Does not fit the inclusion criteria 

Bruggers et al.1990 Reversible focal neurologic deficits in severe iron deficiency anaemia Does not fit the inclusion criteria

Petrova et al. Is there a link between changes in levels of hepcidin and stroke Does not fit the inclusion criteria

Dan 2005 Thrombocytosis and iron deficiency anaemia Does not fit the inclusion criteria

Franchini et al. 2007 Iron and Thrombosis Does not fit the inclusion criteria

Chang et al (2013) Association between Ischemic Stroke and Iron-Deficiency Anaemia: A 
Population-Based Study

Serum iron/haemoglobin level not 
mentioned in the study.

Choi et al. (2013) Ischemic Stroke Related to Severe Iron-Deficiency Anaemia in Adults May 
Benefit from Blood Transfusion Full text article not available.
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intermittent tingling over that past month. His past medical history was  remarkable for rectal bleeding. Pa-
tient’s Hb was 8.9 g/dl, haematocrit 30.8%, mean corpuscular volume [MCV] 59.6 fL, and platelets 355,000/
μL. Serum iron was 14 μg/dL, ferritin 2.1 ng/mL, total iron binding capacity 480 μg/dL  and transferrin sa-
turation 3%. Severe iron deficiency in this case was attributed to a gastrointestinal source. His NIHSS was 2 
which included a mild right lower facial droop and upper extremity pronator drift. MRI of the brain showed 
acute and sub-acute embolic small volume cortical infarcts in the left middle cerebral artery territory as 
well as an old right frontal wedge-shaped moderate volume cortical embolic infarct. This patient received 
intravenous iron replacement and no recurrent ischemic emboli event was reported. Stroke workup did not 
provide a reasonable aetiology for his symptoms. IDA was identified as the cause of ischaemic stroke in this 
patient. This case report suggests that severe IDA should be viewed as a risk factor for ischaemic stroke, 
especially in young adults.

 In all these cases, patients presented with neurological symptoms and low haemoglobin level. Their 
neurological symptoms resolved as their haemoglobin level improved. Some of the patients received war-
farin.

Predictors of IDA: In the included  studies, nine case reports identified menorrhagia as the main cause of 
IDA in females [5,6,9,16,17,26,28-30]. Among males, rectal bleeding and heavy consumption of alcohol and 
marijuana was reported as the cause of IDA [Fluss et al. [2019] [25], Roshal [2016] [27]. Dubyk et al [2012] 
[12] reported  gender as a highly significant predictor of haemoglobin [P = <0.01].

Methodological quality of the included studies

 In all the included case reports, patient’s demographic characteristics, patient’s history, and the 
clinical condition of the patient on presentation are clearly described. Also, the diagnostic tests and the 
results, interventions/treatment procedures and post intervention clinical condition are clearly explained. 
Any adverse events or unanticipated events are not stated in any of the included case reports. Moreover, 
the case reports summarize key lessons learned from the cases in terms of the background of the condi-
tion/ disease and clinical practice guidance for clinicians when presented with similar case. JBI Critical 
Appraisal checklist for case control study was used to check the quality of the included case control studies.
In the case control study [12]. The groups are comparable thus reducing the risk of selection bias. Case 
and controls are matched appropriately and has measured exposure in a standard, valid, and reliable way 
[12]. Moreover, the study has described the confounding factors identified, and the strategies to deal with 
confounding factors. Outcomes were assessed in a standard, valid, and reliable way for cases and controls 
[12]. Exposure time was sufficient to show an association between the exposure and the outcome in the 
study.

Discussion

 The overall aim of this SR was to investigate the association between IDA and ischaemic stroke. 
The primary outcome of this SR identified a potential link between IDA and ischaemic stroke. In the in-
cluded case reports patients who presented with stroke symptoms  had significantly low haemoglobin level 
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[6,9,16,17,25-30]. Their stroke symptoms resolved with iron infusion or blood transfusion.  Understanding 
of the association between IDA and ischemic stroke is vital for the prevention and treatment of ischemic 
stroke and to prevent  morbidities associated with stroke [45]. IDA is a manifestation of poor health [46]. 
Additionally, IDA frequently occurs in many chronic inflammatory conditions including congestive cardiac 
failure, chronic kidney disease and inflammatory bowel disease [47].

 Stroke is a main cause of neurological disability, not only in the older person, but also in younger age 
groups [34,35]. The effect of stroke depends on the site and severity of brain injury [36]. Choi et al. [2013] 
[31] reported that the prevalence of IDA among patients with acute ischaemic stroke is 3.9%.

 From the above included twelve  studies it is evident that IDA is a risk  factor for  ischemic stroke 
and the severity of stroke increases with low haemoglobin level. A positive association between severity 
of anaemia and risk of stroke was identified by Chen et al [2023] [48]. Another study [37] depicts anaemia 
as the “fifth cardiovascular risk factor” next to smoking, diabetes mellitus (DM), hypertension, and hyper-
cholesterolemia. Data from the Acute Stroke Registry and Analysis of Lausanne (ASTRAL) suggested that 
anaemia on admission predicts short- and long-term outcomes in patients with acute ischemic stroke  [38]. 
Nationwide data base survey from Taiwan [13] disclosed that there is substantial correlation between IDA 
and ischemic stroke in adults. In one study [36], out of 50 cases of stroke, 37 cases (74%) were anaemic, 
and 21 cases (42%) had moderate degree of anaemia suggesting that anaemia is also one of the contribu-
ting factors for stroke. The Framingham study highlighted the need to further explore the pathogenetic, 
preventive and therapeutic implications of the interrelation of haemoglobin level and stroke [39]. The po-
pulation-based cohort study [40] identified that anaemic female patients in the reproductive age group had 
an associated high risk of stroke. The study of Sui et al [2020] [40], reported that anaemia is a potential risk 
factor for stroke among females of reproductive age group.

 The correlation of stroke and iron deficiency anaemia has been explained based on three physiolo-
gical mechanisms [36]. A hypercoagulable state, thrombocytosis and hypoxia [36]. Hypercoagulability or 
thrombophilia is the increased tendency of blood to thrombose [41], thrombocytosis refers to an increased 
platelet count in the blood [42] and hypoxia refers to low level of oxygen in the blood [43]. A decrease in 
haemoglobin level in the blood  compromises oxygen carrying capacity of the blood flow resulting in low 
oxygen delivery to brain. This leads to hypoxia and increases the risk of cerebrovascular diseases [36]. 
Besides this, secondary thrombocytosis may also explain the link between IDA and ischaemic stroke [36]. 
Carotid thrombus associated with IDA is already reported in adults [5]. Anaemic patients need more blood 
to flow to the brain to compensate for the lack of oxygen [36]. Hence, increase in blood flow can provoke 
endothelial damage, and thus thrombus formation and subsequent reactive thrombocytosis [25,36].

 IDA can be caused by blood loss [e.g., menstrual loss, blood lost through gastrointestinal tract, genito 
urinary tract, hook worm infestation etc.], poor dietary intake, poverty, malnutrition, and poor absorption 
of iron (e.g., after bariatric surgery, inflammatory bowel disease, celiac disease etc) [44].In the included 
case studies menorrhagia was the cause of IDA in nine cases reports [5,6,9,16,17,26,28-30]. Two  cases 
reported IDA due to rectal bleeding [25,27].
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 One study revealed that blood transfusion may be considered as an adjuvant therapy in the treat-
ment of stroke patients [36]. In all the included case studies, the patients either received blood transfusion 
or iron replacement therapy either oral or intravenous with good outcomes. From this review and dis-
cussion, it is obvious that IDA is a preventable and treatable cause of stroke in adults, especially females. 
Appropriate timely management of IDA can prevent permanent neurological complications and possibly 
recurrence of stroke.

Limitations: The included studies are heterogenous in nature in terms of study design, sample size, type 
of intervention and the measured outcome. The findings from this study may not be generalizable as most 
of the included studies were case reports.

Recommendation: Upon admission of a stroke patient, anaemia should be ruled out. A diagnostic work-
up toward reversible causes should be implemented. Having iron studies as part of stroke work up may 
be beneficial in the prompt diagnosis and treatment of IDA in the early stage of stroke. It helps to improve 
prognosis and outcome in patients who had stroke secondary to IDA [25]. Considering the socio-economic 
burden of stroke, anaemic female patients in the reproductive age group should be informed of their high 
risk for stroke. These patients should be very vigilant  for any stroke  symptoms and should seek immediate 
medical attention.

Conclusion

 IDA should be considered as a potential cause of ischemic strokes when other possibilities have 
been ruled out. It is important to identify and treat patients with severe IDA in order to reduce the risk of 
subsequent ischemic stroke. IDA has been overlooked as a risk factor for ischemic stroke. Even though the 
pieces of information from the included case reports suggest a strong association between IDA and stroke, 
the findings need to be substantiated by further studies.
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